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In modern cattle breeding, assisted reproductive technologies in small ruminants have been used even 
out-of-season breeding, but in emerging countries these technologies have been mainly used for 
estrous synchronization and artificial insemination. However, in the last 30 years, significant progress 
in the matter of transfers of in vivo derived and in vitro produced embryos has been achieved. Currently, 
eight donor embryos are obtained by goat, due to the physiological knowledge of the presence of 
dominant follicles; above alter results recovered embryos (4 embryos / donor). Whereas, the goat has 
the advantage of presenting a shorter interval between generations compared to cow; this promote 
more research in in vitro fertilization, and overcome the limitations presented in a traditional embryo 
transfer. However cloning and transgenesis, are two techniques that will begin to have a commercial 
application, because goats can be used as bioreactors to produce milk with specific proteins to develop 
drugs. The objective of this study was to establish and describe in a general way the use of these 
techniques in goats, to promote their use so as to achieve genetic improvement in goats. 
 
Key words: Reproductive technologies, goats, estrous synchronization, embryo transfer. 

 
 
INTRODUCTION 
 
Worldwide, goat population is predominantly distributed 
in tropical, subtropical and semi-desert rural areas under 
unfavorable nutritional conditions (Holtz, 2005; Mellado, 
2008). Likewise, goats are characterized as being one of 
the most fertile domestic species, with up to 90% 
conception rate and the litter size varies from 1 to 1.5 
offspring each year, depending on the breed, season and 
environmental conditions where it is exploited (Mellado, 
2008; Cseh et al., 2012). On the other hand, the natural 

breeding season of breeds exploited in temperate areas 
is restricted to the beginning of autumn and winter, so 
mother goats give birth in early spring, which coincides 
with natural growth of vegetation (Delgadillo et al., 1999; 
Jackson et al., 2006). Since goats belong to the group of 
species subject to seasonal fluctuations and considering 
the different geographical areas in which they are 
exploited, their limited genetic improvement blends with 
the photoperiod effect (Delgadillo et al., 1999), the
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nutritional effect (Scaramuzzi et al., 2006) and the health 
effect (Cseh et al., 2012), as well as sociocultural aspects 
of the majority of the regions in which goats are exploited 
and that almost 90% of goat producers have little 
knowledge of new technologies (Mellado, 2008). Taking 
into consideration the aforementioned, the application of 
new technologies in small ruminants has been restricted 
in developing countries (Chang et al., 2006; Lehloenya 
and Greyling, 2010; Paramio, 2010; Gama and Bressan, 
2011; Guerra et al., 2011). 

Traditionally, transfer of in vivo produced embryos 
include: estrous synchronization techniques, artificial 
insemination, superovulation treatments and embryo 
implantation (Sánchez-Dávila et al., 2014). However, in 
countries with large goat population, the high costs of this 
methodology have restricted the use of these techniques 
in a massive way. An alternative could be to work with 
embryos produced in vitro, in order to be offered cheaper 
and shorten the generation interval used in this technique 
compared to the in vivo traditional technique. Since in a 
traditional MOET programme, the interval between 
generations is approximately one year, through in vitro 
produced embryos, this can be substantially reduced by 
half (5 to 6 months) and theoretically, can double the rate 
of genetic gain in the herd (Magalhaes et al., 2011; 
Amiridis and Cseh, 2012; Baldassarre, 2012). Addi-
tionally, genetic gain can be improved using sex-sorted 
semen; however, the use of this technology is very 
restricted in small ruminants compared to bovines. 
According to the International Embryo Transfer Society, 
in 2009, the number of embryos produced in vivo or in 
vitro for bovines and small ruminants were 842 376 and 2 
086, respectively (Cseh et al., 2012). 

Therefore, the objective of the present study was to 
describe in a general way the restrictions and advantages 
of using assisted reproductive technologies in goats and 
worldwide current trends. 
 

 

ARTIFICIAL INSEMINATION 
 

Great part of the success of genetic improvement in 
goats worldwide has been the use of artificial 
insemination (AI) in programmes for the upgrading of 
goats (Ahmed et al., 2011), since this improvement is 
achieved by using an “improved” buck, it requires the 
presence of great number of superior bucks to be 
evaluated, selected and finally, their genetic value must 
be compared with reference males (Gama and Bressan, 
2011; Cseh et al., 2012). For instance, in countries such 
as France, the systematic use of AI for genetic 
improvement of dairy goats, is currently part of the 
routine management of the exploitation. The AI technique 
in goats could have additional advantages by using it 
massively, since goat herds are geographically dispersed 
and they are a species subject to seasonal fluctuations. 
Basically,  as AI  technique  itself, three  techniques  have  

 
 
 
 
been promoted which are already in use worldwide 
(Holtz, 2005; Amiridis and Cseh, 2012).  

The first technique is transcervical insemination, a 
method in which the semen is transferred into the uterus, 
using a rigid endoscope, a light source and an 
insemination gun with recommended dosage between 80 
and 100 million of spermatozoids (Holtz, 2005). When 
artificial insemination is performed using fresh, diluted 
semen, conception rates can be comparable to those in 
natural breeding (Paramio, 2010). Conception rates of 
minimum 50% and as good average, 60 to 65% are 
reported worldwide. However, some breeds have only 
reached 40% (Angora breed) (Tasmedir et al., 2011). In 
Mexico, the extensive use of AI has been concentrated in 
two states: Guanajuato and Coahuila, due to govern-
mental programmes since 2000. The results obtained in 
these states show an annual positive genetic trend for 
milk production of 2.99 ± 1.06 kg (0.32%), still far below 
the 1 to 2% obtained in France (Torres-Vásquez et al., 
2010). In Brazil, pregnancy rates of 59% by transcervical 
route are reported, using fresh, diluted semen at 5°C and 
coconut water as diluent, mainly in dairy breeds, such as 
Saanen. As in other countries, different protocols for 
estrous synchronization have been used in Brazil, such 
as the use of devices between 5 and seven days, 
reaching pregnancy rates between 60 and 73% (Guerra 
et al., 2011). 

The second technique for AI in goats is laparoscopy, 
which was initially used in the 80s in sheep by a group of 
Australian researchers; currently, countries in South 
America, mainly Argentine, Brazil and Uruguay, have 
obtained successful results since the 90s. In general, 
substantial and consistent pregnancy rates have been 
achieved with the use of this technique in comparison 
with the transcervical method (Holtz, 2005). This 
technique requires the use of specialized equipment, 
which includes: a light source, optical fibre, and dedicated 
pipettes from global enterprises. The doe is fasted with 
no access to water for a minimum of 12 h before the 
procedure is performed. The goat is then placed in a 
laparoscopy cradle, positioned in a supine head-down 
position to an approximate angle of 45° (Cseh et al., 
2012). Subsequently, a small skin incision is made 10 cm 
ventral to the udder on each side of the midline for 
introducing laparoscope and insemination pipette. A light 
stab action is made and one-half of the semen dose is 
deposited in each uterine horn at approximately 5 cm 
from the uterine bifurcation. In emerging countries, the 
use of these techniques has been directed towards 
evaluating the variations in time periods of AI, semen 
dose, sperm concentration, type of semen used (fresh, 
diluted, refrigerated or frozen-thawed semen), finding 
variable pregnancy rates ranging from 43 to 68% (Gama 
and Bressan, 2011; Guerra et al., 2011). 

The third technique developed in Germany is to expose 
the  cervix  and  deposit  semen  in  the uterine  horns  by  



 
 
 
 
 
transcervical route, reporting up to 71% of births 
compared to 51% obtained by laparoscopy (Holtz, 2005). 
The use of this technique has been restricted because no 
study has been reported. Future research should be 
conducted to standardize protocols for synchronization of 
ovulation to achieve pregnancy rates increase using 
IATF; and intensify research regarding male effect and 
achieve synchrony of estrous and inseminated at estrous 
observed. This is with the aim of reducing the use of 
hormones and produce meat and milk are free of 
hormones and are labeled as ethical and green. 
 
 

Estrous cycle control (estrous synchronization) 
 

In a simplified form, the aim of estrous synchronization is 
that a group of goats show a fertile estrous within a 
specified time period between an average of 24 and 48 h 
and be able to carry out breeding services, either natural 
breeding or AI, using one of the aforementioned 
techniques (Holtz, 2005; Fonseca et al., 2005; Fatet et 
al., 2011; Cseh et al., 2012; Amiridis and Cseh, 2012; 
Álvarez et al., 2013). At global level, estrous synchroni-
zation protocols developed in the major centers for goat 
(France) and sheep production (Australia), to later 
disseminate worldwide; following an important growth in 
Uruguay, Brazil, Argentine and Mexico, speeding up this 
process by beginning to use real-time ultrasonography, in 
order to understand and explain the follicular dynamics in 
small ruminants, mainly in sheep and goats (Leboeuf et 
al., 2000; Mellado, 2008; Menchaca et al., 2010; Guerra 
et al., 2011).  

As with the majority of countries worldwide, the 
protocols used are based on the use of progestogen or 
progesterone treatment in the form of vaginal devices 
(sponges/CIDR) or ear implants (Fonseca et al., 2005; 
Abecia et al., 2012; Vilariño et al., 2011). This hormonal 
manipulation can be used either out or during breeding 
season, by means of estrous synchronization protocols, 
which mainly differ in the type of device to be used, its 
duration, the combination of prostaglandin analogues, as 
well as the moment of application of hormones that 
induce and synchronize ovulation, such as: equine 
chorionic gonadotrophin (eCG), estradiol benzoate and 
GnRH (Menchaca and Rubianes, 2007; Menchaca et al., 
2009; Modu-Bukar et al., 2012). However, the use of 
progestogen may cause several responses depending on 
the cycle phase in which treatment is initiated; for 
instance, during the luteal phase, follicular development 
speeds up, but at the same time, the number of large 
follicles decreases, increasing the rate of follicular atresia 
and supporting the persistence of large estrogenic 
follicles (Nava et al., 2010). During the follicular phase, 
the number of large follicles and ovulation rate decreases 
(Riaz et al., 2012).  

However, the use of progestogen sources during the 
period  of  sexual rest  induces  a  form  of  diestrous  that  
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generates normal ovarian follicle development. When the 
progestogen is removed, the follicles can ovulate during 
the season in which breeding fails, due to seasonal 
negative feedback action of the hormone, thus it is 
necessary that the gonadotropin stimulates total follicle 
maturation and ovulation. In each case, the use of 
vaginal devices increases progesterone concentration, 
but on the second day, it starts to decline, which 
physiologically alters Luteinizing Hormone (LH) secretion. 
Several alternatives were developed to improve the 
aforementioned; one of them is the substitution of the 
vaginal device at day seven, in comparison with the 
synchronization programme which traditionally substi-
tutes the device between days 11 and 14 (Baldassarre, 
2012) and also a prostaglandin F2α (PGF2α) dose is 
administered at the moment that the second device is 
removed. A second option is the use of short protocols 
(five to seven days) with vaginal devices, which began to 
develop in the 90s with satisfactory results with respect to 
the rate of synchronization and ovulation, either in goats 
or in sheep (Menchaca et al., 2007; Menchaca et al., 
2010). It has been determined that short estrous 
synchronization protocol induces LH peak from 40 h and 
ovulation takes place 60 h after the completion of the 
progesterone treatment (Menchaca et al., 2007). When 
using short estrous synchronization protocols, the goats 
show a new wave of follicles 3.5 days after the insertion 
of the device, allowing that in embryo transfer 
programmes, the development of dominant follicles is 
avoided and better embryonic response will be obtained 
(Fonseca et al., 2013). Currently, the use of recycled 
CIDR has played a key role in the projection of similar 
results between new CIDR (62.5%), sterilized CIDR 
(79.5%) and CIDR placed in autoclaves (69%) with 
respect to pregnancy rate and estrous rate from 97.5 to 
100% (Álvarez et al., 2013).  Researchers in South 
America confirm that the use of recycled CIDR does not 
affect the rate of fertility and pregnancy (Vilariño et al., 
2011; Oliviera et al., 2013). Another device which has 
been used in sheep and goat has been the implant 
impregnated with the potent progestogen norgestomet 
(Crestar), which is inserted in the middle part of the 
animal’s ear and one-half of the implant is usually used in 
goats. The use of CIDR and subcutaneous implants in 
goats showing poor physical development and in goats 
kidding for the first time, may be more comfortable in 
comparison to sponges that cause stress in the animals 
and they are very difficult to remove (Holtz, 2005; 
Palvenz et al., 2005; Souza et al., 2011; Penna et al., 
2013). 

Accordingly, in the last decade, these two aspects have 
been modified in a vast body of scientific literature 
worldwide; however, the limitations of the use of syn-
chronization protocols, short or long, because of vaginitis 
problems and presence of progesterone in milk, are 
justified by a pregnancy rate of 60% (López-Sebastián et  
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al., 2007; Menchaca et al., 2007). Nevertheless, they 
have gained strength in the European Community and 
the marketing of this milk is still legal in our country on a 
large scale (Mellado, 2008). An interesting point, linked to 
the previous, is the use of eCG in the synchronization 
protocols, where the best pregnancy results are obtained 
(61%), compared to other sources of synchronization of 
ovulation, such as: estradiol benzoate (40%) and GnRH 
(39%) (Menchaca et al., 2007; Zarazaga et al., 2014) 
considering that further studies must be done to evaluate 
alternative sources of ovulation, as previously described. 
Although, it has been reported that successive use of 
eCG generates development of antibodies, it is still used 
in countries such as Mexico and South America, where 
pregnancy rate has not been evaluated, due to repeated 
use of eCG in goat herds. Other synchronization 
protocols have been use based on the use of 
prostaglandin F2α analogues (cloprostenol, dinoprost 
tromethamine), which are potent luteolytic agents and 
can be used during breeding season as an alternative for 
estrous synchronization. It has been reported that PGF2α 
effectivity is limited between day 3 and 14 of the estrous 
cycle and affects the time of LH peak and subsequent 
ovulation (Holtz, 2005). Another way to use PGF2α is to 
combine it with the male effect and a source of 
progesterone (López-Sebastián et al., 2007), where the 
treatment involves administering 25 mg of progesterone 
in olive oil by intramuscular route at the moment of 
introducing the male, followed by a dose of 75 µg of 
cloprostenol by intramuscular route, seven days after 
exposing the male to the females. Based on this syn-
chronization protocol, a pregnancy rate of 65% is 
achieved, compared to the traditional protocols of vaginal 
device and the use of eCG at a dose of 350 IU (47%). 
Other protocols that have been used in bovines, such as 
the ovsynch protocol, which is based on the adminis-
tration of two doses of GnRH at intervals of 9 days and 
PGF2α is applied two days before the second adminis-
tration of GnRH; this protocol is based on the fact that the 
first GnRH injection in the presence of a large follicle 
triggers ovulation and the formation of corpus luteum, 
considering that the administration of PGF2α will destroy 
both, the natural developed corpus luteum and the one 
developed by the first GnRH injection, so that the second 
GnRH injection triggers ovulation (Holtz et al., 2008). 
With the previous protocol, great synchronization of 
preovulatory LH peak can be achieved and pregnancy 
rates of 58% are obtained (Holtz et al., 2008). 

Other natural techniques or so called sustainable are 
those related to the combined use of photoperiod, male 
effect and nutritional supplementation, for establishing 
alternative strategies and breeding management to the 
use of drugs (hormones) previously described. Although, 
the male effect has been known in sheep and in goats, 
groups of researchers are working strongly to be able to 
use the  male effect  in  a more  efficient  way  without the  

 
 
 
 
need of hormones. For instance, in sheep and in goats, 
the presence of short cycles is not uncommon when a 
male is introduced to a group of anoestrus females; 
however, a way to avoid it is to administer a dose of 
progesterone at the moment the male is introduced. 
Nevertheless, this methodology contrasts the use of 
hormonal products with the use of clean, green and 
ethical methods promoted by groups of researchers 
(Delgadillo et al., 2012). Since the 90’s, the interest to 
determine the photoperiod is determinant for at least in 
some regions of seasonal anoestrus in goats and low 
libido in bucks (Pellicer-Rubio et al., 2008; Delgadillo et 
al., 2012), has led to use strategies for activating the 
male through light programmes that regulate the photo-
period of males, in such a way that they must be 
activated in the anoestrus season and be able of inducing 
estrous in the anoestrus goat (Delgadillo et al., 2012), as 
well as the use of females in heat (Rodríguez-Martínez et 
al., 2013) or males treated with testosterone (Véliz et al., 
2013). However, it has been demonstrated that as unique 
effect it can be affected by the male itself, varying or 
affecting age, breed, physical condition, forms of 
grouping, experience of itself, as well as hierarchy. On 
the other hand, the doe plays an important role in its 
response at the moment the buck is introduced, behaving 
differently according to the stage of anoestrus and 
breeding season, whereas during breeding season the 
effect could be minor, due to high progesterone levels 
and during the anoestrus season, the goat gets excited 
as soon as the male is introduced and the effect shows 
up because of an increase in LH (Delgadillo et al., 2012). 
In the breeding season, the male effect has better LH 
release output patterns when the goats are in the early 
and late luteal phase and not in the middle luteal phase; 
whereas high levels of progesterone inhibit further output 
of LH (Martínez-Álvarez et al., 2007).  

On the other hand, previous isolation of the male is 
conditioned even in goats, which is currently determined 
that this is not a necessary thing to do, because being 
separated from the male or remaining in contact makes 
no difference in goats (Delgadillo et al., 2012). The male 
effect may increase breeding efficiency in goats and the 
behavioural signs of estrous increase in goats exposed to 
bucks (Prado et al., 2003). For instance, when goats are 
artificially inseminated, sterile service by using a vasecto-
mized buck may reduce the time duration of estrous, 
increasing the rate of conception. The presence of the 
buck after removing the progestin or after the second 
injection of prostaglandin in synchronized goats reduces 
the time of pessary withdrawal or injection of prosta-
glandin for initiating estrous. 

The male effect incorporates each aspect of a clean, 
green and ethical animal production. It does not need the 
use of exogenous hormones, has no negative effect in 
the environment and optimizes animal welfare; addi-
tionally, animals do not need to be handled or manipulated  



 
 
 
 
 
at some moment to previous breeding. However, there 
are male effect limitations that restrict its deve-lopment as 
a reliable, repeatable and flexible tool that can be used in 
different breeds, seasons and latitudes. Consequently, it 
is proposed that the challenge for today’s scientists is not 
only to find solutions to problems, but also understand 
when and why they happen. Future research should be 
directed to combine the use of hormones and the male 
effect. It requires conducting research that achieve 
standardized protocols synchroni-zation of ovulation. 
Intensify the use of short estrous synchronization 
protocols to make them more econo-mical, less time use 
of hormones and equal or better results than long estrous 
synchronization protocols. 
 
 
Semen processing 
 
In comparison with bovines, semen processing and its 
market in emerging countries, has been restricted, 
among other reasons, due to lack of adequate knowledge 
about the use of the insemination technique, where goat 
producers prefer to have higher pregnancy rates by 
natural breeding, instead of using goat semen genetically 
evaluated (Mara et al., 2007) whereas currently, purebred 
seed stock producers still rely on the importation of 
semen from European countries (France, Spain) and 
from the United States of America and Canada. Today, 
studies are focused on trying to improve the results of 
mass motility, progressive motility, abnormalities, live 
sperms, acrosomal disruption, among other goat semen 
variables (Mellado et al., 2006; Mainga et al., 2010). 
Now, studies have been conducted to efficiently use the 
egg yolk (Salmani et al., 2014) under different 
concentrations, used as an antioxidant  (Ahmed et al., 
2011) and alternative use of non-animal origin sources 
(soy milk) (Khalifa and El-Saidy, 2006; Salmani et al., 
2014). Alternatively, different times and temperatures of 
semen storage have been evaluated (Paulenz et al., 
2005; Islam et al., 2006; Salvador et al., 2006; Nainga et 
al., 2010), as well as its wash and centrifugation for 
seminal plasma removal (Sariozkan et al., 2010). 
Likewise, it has been found that in the use of enzymes, 
such as arginine, an enzyme of the urea cycle, which has 
two isoforms of mammalian arginase (types I and II), type 
II plays an important role in the synthesis of polyamines 
and through the parameter of seminal plasma activity of 
arginase, there is a high correlation between sperm 
motility and sperm concentration (Turk et al., 2011). All 
the aforementioned has been carried out with the aim to 
avoid one of the biggest problems that goat semen has, 
such as presence of the coagulating enzyme of the egg 
yolk, which is secreted by bulbourethral glands and 
reacts upon contact with the egg yolk and hydrolyzes 
lecithin into fatty acids and spermicidal lysolecithin (Cseh 
et  al.,  2012).  Likewise,  the  secretion  of   bulbourethral  
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glands has a toxic reaction with milk; this effect has been 
identified as a lipase (glycoprotein), where this enzyme 
hydrolyzes trioline and triglycerides into free fatty acids, 
which decrease sperm motility and harm the sperm 
acrosomal membrane (Shia et al., 2010). The use of 
frozen semen overcomes farm dispersion problems, 
enhancing the more accurate genetic evaluation of 
animals. However, the success of AI with frozen–thawed 
semen is lower than with fresh or cooled semen or that 
achieved by natural service. In Alpine and Saanen 
breeds, Guerra et al. (2011) observed a kidding rate of 75 
and 44% for fresh and frozen semen, respectively. 
Overall, AI fertility rates with frozen–thawed semen vary 
from 40 to 60%, and seem to be highly affected by 
factors such as season, farm (Ahmed et al., 2011; Cseh 
and Amiridis, 2012), reproductive status of female 
(Leboeuf et al., 2000), and site of semen deposition 
(Paulenz et al., 2005). 
 
 
Transfer of in vivo and in vitro produced embryos  
 
Embryo transfer (ET) consists in administering high 
doses of follicle-stimulating hormone (FSH) of porcine or 
ovine origin, with the aim to obtain maximum follicular 
growth, which develops to the preovulatory follicle stage 
(González-Bulnes et al., 2004; Baldassarre, 2012). 
According to classic protocols of superovulation, follicular 
population starts to modify between 12 and 24 h after the 
administration of the first FSH dose (Sánchez et al., 
2013). These changes in follicular population are 
associated with an increase in the total number of large 
follicles or equal to 2 mm, which grow to 5 mm in 
diameter in 12 to 48 h, reaching the preovulatory stage at 
48 to 60 h (González-Bulnes et al., 2004). Although, the 
follicular growth pattern varies according to the FSH 
formulation and the administration protocol, the ovulatory 
follicles obtained as result of different protocols of 
superovulation are characterized by being smaller than 
the ovulatory follicles of non-stimulated, natural cycles 
(with gonadotropins)  (Driancourt et al., 1991; 
Baldassarre, 2012; Melican and Gavin, 2008). This 
decrease in the size of ovulatory follicles has also been 
observed during natural cycles in all sheep breeds 
considered prolific, such as: Romanov, Booroola Merino 
and Chios (Paramio, 2010). 

The FSH presents a short half-life; consequently, its 
effect on growth and estradiol production is maintained 
during shorter periods of time, this is why it has to be 
frequently administered (González-Bulnes et al., 2004; 
Baldassarre, 2012). FSH-superovulated goats present 
lower incidence of premature regression of corpus luteum 
in comparison with other treatments, such as eCG, that 
also causes luteolysis, due to FSH effect on estradiol 
secretion. Therefore, after ovulation, its residual effect is 
low and its effect declines on the  production of  estradiol,  
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thus triggering, in smaller number of cases, the cascade 
of events that lead to prostaglandin F2α secretion 
(González-Bulnes et al., 2004). FSH superovulation 
protocols have indeed the disadvantage in that the 
hormone has to be frequently administered, due to the 
similarity of physiological secretion pattern of FSH during 
the follicular stage of the goat and the heterogeneous 
response of animals to treatment, mainly because of 
limiting factors, both extrinsic (origin, purity and protocol 
of gonadotropin administration) and intrinsic (breed, age, 
and nutritional and reproductive status), of the animal 
(Melican and Gavin, 2008; Menchaca et al., 2010). An 
average of six to eight transferable embryos per donor 
can be produced in a successful goat MOET program 
(Baril et al., 1993; Cognié, 1999; Cognié et al., 2003). 
These results, however, depend on many factors 
(including breed, age and nutrition) that contribute to the 
high variability. It is common for the number of 
transferable embryos to range from 0 to 30 per donor 
with 25 to 50% of the donors failing to produce any 
transferable embryos due to fertilization failure and early 
regression of corpora lutea (González-Bulnes et al., 
2004; Lehloenya et al., 2008; Baldasarre, 2012).  Multiple 
ovulation and embryo transfer in small ruminants in many 
countries are restricted to the breeding season, due to 
seasonal cyclic activity (Delgadillo et al., 2012). For 
instance, in South Africa, it has been reported that Boer 
goats show maximum sexual activity in autumn and 
minimum activity in spring (Lehloenya and Greyling, 
2010). This coincides with González-Bulnes et al. (2004), 
who report that certain goat breeds manifest the highest 
ovulation rate and embryo performance during the 
breeding season and that the minimum ovulation rate, as 
well as embryo performance are recorded in the 
anoestrus period; however, Lehloenya et al. (2008) and 
Sánchez-Dávila et al. (2004), found that multiple 
ovulation is independent of the breeding and non-
breeding season in Boer and dairy goats. However, 
currently, attempts have been made for changing the 
strategies of embryo collection, intensifying the attempts 
to avoid laparotomy and consequently, increase the 
reproductive life of donors with high genetic potential. For 
instance, Fonseca et al. (2013) have evaluated the 
nonsurgical technique along with short protocols of estrus 
synchronization, with promising results for applying this 
technique worldwide; where they found that the 
percentage of recovery by wash medium was higher than 
90% and 13.4 ± 4.1 of embryos recovered per female 
donor. 

On the other hand, in vitro embryo production has been 
developed a little bit more constantly in small ruminants, 
but more in sheep than in goats (Sánchez et al., 2013). 
This technology requires specific manipulations, such as: 
collection and maturation of oocytes, fertilization and 
development of zygotes, and embryos already developed 
are frozen or fresh  transferred (Amirdis and Cseh, 2012).  

 
 
 
 

However, still today, the fact that embryos produced in 
vivo are generally of higher quality than embryos 
produced in vitro, due to their high implantation rate and 
to better freezing tolerance (Baldassarre, 2012). Today, 
still research purposes, oocytes are routinely collected  
from slaughtered females. After removing their ovaries 
and observing the presence of certain size of follicles, 
oocytes are aspirated from each one of the follicles with 
sterile syringes. Conversely, it can be done in live 
animals by laparotomy, which is used less often, or by 
laparoscopy. This collection can be preceded by FSH or 
eCG administration for ovarian stimulation or by non-
stimulated animals. It has been reported that aspiration of 
available follicles decreases in time, taking into 
consideration that gonadotropin dose, time of aspiration 
with respect to stimulation, aspiration pressure and the 
donor, are more determinant factors in cumulus-oocyte 
complex recovery rate. Likewise, it is mentioned that 
oocyte collection can be carried out both during breeding 
season and non-breeding season; considering that in the 
latter, melatonin implants can be used to improve the 
number of available follicles and oocyte development 
(Holtz, 2005; Baldassarre, 2012) then, comes maturation 
process (Amiridis and Cseh, 2012). There have been 
great changes in the development of oocytes by using 
temperatures of 38 to 39°C for 24 h in a humid 
atmosphere with 5% of CO2; from then on, oocytes 
exhibit the first polar body and metaphase II stage is 
completed. The most commonly used maturation medium 
is TCM-199 supplemented with pyruvate, inactive serum 
and hormones (FSH and LH); what is more, if it is used in 
combination with estrogens and FSH, blastocyst 
formation rate is improved. Currently, the combination of 
growth hormone and ICF-I at a rate of one dose of 100 
ng/ml in the maturation medium has been used for 
obtaining a more uniform maturation of oocytes. 
Likewise, the inclusion of follicular fluid from non-atrestic 
follicles or from goats treated with gonadotropin in the 
maturation medium, may have some beneficial effect on 
oocyte in vitro maturation, because the follicular fluid 
contains a number of peptides, steroids and growth 
factors (Paramio, 2010, Tasdemir et al., 2011; Amiridis 
and Cseh, 2012).  

Oocytes with development capacity can be selected 
from ovaries of slaughtered goats. Between 1,5 and 2,1 
oocytes per ovary are obtained by aspiration or 
dissection of follicles. Additionally, cumulus-oocyte 
complex (COC) recovery by cutting the ovary is a simple 
and more efficient technique in comparison with 
aspiration and perforation methods. Follicles larger than 3 
mm have more cumulus layers and show a better in vitro 
maturation, circumstances to be taken into account for 
selecting oocytes at the end of the growth stage. Oocytes 
from large follicles (> 5 mm in diameter) generate greater 
number of blastocysts than medium-small follicles (< 5 
mm  in diameter). An average of 9 COC are obtained  per  



 
 
 
 
 
ovary after preparing the goats with FSH. Oocyte 
collection by aspiration under laparoscopic observation of 
anatomic structures of genetically superior goats, allows 
the recovery after FSH priming of 3-4 COC per ovary. 
The effects of medium supplementation using gluco-
proteins (LH, FSH, hCG and TSH) during in vitro matu-
ration of goat oocytes, show that these hormones are 
required for successful development of oocytes in AI. 
 
 
TRANSGENESIS 
 
This technique has been considered the great hope of 
the human being, because great quantities of catalytic 
proteins can be produced. These have great effect on 
certain human diseases, such as the human stimulating 
factor of granulocyte colonies. The objective of this 
technique is to manipulate the DNA of an individual so 
that it expresses its genetic potential and the production 
of proteins at large scale can be achieved, since they are 
of great benefit to human health and pharmaceutical 
industry. Unlike bovines, the goat is an excellent model 
for transgenesis worldwide (Paramio, 2014). Also, they 
are potentially ideal bioreactor animals for producing 
great quantities of recombinant proteins of pharma-
ceutical use (Guerra et al., 2011), taking into conside-
ration that just as in bovines, there is great loss of 
embryos when using this technique, but the great 
advantage of goats is that there is a very low percentage 
of placental retention, respiratory/cardiovascular dysfunc-
tion, abnormal postnatal development and postnatal 
losses (quotation). Additionally, goats are an important 
source of recombinant protein production, reaching 1 to 5 
g/litre of milk produced by transgenic animals. In herds of 
transgenic animals, the production rate reaches 300 kg of 
this purified product per year (quotation). The metho-
dology of animal cloning employing the technique used in 
the creation of the first transgenic animal “Dolly”, is still 
inefficient, even more in bovines, where perinatal losses 
are high, reaching 63% in the first three months of age of 
calves created by the protocol of somatic cell nuclear 
transfer (quotation). Considering that today, only recom-
binant human antithrombin III, produced by the European 
Community, is commercially manufactured (quotation). 
 
 
FINAL CONSIDERATIONS 
 
With respect to first-generation technology, as the case of 
estrous and ovulation synchronization, and AI, instead of 
standardizing the protocols of both techniques, they 
should be focused on their intensive use to increase the 
number of offspring as product of AI, using genetically 
outstanding bucks. In relation to semen, it is necessary to 
conduct further studies in strengthening acrosomal 
integrity, as well as to begin to use sex-sorted semen and  
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process it without egg yolk, with the aim to export it 
without having health problems. With regard to embryo 
transfer, further studies should be carried out to improve 
embryo collection by avoiding, blocking or eliminating 
presence of dominant follicles, as well as to improve and 
disseminate nonsurgical technologies for obtaining more 
embryos from female donors during their reproductive 
life; whereas the tendency is to eliminate laparotomy 
method. Likewise, in vitro fertilization should be 
developed in emerging countries to achieve greater 
short-term genetic advance. However, the use of 
transgenesis is still restricted in this species, mainly due 
to cost-benefit of production. Based on the fact that 
assisted reproductive technologies aforementioned, must 
reach the field level in goat production systems for 
improving production and reproductive performance of 
goat herds.   
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Reduced soil fertility has been surpassed by the supply of mineral nutrients, which results in increased 
rates of plant production and costs. In this context, the optimization of plants’ nutritional efficiency is 
critical to increase productivity and reduce the cost of agricultural production systems. The nutritional 
efficiency of plants is conditioned by numerous factors and the growing environment. Therefore, the 
knowledge of genetic basis and mode of inheritance can assist in selecting genotypes with desirable 
agronomic characteristics coupled with nutritional efficiency and genetic variability. The trend of 
expanding agricultural frontiers has increased interest in the use of genotypes with the potential to 
adapt to adverse conditions of soil fertility. Within crops, the coffee beans are the second most traded 
commodity in the world. In this sense, optimization of nutritional efficiency of the coffee has a positive 
impact on the sum of efforts to make sustainable activity. This review aimed to present a systematic 
analysis of the nutritional efficiency of the coffee. 
 
Key words: Nutrient absorption and utilization, root length, genetic variability. 

 
 
INTRODUCTION 
 
In the world, coffee is grown in about 80 countries. It is 
the second most traded commodity in the world after oil, 
generating approximately U$ 90,000 million per year and 
involves about 500 million people in its management from 
cultivation to final product for consumption. The genus 
Coffea comprises more than 100 species, with particular 
relevance to Coffea arabica L. and Coffea canephora 
Pierre ex Froehner, which together are responsible for 
about 99% of the production of coffee beans in the world 
(DaMatta and Ramalho, 2006; Ramalho et al., 2013; 

Martins et al., 2014). Based on global demand, there 
must be awareness of farmers for the activity to be more 
sustainable, without harming the environment while 
ensuring a better quality of life for future generations. 
However, this awareness is connected to adopting 
numerous cultivation techniques and management of 
crops ground especially in an increase in the use of 
efficiency of raw materials, so that the increased 
production of coffee is not coupled to a similar increase in 
magnitude in fertilizer use.  
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The exploration of a coffee with low energy consump-
tion and sustainable environment has stimulated 
research to identify mechanisms responsible for the 
greater nutritional efficiency, with the aim of utilizing them 
by selection and other methods of plant breeding. 
Moreover, there has been extensive genetic diversity due 
to a series of physiological, morphological and bio-
chemical mechanisms developed by various species of 
plants, and also the coffee, when subjected to adverse 
conditions of soil fertility (Moura et al., 1999; Cardoso, 
2010; Soares, 2013; Martins et al., 2013a, 2013b, 2014). 
As absorption, transportation and redistribution of 
nutrients have genetic control, it is possible to improve 
and/or select cultivars for more efficient utilization of 
nutrients (Gabelman and Gerloff, 1983; Amaral et al., 
2011a; Fageria and Moreira, 2011).  

Numerous morphological and physiological mecha-
nisms contribute to the efficient use of nutrients, for 
example: extensive root system (which allows the 
exploration of large soil volume); high ratio between roots 
and shoots; root system's ability to modify the rhizo-
sphere (enabling it to overcome low nutrient levels); 
increased absorption or utilization efficiency of nutrients; 
the ability to maintain normal metabolism with low 
nutrient content in tissues and high photosynthetic rate 
(Gabelman and Gerloff, 1983; Blair, 1993; Fageria and 
Baligar, 1993; Fageria, 1998; Fageria and Moreira, 
2011). The low productivity of crop plants in the world’s 
many soils is due, in large part, to excess or deficiency of 
mineral elements. Acidity, alkalinity, salinity and erosion 
promote degradation and low fertility soils; therefore, 
correction and soil fertilization, and the use of appropriate 
management techniques are essential to achieve yields. 
However, in general, the recovery efficiency of nutrients 
applied as fertilizer is low: about 50% N, less than 10% 
for P and approximately 40% for K (Baligar and Fageria, 
1998).  

Overall, this context implies the need to select plants 
efficient in the absorption and utilization of nutrients 
applied to the soil. Thus, optimizing the nutritional 
efficiency of coffee is of great importance for increased 
productivity, particularly in tropical soils (Fageria, 1989; 
Furtine Neto et al., 1998). The study of mineral nutrition 
of plants may contribute to diagnose the correct 
requirement of soil and plant in the production process, 
avoiding misapplication of fertilizers, controlling 
restrictions productivity to ensure the sustainability of 
agriculture. This review aimed to present a systematic 
analysis of the nutritional efficiency of coffee. 
 
 
CONCEPTS OF NUTRITIONAL EFFICIENCY 
 
Numerous concepts on nutritional efficiency are reported 
in the literature, ranging from conceptualization of the 
nutrient, species and the researcher. Therefore, the 
mechanisms  of  acquisition  and   utilization  of  nutrients  
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should be interpreted to prevent errors in relation to 
increased productivity. The term nutritional efficiency is 
used to characterize plants in their ability to absorb and 
utilize nutrients. Nutritional efficiency is also related to 
economic output per unit of fertilizer applied and the 
absorption, translocation and use efficiency of nutrients 
(Baligar and Fageria, 1998). In the context agronomic 
nutritional efficiency refers to the ability to produce low 
supply of a nutrient based on standard genotype (Graham, 
1984). Physiological, nutritional efficiency can be related 
to the efficiency of a genotype to absorb soil nutrient, 
distribute it and use it internally (Goddard and Hollis, 
1984). The genotypic differences in nutritional efficiency 
occur for several reasons, which are related to the 
absorption, transport and utilization of nutrients by plants 
(Marschner, 1995). These genotypic differences involved 
in the mineral nutrition of plants can be explained by 
morphological and physiological aspects related to the 
absorption of nutrients (Gabelman and Gerloff, 1983). 
Plants can be grouped into "effective" and "ineffective" 
(Vose, 1987), and "responsive" or "non-responsive" in 
relation to converting nutrients in dry matter (Blair, 1993; 
Ciat, 1978; Fox, 1978; Amaral et al., 2012; Martins et al., 
2013a; Christo et al., 2014). 

Nutritional efficiency can be expressed and calculated 
in five different ways (Fageria, 1998): agronomic 
efficiency (for example yield increase per unit of nutrient 
applied - kg.kg

-1
); physiological efficiency (for example 

biological yield obtained (grain + senescent leaves in 
crops) per unit of nutrient accumulated - kg.kg

-1
); 

efficiency in the production of grains (for example 
production of grain obtained by the accumulated nutrient 
unit - kg.kg

-1
); recovery efficiency (for example the 

quantity of nutrient uptake per unit of nutrient applied - 
kg.kg

-1
); use efficiency (unit of dry matter per unit of 

nutrients in leaf tissues - kg.kg
-1

]. Most efficient plants in 
the absorption, translocation and use of nutrients are 
essential to crops in soils with low natural supply, since 
they are more adaptable and show better performance 
(Caldeira et al., 2002). This suggests the need to 
understand these concepts. The increased efficiency of 
nutrient absorption may be acquired by: i) adequate 
geometry and distribution of the root system; ii) chemical 
changes in the rhizosphere and exudation of substances 
capable of solubilizing nutrients; iii) presence of 
mycorrhizae; iv) tolerance to conditions of low pH or high 
levels of exchangeable aluminum; v) faster rate of 
absorption under conditions of low nutrient concen-
trations (Souza, 1994; Fageria, 1998; Fageria and 
Moreira, 2011). Factors such as root hairs, mycorrhizae 
and root morphology may lead to differences in the 
absorption efficiency of nutrient between varieties grown 
in soil and, consequently, differences in plants’ nutritional 
efficiency. 

The efficiency of translocation is largely dependent on 
the ability of absorption and movement of the ions 
through  the  roots and also  the ability  of  the  system  to  
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release the absorbed ions to xylem vessels (Taiz and 
Zeiger, 2012). The movement of ions through the roots 
and their release into the xylem involve several steps that 
limit the release to the shoots, probably being the basis of 
genotypic differences in absorption and movement of 
nutrients (Gerloff and Gabelman, 1983). Thus, the study 
of mineral nutrition of a species is related to: i) the 
occurrence of variations in long-distance transport; ii) the 
occurrence of differences in the accumulation and 
release of vacuolar level; and iii) the relative proportion of 
the metabolic and non-metabolic nutrient fractions 
(Furttini Neto, 1994). The use efficiency can be defined 
as biomass production per nutrient unit, divided into two 
components; (1) acquisition efficiency corresponds to the 
total nutrient by the plant nutrient unit supplied and (2) 
utilization efficiency, concerning the matter produced by 
total dry on the plant nutrient unit. Overall, use efficiency 
of nutrients has been reported as well as the ability of 
plants to produce maximum quantities of dry matter with 
minimal investment in applied nutrient unit (Swiader et 
al., 1994).  

Although the efficiency of utilization of nutrients is 
present in one genotype ability to produce well on 
nutrient-poor, results show that under suitable nutrient 
levels there is a tendency of not obtaining effective 
genotypes similar to efficient production genotypes 
(Gerloff, 1976). Results report that the use efficiency 
figures the nutritional efficiency index which shows 
greater variability between individuals of the same 
species; for example wheat genotypes exhibit wide 
variability in the efficiency of internal P utilization and 
consequent variation in biomass production (Fageria and 
Baligar, 1999). Similar results were also found for the 
efficiency of nitrogen utilization in cocoa plants (Ribeiro et 
al., 2008). 
 
 
SYSTEMATIC ANALYSIS OF THE NUTRITIONAL 
EFFICIENCY OF COFFEA spp. 
 
The literature is vast in relation to information on mineral 
nutrition of coffee, but there are few studies on the 
nutritional efficiency of culture. In comparative study of 
Arabica coffee cultivars, it was found that the Catuaí is 
less demanding on nutrients for variety Mundo Novo, 
mainly beacuse it has lower requirement for magnesium 
and zinc (Matiello, 1991); however, the Catuaí variety has 
low efficiency in the use of nitrogen and sulfur (Correa et 
al., 1983); but has high efficiency in utilization of copper, 
in relation to variety Mundo Novo. An extensive study on 
the nutritional efficiency of Arabica coffee plants in 
relation to nitrogen and potassium nutrients was able to 
discriminate, based on utilization efficiency of N and K, 
some varieties of Arabica coffee. This enabled the 
efficient selection and expansion of the genetic basis of 
culture in Brazil (Pereira, 1999). Studies on the efficiency 
in  the  production   of   fruits  and   relative   allocation  of  

 
 
 
 
nutrients in cultivars of Arabica coffee (Acaiá IAC-474/19, 
Icatu Amarelo IAC-3282, Rubi MG-1192 and Catuaí 
Vermelho IAC-99) fertilized with different amounts of 
fertilizer indicate that the efficiency of the use of nutrients 
for fruit production was different among cultivars only in 
scenarios that simulated the pattern of nutrient appli-
cation on land and 140% of the standard recommen-
dation. There was a trend of superiority of the Rubi MG 
1192 and Catuaí Vermelho IAC 99, mainly in higher 
fertilization levels (140% of the standard recommen-
dation). This better use of nutrients for fruit production 
may explain the better performance of these cultivars for 
productivity in these levels of fertilization (Amaral et al., 
2010).  

The results report that the efficiency in the production 
of roots per unit of nutrient (N, P, K, Ca, Mg and S) of 
Acaiá (IAC 474-19) is different (lowest) from Ruby (MG -
1192). This suggests a possible genetic variability for 
numerous variables, directly or indirectly, related to the 
indices of nutritional efficiency of the coffee (Amaral et 
al., 2011b). To be inefficient in the absorption and 
utilization of zinc, nutritional efficiency of coffee in relation 
to mineral nutrient zinc has been investigated (Souza et 
al., 2001; Reis and Martinez, 2002; Zabini, 2004). With 
the study of three varieties of Arabica coffee, it was 
possible to confirm that Catuaí variety uses zinc 
absorbed with higher efficiency compared to Icatu; and 
variety Mundo Novo has reduced capacity utilization of 
zinc, which can be a limiting factor in the production of 
grain soils lacking this element (Souza et al., 2001).  

In studies of nutritional efficiency, usually genotypes 
are grown in different scenarios of mineral nutrient 
supply. To study the selection, characterization and 
differential tolerance to zinc deficiency progeny of 
Arabica coffee, for intermediate parameters of nutritional 
efficiency, four progenies of Arabica coffee were subjected 
to different scenarios of supply of zinc. This study 
revealed that the progeny UFV 4066-5 showed low 
demand and was efficient in environment with low supply 
of zinc; UFV 4066-3 was demanding and efficient in the 
environment with a high supply of zinc; progeny Caturra 
Vermelho was intermediate in the requirement and 
nutritional efficiency of zinc; the IAC 4376-5 was 
undemanding and nutritionally inefficient for zinc. This 
leads to the conclusion that there is variability in the 
absorption of this micronutrient between progenies of 
arabica coffee (Zabini, 2004).  

Recently, similar experiments were developed with the 
aim of investigating the efficiency use of zinc for coffee 
genotypes (MG H-419-1, MG-1192, MG-6851, MG-1474, 
MG-1190, IAC 1669-33, IAC-476, IAC 785-15, IPR-102, 
San Ramon and São Bernardo,) grown in contrasting 
doses of the element in the nutrient solution (0.0 and 6.0 
mmol L

-1
). The results show that the IPR-102 variety was 

the most efficient in the use of zinc; varieties San Ramon 
and São Bernardo had low efficiency. The MG-1192 
(Rubi) had high and low utilization efficiency of zinc when  



 
 
 
 
grown in doses 0.0 and 6.0 mmol L

-1
. The MG-6851 

(Oeiras) showed low efficiency of use of 6.0 mmol L
-1

. 
The other varieties were moderately efficient in the use of 
the element (Pedrosa et al., 2013). Among the macro-
nutrients required the absence of nitrogen is the most 
limiting to the development of the coffee plants; for 
implication in expanding leaf area and growth of 
vegetation. Due to this importance, studies have been 
conducted to ascertain the nutritional efficiency of coffee 
in relation to nitrogen, especially the test aimed to 
highlight the nutritional efficiency of genotypes and 
genetic divergence in different scenarios of nitrogen 
supply (adequate supply -7.5 mmol L

-1
; reduced supply -

1.0 mmol L
-1

; in nutrient solution) (Cardoso, 2010). 
Among the 20 cultivars only four (Obatã IAC-1669/20, 
Araponga MG-1, Tupi IAC-1669/33 e Catucaí IAC-
785/15) were classified into the effective use of nitrogen 
and further responsive to the addition of this element; 
analogously cultivars San Ramon and São Bernardo 
were inefficient and unresponsive in relation to nitrogen 
supply. The results were promising evidences of the 
existence of genetic variability among cultivars of Arabica 
coffee in relation to the cultivation of nitrogen-constrained 
environment, highlighting the possibility of exploitation in 
plant breeding programs to obtain efficient cultivars to N 
(Cardoso, 2010).  

Potassium has fundamental implications for the 
production of coffee beans, especially in the regulation of 
water loss and grain filling and ripening. By this fact there 
are studies focusing on highlighting the implications of 
the nutritional efficiency of coffee plants. In this context, 
studies were conducted to highlight the extent of genetic 
diversity among cultivars of arabica coffee with nutritional 
efficiency for potassium in different scenarios (adequate 
supply, 4.0 mmol L

-1
; reduced supply, 1.5 mmol L

-1
) in 

nutrient solution (Soares, 2013). The cultivation in 
scenario with low potassium supply indicated wide 
genetic variability among cultivars of Arabica coffee for 
indices of nutritional efficiency, associated with high 
genotypic coefficients of determination. This indicates the 
possibility of obtaining successes in breeding program for 
environments with low potassium supply in the soil 
(Soares, 2013). It was possible to group the 11 cultivars 
of arabica coffee in five groups of genetic similarity. 
Scientific advancement entails the finding of a large 
group of cultivars with high efficiency of absorption and 
utilization of potassium (Paraíso MG H-419/1, IPR-102, 
Rubi MG-1192, Catucaí IAC-785/15, IPR 103, Catuaí 
Amarelo IAC-62, Obatã IAC-1669/20, Araponga MG-1, 
Catuaí Vermelho IAC-15, Pau Brasil and Caturra 
Vermelho). The result shows nine cultivars with high 
nutritional efficiency (Obatã IAC-1669/20, Caturra 
Amarelo, IPR-102, Catuaí Vermelho IAC-15, Rubi MG-
1192, Araponga MG-1, Tupi IAC-1669/33, Catucaí IAC-
785/15 and Caturra Vermelho). Furthermore, cultivars of 
Arabica coffee Araponga MG-1, Tupi IAC-1669/33 and 
Catucaí   IAC-785/15  can   be  considered   efficient  and  

Martins et al.         731 
 
 
 
responsive to addition of potassium in the crop 
environment (Soares, 2013).  

Reports of studies on nutritional efficiency of plants of 
the species C. canephora are scarce in the literature. The 
study of Reis and Martinez (2002) shows that Conilon 
coffee supersedes the efficiency of absorption and trans-
location of phosphorus and zinc compared to Arabica 
coffee (Catuaí). But in comparison, Conilon is more 
efficient in the use of P and Zn. The nutritional efficiency 
(absorption, translocation and utilization) of Conilon 
coffee for phosphorus was systematically studied in test 
that aimed to promote the interaction of 13 genotypes 
(CV-01, CV-02, CV-03, CV-04, CV-05, CV-06, CV-07, 
CV-08, CV-09, CV-10, CV-11, CV-12 and CV-13) at 
different supply levels of phosphorus (0, 50, 100 and 
150% of recommended phosphorus for Conilon coffee) 
(Martins et al., 2013a; Martins et al., 2013b; Martins et 
al., 2013d). The results indicate that genotypes conilon 
exhibit significantly different behavior depending on the 
levels of supply of P2O5 in the soil. This behavior 
highlights the finding that the variables of vegetative 
growth (number of leaves, stem diameter, plant height 
and leaf area), of dry matter (leaves, stem and roots) and 
phosphorus use efficiency of genotypes increase linearly 
with the supply of P2O5 in the soil (Martins et al., 2013b; 
Martins et al., 2013d). The absorption efficiency of 
phosphorus in most genotypes of coffee conilon presents 
adjustment of the quadratic model. This implication in 
efficiency absorption is maximum between 75 and 100% 
of the nutrient supply in the soil. The translocation 
efficiency of phosphorus genotypes conilon coffee is 
differentiated with linear behavior and quadratic. The use 
efficiency of phosphorus increases with linear 
characteristic for genotypes conilon coffee depending on 
the supply of soil P2O5 (Martins et al., 2013b).  

The results show that regardless of the supply of 
phosphorus in the soil, conilon coffee has high efficiency 
in the  translocation of phosphorus; occasionally about 75 
to 95% of absorbed phosphorus is translocated into the 
leaves by conilon coffee (Martins et al., 2013b). The CV-
02 and CV-13 genotypes were classified as non-efficient 
and non-responsive, and coffee conilon CV-04, CV-05 
and CV-08 are classified as efficient and responsive 
supplier of phosphorus in the soil (Martins et al., 2013a). 
Much of the differential behavior of genotypes conilon 
coffee in relation to vegetative vigor and nutritional 
efficiency was due to genetic variation (Martins et al., 
2013a; Tomaz et al., 2013). Commonly vegetative growth 
and differentiated nutritional efficiency are under the 
same conditions of soil fertility, for cultivars of the same 
species (Fageria, 1989). In the culture of conilon, there is 
wide genetic (Ferrão et al., 2008) and phenotypic 
variability (Fonseca et al., 2004) between different 
materials, reinforcing the above. Studies regarding 
nutritional efficiency of conilon coffee in relation to the 
supply of N and K have preliminary results. In relation to 
potassium supply, there is no evidence  that  the  conilon  
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coffee is highly responsive to the supply of potassium in 
the soil, because the genotypes CV-01, CV-02, CV-03 
and CV-05 presented high efficiency of absorption and 
utilization of potassium, independent of K in the soil 
(Machado et al., unpublished data). The interaction 
between genotypes (CV-01, CV-02, CV-03, CV-04, CV-
05, CV-06, CV-07, CV-08, CV-09, CV-10, CV-11, CV-12 
and CV-13) and different levels of nitrogen rates (0, 50, 
100 and 150% of the recommended nitrogen for conilon 
coffee) revealed that the absorption and translocation 
efficiency of nitrogen of genotypes increased with the 
supply of nitrogen in the soil; however, the maximum 
efficiency of nitrogen utilization of genotypes is linked to 
the supply of 50 to 75% of the recommended nitrogen 
supply. The results indicate that the genotypes have 
lower translocation efficiency of nitrogen, between 40 to 
85%, when compared to translocation of phosphorus. 
CV-03, CV-07 and CV-08 genotypes were classified as 
non-efficient and non-responsive and genotypes CV-01, 
CV-04 and CV-09 weree classified as efficient and 
responsive to the supply of nitrogen in the soil.  

The nutritional efficiency can be changed under the 
influence of cultivation techniques used in coffee. So one 
of the issues widely investigated was the nutritional 
efficiency of arabica coffee plants grafted under the 
hypothesis that the nutritional efficiency of grafted 
seedlings of C. arabica grafts of C. canephora can differ 
from conventional seedlings. The nutritional efficiency 
and the use of N, P, S, Ca, and Mg by plants of coffee 
vary depending on the combination of scion / rootstock 
(Tomaz et al., 2003). Studies were directed to verify the 
nutritional efficiency in relation to N, P and K in the 
coffee, from four combined genotypes graft (Catuaí 
Vermelho IAC-15, Oeiras MG-6851, H 419-10-3-1-5 and 
H 514-5-5-3) and four rootstock (Apoatã LC-2258, 
Conilon coffee, Emcapa-8141 e Mundo Novo) in 
hydroponics. The results demonstrate the existence of 
distinct nutritional efficiency (absorption, translocation 
and use) of N, P and K in each combination of rootstock 
and graft (Tomaz et al., 2004). Overall, the rootstocks 
Apoatã LC 2258 and Mundo Novo showed excellent 
performance in relation to nutritional efficiency. It was 
observed that MG 6851 Oeiras and H 419-10-3-1-5 had 
no benefit by grafting, showing high efficiency in nutrient 
utilization (Tomaz et al., 2004). The efficiency of 
absorption and utilization of N, P and S has been studied 
in plants of C. arabica grafted on C. canephora (Tomaz et 
al., 2009) and evaluated at 18 months of age. It was 
concluded that the use efficiency of N, P and S (Tomaz et 
al., 2009) and K, Ca and Mg (Tomaz et al., 2008) varied 
depending on the combination of rootstock and graft as 
already evidenced (Tomaz et al., 2004). The variety 
Catuaí Vermelho IAC-15 combined with rootstocks ES-26 
and ES-23 showed higher use efficiency of N, P and Mg 
than ungrafted plants of Catuaí IAC-15. Furthermore, 
variety Oeiras MG 6851 showed low absorption efficiency 
of  K and Mg in relation to plant not grafted, regardless  of  

 
 
 
 
the combination studied. 

In general, higher rates of translocation of nutrients, 
except for S, are observed in seedlings of C. arabica 
grafted on C. canephora (Dominghetti et al., 2010). The 
influence of grafting on the absorption and use of 
micronutrients was also studied, since small changes in 
foliar concentrations of drugs can be potentially limited for 
many metabolic processes.  

As observed for macronutrients (Tomaz et al., 2004; 
Tomaz et al., 2008; Tomaz et al., 2009), the nutritional 
efficiency of coffee plants to B, Zn, Cu and Mn shows 
variation with the combination graft and rootstock used. 
Combining Catuaí Vermelho IAC-15 and rootstocks ES-
26 and ES-23 benefited the efficiency of use of B and Zn 
(Tomaz et al., 2011). Another study that can be reported 
is the influence of increasing levels of silicon in the soil on 
the nutritional efficiency of arabica coffee, modifying 
indexes of Icatu and Mundo Novo, and maintaining the 
nutritional efficiency of Catuaí unchanged (Pozza et al., 
2009). 
 
 

CONCLUSION 
 

Overall, there is consent in relation to the concept of 
nutritional efficiency to characterize plants in their ability 
to absorb and utilize nutrients. Numerous studies show 
the differential behavior between species or genotypes of 
the same species in relation to the efficiency of 
absorption, translocation and use of nutrients. This 
differential behavior is explained by genetic variability, 
which can be conceptualized as a hereditary trait 
genotype that shows significant difference compared to 
the other genotype (for indexes of nutritional efficiency), 
under ideal or adverse conditions. We present the 
existence of genetic variability among coffee genotypes 
of the same species, for absorption and use efficient of 
nutrients; however, it is necessary to better understand 
the mechanisms of absorption and utilization of nutrients, 
and also the nature and genetic inheritance in relation to 
efficiency.  

There are reports that enable one to point clearly that 
the grafting in coffee modifies indices of nutritional 
efficiency for some essential mineral nutrients in plant 
metabolism. The arabica coffee has satisfactory indexes 
for absorption and use efficiency of nitrogen in 
potassium; however, these rates may vary from those 
genotypes, implying that they are classified as efficient 
and responsive. The conilon coffee has satisfactory 
absorption, translocation and use efficiency of nitrogen 
and phosphorus, which also allows us to observe genetic 
differences that enable the selection of effective and 
responsive genotypes indices. 
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Woodiness disease is the most important disorder of passion fruit worldwide. The causal agent in Brazil 
is the Cowpea aphid-borne mosaic virus (CABMV), and despite the economic relevance of passion fruit 
for agriculture there have been recently very few studies about this virus in Brazil and worldwide. This 
work reveals the phylogenetic relationships of 10 newly identified CABMV isolates from Bahia State, the 
region where CABMV was first identified (in that time reported as PWV) in South America before its 
outbreak. The coat protein of 10 CABMV isolates (CABMV-Lns1 - CABMV-Lns10) from Livramento de 
Nossa Senhora Country, Bahia State, were sequenced and presented very close identity between 
themselves (nucleotide: 97 to 99%, amino acid: 95 to 100%). They are phylogenetically closely related to 
Brazilian CABMV, however forming an isolated cluster within the Brazilian clade. According to previous 
evidences, our data demonstrate that CABMV-Lns are more closely related to isolates from Southern 
rather than from Northern Africa. Other two isolates from Bahia State clustered separately from CABMV-
Lns, but together with isolates from other Brazilian regions thus suggesting that CABMV-Lns are a 
strain likely restricted to Bahia. The characterization of new populations of CABMV enables greater 
resolution of the evolution of viruses causing woodiness disease in passion fruit vines. Our data shed 
light on an as yet unexplored population of CABMV in Brazil and contributes to the understanding of its 
evolutionary history. 
 
Key words: Passion fruit, Livramento de Nossa Senhora, Bahia, phylogenetics, woodiness disease. 

 
 
INTRODUCTION 
 
The passion fruit is one of the most important crops in 
Brazil. It belongs to Passiflora genus and Passifloraceae 
family. Viral diseases are the most severe in terms of 
passion fruit yield loss (Sokhandan et al., 1997; Gibbs et 
al., 2008b). This is mainly due to the lack of both quick 
and accurate diagnosis as well as effective methods for 

disease control (Andrade and Pio-Ribeiro, 2001). In 
Brazil and Africa woodiness disease is caused by 
Cowpea aphid-borne mosaic virus (CABMV) (McKern et 
al., 1994; Nascimento et al., 2006; Maciel et al., 2009). 
This is in contrast to Australia where the passion fruit 
woodiness virus (PWV) is the most common causal agent 
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(Sokhandan et al., 1997) and also to Asia where the 
same disease is caused by the East asia passiflora virus 
(EAPV) (Iwai et al., 2006). Its genus Potyvirus, family 
Potyviridae, contains more agriculturally important plant 
viruses than any other (Adams et al., 2005). Although in 
the past 15 years molecular studies about Brazilian 
CABMV have been carried out (Novaes and Rezende, 
2003; Nascimento et al., 2004; Barros et al., 2011; 
Cerqueira-Silva et al., 2012; Nicolini et al., 2012), 
surprisingly none of them has phylogenetically investiga-
ted the virus from the region of largest passion fruit 
production in Brazil, the Livramento de Nossa Senhora 
County. Exploring the molecular variation of the coat 
protein (CP) in CABMV helps to better understand 
variability among strains, isolates and related species, to 
elucidate the evolutionary history of CABMV as well as 
assists to shed light on disease outbreaks in the course 
of passion fruit dispersion (Iwai et al., 2006; Gibbs et al., 
2008a; Gibbs et al., 2008b). Bahia State is the place 
where passion fruit woodiness disease was firstly identi-
fied in Brazil during the 70’s (Chagas et al., 1981) before 
its dissemination to most of the countries’ fields. This led 
us to hypothesize whether Bahia State might host 
phylogenetically different isolates than the rest of Brazil 
that could be due to genomic mutation, recombination 
with other viral species, selective pressure or other 
evolutionary events. In this study we report a phyloge-
netic characterization of a population of CABMV from the 
State of Bahia, in comparison to other viruses causing 
fruit woodiness disease in passion fruit vines around the 
world. 
 
 
MATERIALS AND METHODS 
 
Virus and plant resources 
 
Ten CABMV isolates were collected from different passion fruit crop 
fields in the farming region of Livramento de Nossa Senhora 
Country, Bahia State, Brazil (13° 38′ 34″ S, 41° 50′ 27″ W). Ground 
extract from symptomatic leaves was used for inoculation on 
healthy passion fruit plants for maintenance, following the method 
described by Novaes and Rezende (2003). The 10 CABMV isolates 
here reported were named: CABMV-Lns1 to CABMV-Lns10. 
Several sequences from passion fruit woodiness disease-related 
viruses were acquired from public databases (Supplementary Table 
1 and Figure 1). 
 
 

RNA extraction, PCR, cloning and sequencing 
 

RNA extraction was performed following the Arabidopsis Functional 
Genomics Consortium Trizol protocol (Arabidopsis Functional 
Genomics  Consortium – AFGC, 2013).  cDNA  synthesis and  PCR  

 
 
 
 
(Promega), DNA purification (PCR Purification Kit – NORGEN, 
Wizard SV Gel and PCR Clean-Up System – Promega) and cloning 
(pGEM-T Easy Vector – Promega, Max Efficiency DH5α Competent 
Cell – Invitrogen) were performed as essentially as described in the 
manufacturer’s protocol. Newly designed primers for both cDNA 
synthesis and PCR were: CABMV8364-F (5’-
CCTTTCCTTCTACGATG-3’), CABMV9389-R (5’-
CAACCGGGGTATGGCCTC-3’), CABMV8359–F (5’-
GGCATCCTTTCCTTCTATG-3’) and CABMV9402–R (5’-
GGCATCCTTTCCTTCTATG-3’).  
 
 
Sequencing and phylogenetic analysis 
 
Sequencing of at least three independent clones from each isolate 
was performed twice by Macrogen (South Korea). The sequences 
were manipulated using DNA Baser Sequence Assembler v2 (DNA 
Baser Sequence Assembler v2.x, 2010). Phylogenetic tree was 
constructed using MEGA5 (Tamura et al., 2011). For nucleotide-
based tree, Neighbor-Joining (NJ) and BioNJ pairwise distances 
matrix were estimated by maximum composite likelihood (MLC), 
estimated under bootstrap values higher than 70% (1,000 
replications). 
 
 

RESULTS 
 

Analysis of coat protein sequence 
 

Complete CP coding sequence containing 828 
nucleotides and 275 amino acids were identified in all ten 
CABMV-Lns isolates, in agreement with the sequenced 
CABMV genomes (Mlotshwa et al., 2002; Barros et al., 
2011). Very little variation was found amongst the 
nucleotide sequence of CABMV-Lns isolates (identity 
from 97 to 99%) (Table 1). Comparison of CABMV-Lns 
and other CABMV isolates showed sequence identity 
varying from 78 to 94%, where the lowest identity was 
found with CABMV-Mor, CABMV-Iba and CABMV-
Monguno isolates (78%) and the highest with CABMV-
Brs isolate (94%). The identity of amino acid sequences 
amongst CABMV-Lns isolates ranged from 95 to 100% 
identity (Table 1). When compared to other CABMV 
isolates, it ranged from 80 to 96%, when the least identity 
was found with CABMV-Bnt isolate (80%) and the highest 
with CABMV-TC1 isolate (96%). The CP conserved 
motifs of potyviruses were entirely conserved in nearly all 
CABMV-Lns isolates, with exception of CABMV-Lns6 
which has a substitution of aspartic acid by an alanine 
residue at the DAG motif (Supplementary Figure 2). 
 
 

Phylogenetic profile suggests CABMV-Lns as a strain 
restricted to Bahia State 
 

Maximum-likelihood genealogies of nucleotide sequences
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Figure 1. Molecular phylogenetic tree of viral species that cause woodiness disease 
in Passion fruit plants. The nucleotide coding sequence for the Coat Protein was used 
to generate the tree. The relationships were inferred using the Maximum Likelihood 
method based on the General Time Reversible model (highest log likelihood -
10235.3876 is shown). A discrete Gamma distribution was used to model evolutionary 
rate differences among sites (5 categories (+G, parameter = 0.8776)). The branch 
length is measured by number of substitutions per site. ■ CABMV-Lns, ● CABMV 
from Bahia State,   CABMV from Brasília, ○ Other CABMV, □ EAPV and ∆ PWV. 
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Table 1. Percentage identity of nucleotide (above the diagonal) and amino acid (below the diagonal) sequences of the coding 
CP gene from ten CABMV-Lns isolates. 
 

 CABMV-Lns1 
CABMV-

Lns2 
CABMV-

Lns3 
CABMV-

Lns4 
CABMV-

Lns5 
CABMV-

Lns6 
CABMV-

Lns7 
CABMV-

Lns8 
CABMV-

Lns9 
CABMV-

Lns10 

CABMV-Lns1 --- 99 99 99 99 97 98 99 99 99  

CABMV-Lns2 99 --- 99 99 99 98 99 99 99 99  

CABMV-Lns3 99 99 --- 99 99 98 99 99 99 99  

CABMV-Lns4 100 99 99 --- 99 97 98 99 99 99  

CABMV-Lns5 98 98 98 98 --- 97 98 99 98 98  

CABMV-Lns6 96 97 97 96 96 --- 97 97 98 98  

CABMV-Lns7 98 98 98 98 97 95 --- 98 98 99  

CABMV-Lns8 99 98 99 99 98 96 97 --- 99 99  

CABMV-Lns9 99 100 99 99 98 97 98 98 --- 99  

CABMV-Lns10 99 99 100 99 98 97 98 99 99 ---  

 
 
 
of the CP demonstrate that all CABMV isolates clustered 
within a monophyletic clade that comprehends 
sequences from Brazil and Africa. CABMV-Lns isolates 
formed an isolated cluster inside the CABMV mono-
phyletic clade (Figure 1). Interestingly they clustered 
separately from CABMV-Jgr and CABMV-Itb isolates also 
identified in Bahia State, which are more closely related 
to isolates from the States of Pernambuco and Paraíba, 
located around 1,200 km and 1,350 km away from 
Livramento de Nossa Senhora, respectively. PWV and 
EAPV (Iwai et al., 2006), which are well known different 
species from CABMV, formed a distinct clade also 
separately from CABMV-Lns (Figure 1). 
 
 
DISCUSSION 
 
The high identity of nucleotide and amino acid sequences 
amongst the ten CABMV-Lns isolates is strong evidence 
that they belong to the same strain of CABMV. This 
information is of great relevance for purposes of disease 
control, once most of the attempts to overcome 
woodiness disease in passion fruit such as premunization 
with mild strains of CABMV/PWV or pathogen-derived 
resistance have been hindered by variant strains of the 
same virus (Novaes and Rezende, 2003; Alfenas et al., 
2005, Trevisan et al., 2006; Cerqueira-Silva et al., 2014). 
On the other hand, CABMV-Lns clustered separately 
from the isolates CABMV-Jgr and CABMV-Itb, which 
were also collected in Bahia State. As CABMV-Jgr and 
CABMV-Itb clustered together with isolates from rather 
far regions, the data suggest that CABMV-Lns are likely a 
strain restricted to Bahia State. This finding proposes 
either a single introduction of this strain to the area or a 
constraint in dissemination of this strain to other places 
by plant material, since there is no evidence that the virus 
is seed-transmitted in Passion fruit. According to the 
demarcation criteria for the Potyvirus genus (King et al., 
2011), our data support the hypothesis that CABMV-Lns 

isolates are a different strain from CABMV-Prp, CABMV-
Cr, CABMV-Vni, CABMV-Z, CABMV-Iba, CABMV-
Monguno, CABMV-Mor, CABMV-MG-Avr, CABMV-PE-
Bnt (80 to 89% amino acid identity). Additionally, our data 
confirm the higher sequence identity and closer phylo-
genetic relationship of CABMV-Lns with Southern African 
CABMV rather than isolates from the North of Africa, 
which was also previously suggested (Nascimento et al., 
2006). The slave trade between Africa and South 
America is the likely event for introduction of CABMV in 
Brazil (Gibbs et al., 2008b), by which infected biological 
material could have been transported from the South 
rather than the North of Africa. However, we are aware 
that the limited number of CABMV sequences currently 
available, associated to the little information about African 
CABMV infecting Passion fruit plants, significantly narrow 
down the possibilities of drawing more precise conclusion 
on this regard. With reference to the important CP 
conserved motifs of potyviruses, the DAG motif is related 
to transmissibility of potyviruses by insects (Abdullah et 
al., 2009). Isolate CABMV-Lns6 shows a substitution of 
aspartic acid by alanine it to the DAG motif 
(Supplementary Figure 1). Mutations in this region 
significantly reduced transmissibility by insects in 
previous studies (Abdullah et al., 2009; López-Moya et 
al., 1999). However, unfortunately transmissibility 
experiments to investigate the consequences of the 
mutated DAG motif on the transmissibility capacity of 
CABMV-Lns6 were not suitable before the submission of 
this work. 
 
 
Conclusion 
 
Our data precisely demonstrate that CABMV-Lns belong 
also to CABMV species. These isolates can be classified 
as a strain of CABMV thus far occurring only in Bahia 
State and phylogenetically more distant from other 
isolates occurring in the same region. In addition 



 
 
 
 
and accordingly to previous reports, they are more 
closely related to Southern rather than Northern African 
CABMV. The exploitation of a larger number of viral 
samples from other as yet unexplored places in the 
promising State of Bahia will help to shed light on the 
events contributing to the observed regional isolation of 
CABMV-Lns. The whole genome sequencing of CABMV- 
Lns is ongoing and will allow us to comprehend their 
evolutionary history with regard to other related viral 
species around the world. 
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Supplementary Table 1. Accession details of all sequences analyzed in this study, available in GenBank (National Center for 
Biotechnology Information - NCBI, 2013). 
 

GenBank accession number Country of origin State / area Isolate Source / publication 

KF725706 Brazil Bahia CABMV-Lns1 This study 

KF725707 Brazil Bahia CABMV-Lns2 This study 

KF725708 Brazil Bahia CABMV-Lns3 This study 

KF725709 Brazil Bahia CABMV-Lns4 This study 

KF725710 Brazil Bahia CABMV-Lns5 This study 

KF725711 Brazil Bahia CABMV-Lns6 This study 

KF725712 Brazil Bahia CABMV-Lns7 This study 

KF725713 Brazil Bahia CABMV-Lns8 This study 

KF725714 Brazil Bahia CABMV-Lns9 This study 

KF725715 Brazil Bahia CABMV-Lns10 This study 

DQ397527 Brazil Bahia CABMV-Jgr Nascimento et al. (2006) 

DQ397528 Brazil Bahia CABMV-Itb Nascimento et al. (2006) 

AY253911 Brazil Sergipe CABMV-SE1 Nascimento et al. (2006) 

AY433950 Brazil São Paulo CABMV-SP Gioria et al. (2004) 

AY433951 Brazil São Paulo CABMV-F101 Gioria et al. (2004) 

AY433952 Brazil São Paulo CABMV-M2 Gioria et al. (2004) 

AY434454 Brazil São Paulo CABMV-M3 Gioria et al. (2004) 

AY505342 Brazil São Paulo CABMV-F144 Novaes e Rezende (2005) 

DQ397530 Brazil São Paulo CABMV-SP-Vcz Nascimento et al. (2006) 

DQ397531 Brazil São Paulo CABMV-Prp Nascimento et al. (2006) 

EU004070 Brazil São Paulo CABMV-Cr Kitjima et al. (2008) 

AF368424 Brazil São Paulo CrMV Freitas et al. (2002) 

AY253907 Brazil Paraíba CABMV-PB1 Nascimento et al. (2006) 

AY253910 Brazil Paraíba CABMV-PB2 Nascimento et al. (2006) 

DQ397529 Brazil Espírito Santo CABMV-Vni Nascimento et al. (2006) 

DQ397532 Brazil Brasília-DF CABMV-Brs Nascimento et al. (2006) 

AY253909 Brazil Pernambuco CABMV-PE4 Nascimento et al. (2006) 

AY253906 Brazil Pernambuco CABMV-PE2 Nascimento et al. (2006) 

AY253908 Brazil Pernambuco CABMV-PE3 Nascimento et al. (2006) 

DQ397526 Brazil Pernambuco CABMV-PE-Bnt Nascimento et al. (2006) 

JF833415 Brazil Pernambuco CABMV-LMN1 Nicolini et al. (2011) 

JF833416 Brazil Pernambuco CABMV-CPL3 Nicolini et al. (2011) 

JF833419 Brazil Pernambuco CABMV-SLMCP1 Nicolini et al. (2011) 

JF833420 Brazil Pernambuco CABMV-LMN4 Nicolini et al. (2011) 

JF833421 Brazil Pernambuco CABMV-LMN3 Nicolini et al. (2011) 

JF833422 Brazil Pernambuco CABMV-SLMCP2 Nicolini et al. (2011) 

JF833423 Brazil Pernambuco CABMV-PPL1 Nicolini et al. (2011) 

JF833424 Brazil Pernambuco CABMV-APL5 Nicolini et al. (2011) 

JF833426 Brazil Pernambuco CABMV-I4-LP3 Nicolini et al. (2011) 

JF833427 Brazil Pernambuco CABMV-LP7 Nicolini et al. (2011) 

JF833428 Brazil Pernambuco CABMV-I12 Nicolini et al. (2011) 

JF833429 Brazil Pernambuco CABMV-LP1 Nicolini et al. (2011) 

JF833431 Brazil Pernambuco CABMV-LMN2 Nicolini et al. (2011) 

JF833432 Brazil Pernambuco CABMV-TC1 Nicolini et al. (2011) 

JF833433 Brazil Pernambuco CABMV-I11 Nicolini et al. (2011) 

JF833434 Brazil Pernambuco CABMV-I5 Nicolini et al. (2011) 

JF833417 Brazil Rio Grande do Norte CABMV-GSR1 Nicolini et al. (2011) 

JF833418 Brazil Rio Grande do Norte CABMV-GSR3 Nicolini et al. (2011) 

JF833425 Brazil Rio Grande do Norte CABMV-GSR4 Nicolini et al. (2011) 

DQ397525 Brazil Minas Gerais CABMV-MG-Avr Nascimento et al. (2006) 
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Supplementary Table 1. Contd. 
 

GenBank accession 
number 

Country of origin State / area Isolate Source / publication 

HQ880242 Brazil Minas Gerais CABMV-BR1 Barros et al. (2011) 

HQ880243 Brazil Minas Gerais CABMV-Avr Barros et al. (2011) 

AJ132414 Nigeria Ibadan CABMV-Iba Boxtel et al. (2000) 

Y17822 Nigeria Monguno CABMV-Moguno Boxtel et al. (2000) 

NC_004013 Zimbabwe Harare CABMV-Z Mlotshwa et al. (2002) 

Y18634 Morocco N/A CABMV-Mor Boxtel et al. (2000) 

D10053 South Africa N/A SAPV Brand et al. (1993) 

AB627437 Japan Kagoshima EAPV-SY Fukumoto et al. (2012a) 

AB627436 Japan Kagoshima EAPV-YW Fukumoto et al. (2012a) 

AB627435 Japan Kagoshima EAPV-Arata Fukumoto et al. (2012a) 

AB604610 Japan Kagoshima EAPV-IB Fukumoto et al. (2012a) 

AB246773 Japan Kagoshima EAPV-AO Iwai et al. (2006) 

AB690441 Japan Kagoshima EAPV-TG Fukumoto et al. (2012b) 

AB690440 Japan Kagoshima EAPV-AT2 Fukumoto et al. (2012b) 

AJ430527 Australia Queensland PWV-#299 
Dietzgen et al. (2002 
Unpublished) 

DQ898218 Australia Western Australia PWV-Cop-1 Webster et al. (2007) 

DQ898215 Australia Western Australia PWV-Gld-1 Webster et al. (2007) 

JF427623 Australia Western Australia PWV-BuW-1 Coutts et al. (2011) 

DQ898216 Australia Western Australia PWV-Car-1 Webster et al. (2007) 

DQ898217 Australia Western Australia PWV-Ku-1 Webster et al. (2007) 

JF427621 Australia Western Australia PWV-CarW-1 Coutts et al. (2011) 

HQ122652 Australia Western Australia PWV-MU2 Wylie andJones (2011) 

JF427620 Australia Western Australia PWV-MuW-1 Coutts et al. (2011) 

JF427622 Australia Western Australia PWV-BaW-2 Coutts et al. (2011) 

JF427619 Australia Western Australia PWV-CP-1 Coutts et al. (2011) 

JF427618 Australia Western Australia PWV-BaW-1 Coutts et al. (2011) 

JF427617 Australia Western Australia PWV-CarW-3 Coutts et al. (2011) 

JF427616 Australia Western Australia PWV-CarW-2 Coutts et al. (2011) 

U67149 Australia New South Wales PWV-Cul Sokhandan et al. (1997) 

U67150 Australia New South Wales PWV-SD-1 Sokhandan et al. (1997) 

U67151 Australia New South Wales PWV-NB5c5
+ 

Sokhandan et al. (1997) 
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Supplementary Figure 1. Location of Brazilian CABMV isolates used in this study. Number in brackets 
represents the amount of sequences per location. RN: Rio Grande do Norte, PB: Paraíba, PE: Pernambuco, SE: 
Sergipe, BA: Bahia, LNS: Livramento de Nossa Senhora, DF: Distrito Federal (Brasília), MG: Minas Gerais, ES: 
Espírito Santo, SP: São Paulo. Maps were adapted from original draws available in Wikimedia Commons and 
Free World Maps websites. 
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Supplementary Figure 2. Multiple alignment of 5’ > 3’ predicted amino acid sequence that encodes CP 
gene flaked by NIb at 5’ end and 3’ UTR at 3’ end. Letter with green and blue backgrounds highlights amino 
acid substitutions. Letter with yellow background highlights conserved motifs. Letter with grey background 
shows recently suggested conserved motifs. Start: Start codon, Stop: stop codon, UTR: untranslated region.  
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Relative real-time reverse transcription quantitative polymerase chain reaction (RT-qPCR) is a well-
established method for the precise quantification of gene expression. For accurate relative real-time RT-
qPCR analysis, validation of the expression of an appropriate reference gene is required. In this study, 
the expression of six commonly used reference genes, namely 40S ribosomal protein (40S), actin (ACT), 
cyclophilin C (CYCC), EF-1 alpha (EF1), TATA box binding protein (TBP) and polyubiquitin (UBI) was 
investigated in leaf and root samples of cassava obtained at 6, 9 and 12 months after planting (MAP). A 
transcript stability analysis was undertaken in two different varieties of cassava, namely Huay Bong 60 
which has high cyanogenic potential (CN) and Hanatee which has low CN. The results reveal that TBP 
was the most stable reference gene for expression studies. This information was applied to an analysis 
of linamarase and α-hydroxynitrile lyase gene expression in samples from six low and six high CN 
cassava plants collected at 6, 9 and 12 MAP. The results indicate that at 6 MAP, the linamarase 
transcript from leaf of the high CN group was significantly increased, and the α-hydroxynitrile lyase 
transcript was significantly increased at 12 MAP.   
 
Key words: Cassava, housekeeping gene, hydroxynitrile lyase, linamarase, real-time polymerase chain 
reaction (PCR). 

 
 
INTRODUCTION 
 
Accurate quantification of gene expression is important in 
a number of experimental situations, such as in 
determining the alteration in expression levels occurring 
at a defined biological stages and in detecting the 

response of genes to various stimuli (Fraga et al., 2008). 
Over the past decade, real-time reverse transcription 
quantitative PCR (RT-qPCR) has become the choice for 
high-throughput accurate and reproducible quantitation
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of gene expression (Vandesompele et al., 2002). 
Quantification of expression in RT-qPCR experiments is 
generally undertaken as either an absolute or as a 
relative quantification. An absolute quantification entails 
the determination of the copy number of the transcript of 
interest based on a calibration curve. Using a calibration 
curve requires the time consuming generation of a stable 
and reliable calibration standard which must be precisely 
quantified (Pfaffl, 2001). However, in most experiments, 
determining the absolute transcript copy number is not 
essential, and determining the relative changes in gene 
expression or a relative quantification is sufficient (Livak 
and Schmittgen, 2001).  

For relative quantification by real-time RT-qPCR, a 
suitable reference gene transcript is required to normalize 
the target gene transcript (Pfaffl, 2001). Theoretically, the 
reference transcript should allow the effective normali-
zation of different amounts of starting material (Radonić 
et al., 2004) and the expression levels of reference genes 
should be constant in all samples under investigation and 
under all experimental conditions evaluated (Pfaffl, 2001; 
Radonić et al., 2004). While there are several commonly 
used reference transcripts that have been reported, it is 
generally also accepted that no single transcript is 
constantly expressed in all tissues and under all experi-
mental conditions, implying that the reference transcript 
should be carefully validated before each experiment for 
accurate quantification (Pfaffl, 2001; Radonić et al., 
2004).  

Cassava (Manihot esculenta Crantz) is an economically 
important human and animal food source and industrial 
feedstock and world cassava production is expected to 
increase in order to supply the industrial demand (Food 
and Agriculture Organization, 2012). However, the ability 
of cassava to produce the toxic component, hydrogen 
cyanide (HCN), is of significant concern. The cyanogenesis 
pathway has been well characterized and CN production 
starts when vacuoles are ruptured, releasing linamarin 
which is hydrolyzed by the enzyme linamarase (LNM), 
also known as beta-D-glucosidase (McMahon et al., 
1995). The deglycosylated product, acetone cyanohydrin 
is then further enzymatically broken down by α-
hydroxynitrile lyase (HNL) or can spontaneously 
decompose at pH > 5.0 to produce acetone and HCN 
(White et al., 1994).  

The recent release of draft cassava genome sequence 
in “Phytozome” makes it easier to design sequences to 
validate reference genes and to analyze the expression 
of genes of interest. Although, the expression study of 
LNM and HNL have been identified, but the gene 
expression study have been done only with 4 month old 
plants in in vitro conditions (Echeverry-Solarte et al., 
2013).   

Since the stability of reference gene for expression 
study of genes affecting cyanogenic potential (CN) has 
not  been  identified  elsewhere,  this   research  therefore 

 
 
 
 
sought to validate potential reference transcripts across 
growing stages and tissues of two varieties of cassava 
with different endogenous CN in order to provide a 
transcript suitable for the accurate normalization of real-
time quantitative RT-PCR data. The study utilized the 
most stable transcript to investigate the expression of 
LNM and HNL genes at 3 growing stages of cassava in 
vivo. Both root and leaf tissues were used and six plants 
each of low and high CN were analyzed, in order to 
understand more about transcription pattern at each 
stage and tissue systematically.  
 
 
MATERIALS AND METHODS 
 
Plant sample collection 
 
Cassava varieties Huay Bong 60 (high CN), Hanatee (low CN), and 
five low and five high CN plants from a previously described F1 
mapping population (Whankaew et al., 2011) were grown at the 
Rayong Field Crops Research Center, Department of Agriculture, 
Thailand. Cassava leaves and roots were collected at 6, 9, and 12 
month after planting (MAP), then snap frozen in liquid nitrogen until 
RNA isolation. The CN in all root samples was evaluated at 6, 9 
and 12 MAP using the picrate paper kit method (Bradbury et al., 
1999). 
 
 

RNA isolation and cDNA synthesis 
 
Frozen tissue samples were ground into fine powder using liquid 
nitrogen. Fruit-mate™ for RNA purification (Takara, Japan) was 
applied to remove polysaccharides and polyphenols. Total RNA 
was then extracted using TriReagent® (Molecular Research 
Center, USA) according to the supplier’s instruction. The RNA was 
treated with DNA free kit (Ambion, USA) to remove DNA 
contamination. The concentration of each RNA sample was 
measured by a NanoDrop 1000 Spectrophotometer 
(Thermoscientific, USA). First-strand cDNA was synthesized from 1 
µg total RNA using ImProm-II Reverse Transcription System 
(Promega, USA), according to the manufacturer’s instructions. 
 
 

Primer design and amplification efficiency 
 
Six reference genes including 40S ribosomal protein (40S), actin 
(ACT), cyclophilin C (CYCC), EF-1 alpha (EF1), TATA box binding 
protein (TBP) and polyubiquitin (UBI) were chosen from the 
cassava genome database (www.phytozome.net). Specific primers 
were designed using the PrimerQuest software 
(http://sg.idtdna.com/primerquest/Home/Index). The sequences of 
the target genes, LNM and HNL, sourced from previous 
publications (Hughes et al., 1992, 1994) were also used for primer 
design. The criterion for amplified products ranged from 100 to 300 
bp with a Tm of 60 ± 5°C. Hairpin, self-dimer and primer dimer 
interactions were investigated using Oligo Analyzer 
(https://sg.idtdna.com/analyzer/Applications/OligoAnalyzer/). 

Each primer was assessed for efficiency of amplification in series 
of 2 fold-serially diluted Hanatee cDNA with 3 technical replicates. 
Real-time PCR was carried out in 20 μl final volume containing 1 μl 
of 1:2 cDNA template, with final concentration of 0.2 μM of each 
primer and 1X of KAPA master mix (KAPA SYBR® FAST qPCR Kit, 
KAPA Biosystems, MA, USA). The conditions for real-time PCR 
was set as recommended by  the  manufacturer, with an initial 95°C 
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for 3 min, followed by a total of 40 cycles of a denaturation step at 
95°C for 5 s and an annealing temperature of 60°C for 30 s. If the 
amplification was not efficient, 3 step cycling was tested by using 
an annealing temperature of 55°C for 20 s, followed by a 1 s 
extension at 72°C. Specific amplification was assessed by melting 
curve analysis. The primer efficiency (E) was calculated from %E = 
(10(−1/slope)-1) x 100, according to the MIQE guidelines for qRT-PCR 
(Bustin et al., 2009). The efficiency of all primer between 90-105% 
was considered for the next step. 
 
 
Determination of reference genes stability 
 
Real-time PCR amplification of six reference gene transcripts (40S, 
ACT, CYCC, EF1, TBP and UBI) was evaluated using cDNA of 
Huay Bong 60 and Hanatee from both leaf and root samples 
obtained at 6, 9 and 12 MAP for three technical replicates. The 
most stable reference gene transcript was established using the 
NormFinder program (Andersen et al., 2004).  
 
 
Quantification of LNM and HNL expression 
 
LNM and HNL were chosen as genes of interest. Real-time PCR of 
root and leaf samples from parental Huay Bong 60 and Hanatee 
and five plants with low CN and five with high CN were analyzed at 
6, 9 and 12 MAP with technical duplicates. The ∆CT method using 
the best reference gene was used for relative quantification. The 
expression levels of the low and high CN groups was compared 
using PASW Statistics 18 (SPSS Inc., 2009).  

 
 
RESULTS AND DISCUSSION 
 
Validation of reference gene transcripts 
 
The reference gene names, primer sequences and 
amplicon length are given in Table 1. The efficiency of 
amplification of all primer pairs ranged from 95-105% and 
r
2
>0.99, which is in accordance with established criteria 

for real-time RT-PCR (Bio-Rad Laboratories, 2006; 
Dhami and Kumarasinghe, 2014; Ma et al., 2013). In 
order to determine the most stable reference genes, 
expression levels of transcripts from these six reference 
genes were determined in Huay Bong 60 and Hanatee, 
which are significantly different in CN (Whankaew et al., 
2011) at 6, 9 and 12 MAP.  Stability of the reference 
genes according to the NormFinder software are shown 
in Figure 1. NormFinder calculates stability values based 
on variance estimations for identifying suitable 
normalizing genes amongst a set of candidates, with 
lower stability value indicating higher expression stability 
(Andersen et al., 2004). From the results, TBP was the 
most stable reference gene transcript evaluated with a 
stability value of 0.01 across samples. Similarly, TBP has 
been reported to be the most stable reference gene in 
several systems (Fujii et al., 2013; Nakao et al., 2015; 
Tratwal et al., 2014). TBP is not only the appropriate 
reference gene for a study of cyanogenic potential, but it 
can  also be applied in  expression  studies of other  traits  
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that show differences between Huay Bong 60 and 
Hanatee varieties, such as starch content, yield, first 
branch height, etc. However, it should be noted that no 
reference gene is appropriate to all tissues and under all 
experimental conditions, and therefore the stability 
evaluation should be carefully validated for other orga-
nisms or different experiments for accurate quantification 
(Pfaffl, 2001; Radonić et al., 2004). In this study, however 
TBP was used to accurately determine the relative 
expression levels of LNM and HNL. 
 
 

Expression profile of linamarase (LNM) and α-
hydroxynitrile lyase (HNL) 
 
LNM and HNL are two major genes involved in the 
hydrogen cyanide liberating cyanogenesis pathway 
(McMahon et al., 1995). The expression profiles of these 
genes were analyzed in six plants each of low and high 
CN, consisting of the parental Huay Bong 60 and 
Hanatee and an additional five plants with low CN and 
five with high CN from a previously described F1 
mapping population (Whankaew et al., 2011). Expression 
of LNM and HNL was extremely low in root samples, with 
correspondingly high Ct values, and so expression 
analysis is only presented for leaf samples. Low 
expression of LMN and HNL in root samples has been 
previously reported by others (Santana et al., 2002; 
White et al., 1998).   

The CN assessed in root samples and the normalized 
expression profiles of LMN and HNL in leaf are shown in 
Figure 2, and the results of statistical comparison 
between groups are shown in Table 2. There was no 
difference in the levels of CN in the low CN plants over 
the three time points, while the high CN plants showed 
significantly higher CN levels at all time points as 
compared to the low CN plants as well as showing 
significant increase in CN levels at 9 and 12 MAP as 
compared to 6 MAP (Table 2). LMN expression did not 
vary significantly in the low CN group over the three time 
points, and the high CN plants expression was 
significantly increased as compared to all other samples 
only at 6 MAP (Table 2). HNL expression was 
significantly increased at 12 MAP in both the low and 
high CN plants as compared to the earlier time points and 
at 12 MAP, HNL expression was significantly increased in 
the high CN plants as compared to the same time point in 
the low CN plants. The significantly high level of 
expression of the genes LNM and HNL in the 
cyanogenesis pathway corresponded to the high levels of 
CN.  
 
 

Conclusion 
 
For reliable and accurate relative quantification by real
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Table 1.  Primer sequences of reference genes and target genes. 
 

Symbol Full name Forward primer (5' -> 3') Reward primer (5' -> 3') Annealing temperature (°C) Product size (bp) 

40S 40S ribosomal protein CCTGCTGAAATTGTTGGGAAGCGT AACACAACATCTTTGCCCGAGAGC 60 155 

ACT Actin TCCAATTGACCGCGGCTACCTTAT ACGCTGGATTGAAGGGAGAGTGAA 60 145 

CYCC  Cyclophilin C AGTTAGGGCTCCAAGCAGGAACAA AACCACGCCCTCTTCTGATACGTT 60 149 

EF1 EF-1 alpha TGGTACAAGGGCCCAACTCTTCTT TCACAACCATTCCAGGCTTCAGGA 60 172 

TBP TATA box binding protein ATGGCAGATCAAGGAGGCTTGGAA GCAGCGAAACGCTTAGGGTTGTAT 55 and 60 179 

UBI Polyubiquitin AGGAGGGCCACCACTGACAAATAA TTCCATCTAGACGCTTCCCTGCAA 60 152 

HNL α-hydroxynitrile lyase  CTGGGCTTCGTACTTCTGAG TGAACTTCGGTCTCTGAGCC 60 127 

LNM Linamarase GGAGACTCAGCCACAGAACC GCACATCAACTTTACTGTCGG  55 169 

 
 
 

 
 

Figure 1. Stability of 6 reference genes for cyanogenic potential study for leaf and root at 6, 9, 12 
MAP calculated using NormFinder. A lower stability value corresponds to a higher stability of 
transcript expression. 
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Figure 2.  Expression level of LNM and HNL in cassava leaf at 6, 9 and 12 MAP. Cyanogenic potential, 
LNM transcript and HNL transcript of low and high groups are shown in panels A, B and C, respectively. 
Mean values + standard deviation are represented.  

 
 
 
time PCR, validation of reference gene transcripts is an 
important first step. From the evaluation of two cassava 
varieties that have phenotypic differences in CN levels at 

6, 9 and 12 MAP in both leaf and root, TBP was found to 
be the most stable gene transcript amongst the six gene 
transcripts evaluated. Utilizing expression of TBP to
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Table 2. Tabulation of tests of significance for levels of cyanogenic potential (CN) and normalized expression of linamarase (LNM) and α-
hydroxynitrile lyase (HNL). Samples were taken from cassava leaf and root at 6, 9 and 12 months after planting (MAP) of low and high CN 
groups. CN data is from root samples, while expression data is from leaf samples. 
 

Parameter  
Low CN group High CN group 

6 MAP 9 MAP 12 MAP 6 MAP 9 MAP 12 MAP 

Cyanogenic potential (ppm) 

Low CN group 

6 MAP - 
     

9 MAP  0.072 - 
    

12 MAP  0.221 0.543 - 
   

High CN group 

6 MAP 0.019* 0.548 0.231 - 
  

9 MAP  0.000** 0.000** 0.000** 0.001** - 
 

12 MAP  0.000** 0.005** 0.001** 0.020* 0.269 - 

         

Expression level of LNM 

Low CN group 

6 MAP - 
     

9 MAP  0.776 - 
    

12 MAP  0.429 0.619 - 
   

High CN group 

6 MAP 0.000** 0.000** 0.000** - 
  

9 MAP  0.651 0.473 0.230 0.000** - 
 

12 MAP  0.806 0.596 0.298 0.000** 0.825 - 

         

Expression level of HNL 

Low CN group 

6 MAP - 
     

9 MAP  0.905 - 
    

12 MAP  0.046* 0.035* - 
   

High CN group 

6 MAP 0.126 0.100 0.594 - 
  

9 MAP  0.335 0.278 0.254 0.536 - 
 

12 MAP  0.000** 0.000** 0.002** 0.001** 0.000** - 

 
 
 
normalize gene expression levels of LNM and HNL 
showed that at an early stage of post planting (6 MAP), 
leaves of the high CN group expressed higher levels of 
LNM than leaves in the low CN group, whereas HNL 
expression was significantly increase at the latest stage 
examined (12 MAP) in leaves of both low and high CN 
plants, although expression of HNL was significantly 
higher in the high CN plants than the low CH plants at 12 
MAP. The results of this study will have future application 
on the analysis of gene expression of other important 
traits in cassava. 
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Growth hormone (GH) is an anabolic hormone synthesized and secreted by the somatotroph cells of the 
anterior lobe of the pituitary gland in a circadian and pulsatile manner, the pattern of which plays an 
important role in postnatal longitudinal growth and development, tissue growth, lactation, reproduction 
as well as protein, lipid and carbohydrate metabolism. The aim of this study was to detect the genetic 
polymorphism of GH gene in five camel breeds reared in Egypt which are Sudany, Somali, Mowaled, 
Maghrabi and Falahy, using polymerase chain reaction- restriction fragment length polymorphism (PCR-
RFLP) technique. Also, this work aimed to identify the single nucleotide polymorphism (SNP) between 
different genotypes detected in these camel breeds. The amplified fragment of camel GH at 613-bp was 
digested with the restriction enzyme MspI and the result reveals the presence of three different 
genotypes; CC, CT and TT in tested breeds. Significant differences were recorded in the genotype 
frequencies between these camel breeds. The result shows that the Maghrabi breed that is classified as 
a dual purpose camels had higher frequency for allele C (0.75) than those in the other tested four 
breeds. The sequence analysis declared the presence of a SNP (C264T) in the amplified fragment which 
is responsible for the elimination of the restriction site C^CGG and consequently the appearance of two 
different alleles C and T. The nucleotide sequences of camel GH alleles T and C were submitted to 
nucleotide sequences database NCBI/Bankit/GenBank and have accession numbers: KP143517 and 
KP143518, respectively. It is concluded that only one SNP C→T was detected in GH gene among the five 
tested camel breeds reared in Egypt and this nucleotide substitution can be used as a marker for the 
genetic biodiversity between these camel breeds. Also, due to the possible association between allele C 
and higher growth rate, we can used it in marker assisted selection (MAS) for camels in breeding 
program as a way for enhancement of growth trait in camel breeds reared in Egypt. 
 
Key words: Camel breeds in Egypt, GH, PCR, RFLP, SNPs. 

 
 
INTRODUCTION 
 
The population of old world camelidae in the world is 
estimated to be 18.5 million heads. Dromedary camels 
comprise 95% of them while the remaining 5% are 
Bactrian camel. Bactrian camels are found mainly in the 
cold high altitudes of Asia. The Near East, North Africa 

and the Sahel region have about 70% (12.6 million) of the 
world's Dromedary camels. Somalia and Sudan together 
own about half of this number (Kesseba et al., 1991). In 
Egypt, the camel population was about 120 thousand 
head,  (SADS,  2009).  It was reported  that  many  camel  
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breeds are reared in Egypt but the main camel breeds 
are Maghrabi (a dual purpose animal; (meat and milk) 
and Falahy, Sudany, Somali and Mowaled (meat type 
animal) (Mahrous et al., 2005). Camels are economically 
important animals in Egypt where they are dual purpose 
animals. In the Nile Valley and Delta, they are mainly 
raised for meat production and for some agricultural 
labors. In the desert, they are raised equally for meat and 
milk production, while some for labors and transport, and 
some especially for camel racing. The main biological 
role of growth hormone is to control postnatal growth, 
although it also has effects on metabolic regulation, 
lactation and reproduction (Louveau and Gondret, 2004; 
Daverio et al., 2012). Growth hormone gene, with its 
functional and positional potential role in the regulation of 
growth and metabolism in animals, has been widely used 
for marker in several livestock species, including the 
cattle (Dybus, 2002; Ge et al., 2003; Beauchemin et al., 
2006; Katoh et al., 2008), sheep (Marques et al., 2006) 
and goat (Malveiro et al., 2001; Boutinaud et al., 2003). 
The camel growth hormone gene extends over about 
1900 bp, and as other mammalian GH genes, it is 
organized in five exons separated by four introns (Maniou 
et al., 2004). It is a 22 KDa single chain polypeptide 
primarily produced and secreted by the somatotrophs of 
the anterior pituitary gland in circadian and pulsatile 
manner (Dybus, 2002). 

Genetic polymorphism can be identified by several 
techniques; one of the most commonly used methods is 
PCR-RFLP. It is a powerful method for identifying nucleo-
tide sequence variation in amplified DNA and can detect 
single base substitutions in enzymatic restriction sites 
(Amie Marini et al., 2012). The present study aimed to 
detect the genetic polymorphism of GH gene in some 
camel breeds reared in Egypt using PCR-RFLP 
technique and identify SNPs between different genotypes 
detected in these breeds.  
 
 
MATERIALS AND METHODS 
 
Blood samples and DNA extraction 
 
Blood samples were collected from jugular vein of 15 individual 
camels from each tested breed; Fallahi, Maghrabi, Mowalled, 
Sudany and Somali. Genomic DNA was extracted from the whole 
blood according to the method described by Miller et al. (1988) with 
minor modifications. Briefly, blood samples were mixed with cold 2x 
sucrose-triton x-100 and centrifuged at 5000 rpm for 15 min at 4°C. 
The nuclear pellet was suspended in lysis buffer, sodium dodecyl 
sulfate and proteinase K and incubated overnight in a shaking 
water bath at 37°C. Nucleic acids were extracted with saturated 
NaCl solution and then washed with 70% ethanol. The DNA pellet 
was dissolved in 1x TE buffer and its concentration was determined 
by  using  NanoDrop1000  (Thermo  Scientific)  Spectrophotometer.  
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Thereafter, it was diluted to the working concentration of 50 ng/μl to 
be used for polymerase chain reaction. 
 
 
Polymerase chain reaction (PCR) 
 
A PCR cocktail containing 1.0 mM forward and reverse primers 
specific for growth hormone gene, 0.2 mM dNTPs, 10 mM Tris (pH 
9), 50 mM KCl, 1.5 mM MgCl

2
, 0.01% gelatin (w/v), 0.1% Triton X-

100 and 1.25 units of Taq polymerase was used. The cocktail was 
aliquot into PCR tubes with 100 ng of camel DNA. The reaction was 
run at 94°C for 5 min, 35 cycles of 94°C for 1 min, 55°C for 30 s, 
72°C for 45 s and a final extension at 72°C for 5 min. The PCR 
products were electrophoresed on 2% agarose gel and stained with 
ethidium bromide to check amplification product. The primers used 
in this study were designed on the basis of DNA sequence of the 
camel GH gene (Ishag et al., 2010). The primer sequences are:  
F: 5′-GTCCTGTGGACAGCTCAC-3′ and R: 5′-
TGTCCTCCTCACTGCTTTA-3′ 
 
 
RFLP Genotyping 
 
In order to detect variants of GH gene in different camel breeds, the 
PCR products were digested using restriction enzyme; MspI 
(Fermentas). 10 µl of PCR product was digested with 1 µl of 
FastDigest restriction enzymes for 5 min at 37°C. The restriction 
fragments were subjected to electrophoresis in 2% agarose/ 
ethidium bromide gel (GIBCO, BRL, England) in 1x TBE buffer 
(0.09 M Tris-boric acid and 0.002 M EDTA). Gels were visualized 
under UV light and documented in FX Molecular Imager apparatus 
(BIO-RAD). 
 
 
DNA sequencing 
 
The PCR products representing each detected genotype of GH 
gene in different camel breeds, were purified and sequenced by 
Macrogen Incorporation (Seoul, Korea). Sequence analysis and 
alignment were carried out using NCBI/BLAST/blastn suite to detect 
each single nucleotide substitution between different detected 
genotypes. Results of endonuclease restriction were carried out 
using FastPCR. The nucleotide sequences of different alleles for 
camel GH gene were submitted to GenBank (NCBI, BankIt). 

 
 
RESULTS AND DISCUSSION  
 

Growth hormone has proven to be the major regulator of 
postnatal growth and metabolism in mammals and thus 
affects growth rate, body composition, health, milk 
production and aging by modulating the expression of 
many genes (Carnicella et al., 2003; Ge et al., 2003). 
Growth hormone has also been suggested as 
responsible for more important and prolonged cell 
proliferation in hypertrophied animals (Schoenfeld, 
2010). The growth hormone gene in mammals was 
comprised of five exons and four introns (Maniou et al., 
2004). The coding region of GH consisted of five exons,
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Figure 1. Electrophoretic pattern of PCR-amplified fragment from GH gene in camels. M: 100-bp 
ladder marker. Lanes 1-6: 613-bp PCR product amplified from camel DNA.  

 
 
 
covering a total transcribed area of about 1.7 kb in 
sheep and humans (Byrne el al., 1987; Vize and 
Wells,1987), 2.7 kb in cattle (Yao et al.,1996) and 1.9 kb 
in camel (Maniou, 2003) and horse (Zhang et al., 2004). 
Camels provide mankind with a range of products and 
services; like wool, meat, milk and draught power. They 
have been domesticated about 3000 years ago and are 
present in high numbers in the arid parts of Africa, 
particularly in the arid lowlands of Eastern Africa 
(Somalia, Sudan, Ethiopia, Kenya and Djibouti) 
(Schwartz and Dioli, 1992). The dromedary camel 
contributes significantly to family food security in semi dry 
and dry climates, and is a major component of the agro-
pastoral systems in vast pastoral areas in Asia and Africa 
(Ishag et al., 2010). Camels are economically important 
animals in Egypt where they are dual purpose animals 
(meat and milk). Improvement of camel productivity and 
detection of biodiversity between different camel breeds 
has necessitated the genotyping of the productivity trait 
genes in these breeds. The development in molecular 
genetics techniques has made it possible to identify 
differences between individuals at the DNA level. 
Recently, genetic polymorphisms at candidate genes 
affecting economic traits have stimulated substantial 
research interest because of their impending utilization as 
an aid to genetic selection and to demarcate evolutionary 
relationships in different livestock breeds (Sodhi et al., 
2007). We aimed in this work to detect the genetic 
polymorphism of GH gene in some camel breeds reared 
in Egypt using PCR-RFLP technique and identify SNPs 
between different genotypes detected in these breeds. 
The primers used in this study flanked 613-bp fragments 
consist of 36 base pairs from exon 1, 243 base pairs from 
intron  1, 161  base pair  from exon 2 and 173 base  pairs  

 
 

Figure 2. Different genotypes obtained after digestion of PCR 
products of camel GH gene with MspI; TT: homozygous 
genotype with one undigested fragment at 613-bp, TC: 
heterozygous genotype with three fragments at 613-, 349- and 
264-bp and CC: homozygous genotype with two digested 
fragments at 349- and 264-bp. M: 100-bp ladder marker.  

 
 

 

from intron 2 of camel GH gene. The amplified fragments 
obtained from all tested camels were of 613-bp (Figure 
1). These PCR amplified fragments (613-bp) were 
digested with MspI endonuclease. Depending on the 
presence or absence of the restriction site (C^CGG) at 
position 264^265, we can easily differentiate between 
three different genotypes: CC with two digested frag-
ments at 349-and 264-bp, TT with undigested one 
fragment at 613-bp and CT with three fragments at 613-, 
349- and 264-bp (Figure 2).  
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Table 1. Genotype and allele frequencies of the GH gene in different camel breeds. 
 

Camel breed 
Genotype frequencies Allele frequencies 

CC CT TT C T 

Falahy 0.20 0.40 0.40 0.40 0.60 

Maghrabi 0.50 0.50 0.00 0.75 0.25 

Mowaled 0.10 0.40 0.50 0.30 0.70 

Somali 0.09 0.18 0.73 0.18 0.82 

Sudany 0.23 0.62 0.15 0.54 0.46 

Total 0.22 0.42 0.36 0.43 0.57 

 
 
 

 
 

Figure 3. Nucleotide sequence of allele C with nucleotide C at position 264 in the amplified fragment. 

 
 
 

 
 

Figure 4. Nucleotide sequence of allele T with nucleotide T at position 264 in the amplified fragment. 

 
 
 

The result shows that all tested camel breeds have the 
three genotypes with different frequencies with the 
exception of Maghrabi breed which carries only CC and 
CT genotypes with absence of TT genotype (Table 1). 
The highest frequencies of three genotypes were present 
in Maghrabi breed for CC homozygous genotypes (0.50), 
Sudany breed for CT heterozygous genotype (0.62) and 
Somali breed for TT homozygous genotype (0.73). The 
frequencies for alleles C and T ranged from 0.18 to 0.75 
and from 0.25 to 0.82, respectively, in tested camel 
breeds. These three detected genotypes are resulted 
from the presence of two different alleles; C (Figure 3) 
and T (Figure 4) in tested camel animals. The sequence 
analysis of the purified PCR products representing these 
three detecting genotypes CC, CT and TT declared the 
presence of a single nucleotide polymorphism (C→T) at 
position 264 which is responsible for the elimination of 
restriction site C^CGG and consequently the differen-

tiation between these three different genotypes C/C 
(Figure 5), C/T (Figure 6) and T/T (Figure 7). The 
nucleotide sequences of camel GH alleles T and C were 
submitted to nucleotide sequences database NCBI/ 
Bankit/GenBank and have accession numbers: 
KP143517 and KP143518, respectively. In the present 
study, sequence analysis revealed a single nucleotide 
polymorphism C→T, where nucleotide "C" furnished 
cutting site for MspI restriction enzyme. Restriction 
reaction resulted three different genotypes; homozy-
gous without restriction (TT), homozygous with 
restriction (CC) and heterozygous animals (T/C). The 
results show significant differences in the allele 
frequencies between the breeds. This finding agrees with 
the results of Shah (2006) which explained the significant 
differences in allele frequencies among Pakistani camel 
breeds and also the similar results were reported by 
Ishag et al. (2010) in Sudanese camel breeds where they

 
 
 

GTCCTGTGGACAGCTCACCAGCTGTGATGGCTGCAGGTAAGTGCCCTAAAATCCCCTTAGGCTTGATGTGTACG
GAAGGGTGATGTGGGGGCCCTGCAGATGGATGGGGCACTAACCTTGGTCTTTGGGGCTTCTGAATGTGAGCGT
GGATATCTATGCCCACACATTTGGCTACATTTTAGAAAGGAAGGGCCCCTGGAGCACAGAGAGGGCTGGCAGG
AGACGAGGCCTCTGGCTCTCCAGGCCCCTTCCTCGCTGGCCCTCCGGTTCTCTCTCTAGGCCCTCGGACCTCC
GTGCTCCTGGCTTTCACCCTGCTCTGCCTGCCCTGGCCTCAGGAGGCGGGTGCCTTCCCAGCCATGCCTCTGT
CCAGCCTGTTTGCCAACGCTGTGCTCCGCGCCCAGCACCTGCACCAGCTGGCTGCTGACACCTACAAAGAGTTT
GTAAGCTCCTCAGGGATGGGTGCTAGTGGGGGGTGGCAGTAAGGGGTGAACCCACCCCCCTCTGCATAATGGG
AGGAAACTAACAAGTTCAGGGGTATCTTATCCAAGTGAAGATGCTGTCAGGTGAGCATAAACTGAGGGGGGCTG
TTCTGCATAAAGCAGTGAGGAGGACA 

 
 
 
 
 
 
 

GTCCTGTGGACAGCTCACCAGCTGTGATGGCTGCAGGTAAGTGCCCTAAAATCCCCTTAGGCTTGATGTGTACG
GAAGGGTGATGTGGGGGCCCTGCAGATGGATGGGGCACTAACCTTGGTCTTTGGGGCTTCTGAATGTGAGCGT
GGATATCTATGCCCACACATTTGGCTACATTTTAGAAAGGAAGGGCCCCTGGAGCACAGAGAGGGCTGGCAGG
AGACGAGGCCTCTGGCTCTCCAGGCCCCTTCCTCGCTGGCCCTTCGGTTCTCTCTCTAGGCCCTCGGACCTCC
GTGCTCCTGGCTTTCACCCTGCTCTGCCTGCCCTGGCCTCAGGAGGCGGGTGCCTTCCCAGCCATGCCTCTGT
CCAGCCTGTTTGCCAACGCTGTGCTCCGCGCCCAGCACCTGCACCAGCTGGCTGCTGACACCTACAAAGAGTTT
GTAAGCTCCTCAGGGATGGGTGCTAGTGGGGGGTGGCAGTAAGGGGTGAACCCACCCCCCTCTGCATAATGGG
AGGAAACTAACAAGTTCAGGGGTATCTTATCCAAGTGAAGATGCTGTCAGGTGAGCATAAACTGAGGGGGGCTG
TTCTGCATAAAGCAGTGAGGAGGACA 
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Figure 5. Genotype C/C. 

 
 
 

 
 
Figure 6. Genotype C/T. 

 
 
 

 
 
Figure 7. Genotype T/T. 

 
 
 
studied the RFLP and SNP of GH gene in six Sudanese 
camel breeds; Kenani, Lahwee, Rashaidi, Anafi, Bishari 
and Kabbashi. The sequence comparison of Sudanese 
camel GH sequences with the GenBank sequence 
identified one SNP 419C>T in intron 1. The Bishari and 
Anafi breeds that are classified as riding camels with 

relatively light weight had slightly higher T allele 
frequencies (0.57 and 0.48, respectively) than those of 
the other four breeds which are classified as pack 
camels. On the other hand, other breeds (Kenani, 
Lahwee, Rashaidi and Kabbashi) have higher body 
weights  with low T allele  frequencies  (0.30 to 0.33)  and  

 
 

 
 
  

 

 
            
  

 

 
 
 



 
 
 
 
high C allele frequencies (0.67 to 0.70). The relationship 
between GH polymorphism and body weight was 
evaluated in four Arabian camel breeds (Majaheem, 
Saheli, Waddah and Homor) by Afifi et al. (2014). 
Thirteen (13) SNPs (two insertion and 11 substitution) 
were detected in the Majahem breed and one was 
detected in the Waddah and Homor breeds each at 
position 419 (C419T). Two SNPs (C419T and T450C) 
were detected in the Saheli breed and T450C SNP was 
associated with increased estimated body weight. Both 
male and female Saheli camels with the CC genotype 
had higher body weights than the CT and TT genotypes 
(P≤0.05). The SNP T450C, which was detected only in 
camels of the Saheli breed, was correlated with greater 
body weight. 

In our study, the frequency of allele C in the 
Maghrabi breed that is classified as a dual purpose 
camels was higher (0.75) than those in the other tested 
four breeds. This allele may be associated with body 
weight as reported by Shah (2006), Ishag et al. (2010) 
and Afifi et al. (2014). Consequently, this allele may be 
considered as a useful marker in the selection of camels 
for higher growth rate and meat production. It is 
concluded that only one SNP C→T was detected in GH 
gene among the five tested camel breeds reared in Egypt 
and this nucleotide substitution can be used as a marker 
in different genetic studies including the detection of 
genetic biodiversity and establishment of phylogenic tree 
for different camel breeds reared in Egypt. Also, due to 
the possible association between allele C and higher 
growth rate, this can be used in marker assisted selection 
(MAS) for camels and enter the camels possess this 
allele in breeding program as a way for enhancement of 
growth trait in camel breeds reared in Egypt. 
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Wide spread and indiscriminate use of antibiotics is accompanied by the emergence of microorganism 
that are resistant to these agents. Therefore, new approaches are required to address the problem of 
antimicrobial resistance. Epithelial linings of living organisms are the source of various antimicrobial 
peptides. Keeping this in view, the present experiment was designed to characterize one of the 
important natural antimicrobial peptide gene, that is, cathelicidin gene from the buffalo (Bubalus 
bubalis) uterine epithelium and explored its potency for use as template for synthesis of novel 
antimicrobial agents. Total RNA was isolated from epithelial layer of buffalo uterus and reverse 
transcribed using designed primers. The amplified PCR product was purified and cloned. Positive clone 
was sequenced and result was analysed using laser gene software (DNA Star, USA). The cDNA of 
uterus cathelicidin had 516 bases with complete ORF from 6-452 bp. The predicted pre-propeptide 
comprised of 148 amino acids. Mature active peptide had 18 amino acids and had five each of arginine 
and tryptophan and four proline residues. From this study, it can be concluded that the buffalo 
(Bubalus bubalis) uterus expressed a potent antimicrobial peptide and amino acid sequence of mature 
peptide can be used as template for synthesis of novel antimicrobial agents.  
 
Key words: Antimicrobial peptide, buffalo, cationic peptide and cathelicidin.  

 
 
INTRODUCTION 
 
The availability of complete genome sequences and 
development of information technology have provided a 
greater opportunity for peptide based drug designing. The 
field of structure based drug designing is a rapidly 
growing area and the exposition of genomic, proteomic 
and structural information has provided new targets and 
opportunities for drug lead discovery. In the meat 
industry, the use of antibiotics as growth enhancers is a 
common practice and extensive use of antibiotic in meat 
industry causes an alarming increase of antibiotic 

resistance microbes across the world (Gorbach, 2001). 
Antibiotic resistance has been posing increasingly 
serious concern to the public, health specialist and 
animal food producers. Therefore, there is a need of 
alternative group of drugs which are active in vivo and 
are able to act fast and has broad-spectrum activity, do 
not induce bacterial resistance and have limited or no 
side effects. Antimicrobial peptides are prevalent through-
out the nature as part of the intrinsic defenses of most 
organisms. These peptides represent ancient host defense
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molecules and act as key elements in non-specific 
immunity (Ganz and Lehrer, 1989). Their wide spread 
distribution throughout the animal and plant kingdoms, 
suggest that antimicrobial peptides have served a 
fundamental role in the successful evolution of complex 
multicellular organisms (Bals, 2000). New strategies are 
required for synthesis of novel antimicrobial agents to 
deal with the threat of bacterial resistance (Ravi et al., 
2011).  

Antimicrobial peptides hold promise as broad-spectrum 
alternatives to conventional antibiotics (Gee et al., 2013). 
Mamalian defensin and cathelicidin are the two broad 
classes of natural antimicrobial peptides constitute a 
large family of endogenous peptide antibiotics with broad 
spectrum activity against various bacteria, fungi and 
viruses. Expression of human cathelicidin namely hCAP-
18 and LL-37 is reported respectively in the reproductive 
tract (Malm et al., 2000) and skin epithelial cell (Markus 
et al., 2012).  

Several β-defensin namely, human β-defensin-4 from 
testis (Garica et al., 2001), cryptidin from mouse sertoli 
cells (Grandjean et al., 1997); Bin1b from rat epididymis 
(Li et al., 2001) has been isolated. Antimicrobial peptide 
gene from buffalo tongue has been sequenced and 
characterized (Kalita and Kumar, 2009). Synthesis of 
different length of natural analogue of buffalo lingual 
antimicrobial peptide and functional study revealed its 
potency against both gram positive and negative bacteria 
(Kalita et al., 2009). However till date, antimicrobial 
peptide gene in the uterine tract has not been 
characterized. Keeping this in view, the present study 
was carried out to characterize the cathelicidin from 
buffalo (Bubalus bubalis) uterine epithelia to elucidate its 
potency to use as blue print for novel antimicrobial 
agents.  
 
 
MATERIALS AND METHODS 
 

Sample collection, RNA extraction and RT-PCR 
 
A total of five numbers of uteri was collected from apparently 
healthy buffalo based on the observation and pre rectal clinical 
examination before slaughter from local abattoir in ice after washing 
by chilled phosphate buffer saline (pH 7.4). RNA was isolated using 
TRI Reagent TM (Sigma-Aldrich, USA) following manufacturer 
protocol. The purity and integrity of RNA was checked spectropho-
tometrecally (A260/A280) and 1% agarose gel electrophoresis, 
respectively. Reverse transcription of uterus RNA was done with 
specific primer designed from published conserve sequences 
(Accession No.NM_174001, Accession No. NM_174150, Accession 
No. NM_174831, Accession No.174827) and oligonucleotide 
sequences for forward 5/GGACCATGCAGACCCAGA 3/ and 
reverse primers were 5/TGTCCAGAAGCCCGAATC3/). One-Step 
RT-PCR kit (Qiagen Inc., Chatsworth, CA) was used to carry out 
the reverse transcription as well as amplification in a single step. 
The reaction mixture was prepared by adding 5x RT-PCR buffer 10 
µl, 10 mM dNTP mixture 2 µl, primer both forward and reverse  (20 
pmoles/µl) 2 µl each, RT- PCR master enzyme mix 2 µl, template 
RNA (50 ng/µl) 5 µl and nuclease free water 27 µl. The different 
cycle  condition  in  PCR  was:  reverse  transcription  for  30 min  at  
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50°C, initial PCR activation for 15 min at 95°C, denaturation for 1 min 
at 94°C, annealing for 1 min at 52°C and extension for 45 s at 72°C 
(35 cycles) and final extension was done at 72°C for 5 min. 1.0% 
agarose gel electrophoresis was performed for confirmation of 
amplified PCR product and specific product was purified by ‘DNA 
Elution Kit’ (Sigma - Aldrich, USA. 
 
 
Cloning, sequencing and in silico analysis 
 
The purified PCR product was ligated to pGEM-T Easy (Promega, 
Madison, USA) cloning vector and transformed into freshly 

prepared E. coli DH5 competent cells (Chung et al., 1989).  
Plating was done on LB agar containing ampicillin (50mg/ml), IPTG 
and X-gal (25 mg/ml). The plates were incubated for overnight at 
37°C and white recombinant colonies were picked up after 
completion of incubation period. Plasmids were isolated (Sambrook 
and Russel, 2001) from the overnight grown culture and insert 
release was confirmed by EcoR1 digestion. The positive recombi-
nant plasmids of five clones were sequenced and analyzed using 
Lasergene Software (DNA Star, USA) with other published 
sequences. The amino acid sequence was predicted and the amino 
acid distribution in different domain was analyzed using clustal W 
analysis programme (DNA Star, USA).  

 
 

RESULTS 
 

The yield of isolated total RNA from epithelial layer of 
uterus was 24.6 µg per mg of tissue and A260/A280 was 
11.87. All the three bands (28S, 18S and 5S) of RNA was 
revealed in 1% agarose gel electrophoresis. RT-PCR 
product of total RNA gave a specific product of 
approximately 516 bp of cathelicidin gene. The purified 
product was cloned in pGEM-T Easy (Promega, Madison, 
USA) cloning vector (Figure 1).  

The sequence result of uterus cathelicidin has been 
submitted to NCBI gene data bank and Accession No. EF 
050433 has been offered for the sequence). Buffalo 
uterus cathelicidin cDNA have full length ORF region 
from 6-452 and code pre-propeptide of 148 amino acids 
(Figure 2). The ORF region of buffalo uterus and testis 
(Accession No. DQ832665) cathelicidin differs by 18 
nucleotides at 8, 20, 25, 26, 28, 84, 108, 147, 179, 183, 
186, 203, 276, 277, 284, 377, 416 and 436. The buffalo 
myeloid indolicidin (AJ812216) was varied by 32 
nucleotides with buffalo uterus cathelicidin sequence. At 
nucleotide level, uterine cathelicidin showed similarity of 
95.7% and 91.0% with testis cathelicidin and indolicidin, 
respectively (Figure 3). Similarly, buffalo uterine 
cathelicidin shared 70.7, 79.2, 89.9, 71.8, 69.1, 72.3 and 
81.0% of identity with Bos taurus CATHL1, 2, 4, 5, 6, 7 
and CAMP, respectively (Figure 3). 

The predicted pre-propeptide of buffalo uterus 
cathelicidin precursor peptide contain 20 strongly basic, 
19 strongly acidic, 48 hydrophobic and 42 polar amino 
acids. The amino acid alignment with different buffalo 
cathelicidin congeners revealed 120 conserved amino 
acids (Figure 4). Four additional amino acids (132 to 135) 
were observed in both uterine cathelicidin as compared 
to buffalo indolicidin. The deduced amino acid sequences  
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Figure 1. 1.0% Agarose gel electrophoresis of cloned 
uterus cathelicidin cDNA. M, 100 bp ladder; L1, 516 bp RT-
PCR product; L2, Purified RT-PCR product; L3, Undigested 
recombinant plasmid; L4, EcoR1 Digested Recombinant 
Plasmid showing the release of insert of 516 bp.  

 
 
 

atg  cag  acc  cag   agg  gcc  agc  ctc  tcg  ttg  ggg  cgg  tgg  tca  ccg  tgg  ctt  ctg  ctg  ctg  ggg   ctt  gtg 69 

        M    Q    T     Q       R     A     S     L    S     L     G     R    W    S     P    W    L    L     L     L    G       L         V    23  

gtg   tcc   tcg   acc agt  gcc   cag  gac  ctc  agc  tac  agg  gag  gcc  gtg ctt  cgt  gct   gtg   gat  cag     ctc     aat  138 

         V     S      S      T    S     A  ↑  Q    D     L     S     Y     R     E     A    V   L    R    A    V      D    Q      L        N  46    

gag  cgg  tcc  tca  gaa  gct  aat    ctc  tac  cgc  ctc   ctg  gag  cta  gac  ccg  cct   ccc   aag  gat  gat   gca   gat   207 

    E  R  S  S  E  A  N  L  Y   R  L  L  E  L  D  P  P  P  K  D  D   A   D 69  

ctg   ggc  act   cga   aag   cct   gtg   agc  ttc  acg  gtg  aag  gag  act  gtg  tgc ccc  agg   acg  act  cag  cag  ccc  276 

         L      G     T     R      K     P     V      S     F    T     V     K     E     T    V    C     P    R    T    T     Q     Q      P  92 

acg  gag  cgg   tgt  gac  ttc   aag  gag   gaa   ggg  cgg  gtg   aag  cag  tgt   gtg  ggg  aca  gtc  acc ctg gac ccg 345 

         T      E     R     C    D     F     K    E      E      G     R     V     K     Q    C     V     G     T     V    T    L     D    P 115 

tcc   aat   gac   cag   ttt   gac   cta   aac   tgt   aat   gag   ctc   cag   agt   gtc   agg  ata  cgc  ttt  cca  tgg cca tgg 414 

         S      N     D     Q     F      D     L    N    C       N      E     L     Q       S     V  ↓  R   I     R    F    P   W   P   W 138 

cca  tgg cca tgg tgg cgc aga ttc cga ggt tga 447 

          P    W   P   W   W   R   R    F   R   G  *  148  
 

Figure 2.  Nucleotide and amino acid sequence of buffalo uterus cathelicidin (Accession No. EF 050453). 
Single under line indicates the nucleotide sequence of cathelicidin and double underline of single letter 
indicates the corresponding amino acid sequence. Numbering in the left shows the numbers of 
nucleotide (bold) and amino acids (italic) respectively. The putatitive cleavage site of the signal sequence 
(↑) and prosequence (↓) is indicated by an arrow, the stop codon by an asterisk. The mature peptide is 
shown on boldface. 



Kalita         761 
 
 
 

 
 

Figure 3. Percent divergence and similarity of buffalo uterine cathelicidin at nucleotide level with different published cathelicidin sequences. 
 
 
 

 
 

Figure 4. Alignment of amino acid sequence of buffalo uterus cathelicidin with buffalo testis and indolicidin. The consensus 
residues were included within the same box. 

 
 
 

of cathelicidin showed 31 conserved amino acids with 
different species of animals. The percentage similarity 
and divergence of uterine cathelicidin with publish 
sequences at amino acid level is depicted in the Figure 5. 

The uterine cathelicidin had 91.9% amino acid similar 
with testis and 85.5% with buffalo indolicidin. Similarly, 
the amino acid sequence of uterine cathelicidin shared a 
similarity of 65.1, 76.5, 85.5, 63.8, 65.1, 65.8 and 75.2%
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Figure 5.  Percent divergence and similarity of buffalo uterine cathelicidin at amino acid level with different published cathelicidin 
sequences.  

 
 
 
with Bos taurus CATHL 1, 2, 4, 5, 6, 7 and CAMP, 
respectively.  
 
 
DISCUSSION 
 
The nucleotide sequence of uterine cathelicidin showed a 
highly conserve 5' nucleotides region and a limited 
similarity in 3' region with other published sequences, 
which is the common structural features of the 
cathelicidin gene (Ganz et al., 1989; Storici and Zanetti, 
1993). The deduced pre-propeptides of uterus cathelicidin 
cDNA had conserved N-terminal and diverse heteroge-
neous C-terminal was in agreement with other 
cathelicidin congeners (Popsueva et al., 1996; Wu et al., 
1999). Alanine at 29 was conserved in most of the 
congeners and it might be the probable site of elastase 
mediated proteolytic cleavage to separate the signal 
sequence from the prosequence. The signal sequence of 
uterine cathelicidin comprised of 1-29 hydrophobic 
stretch of amino acid residues and corroborated with 
other congeners (Storici et al., 1992; Das et al., 2006). 
Valine at 130 was common to all most all pre-propeptide 
including uterine cathelicidin indicating the common 
processing sites to yield the mature carboxyl terminal 
peptides (Storici and Zanetti, 1993; Skerlavaj et al., 
1996). The prosequence of uterine cathelicidin comprised 
of 101 amino acid residues from 30 to 130 residues, 
which are highly identical to the cathelin motif, an inhibitor 
of thiol proteases (Ritonja et al., 1989). The cathelin like 
prosequence is the hallmark for all cathelicidin as it 
prevents the tissue injury and inflammation by 

neutralizing the high cationic charge of mature peptides 
by the presence of clusters of negatively charged amino 
acids (Storici et al., 1992; Selested et al., 1992; Ganz, 
1989). The cathelin domains also have anti-protease 
activity and thus confer stability during storage (Ganz, 
1989).  

Uterine cathelicidin had 18 amino acid residues in the 
mature peptide from 131 to 148. The glycine was the last 
residues in most of the congeners along with the uterine 
cathelicidin and it might probably act as amide donor in 
post translation amidation of the C-terminus (Skerlavaj et 
al., 1996; Bradbury, 1991). The C-terminal amidation is 
essential for its optimum antimicrobial activity which 
increases the lipolysaccharide binding ability and 
enhances the outer membrane permeabilization (Sitaram 
and Nagaraj, 1999; Timothy and Roberte, 1997, Peters et 
al., 2010). The C-terminal amidation of peptides provides 
an additional hydrogen bond for α-helix stabilization 
(Dennison et al., 2005). The amino acid sequence of 
uterine cathelicidin had 4 extra stretch of amino acids 
namely arginine, phenylalanine, proline and tryptophan 
from 133 to 136, respectively. Thus, the mature peptide 
of uterine cathelicidin had 5 arginine, 5 tryptophan and 4 
proline. The positively charged arginine is essential to 
initiate interaction with negatively charged outer bacterial 
surface (Timothy and Roberte, 1997; Boman, 1991). The 
tryptophan influences the localization of these peptides in 
to membrane interfaces (Schiffer et al., 1992).  

Proline is an important amino acid that enhances the 
microbicidal activity by forming flexible helical kink and 
more ordered structure, which increases membrane per-
meability (Park et al., 2002). Besides, prolines also provide 



 
 
 
 
some protection against nonspecific proteolytic

 
degrada-

tion of proteases secreted by microorganisms (Vanhoof 
et al., 1995). Peptide rich in arginine, trypto-phan and 
proline are shown to have strong microbicidal activity 
against gram positive and gram negative bacteria 
(Selested et al., 1992), fungi (Subbalakshmi and Sitaram, 
1998) and virus (Robinson(jr) et al., 1998). Expression of 
antimicrobial peptide with high number of arginine along 
with tryptophan and proline by buffalo uterine epithelium 
help this species to be free from several infectious 
reproductive disorders as compared to cattle and other 
species. The mature peptide domain had more variation 
compared to other region and it is attributed as, genes 
involved in immunity and host defense is rapidly diverged 
and had undergo positive selection to fight competently in 
antigerm war (Emes et al., 2003; Crovella et al., 2005). 
 
 

Conclusion 
 

From the present study it can be concluded that, mature 
amino acids sequence of uterine cathelicidin is comprise 
of 5 arginine, 5 tryptophan and 4 proline residues and the 
domain can serve as blue print for synthesis of a novel 
antimicrobial agent.  
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In the present study, plant growth promoting rhizobacterial (PGPR) strains Pseudomonas fluorescence 
strain P2, Pseudomonas jessenii R62, Pseudomonas synxantha R81, Bacillus cereus BSB 38 (14B), 
Arthrobacter nitroguajacolicus strainYB3 and strain YB5 were tested for their role in enhancing plant 
growth and induction of stress related enzymes in Sahbhagi (drought tolerance) and IR-64 (drought 
sensitive) cultivars of rice (Oryza sativa L.) under different level of drought stress. PGPRs, P. jessenii, 
R62, P. synxantha, R81 were used as one consortium similarly A. nitroguajacolicus strainYB3 and strain 
YB5 were used as other consortia. Most of the PGPR inoculated plants showed enhanced growth as 
compared to uninoculated plants under all the level of drought stress. Quantitative analyses of 
antioxidant enzymes indicated that majority of the PGPRs inoculated plants in both varieties showed 
higher proline content, higher activity of superoxide dismutase (SOD), catalase (CAT), peroxidase 
(POD), ascorbate peroxidase (APX) and lower level of hydrogen peroxide (H2O2), malondialdehyde 
(MDA) in leaves at all the level of drought stress. The study suggests that PGPRs alleviates oxidative 
damage in rice plants grown under drought by improving plant growth and activating antioxidant 
defense systems, thereby improving stability of membranes in plant cells. This study provides evidence 
for a beneficial effect of PGPRs application in enhancing drought tolerance of rice under water deficit 
conditions. 
 
Key words: Plant growth promoting rhizobacterial (PGPR), plant growth promotion, drought stress, antioxidant, 
rice. 

 
 
INTRODUCTION 
 
Rice (Oryza sativa L.) is the staple food consumed by 
more than half of the world population and fulfills 23% of 
their caloric demands (Khush, 2003). Rice has semi-

aquatic nature and grown under flooded condition 
conventionally to provide nutrient supply and bulky 
amounts of water. However due to insufficient water, 
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half of the rice areas in the world do not maintained 
flooded condition and thus reduced yield, to some extent, 
as a result of drought (Bernier et al., 2008). Rice with little 
adaptation under water limited condition is remarkably 
sensitive to drought stress (Kamoshita et al., 2008). 
Under varieties of environmental stress including drought, 
plants showed increased level of reactive oxygen species 
(ROS) (Sgherri et al., 1996), which includes superoxide 
radical (O2

._
), hydroxyl free radical (OH), hydrogen 

peroxide (H2O2) and singlet oxygen resulting in peroxida-
tion of lipids, denaturation of proteins, mutation of DNA 
and various types of cellular oxidative damage (Smirnoff, 
1993).  

Enhanced membrane lipid peroxide-tion takes place 
in both cellular and organelle membranes when ROS 
reaches above threshold level, which, in turn affect 
normal cellular functioning and act as an indicator of 
ROS mediated damage to cell membranes under 
stressful conditions (Mishra et al., 2011) and can be 
measured by malondialdehyde (MDA) content, one of 
the final products of peroxide-tion of unsaturated fatty 
acids in phospholipids of membrane (Halliwell and 
Gutteridge, 1989). Plant cells are protected against 
damaging effect of ROS by antioxidant defense system 
comprising enzymatic and non enzymatic component. In 
enzymatic component superoxide dismutase (SOD) 
catalyses the conversion of superoxide radical into H2O2 
through their varietal isoforms; catalase (CAT) removes 
the bulk of H2O2 generated by photorespiration in 
peroxysomes; peroxidase (POD) acts on H2O2 for 
substrate oxidation in vacuole, cell wall and cytosol; 
ascorbate peroxidase (APX) is localized in cytosol and 
various organelles and catalyses the conversion of H2O2 
into H2O and thus protected plants against detrimental 
effect of ROS (Noctor and Foyer, 1998). Usually, higher 
antioxidant activity in plants correlated with enhance 
resistant against stress (Sairam and Srivastava, 2001). 

Plant growth promoting Rhizobacteria (PGPR) is well 
known for their growth-promoting properties like 
production of phytohormones, ability to solubilize mineral 
phosphate and to antagonize plant pathogens, etc. 
(Glick, 1995). PGPR like Pseudomonas fluorescens and 
Bacillus subtilis, recently have obtained attention as 
inoculants to withstand plants under varied biotic and 
abiotic stress conditions because of their excellent root 
colonizing ability, versatility in their catabolic activity, and 
their capacity to produce a wide range of metabolites and 
enzymes (Mayak et al., 2004; Saravanakumar and 
Samiyappan, 2007). Several authors have suggested the 
possible role of PGPRs to alleviate the oxidative damage 
elicited by abiotic stress through the manipulation of 
antioxidant enzymes in different crops (Kohler et al., 
2008; Sandhya et al., 2010; Saravanakumar et al., 2011). 

In present study we selected the Pseudomonas strain 
R62 and R81 because of their importance as a biofertilizer 
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under field condition (Mader et al., 2011; Roesti et al., 
2006). The Arthrobacter nitroguajacolicus were used as 
the ability of Arthrobacter species to showed resistance 
against desiccation, starvation and other stresses 
(Mongodin et al., 2006); and Bacillus and Pseudomonas 
has their importance in previous study to withstand plants 
under varied biotic and abiotic stress conditions (Mayak 
et al., 2004; Saravanakumar and Samiyappan, 2007). All 
the selected PGPRs were tested for their plant-growth 
promoting ability as well as their role in stress related 
enzymatic adaptive mechanisms in terms of antioxidant 
enzymes in tolerant and susceptible varieties of rice 
under drought stress. 
 
 
MATERIALS AND METHODS 
 

Bacterial inoculants  
 

For the study, plant growth promoting bacterial strains 
Pseudomonas jessenii (R62), Pseudomonas synxantha (R81) 
(Mader et al., 2011; Roesti et al., 2006), two strains of Arthrobacter 
nitroguajacolicus, strainYB3 and YB5 (Gusain et al., 2015), Bacillus 
cereus BSB 38 (14B), and Pseudomonas fluorescence strain P2 
were kindly provided by Rhizosphere biology lab of the Department 
of Biological Sciences of G. B. Pant University of Agriculture and 
Technology Pantnagar. In this study R62 and R81 were used as 
consortium (R62+R81), similarly both the strains of A. 
nitroguajacolicus YB3 and YB5 were used as consortium (A3+A5). 
All these strains grow separately in nutrient broth medium (Himedia, 
India) in flasks incubated at 28°C at 120 rpm until the late 
exponential phase. The final culture cfu was maintained at 107 to 
108 cfu ml−1 level. 
 
 

Rice varieties 
 

Seeds of two genotype of rice, drought tolerant Sahbhagi (Mackill et 
al., 2010) and drought susceptible IR-64 (Singh and Ghosh, 2013) 
were kindly provided by the IRRI, Pusa New Delhi, India. 
 
 

Pot experiment 
 

Rice growth promotion by these bacterial strains under drought 
stress was performed in greenhouse condition (temperature: 
27±2°C, photo period: 16/8 h day/night cycle, light intensity: 400 
Em-2s-1, (400-700 nm), and relative humidity: 60%, respectively). 
Rice seeds were surface disinfected by immersion in 70% ethanol 
and 3% (v/v) sodium hypochlorite for 1 and 5 min. Seeds were 
washed thoroughly many times with sterile distilled water then 
germinated on sterilized Petri dish. The soil used for the experiment 
had pH 8.31, organic carbon of 1.2%, nitrogen of 186.7 kg/h, 
phosphorus of 34.91 kg/h, and potassium of 145.6 kg/h. Five 
hundred grams of the sterilized soil was filled in pots and watered to 
field capacity before sowing the seeds. At the time of sowing seeds 
in pots the bacterial inocula were given to 1 ml/pot. Two seedlings 
per pot were maintained. After 30 days of sowing, 10 ml of nutrient 
solution (Hoagland and Arnon, 1950) were given weekly to each pot 
to fulfill the nutrients requirements of the plants. The nine replicate 
of each treatment (including control) were arranged according to 
the complete randomized design. After 55 days of sowing, the pots 
were irrigated up to water holding capacity of soil and left for drought 
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stress by withholding the irrigation. Leaf rolling in drought stress 
was determined based on rice standard evaluation system 
developed by International Rice Research Institute (IRRI). A visual 
score was taken of the degree of leaf rolling using a 0 to 9 scale 
(leaf rolling at vegetative stage) with 0 leaves for healthy while 9 for 
leaves tightly rolled V-shape. The plants were subjected to harvest 
at 0, 5 and 9 stages of leaf rolling (0, 8 and 10 days of drought) with 
three replicate, out of nine replicate, at each stage randomly 
selected for the measurement of growth promoting trait and 
antioxidant enzyme activities. After harvesting, fresh weight were 
taken immediately and sample were placed in -80°C for 
determination of antioxidant activity. Soil water content (SWC) for 
each harvesting was calculated using the weight fraction: SWC (%) 
= [(FW-DW)/DW] × 100, where FW was the fresh weight of a soil 
portion of the middle part of each pot and DW was the dry weight of 
the soil portion after drying in a hot air oven at 80°C for 48 h or till 
the complete drying of soil (Cha-um et al., 2012). 
 
 
Estimation of chlorophyll and carotenoid content 
 
Concentration of total chlorophyll and carotenoid was analysed 
following the method of Arnon (1949).  
 
 
Estimation of H2O2, MDA and proline 
 
For estimation of H2O2 and MDA content, leaf material (0.3 g) was 
homogenized in 4 ml of 0.1% trichloroacetic acid (TCA). 
Homogenate was centrifuged at 10,000 x g for 10 min at 4°C. MDA 
content was determined according to procedure of Heath and 
Packer (1968). The concentration of MDA was calculated by using 
an extinction coefficient of 155 mM-1 cm-1. Hydrogen peroxide was 
measured according to Alexieva et al. (2001). The amount of H2O2 
was calculated using standard curve prepared with different 

dilutions of a working standard of 100 M of H2O2. Free proline was 
determined by the method of Bates et al. (1973).  
 
 
Estimation of anti-oxidative enzyme 
 
For assays of SOD, CAT and POD, 0.5 g leaf samples (fresh 
weight) was homogenized with a pestle in an ice-cold mortar in 5 ml 
cold buffer containing: 50 mM potassium phosphate buffer (PH 7.0), 
1 mM ethylene diamine tetra acetic acid (EDTA) and 1% (w/v) 
polyvinylpyrolidone (PVP). Whole extraction procedure was carried 
out at 4°C. The homogenate was centrifuged at 10,000 x g for 30 
min at 4°C and the supernatant collected was used to assay 
enzymatic activity. For determination of APX activity 0.4 g leaf 
sample were homogenised in 4 ml of of ice-cold 25 mM phosphate 
buffer (pH 7-8) containing 1% PVP and 0.2 mM EDTA. The 
homogenates were filtered, and then centrifuged at 4°C for 15 min 
at 18000 g. All the antioxidant enzymes were determined as 
described by Zhang and Kirkham (1996). Protein concentration in 
the enzyme extract was determined by the method of Bradford 
(1976) using bovine serum albumin as a standard. 
 
 
Statistical analysis  
 
The data presented here are mean values ± SD. The data of 
individual stress level has three replicate (n=3) for each treatments 
of individual variety. The data were subjected to factorial analysis of 
variance (ANOVA), with varieties, stress level and treatments used 
for analysis and the differences between the means were compared  

 
 
 
 
using least significant differences at p<0.05. Different letters denote 
significant differences among treatments (including control) in two 
varieties. 

 
 
RESULTS AND DISCUSSION 
 
The plants were harvested at 0 days, 8 days and 10 days 
of drought and all these stages the soil moisture content 
of pot were measured as 640 ± 17.83, 62 ± 03.09 and 37 
± 03.30% respectively. 
 
 

Plant growth parameters 
 
The treatments showed varied effect on the shoot length, 
root length, shoot fresh weight and root fresh weight 
under all the level of drought stress. However, in majority 
of the inoculated plants showed higher effect on growth 
parameters as compare to uninoculated plants, although 
most of the differences are not significant. Irrespective of 
bacterial inoculation and stress level Sahbhagi showed 
enhanced effect on growth parameters as compared to 
IR-64 (Table 1). The PGPR can show the various kind of 
the plant growth promoting (PGP) activities which may be 
the mechanism through which they influence the plant 
growth promotion (Glick, 1995). The inoculation effect of 
our bacterial isolates had remarkable positive effect on 
plant fresh weight under non stress and stress condition. 
The higher growth enhancement effect of Sahbhagi as 
compared to IR-64 under drought stress might be 
related with better stress tolerance characteristics of 
the variety. Various study indicated that PGPRs 
inoculated plants can take up a higher volume of water 
and nutrients from rhizosphere soil; the attributes 
could be useful for the growth of plants under drought 
stress (Alami et al., 2000). However, the highest 
benefits of the PGPRs as bioinoculants can occur 
when crops faced prolonged stressful condition 
(Egamberdiyeva and Hoflich, 2004). 
 
 
Chlorophyll and carotenoid content 
 

In the present study, a gradual decrease in chlorophyll 
and caretenoid content was found with stress in both 
varieties. Similar to the growth parameters, majority of 
the treatments showed enhanced chlorophyll and 
carotenoid contents over control under all the level of 
stress (Table 2). The enhanced chlorophyll content may 
increase the photosynthetic efficiency of inoculated 
plants, and thus may be a reason for the tolerance of 
abiotic stress. Increased chlorophyll and caretenoid 
content in plants inoculated with PGPR is supported by 
previous study (Gururani et al., 2013) where authors 
found improved photosynthetic performance in Solanum
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Table 1. Growth promoting effect of PGPRs on two cultivars of rice under 0, 8 and 10 days of drought stress.  
 

Rice 
cultivar 

Inoculants 
 Shoot length (cm)  Root length (cm)  Shoot Fresh wt (g/pot)  Root fresh wt (g/pot) 

 0 days 8 days 10 days  0 days 8 days 10 days  0 days 8 days 10 days  0 days 8 days 10 days 

Sahbhagi 

Control  70.87
ab

 67.33
ab

 65.17
a
  22.83

ab
 20.17

a
 20.67

ab
  10.45

f
 6.33

d
 3.53

ab
  6.67

ef
 2.68

c
 1.07

ab
 

P2  71.92
b
 73.5

bc
 74.67

bc
  24.67

b
 21.67

ab
 22.97

ab
  12.32

g
 7.46

e
 4.41

bc
  8.24

gh
 3.68

d
 1.35

b
 

R62+R81  76.43
bc

 79.83
c
 79.17

c
  24.87

b
 21.60

ab
 23.30

ab
  12.86

g
 7.60

e
 4.67

c
  8.37

h
 3.64

d
 1.56

b
 

14B  77.63
bc

 76.00
bc

 73.17
bc

  24.00
b
 21.20

ab
 21.63

ab
  12.78

g
 7.49

e
 4.10

bc
  7.67

g
 3.14

cd
 1.23

b
 

A3+A5  75.47
bc

 72.83
bc

 71.83
b
  23.37

ab
 21.33

b
 23.63

ab
  12.34

g
 7.07

e
 4.32

bc
  7.68

g
 3.07

cd
 1.31

b
 

                  

IR-64 

Control  69.62
ab

 65.83
ab

 67.67
ab

  21.50
ab

 20.70
ab

 20.63
ab

  10.25
f
 4.26

bc
 2.69

a
  6.01

e
 1.07

ab
 0.46

a
 

P2  71.20
ab

 67.50
ab

 68.67
ab

  25.53
ab

 23.03
ab

 22.97
ab

  12.43
g
 5.42

cd
 3.66

b
  7.14

fg
 1.26

b
 0.63

ab
 

R62+R81  70.70
ab

 64.83
a
 70.00

ab
  24.17

b
 21.13

ab
 21.53

ab
  12.85

g
 5.54

cd
 3.68

b
  7.79

gh
 1.42

b
 0.71

ab
 

14B  70.63
ab

 68.17
ab

 69.83
ab

  24.07
b
 22.30

ab
 20.87

ab
  12.57

g
 5.01

c
 3.21

ab
  7.40

fg
 1.17

b
 0.53

ab
 

A3+A5  70.20
ab

 65.67
ab

 68.17
ab

  21.60
ab

 21.23
ab

 22.30
ab

  12.97
g
 5.13

c
 3.24

ab
  6.93

f
 1.07

ab
 0.63

ab
 

 
Mean followed by same letter are not significantly different (P<0.05) for a particular trait in two cultivars at all the level of stress. 
 
 
 

Table 2. Effect of PGPRs on total chlorophyll and carotenoids content of two cultivars of rice under 0, 8 and 10 days of drought 
stress.  
 

Rice 
cultivar 

Inoculants 

 Total chlorophyll 

(mg/g fresh weight) 

 Carotenoids 

(mg/g fresh weight) 

 0 days 8 days 10 days  0 days 8 days 10 days 

Sahbhagi 

control  4.81
f
 3.17

d
 1.74

ab
  11.75

g
 8.51

d
 6.11

a
 

P2  5.11
f
 3.62

e
 1.90

bc
  12.02

gh
 9.91

ef
 6.88

bc
 

R62+R81  5.96
h
 3.73

e
 2.04

bc
  12.27

h
 9.55

e
 6.97

bc
 

14B  6.13
i
 3.78

e
 2.26

c
  12.37

h
 10.05

ef
 7.16

c
 

A3+A5  6.59
j
 3.89

e
 2.35

c
  12.22

gh
 9.86

ef
 6.92

bc
 

          

IR-64 

control  5.54
g
 3.12

d
 1.41

a
  12.55

h
 10.35

f
 6.07

a
 

P2  5.21
g
 3.58

e
 1.59

ab
  12.00

gh
 10.15

f
 6.63

b
 

R62+R81  5.22
g
 3.60

e
 1.77

ab
  12.07

gh
 10.35

f
 6.99

bc
 

14B  6.14
i
 3.40

de
 1.76

ab
  12.49

h
 10.53

f
 7.59

c
 

A3+A5  6.15
i
 3.62

e
 1.88

b
  12.49

h
 10.39

f
 6.41

ab
 

 

Mean followed by same letter are not significantly different (P<0.05) for a particular trait in two cultivars at all the level of stress. 
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Figure 1. (a) H2O2  (b) MDA and (c) Proline content of two genotype of rice inoculated with PGPRs under 0, 8 and 10 
days of drought stress. Mean followed by same letter are not significantly different (P<0.05) for a particular trait in two 
cultivars at all the level of stress. 

 
 
 
tuberosum when inoculated with Bacillus sp. under 
abiotic stress. 
 
 
Hydrogen peroxide content 
 
Among all the treatments, P2 treated plants in Sahbhagi 
and IR-64 showed maximum reduction in H2O2 level with 

1.17 and 1.59 fold respectively, over control in 8
th
 days of 

drought. In 10
th
 days of drought, only R62+R81 treated 

plants in Sahbhagi with 1.15 fold reduction showed 
significant effect on H2O2 level, while in IR-64, all the 
PGPRs treated plants significantly reduced the H2O2 level 
over control plants (Figure 1a). Under drought, increased 
level of H2O2 was well documented which may be due to 
the  formation  of   superoxide  ion  by  electron  transport  



 

 
 

 
 
 
 
chains which dismutase to form H2O2 in chloroplast and 
mitochondria (Elstner, 1991). However H2O2 may also be 
involved for the formation of highly reactive hydroxyl 
radicals by reacting with superoxide radicals in plants 
cells (Prousek, 2007) which can initiate self- replicating 
reactions leading to peroxidation of membrane lipids and 
destruction of proteins, and ultimately cell death (Jaw and 
Ching, 1998). Here the level of H2O2 in plants gradually 
increased with increase in stress level, however the 
results indicated that treated plants of both varieties 
showed the reduced level of H2O2 as compared to their 
respective control, although the difference were not 
significant in all the treatments. In this study, irrespective 
of treatments and stress level, Sahbhagi showed the 
reduced (35.27%) level of H2O2 as compared to IR-64, 
which might be an attribute of a tolerance variety to cope 
with drought stress. It is believed that under drought 
stress, PGPRs treated plants showed the high amount of 
reactive oxygen species (ROS) scavenging agent which 
may help plants to maintain the reduced level of H2O2 
(Moslemi et al., 2011). 
 
 
Malondialdehyde content 
 
In 0 and 8

th
 days of stress there was non-significant effect 

of the treatments over the control while at 10
th
 days of 

stress all the bacterial treatment significantly reduced the 
MDA content when compared with control in both 
varieties (Figure 1b). MDA is one of the byproducts of 
lipid peroxidation, which is one of the consequences of 
higher accumulation of ROS such as H2O2, superoxide 
radical and hydroxyl radical in plant cell and could reflect 
the degree of peroxidation of membrane lipids (Gill and 
Tuteja, 2010). Here under severe drought both varieties 
showed higher MDA content in leaves which may be 
associated with higher accumulation of H2O2 in stressed 
plants. However the PGPRs treated plants in both varie-
ties showed remarkably lesser amount of MDA content 
as compared to their respective control, suggesting the 
involvement of PGPRs in ROS metabolism in rice plants. 
In overall, irrespective of treatments and stress level 
sahbhagi performed better with 81.53% lesser MDA 
content as compared to IR-64. This might be an attribute 
of tolerant variety that helps to sustain it under prolonged 
environmental stress condition. Less MDA content in 
drought tolerance Phaseolus acutifolius as compared to 
sensitive ones have also been obtained by El-Tayeb 
(2006). 
 
 
Proline accumulation 
 
In plants with 0 days of stress, bacterial inoculation was 
non-significant  over the control while  in stressed,  all the  
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PGPRs treated plants except R62+R81 treated plants of 
Sahbhagi in 8

th
 days of drought, showed the significant 

increase in proline contents in both of the varieties of rice 
at both the level of stress. In 10

th
 days of stress, a 

maximum increase of 1.08 fold in proline content was 
observed in R62+R81 treated plants of Sahbhagi while 
in IR-64, a maximum increase in 1.09 fold was 
observed in 14B treated plants over control (Figure 1c). 
High proline contents in plant cells may be due to higher 
induction of proline biosynthesis which may help cells to 
maintain their water status and protects their vital function 
against the consequences of drought stress (Yoshiba et 
al., 1997). Higher proline accumulation in inoculated 
plants may indicate higher plant tolerance to water stress. 
Irrespective of treatments, proline accumulation was 
higher (105.43%) in IR-64 as compare to Sahbhagi in 
early drought stress (in 8

th
 days of drought), while in 

severe drought stress both the varieties accumulate 
proline in almost similar ways, the attribute might 
differentiate the tolerance and sensitive varieties of rice 
and suggesting the vital role of proline as an 
osmoregulatory solute in plants (Kumar et al., 2011). 
Similarly in various studies on abiotic stresses, plants 
showed the varietal differences in proline accumulation 
(Yadav et al., 2004; Liu et al., 2011). 
 
 
Superoxide dismutase activity 
 
The SOD activity were continued to increase till the last 
day of drought (10

th
 days of drought). On the 8

th
 day of 

drought, P2 showed 1.76 fold increased SOD over 
control in Sahbhagi, followed by A3+A5 with 1.36 fold 
increase. In IR-64, Arthrobacter A3+A5 increased the 
1.78 fold SOD activity over control followed by R62+R81 
with 1.65 fold. On the 10

th
 days of drought, A3+A5 with 

1.93 fold followed by P2 with 1.65 fold maximally 
increased the SOD activity over control in Sahbhagi. In 
IR-64 all the treated plants showed significantly higher 
activity of SOD as compared to control plants in 10

th
 days 

of drought. Among the treatments, R62+R81 with 1.75 
fold followed by Arthrobacter A3+A5 with 1.72 fold 
maximally increased the SOD activity over control (Figure 
2a). It is suppose that SOD catalyses the dismutation of 
superoxide radical into H2O2, which is further obliterate by 
CAT and POD activity (Scandalios, 1993). Here the 
increased SOD activity in stressed plants may be either 
due to increased production of ROS or could be a 
protective mechanism adopted by rice plants against 
ROS and oxidative damage. The higher level of SOD 
activity in inoculated plants could be related with the 
enhanced protective mechanism induced by PGPRs in 
plants to reduce the level of H2O2. An earlier study 
demonstrated that mechanisms that reduce oxidative 
stress indirectly play an important role in drought
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Figure 2. (a) SOD, (b) POD, (c) CAT and (d) APX activity of two genotype of rice, inoculated with PGPRs, under 0, 8 and 10 days of drought 
stress. Mean followed by same letter are not significantly different (P<0.05) for a particular trait in two cultivars at all the level of stress. 



 

 
 

 
 
 
 
tolerance (Bowler et al., 1992). 
 
 
Peroxidase activity 
 
Sahbhagi strain P2 with 1.39 fold maximally increased 
the POD activity followed by 14B with 1.34 fold which 
increased activity under 8

th
 days of drought. Similarly in 

IR-64 with 1.25 fold, Pseudomonas strain P2 maximally 
increased the POD activity followed by R62+R81 with 1.2 
fold. In 10

th
 days of drought Arthrobacter (with 1.81 fold), 

14B (with 1.71 fold) and P2 (with 1.26 fold) significantly 
increased the POD activity over control in Sahbhagi, 
while IR-64 Pseudomonas strain P2 (with 1.27 fold) and 
R62+R81(with 1.27 fold) showed significant effect on 
POD activity over control (Figure 2b). Irrespective of the 
treatments, IR-64 showed 25.72% higher POD activity as 
compared to Sahbhagi. Under stress condition, increased 
level of peroxidase in plants can be correlated with an 
increased level of ROS in plants cells (Radotic et al., 
2000). Similar to the present study, PGPRs mediated 
increased POD activity under drought stress has also 
been reported in green gram plants by Saravanakumar et 
al. (2011). 
 
 
Catalase activity 
 
The catalase activity increased in the 8

th
 day of drought 

and then decreased under severe drought stress in 10
th
 

day. A non significant effect was observed in all the 
treatments with control plants under 0 days of stress. In 
8

th
 days of drought 14B and A3+A5 significantly 

increased the CAT activity in Sahbhagi, while IR-64, P2, 
14B and A3+A5 significantly increased the catalase 
activity over control. In the 10

th
 days of drought, 14B with 

1.67 fold maximally increased the catalase activity over 
control in Sahbhagi. In IR-64, P2 with 1.64 fold 
significantly increased the CAT activity as compared to 
uninoculated plants (Figure 2c). Irrespective of treat-
ments and stress level 91.25% increased CAT activity 
was reported in IR-64 as compared to Sahbhagi. Here 
the catalase activity increased at the 8

th
 day of drought 

and decreased under severe stress condition after 10
th
 

days of drought which either suggest catalase poor 
affinity for H2O2 or it may have undergone subsequent 
degradation of H2O2 due to photoinactivation in the 
presence of light (Hertwig et al., 1992). Similar decline in 
catalase activity in plants has also been observed in 
varieties under stressful condition (Hertwig et al., 1992; 
Radotic et al., 2000). However, all the inoculated plants 
showed higher catalase activity as compared to their 
respective control which suggests the PGPR mediated 
reduction of oxidative stress in plants (Saravanakumar et 
al., 2011). 
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Ascorbate peroxidase activity 
 

In the 8
th
 day of drought 14B (with 1.8 fold), A3+A5 (with 

1.58 fold) and pseudomonas strain P2 (with1.41 fold) 
significantly increased the APX activity over control in 
Sahbhagi. In IR-64, Arthrobacter (with 1.79 fold) and 
pseudomonas strain P2 (with 1.69 fold) showed 
significant effect on APX activity over control. Similarly in 
the 10

th
 day of drought 14B (with 1.23 fold) Arthrobacter 

(with 1.54 fold) and pseudomonas strain P2 (with1.19 
fold) significantly increased the APX activity over control 
in Sahbhagi. In IR-64 all the treated plants showed 
significantly increased level of APX activity over control 
(Figure 2d). Overall (irrespective of treatments and stress 
level), Sahbhagi showed 12.25% higher APX activity as 
compared to IR-64. APX acted on H2O2 and prevents its 
accumulation in cells via ascorbate-glutathione pathway 
(Foyer and Halliwell, 1976). An increased activity of APX 
in PGPRs treated plants as observed here could be 
related with the decreased concentration of H2O2 in rice 
under drought stress suggesting a key role of APX in 
detoxification of H2O2 under drought stress and appear to 
constitute a basic antioxidative defense mechanism in 
plants (Madhusudhan et al., 2003). However, in the 
overall antioxidant study, higher activity of  CAT, POD 
and APX could interrelate with lower activities of H2O2 in 
all the treated plants as compared to their respective 
control, as all these antioxidant acted as an scavenger on 
H2O2 (Gill and Tuteza, 2010).  
 
 

Conclusion 
 

It was observed from the present study that PGPRs 
inoculation induced plants to produce the higher amount 
of antioxidant under drought stress which might be a 
basis for the lower accumulation of H2O2 in inoculated 
plants as compared to their respective control. Both the 
genotype differs in their response to different growth and 
biochemical parameters under drought stress condition, 
however, lower accumulation of H2O2 in Sahbhagi 
indicated that this cultivar might have an efficient ROS 
quenching system at cellular level, which might help it to 
withstand prolonged drought. Overall, the study shows 
the significance of PGPRs as the alleviation of drought 
stress in rice and suggest the further utilization of 
selected PGPRs as biofertilizer under drought prone 
environment. 
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Effective chemical hybridizing agents (CHAs) or male gametocides enhance cross pollination in plant 
breeding and genetic analysis of traits. The present study examined the efficacy and optimum 
concentration of four CHAs, namely: 2-chloroethyl phosphonic acid (Ethrel), ethyl 4'-fluorooxanilate 
(E4FO), 2, 4-dichlorphenoxy acetic acid (2, 4-D) and Promalin

®
 (1.8% GA47 – gibberellins A4+A7 and 1.8% 

6-BA–benzyladenine) on pollen sterility and seeding of a tef line (DZ-01-3186). Seed-derived and 
individually grown tef plants were treated with foliar applications of the four CHAs (at four levels each) 
sprayed once at the early booting stage, and bagged to control cross pollination. Female fertility was 
assessed by recording seed set following controlled pollinations. Although all the CHAs caused some 
pollen sterility, their efficacy levels varied from 9.77 to 99.50% in treated plants compared to the control 
(6.68 +/- 1.04%). Pollen sterility increased with increasing CHA concentration. Near-complete pollen 
sterility (99.50 ± 0.50%) was achieved by the application of E4FO at rates of 1500 to 3000 ppm, and Ethrel 
at 5000 ppm. All the CHAs significantly reduced seed yield, with E4FO, Ethrel and Promalin

®
 at 5000 

ppm causing the highest reduction, essentially yielding no seed. In the period following the application 
of the CHAs, plants treated with E4FO (1000 – 1500 ppm) exhibited stigmas that remained fertile. Hence, 
it is recommended that E4FO (at 1000 – 1500 ppm) can be used as a chemical emasculation agent for tef, 
with the least phytotoxicity and the highest female fertility.   
 
Key words: Eragrostis tef, Ethrel, ethyl4-florooxanilate, female fertility, gametocides, pollen sterility.   

 
 
INTRODUCTION 
 
Tef [Eragrostis tef (Zucc.) Trotter] is an autogamous 
cereal food crop that has been cultivated in the Horn of 
Africa (Eritrea and Ethiopia) for over 2000 years (Ingram 
and Doyle, 2003). The grain is used to make a variety of 
food products, including a spongy fermented pancake 

called “Enjera” that regionally serves as a staple food. In 
Ethiopia, tef is considered the most important crop 
covering the greatest land area under cereal cultivation 
(Ketema, 1997). Despite a long history of cultivation, 
grain production is hampered by the low yield levels of
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the available cultivars, and vulnerability of the crop to 
lodging, which routinely causes yield reductions of 17 to 
25% (Ketema, 1983). At the moment, the mean national 
grain yield of tef stands at 1.46 t ha

-1
 or 1465 kg.ha

-1
 

(Central Statistics Authority, 2014). Improved varieties of 
tef provide grain yields of 1700-2200 kg.ha

-1
 on farmers’ 

fields and 2200-2800 kg.ha
-1

 under research-managed 
situations. Estimates are that the crop could yield as 
much as 6000 kg.ha

-1
, had it received adequate research 

attention (Ketema, 1997; Teklu and Tefera, 2005).    
Research on tef improvement began in the late 1950s 

in Ethiopia. This genetic improvement programme utilized 
mass and/or pure-line selection directly from the existing 
germplasm, hybridization, as well as the initiation of 
induced mutations (Belay et al., 2006). The major 
breeding objectives were to improve grain yield and to 
develop drought and lodging-resistant varieties of tef. 
Attempts to improve grain yield have resulted in a 
number of improved varieties. However, breeding efforts 
to develop lodging-resistant tef varieties have not yet 
succeeded due to the tedious and meticulous crossing 
technique of tef, attributed to its pollination process 
(Gugsa and Loerz, 2013). In tef, pollination occurs only 
during the early hours of the morning and requires the 
employment of an appropriate artificial hybridization 
technique. Under Ethiopian climatic conditions, tef 
flowers open and are fertilised only between 6:45 and 
7:45 a.m. (Berhe, 1976; Ketema, 1997). In addition to this, 
the small size of its reproductive structures and its 
autogamous nature has made microscopic emasculation 
and cross pollination obligatory, which requires appro-
priate equipment and skilled personnel (Berhe and Miller, 
1976; Ketema, 1997; Gugsa and Loerz, 2013). In a self-
pollinated crop such as tef, with the male and female 
organs in the same flower (monoecious), the application 
of chemical hybridizing agents (CHAs) that selectively 
impair the male gamete would be of a great value in plant 
breeding or genetic analysis of traits, reducing the time 
invested in the laborious procedure of hand emasculation.  

Male sterility is defined as the failure of a plant to 
produce functional anthers, pollen and/or male gametes 
during its reproductive stage. It can be triggered by 
multiple factors including adverse growth conditions such 
as temperature (Endo et al., 2009), diseases, inheritance, 
mutations or chemical agents (McRae, 1985; Budar and 
Pelletier, 2001). The deliberate elimination of the male 
gamete using CHAs has been established as a 
potentially viable approach in commercial hybrid seed 
production (Van Der Kley, 1954; Tu and Banga, 1998). It 
would solve many problems, such as the elimination of 
tedious hand emasculation, allowing for combinations of 
suitable parents, eliminating the need for expensive, 
complex and limiting cytoplasmic male sterility systems, 
increasing crossing choices in plant breeding and 
simplifying genetic analysis of self-pollinating crops. An 
effective CHA should induce an acceptable level of male 
sterility  while  retaining a  high  degree of  female  fertility  
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(Cross and Ladyman, 1991). The major groups of 
chemicals screened so far for their possible CHA 
potential include auxins, antiauxins, growth regulators, 
arsenicals, ethylene-releasing compounds, halogenated 
aliphatic acids and several other patented chemicals 
(Batch et al., 1980). Several derivatives of oxalinates (Ali 
et al., 1999; Chakraborty and Devakumar, 2006a) and 
growth regulators (Badino, 1981; Praba and Thangaraj, 
2005) were effective in inducing pollen sterility in various 
crops without negative effects on female fertility. The 
effectiveness of some CHAs (e.g. Ethrel) is genotype, 
dose and stage specific which limits their value (Bennet 
and Hughes, 1972).  

Ali et al. (1999) examined the relative efficacy of three 
CHAs, including E4FO, on male sterility of rice (Oryza 
sativa). They reported that E4FO applied @1500 ppm at 
meiosis was the most effective CHA, causing the most 
pollen and spikelet sterility, the widest spectrum of action 
on multiple varieties and the least phytotoxicity. Foliar 
applications of Ethrel at rates ranging between 1000 and 
4000 ppm also induced useful levels of male sterility in 
barley (Hordeum vulgare) (Kumar et al., 1976; Verma 
and Kuman, 1978), spring wheat (Triticum aestivu) 
(Rowell and Miller, 1971; Dotlacil and Apltauerova, 1978; 
Jan and Rowell, 1981), rice (Oryza sativa) (Parmar et al., 
1979) and tef (Berhe and Miller, 1978). However, studies 
have also demonstrated that Ethrel induces significant 
levels of female sterility at the rates of application 
required for male sterility (Hughes et al., 1974; Berhe and 
Miller, 1978; Dotlacil and Apltauerova, 1978). There are 
also reports that Ethrel may cause defoliation in certain 
species (Morgan, 1969; Pedersen et al., 2006). As a 
selective CHA, 2, 4-dichlorphenoxy acetic acid (2, 4-D) is 
also one of the most widely studied CHAs (Helal and 
Zaiki, 1981). Foliar applications of 2, 4-D on tomato 
(Rehm, 1952), rice (Helal and Zaiki, 1981) and sesame 
(Prakash et al., 2001) induced high levels of male sterility. 
By contrast, the application of 0.4% 2, 4-D did not induce 
acceptable levels of pollen sterility in rice (Praba and 
Thangaraj, 2005).  

The gametocidal property of gibberellic acid in inducing 
male sterility is also well studied in many corps including 
maize (Nelson and Rossman, 1958), common Onion 
(Van Der Meer and Van Bennekom, 1976; Badino, 1981), 
coriander (Kalidasu et al., 2009) and many other 
flowering plants (Sawhney and Shukula, 1994). Despite 
the volume of research on CHAs, there are no reports of 
male sterilizing CHAs being used for tef breeding (Berhe 
and Miller, 1976, 1978). In pursuit of a potential 
alternative for hand emasculation, the present study 
examined the efficacy and determined the optimum 
concentration of four CHAs on male sterility and 
subsequent seed set in tef. The chief objectives were 1) 
to identify an effective and suitable CHA for use in tef 
without adverse effects; 2) to standardize the concentra-
tion of the CHA for inducing an acceptable level of male 
sterility; 3) to investigate the morphological and physiological 
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changes induced by the CHA and; 4) to investigate post-
treatment female fertility/sterility through the assessments 
of seed set after controlled pollination.  
 
 

MATERIALS AND METHODS 
 
The CHAs and plant material  
 
The tef variety - DZ-01-3186 was used for this particular study. Four 
CHAs were used in the study, Ethrel, ethyl 4'-fluorooxanilate 
(E4FO), Promalin® and 2, 4-D. The concentration levels tested 
were: Ethrel at 1000, 2000, 3000 and 5000 ppm; E4FO at 1000, 
1500, 2000, 3000 ppm, Promalin® at 50, 100, 150 and 300 ppm; 2, 
4-D at 10, 50, 100 and 500 ppm. At all concentration levels, 5% of 
Tween 80® (0.2%) was added as a wetting agent.  
 
 

Growing conditions, treatments and experimental design   
 
Experiments were conducted in an environmentally controlled 
glasshouse maintained at an air temperature of 28 ± 2.5°C. The tef 
plants were grown from seeds sown directly into plastic pots (250 
mm in diameter and 210 mm in height) filled with 75% composted 
pine bark and 25% river sand. Ten seeds per pot were sown, 
thinned-out to one plant per pot at the trifoliate stage. All lateral 
tillers were constantly clipped off, allowing only one dominant tiller 
to grow to flowering. The tef plants received an optimal fertigation, 
scheduled twice a day and weeds were hand controlled. The CHA 
solutions were applied on once at the panicle initiation stage when 
the flower head (panicle) was 10-12 mm long and panicles were 
then bagged to avoid cross pollination. The sprays were applied 
with a small power sprayer and hand gun to thoroughly wet the 
inflorescence, leaf and stem surfaces. The quantity of liquid 
sprayed per plant was approximately 4 to 5 ml. The control plants 
were sprayed with same amount of tap-water. To test the effect of 
the wetter, a blank solution of Tween-80® (0.2% v/v) without CHA, 
was also applied. The four CHAs, with four concentration levels 
each, the water control (n=4) and the Tween 80® control (n= 4), 
were arranged in a completely randomized design with 18 
treatments in four replications. Within the glasshouse, the pots were 
randomly rotated on a weekly basis to minimize positional effects. 
One week after the application of CHAs, pollen grains were 
sampled from each plant and analysed for viability/sterility. After 
screening the potency of the CHAs, to study the effect of the CHAs 
(that is, E4FO and Ethrel) on female fertility, four additional potted 
tef plants were sprayed with E4FO and Ethrel at 4 concentration 
levels each and the plants were subsequently hand cross pollinated, 
and left unbagged. At the end of the trial season, seeds produced 
from the mother plants were manually collected, counted and 
recorded. Difference in seed yield from panicles treated with CHAs 
followed by bagging to avoid cross pollination (SYPP) and seed set 
from panicles treated CHAs followed by artificial pollination (SSPP) 
would indicate the number of viable female organs (stigmas) 
remaining in the period following the CHAs treatment.  
 
 

Pollen sterility test  
 
A range of techniques were tested to visualise pollen grains (data 
not presented). The best technique for differentiating between 
viable and non-viable pollen grains of tef was achieved using an 
aniline blue lactophenol staining technique. The aniline blue 
lactophenol solution was prepared by mixing 5 ml of 1% aqueous 
aniline blue, 20 g phenol crystals (C6H5O4), 40 ml glycerol, 20 ml 
lactic acid and 20 ml of distilled water (Kearms and Inouye, 1993).  

A week after the application of the CHAs, plant inflorescences 
(spikes) were collected and stored in 70% ethanol until slide prepara- 

 
 
 
 
ration. Pollen grains from newly dehisced florets were released onto 
a droplet of aniline blue lactophenol solution on a glass microscope 
slide. The droplet was covered with a cover slip and the pollen 
grains were allowed to stain for 3 h at 21°C before scoring. The 
preparation was then examined under a Zeiss Axio Scope A1 
brightfield light microscope (Carl Zeiss, Ltd., Canada) equipped with 
an AxioCam camera and image captured using Axio Vision 2.05 
software (Carl Zeiss Ltd., Canada). It was possible to vividly 
visualise the pollen grains at 40X magnification, with viable pollen 
grains appearing solid-blue and non-viable pollen grains appearing 
turquoise in colour (Figure 1a). A minimum of 300 pollen grains 
were counted from each sample by selecting random fields of view. 
Pollen grains from the control plants were also investigated to 
detect differences in pollen sterility/viability. 
 
 
Statistical analysis 
 
Levels of pollen sterility were computed by dividing the number of 
unstained (sterile pollen grains) by the total number of pollen grains 
(stained plus unstained) per field of view, expressed as a 
percentage. Data was normalised by square root transformation. 
The seed yield per panicle (SYPP) was estimated through 
approximation of the 1000-seed weight following the procedures 
described by Wiliam (1985). In variety DZ-01-3186, the 1000-seeds 
weight was found to be 294 mg. To obtain an estimate of SYPP, 
total harvested seed yield per panicle (weight) was divided by 294 
and then multiplied by 1000. Data was subjected to one-way 
analysis of variance (ANOVA) using GenStat 14th edition Inc. 
(GenStat, 2011). Duncan’s multiple range test procedure was used 
at P < 0.05 to compare the significance of differences among 
treatment means.  
 
 

RESULTS 
 

The effects of the four CHAs on levels of pollen sterility 
and subsequent SYPP are presented in Tables 1 and 2. 
A low level of pollen sterility (6.68 ± 1.04%) was observed 
in the untreated control plants. The wetter, Tween 80

®
 

had no significant effect on pollen sterility (5.05%). The 
treatments had a highly significant (P< 0.001) effect on 
pollen sterility (Table 1). Levels of pollen sterility 
increased with increases in CHA concentration (Table 3). 
Compared to the control, all the CHAs and at all 
concentration levels except 2, 4-D at 10 ppm to 50 ppm 
induced significant increases in pollen sterility, which 
ranged between 19.03 ± 1.00% to 99.50 ± 0.50%. Near 
complete male sterility percentage was achieved by the 
application of E4FO at rates ranging between 1500 to 
3000 ppm and Ethrel at 5000 ppm. The CHAs also had a 
highly significant effect on SYPP (Table 2). Compared to 
the control (5564.28 ± 181.88), plants treated with the 
wetter, Tween 80

®
, did not exhibit any significant 

reduction in SYPP. In contrast, plants treated with all 
levels of E4FO, all levels of Ethrel, and Promalin

®
 at 300 

ppm,
 

exhibited the greatest reduction in SYPP, 
essentially yielding no seed (Table 3). In CHA treated 
plants, relatively more SYPP was obtained from plants 
treated with 2, 4-D. Promalin

®
 at rates ranging between 

50 to 150 ppm showed a greater reduction in SYPP than 
those treated with 2, 4-D. Promalin

®
 treated plants 

showed some phytotoxicity symptoms such as growth
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Figure 1. A) Pollen grains of Eragrostis tef visualised under light microscope 40X magnification. Non-viable pollen grains (black 
arrow) and viable pollens (yellow arrows). B) Anther of Eragrostis tef filled with non-viable pollen grains. C) Growth deformity (coiling) 
caused by Promalin® treatment of tef. D) Premature senescence and floret collapse caused by Ethrel and Promalin® treatment.  

 
 
 

Table 1. One-way analysis of variance (ANOVA) of the effect of the CHAs on percentage 
of pollen sterility in Eragrostis tef. 
 

Source of variation   d.f. 
 

s.s. 
 

m.s. 
 

v.r. 
 

F pr. 

Treatments   17 
 

83002.24 
 

4882.48 
 

225.74 
 

<0.001 

Residual   54 
 

1167.97 
 

21.63 
    

Total   71 
 

84170.21 
      

 
 
 

Table 2. One-way analysis of variance (ANOVA) of the effect of the CHAs on seed yield per 
panicle (SYPP) of non-pollinated Eragrostis tef plants.  
 

Source of variation   d.f. 
 

s.s. 
 

m.s. 
 

v.r. 
 

F pr. 

Treatments   17 
 

345579304 
 

20328194 
 

37.08 
 

<.001 

Residual   54 
 

29603056 
 

548205 
    

Total   71 
 

375182360 
      

 
 
 

deformity (coiling) and frequent dryness of inflorescences 
(Table 3 and Figure 1b). Promalin

®
 at a rate of 5000 ppm 

caused an extreme reduction in seed set, due to floret 
collapse (Table 3 and Figure 1). At higher doses of 100 
and 500 ppm, 2, 4-D treated plants exhibited excessive 
elongation of the inflorescence and drooping (Table 3). 
By contrast, treating the tef plants with all rates of Ethrel, 
and E4FO at a rate of 3000 ppm, led to early premature 
desiccation and ultimately to floret collapse. t-test 

comparison between the CHAs-treated-pollinated vs 
CHAs-treated-non-pollinated tef plants showed a highly 
significant (t = 5.496; P < 0.00) difference in seed set per 
panicle (SSPP). Artificial pollination of the plants 
previously treated with E4FO at rates of 1000 to 1500 
ppm, showed a significant improvement in SSPP. By 
contrast, artificial pollination of the plants previously 
treated with all rates of Ethrel did not show any significant 
improvement in SSPP (Table 3).   
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Table 3. The effect of four different chemical hybridizing agents (CHAs) applied at four different concentration levels on pollen sterility, seed yield per panicle (SYPP) and seed set per 
panicle (SSPP) of Eragrostis tef (Zucc.) Trotter, cultivar Etsub (Var: DZ-01-3186). Phytotoxicity symptoms observed on CHA treated plants compared to untreated controls.  
 

CHAs 
CHAs concentration 

(ppm) 

Pollen sterility 
(%) 

SYPP+SE of self-
pollinated plants 

SSPP+SE of artificially 
pollinated  plants 

 Observations 

E4FO 

1000 86.41 ± 2.86
b
 0.00 ± 0.00

f
 569.7 ± 39.97

b
 No phytotoxicity symptoms observed   

1500 95.83 ± 4.17
a
 0.00 ± 0.00

f
 281.00 ± 27.41

c
 No phytotoxicity symptoms observed   

2000 98.61 ± 1.39
a
 0.00 ± 0.00

f
 241.20 ± 17.17

cd
 No phytotoxicity symptoms observed   

3000 99.50 ± 0.50
a
 0.00 ± 0.00

f
 34.20 ± 5.49

d
 Floret dryness and early premature senescence  

      

Ethrel 

1000 79.00 ± 2.68
cd

 0.00 ± 0.00
f
 9.50 ± 3.88

d
 Floret dryness and early premature senescence 

2000 82.00 ± 6.38
bc

 0.00 ± 0.00
f
 3.00 ± 1.91

d
 Floret dryness and early premature senescence 

3000 83.00 ± 1.47
bc

 0.00 ± 0.00
f
 00.00 ± 0.00

d
 Floret dryness and early premature senescence 

5000 94.12 ± 0.58
a
 0.00 ± 0.00

f
 00.00 ± 0.00

d
 Floret dryness and early premature senescence 

      

2, 4-D 

10 9.77 ± 0.47
i
 5592.17 ± 749.69

a
 * Panicle elongation  and  drooping 

50 13.53 ± 1.31
hi
 4377.45 ± 976.26

b
 * Panicle elongation  and  drooping 

100 19.03 ± 1.00
h
 4031.60 ± 308.38

b
 * Panicle elongation and lightly seeded panicle  

500 29.94 ± 1.76
g
 2933.87 ± 673.58

c
 * Panicle elongation and lightly seeded panicle  

      

Promalin
®
 

50 54.83 ± 0.73
f
 218.40 ± 23.78

e
 * 

Twisting inflorescence and  leaves, week and 
premature senescence   

     

100 57.19 ± 0.94
f
 197.95 ± 26.99

e
 * 

Twisting inflorescence and leaves week and 
premature senescence   

     

150 64.58 ± 1.20
e
 1390.00 ± 348.24

d
 * 

Twisting inflorescence and leaves week and 
premature senescence   

     

300 74.40 ± 2.98
d
 0.00  ± 0.00

f
 * 

Twisting inflorescence and leaves week and 
premature senescence   

      

Control I (Tap water 
spray) 

0 6.86 ± 1.04
i
 5572.64 ± 170.34

a
 5572.64 ± 170.34

a
  No phytotoxicity symptoms observed   

      

Control II (Tween 80
®
)  (0.02% v/v) 6.05 ± 1.64

i
 5564.28 ± 181.88

a
 5664.28 ± 181.88

a
  No phytotoxicity symptoms observed   

 

Values in the same column with shared letter(s) are not statistically different according to Duncan’s multiple range test at the 5% level of significance.  



 

 
 
 
 
DISCUSSION 
 

Hybridization in tef is a tedious and difficult undertaking 
that relies on hand emasculation. Hand emasculated tef 
often fail to yield any seed (Berhe and Miller, 1978). 
Currently, a large number of CHAs are being developed 
to induce mass emasculation in a number of crops for the 
purpose of hybrid seed production, or as a substitute for 
hand emasculation (Tu and Banga, 1998; Praba and 
Thangaraj, 2005; Chakraborty and Devakumar, 2006b). 
Results of the present study cast some light on the 
possibility of using CHAs for tef breeding.  

It is interesting that E4FO and Ethrel induced the 
highest levels of male (pollen) sterility in tef. These two 
CHAs also induced the greatest reduction in the SYPP of 
the non-pollinated (bagged) plants. The lack of seed 
production, together with the high levels of pollen sterility 
found in plants treated with E4FO and Ethrel indicates 
the effectiveness of these CHAs in mass emasculation of 
the male gametes in tef. However, it is not sufficient that 
a CHA should cause a high level of male sterility, but it 
should not cause any adverse side effects to the rest of 
the plant (Chakraborty and Devakumar, 2006a). 
Therefore, determining the effects of the CHAs on 
phytotoxicity and female fertility were equally important. 
Artificial pollination of the plants previously treated with 
E4FO (at a rate of 1000 – 1500 ppm) resulted in 
significant increases in seed set per panicle (SSPP). By 
contrast, Ethrel sprayed plants did not show significant 
increases in SSPP after artificial pollination. Tef is a 
predominantly self-pollinating, monogamous plant and 
the degree of natural outcrossing is less than 1% 
(Ketema, 1997). These results indicated that the plants 
sprayed with E4FO at 1000 to 1500 ppm had female 
organs (stigmas) that remained fertile to alien pollination, 
but all rates of Ethrel diminished the female fertility in the 
period following the application of the CHAs. 

In the phytotoxicity study the tef plants treated with 
E4FO at 1000 to 2000 ppm had no detectable adverse 
effects on growth of tef. By contrast, all levels of Ethrel 
and E4FO at the highest level of 3000 ppm led to early 
premature desiccation and ultimately floret collapse. 
Similar deleterious effects of Ethrel on tef were reported 
by Berhe and Miller (1978). These authors examined the 
gametocidal effect of Ethrel on two varieties of tef. In this 
study, foliar applications of 600, 900, and 1,200 ppm 
were applied three times during heading and all the 
treatments were effective in reducing seed set with no 
signs of phytotoxicity. However, ovary and ovular tissue 
in sterilized florets underwent premature desiccation and 
ultimately lead to female sterility. Due to its deleterious 
effects on female fertility, Ethrel was not recommended 
as a useful CHA for tef (Berhe and Miller, 1978). The tef 
plants treated with all levels of 2, 4-D exhibited low levels 
of male sterility and only a slight reduction in SYPP. This 
treatment also caused certain undesirable phytotoxic 
symptoms including panicle elongation and drooping. The 
tef  plants  sprayed with  all  levels  of  Promalin

®
  showed 
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more pollen sterility and reduction in seed yield, but there 
were also detectable growth deformities such as stem 
weakness, coiling and low plant vigour. Therefore, these 
two CHAs cannot be recommended as viable CHAs for 
tef breeding.  

The lactophenol cotton blue staining technique 
provided an excellent technique for the visualisation of 
pollen sterility/viability in tef. E4FO was the most effective 
CHA, inducing the highest levels of pollen sterility, with 
the least phytotoxicity. The good seed set in artificially 
pollinated plants previously treated with E4FO (at 1000 – 
2000 ppm) indicates that the plants had viable female 
reproductive structures that remained receptive to pollen 
in the period following the application of the CHAs. Hence, 
it can be recommended that E4FO applied once at a 
booting stage, and at rates of 1000 to 1500 ppm (a 
relatively wide application window), can be used as an 
efficient  CHA for inducing high levels of male sterility 
without adverse effects on female fertility in tef. Further 
studies are needed to determine the potential application 
of E4FO in commercial hybrid seed production of tef and 
for its use in breeding programmes and fine-tune 
concentrations of E4FO. Given that the effect of CHAs on 
plant development, growth, morphology and female 
fertility often shows a characteristic of genotype speci-
ficity (Kaul, 1988), further studies are required to screen 
responses of multiple tef varieties and gametocides at a 
gradient of concentration levels.     
 
 

Conclusion  
 

Amongst all the Chemical Hybridizing Agents tested, a 
single spray of E4FO (1000 - 1500 ppm) induced the 
highest level of pollen sterility in tef without significant 
damage on female fertility and least phytotoxicity. Hence, 
it is recommended that E4FO (at 1000 - 2000 ppm) can 
be used as a potent chemical emasculation agent for tef. 
Given that CHAs are genotype specific; the results are 
applicable for this particular tef variety only.  
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Genetic diversity of 43 Dioscorea dumetorum accessions and two of Dioscorea cayenensis Lam as out-
group species was evaluated for qualitative and quantitative traits in two different agro-climatic zones 
Baham (05°20.040' N/010°22.572’ E and 1634±3 masl, agro-ecological zone III with rainfall of 1500 to 2000 
mm, and mean annual temperature of 19°C) and Ekona (04°12.773'N/009°19.425'E and 445±3 masl, agro-
ecological zone IV with rainfall of 2500 to 4000 mm and mean annual temperature of 26°C). Forty one 
(41) morphological characters according to International Plant Genetic Resources Institute (IPGRI) 
descriptor, including nine quantitative and 32 qualitative characters were analyzed for multivariate 
analysis using cluster analysis, principal component analysis (PCA), and analysis of variance. For 
quantitative characters, cluster analysis revealed three major clusters. The first three components with 
eigen values > 1 contributed 83% of the variability. The PCA results indicate that traits which largely 
contributed to the variability within and between the accessions were stem length, leaf length, internode 
number, leaf width, harvest index, leaf number and internode length. Traits such as harvest index, 
internode number and stem length showed high heritability and high genetic advance. For qualitative 
traits, cluster and principal component analysis revealed two major clusters in Baham as well as in 
Ekona. The traits such as spines on stem base, spines on stem above base, spines length contributed 
to the variability within and between the accessions. However, the limits of morphological characters in 
the study of diversity have been detected.  
 
Key words: Dioscorea dumetorum, morphological traits, characterization, agro-climatic zone, Cameroon. 

 
 
INTRODUCTION 
 
Yams constitute a staple food crop for over 100 million 
people in the humid and sub humid tropics (Mignouna et 
al., 2003). Yams (Dioscorea spp.) belong to the family of 

Dioscoreaceae and are widely distributed throughout the 
humid and sub humid tropics with about 600 described 
species (Coursey, 1976). Among the eight yam species 
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commonly grown and consumed in West Africa, 
Dioscorea dumetorum is the most nutritious (Sefa-Deheh 
and Afoakwa, 2002). D. dumetorum, which belongs to the 
family Dioscoreaceae, originated in tropical Africa and 
occurs in both wild and cultivated forms but its cultivation 
is still restricted in West and Central Africa (Degras, 
1993). Cultivation of D. dumetorum, reported especially in 
West Africa, is widespread in Western Cameroon (Treche 
and Delpeuch, 1979). Tubers of D. dumetorum are rich in 
protein (9.6%), fairly balanced in essential amino acids 
(chemical score of 0.94) and its starch is easily digestible 
(Mbome Lape and Trèche, 1994; Afoakwa and Sefa-
Dedeh, 2001). The use of D. dumetorum as famine food 
is therefore recommended with caution. D. dumetorum is 
not only used for human consumption but also for 
pharmaceutical purposes. Thus, a novel bio-active 
compound dioscoretine in D. dumetorum has been 
detected (Iwu et al., 1990), which is acceptable pharma-
ceutically and which can be used advantageously as a 
hypoglycemic agent to reduce the blood glucose level in 
situations of acute stress such as experienced by 
patients with hyperthermia, trauma, sepsis and burns and 
those undergoing general anesthesia (Sonibare et al., 
2010). In the practice of folk medicine in West Africa, D. 
dumetorum has been used by herbalists and traditional 
medical practitioners for the treatment of diabetes and as 
a topical anesthetic while others have used it as an arrow 
poison and as bait for monkeys (Corley et al., 1985).  

Agronomically, D. dumetorum is high-yielding, with 
yields of 10 and 40 tones/hectare recorded under 
traditional farming conditions and in agricultural stations, 
respectively (Lyonga and Ayuk-takem, 1979; Ngong-
Nasah et al., 1980; Treche, 1989). It is one of the only 
two species in which high level of resistance to two major 
nematode parasites of yam has been reported (Kwoseh, 
2000). Unlike the other yams, staking is not necessary to 
maintain yield (Agbor-Egbe and Treche, 1995) and the 
tubers grow near the surface of the soil. This saves 
labour and allows for mechanization of harvest (Sefa-
Dedeh and Afoakwa, 2002). Despite these qualities, in 
general little information is available on D. dumetorum 
diversity but in the case of Cameroon no information is 
available. Genetic diversity is the prerequisite for any 
plant breeding program.  

Furthermore, the key to success for any genetic 
improvement programme lies in the availability and 
measure of genetic variability of desired traits. Morpholo-
gical characterization is an important first step in 
description and classification of crop germplasm because 
a breeding program mainly depends upon the magnitude 
of genetic variability. However, morphological traits have 
been widely used in the study of yam germplasm and 
other yam species, specifically to determine the relation-
ships between the various species and landraces, as well 
as to develop identification keys (Dansi et al., 1999; 
Mignouna et al., 2002; Norman et al., 2011; Tamiru et al., 
2011).  Such  studies  have  not  been  conducted  on  D. 

 
 
 
 
dumetorum species. The aim of this study was to assess 
the genetic diversity of D. dumetorum in two different 
agro-ecological zones of Cameroon in order to show the 
influence of environmental conditions on morphological 
characters. 
 
 

MATERIALS AND METHOD 
 
Plant materials 
 
A total of 43 accessions of D. dumetorum with 2 accessions of 
Dioscorea cayenensis as out-group species are considered in this 
study (Table 1). 42 are collected from various localities in the main 
yam growing regions (West, South-West and Nord-west) in 
Cameroon, 3 from Nigeria. Two accessions of D. cayenensis were 
chosen as out-group species. The accessions were planted in the 
same period (April 2013) in two experimental fields, one in the West 
region at „‟Ferme Ecole Boukue‟‟ (FEBO) in Baham and the other in 
the South-West region at „‟Institue de Recherche Agricole pour le 
Developpement‟‟ (IRAD) of Ekona. There was no control over 
environmental conditions. FEBO is located at latitude 05°20.040' N, 
longitude 010°22.572 E and an elevation of 1634±3 m asl. FEBO 
belongs to agro-ecological zone III (Western highlands) 
characterized by rainfall of 1500 to 2000 mm, with mean annual 
temperature of 19°C (Anonymous, 2008) whereas, IRAD of Ekona 
is located at latitude 04°12.773'N, longitude 009°19.425'E, and 
elevation of 445±3 m and belongs to agro-ecological zone IV 
(Humid forest with monomodal rainfall) with rainfall of 2500 to 4000 
mm and mean annual temperature of 26°C (Figure 1). 
 
 

Field planting 

 
The tubers were planted in the field at 1 m spacing in each row, and 
1 m between rows. The tubers were planted in an arranged 
randomized complete block with a replicate plot of ten plants per 
accession. Each plant was supported by an independent stake of 
Phyllostachys to induce good canopy development (Figure 2). 
 
 

Morphological characterization 
 
The morphological description was done according to International 
Plant Genetic Resources Institute (IPGRI) and International Institute 
of Tropical Agriculture (IITA) descriptors for yam (IPGRI/IITA, 
1997). These descriptors for yam have been previously used for 
characterizing cultivated yam (Dansi et al., 1999; Mignouna et al., 
2002; Tamiru et al., 2011). 
 

 

Data collection and analysis 
 

Data was recorded on different types of qualitative and quantitative 
morphological characters with varying scales of measurements 
(Table 2). The characters were measured on all the plants in each 
replication, and mean values from the two replications were used 
for analysis. Data was analyzed for simple statistic (mean, standard 
deviation, and variance). Variance components (genotypic δ2

g and 
phenotypic δ2

p) were estimated using Wricke and Weber (1986) 
formula. Phenotypic (PCV) and genotypic (GCV) coefficient of 
variation were evaluated as suggested by Singh and Chaudhry 
(1985). Heritability (broad sense h2) and genetic advance as 
percentage of mean were calculated as per Hanson et al. (1956) 
and Johnson et al. (1955), respectively. Cluster analysis was 
performed using single linkage with the Euclidean distance. The 
analyses   were  made  using   the   computer   program  IBM/SPSS
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Table 1. Accessions of D. dumetorum used in this study. 
 

Accessions  

code 

Local  

name 

Area of  

collection 

Altitude 

(±3 masl.) 

Latitude 

(N) 

Longitude 

(E) 

Alou 1 Meleuh Alou 1606 05°31.240‟ 009°56.479‟ 

Babadjou1 Neliola Mbouda 1395 05°37.488‟ 010°15.668‟ 

Babungo 1 Leueh Babungo 1182 06°03.984‟ 010°26.823‟ 

Bafut 1 Nelegha Bafut 1123 06°05.187‟ 010°07.094‟ 

Baham cayenensis 1 Leng Baham  1647 05°20.063‟ 010°22.118‟ 

Bambalang 1 Leueh Bambalang 1185 05°53.644‟ 010°30.814‟ 

Bambui 1 Neleghe-ndongbeu Bambui 1262 06°00.797‟ 010°13.635‟ 

Bamendjou1 Chechio Baham 1647 05°20.063‟ 010°22.118‟ 

Bamendjou2 Torguem Baham 1647 05°20.063‟ 010°22.118‟ 

Bamokonbou1 Nelio Bafoussam 1414 05°28.781‟ 010°25.197‟ 

Bana1 Chinchi Bafang 1167 05°09.365‟ 010°10.147‟ 

Bandjoun cayenensis 2 Leng Bandjoun 1509 05°22.392‟ 010°24.960‟ 

Banga bakundu sweet 1 Sweet yam Muyuka 62 04°17.314‟ 009°24.451‟ 

Bangang 1 Neliola Bangang 1776 05°34.303‟ 010°09.133‟ 

Bangang 2 Nelio Bangang 1776 05°34.303‟ 010°09.133‟ 

Bangangté1 Peule Bangangté 1350 05°08.379‟ 010°31.406‟ 

Bangou1 Torgai Bangangté 1350 05°08.379‟ 010°31.406‟ 

Batibo 1 Aysoh Batibo 1127 05°50.144‟ 009°53.467‟ 

Bayangam1 Chechio Bayamgan 1560 05°17.930‟ 010°26.446‟ 

Bayangam 2 Torguem Bayamgan 1560 05°17.930‟ 010°26.446‟ 

Bekora 1 Sweet yam Bekora  60 04°36.114‟ 009°05.704‟ 

Bekora 2 Sweet yam Bekora  60 04°36.114‟ 009°05.704‟ 

Buea sweet 1 Sweet yam Muea 554 04°10.149‟ 009°18.149‟ 

Buea sweet white yam 1 Sweet yam Muea 438 04°12.295‟ 009°19.912‟ 

Dschang1 Lilio Dschang 1337 05°26.637‟ 010°03.404‟ 

Ekona Muyuka sweet white 1 Sweet yam Muea 401 04°12.740‟ 009°19.554‟ 

Fenkam-Foto1 Chechio Bafoussam 1414 05°28.781‟ 010°25.197‟ 

Fongo-Tongo1 Nloh-nelek Fongo-Tongo 1460 05°30.118‟ 009°59.976‟ 

Fonkouankem1 Torga Bafang 1167 05°09.365‟ 010°10.147‟ 

Fundong 1 Alim Fundong 1554 06°16.790‟ 010°17.075‟ 

Guzang 1 Ndong-mbeck Guzang 1233 05°49.983‟ 009°55.278‟ 

Ibo sweet 1 Ibo sweet Banga Bakondu 56 04°24.103‟ 009°26.522‟ 

Ibo sweet 2 Ibo sweet Banga Bakondu 56 04°24.103‟ 009°26.522‟ 

Ibo sweet 3* Ibo sweet Banga Bakondu 56 04°24.103‟ 009°26.522‟ 

Kumbo 1 Reeg Kumbo 1722 06°12.386‟ 010°40.478‟ 

Lysoka sweet 1 Lysoka sweet yam  Lysoka  60 04°11.306‟ 009°18.745‟ 

Mabondji sweet white 1 Sweet yam mabondji  Mabondji 80 04°33.745‟ 009°11.806‟ 

Mabondji sweet yellow 1 Sweet yam mabondji Mabondji 80 04°33.745‟ 009°11.806‟ 

Mankon 1 Ndong-nebengha Mankon 1253 05°58.172‟ 010°08.541‟ 

Mbongue sweet 1 Sweet yam Muyuka 62 04°17.314‟ 009°24.451‟ 

Muyuka 1 Sweet yam Muea 554 04°10.149‟ 009°18.149‟ 

Muyuka 2 Sweet yam Muea 554 04°10.149‟ 009°18.149‟ 

Muyuka 3 Sweet yam Muyuka 62 04°17.314‟ 009°24.451‟ 

Nkwen 1 Zolik Nkwen 1251 05°57.717‟ 010°10.078‟ 

Penda-boko sweet 1 Penda-boko sweet 1 Muea 554 04°10.149‟ 009°18.149‟ 
 

* These accessions collected in Cameroon come from Nigeria. 
 
 
 

statistics 20. Quantitative and qualitative characters were analyzed 
separately to avoid the effect due to the difference in scale. Thus, 
for quantitative characters, cluster analysis was conducted on the 

basis of average distance of k-means whereas for qualitative 
characters, it was on the basis of average linkage. Out-group 
species was used to give a root to the tree in hierarchical cluster
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Figure 1. Map of the sample collection areas including the two experimental sites (Baham and Ekona) and 
some locations where accessions have been collected. 

 
 
 
analysis. Principal component analysis was used for variables 
reduction. Multivariate analyses are a valid system to deal with 
germplasm collections (Falcinelli et al., 2008). 
 
 

RESULTS 
 

The estimates of genotypic and phenotypic variance, 
broad sense heritability and genetic advance in percen-
tages of means and genotypic and phenotypic coeffi-
cients of variation are given in Table 3. Variance analysis 
for characters revealed highly significant differences 
among genotypes for all the traits evaluated. Genetic 
advance as percentage of the mean was highest for 

harvest index (86.84%, P=0.05), internode number 
(59.03%, P=0.05), and stem length (53.45%, P=0.05) 
(Table 3). Broad sense heritability estimates was high for 
all the characters. The magnitude of phenotypic coef-
ficient of variation (PCV) values for all the traits was 
higher than the corresponding genotypic coefficient of 
variation. The highest values of genetic advance as 
percentage of mean were for harvest index (86.84%), 
internode number (59.03%) and stem length (53.45%). 
The first three components with eigen values > 1 
contributed 83.26% of the variability, while the first 
component (PC1) alone accounted for 60% of the total of 
the variation amongst 45 accessions evaluated for nine
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Figure 2. Experimental fields. A: IRAD (Ekona); B: FEBO (Baham).     

 
 
 
quantitative traits (Table 4). The first principal component 
(PC1) was more related to stem length, leaf length, 
internode number and leaf width. The second principal 
component (PC2), explaining 18.49% of total variation 
was associated with harvest index, leaf number and 
internode length. The third principal component (PC3), 
explaining 14% of total variation was correlated with day 
to emergence and stem diameter. 

Based on the average distance of k-means, quantita-
tive traits accessions were grouped into three. Group I 
consisted of five accessions, group II of 10, and group III 
of 30 accessions. Cluster I was constituted by one acces-
sion from the North-West (30), three from South-West (1, 
24, 26) and one accession of D. cayenensis (12). Cluster 
II, included three accessions from the West region (8, 15, 
and 20), two accessions from Nigeria (32, 34), four from 
South-West region (13, 37, 43, and 45) and one 
accession from out-group species (5). Cluster II included 
all the D. dumetorum accessions form West, North-West, 
South-West regions and Nigeria. Mean values along S.D. 
for each cluster (Table 5) showed that accessions in 

Cluster II were highest mean performance for most of the 
characters studied. Accessions of this cluster gave high 
yielding and medium number of days to emergence, 
whereas accessions in cluster I was high yielding but 
more days to emergence. The first two principal compo-
nents were plotted to observe relationships between the 
clusters (Figure 3). Cluster I and III were clearly 
separated, whereas cluster II was not clearly separated. 
 
 
Morphology diversity assessed by cluster for 
qualitative characters  
 
Cluster analysis using single linkage of 32 morphological 
qualitative characters gave two major groups in Baham 
(Figure 4) and two major groups in Ekona (Figure 5). 
Cluster I in Baham was constituted of 34 accessions. It 
included all the accessions from West and North-West 
region with six accessions from South-West region (1, 13, 
23, 24, 43 and 37) and three from Nigeria (32, 33 and 
34). This cluster is characterized by low spines on and
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B 
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Table 2.Morphological descriptors used for characterization. 
 

Characters      State 

Young stem 

Days to emerge*  
 

Stem length (cm) * 
 

Internode number*  
 

 

Adult stem  

Internode length (cm)*  
 

Presence/absence of spines 0 absent, 1present 

Spine length** 3= short, 5= intermediate,7= long 

Spines on stem base** 3= few, 7= many 

Spines on stem above base** 3= few, 7= many 

Vigour of entire plant** 3=low, 5=intermediate, 7=high 

Twining habit** 2= no, 1= yes  

Twining direction**  1= clockwise, 2= anticlockwise 

Adult stem colour** 1= green, 2= purplish green, 3= brownish green, 4= dark brown, 5= purple 

Stem diameter* 
 

 

Young leaves  

Leaf number at 20 days after emergence*  
 

 

Adult leaves  

Petiole length (cm)**  1= ≤5 cm, 2= 6-9 cm, 3= ≥10 cm 

Leaf lenght (cm)*  
 

Leaf width (cm)*  
 

Leaf tip (mm)** 1= <2 mm, 2= 2-5 mm, 3= >5 mm 

Leaf type*  1= Simple, 2= Compound 

Leaf colour**  1= green, 2= purple 

Leaf base shape**  1= ovate, 2= cordate, 3= cordate long, 4= cordate broad, 5=sagittate long, 6= sagittate broad, 7= hastate 

Leaf density**  3= low, 5= intermediate, 7= high 

Leaf margin** 1=entire, 2= serrate 

Position of leaves** 1= alternate, 2= opposite, 3= alternate at base/opposite above 

Leaf lobation** 1= shallowly lobed, 2= deeply lobed 

Leaf Apex shape** 1 Obtuse, 2 Acute, 3 Emarginate 

 

Flowering 

 

 

Flowering** 0 no, 1 yes 

Fructification** 0 no, 1 yes 

 

Tuber 

 

 

Presence/absence of aerial tuber** 0 absent, 1 present 

Number of tubers per seedbed**  1= one, 2= few (2-5), 3=several (>5) 

Tuber length (cm)**  1= ≤20 cm, 2= 21 - 40 cm, 3 ≥41 cm 

Tuber skin colour**  1=Light maroon, 2= dark maroon, 3=greyish 

Tuber skin thickness** 1= <1 mm, 2= ≥1 mm 

Tuber shape** 1= round,2= oval, 3= oval-oblong,4= cylindrical,5= flattened,6= irregular 

Tendency of tuber to branch**  3= slightly branched, 5= branched,7= highly branched 

Place where tuber branched** 1= upper third, 2= middle, 3= lower third 

Root on the tuber surface** 3= few, 7= many 

Place of roots on the tuber** 1= lower, 2= middle, 3= upper, 4= entire tuber 

Presence/absence of cracks on the tuber 
surface** 

0= absence, 1= present 

Tuber skin thickness** 1= <1mm, 2 ≥1mm   

Flesh colour of lower part of tuber** 
1= white,2= yellowish white or off-white,3= yellow,4= orange,5= light purple,6= purple 7= purple with white,8= white with purple,9= 
outer purple/inner yellowish 

Harvest index*   
 

*State not specified in IPGRI/IITA, ** Characters used for clustering and principal component analysis. 
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Table 3. Basic statistics, variance components (δ2g, δ2p), genotypic (GCV) and 
phenotypic (PCV) coefficient of variations, broad sense of heritability (h2) and genetic 
advance (GA %, P=0.05) for 43 accessions of D. dumetorum and 2 accessions of D. 
cayenensis 
 

Character Mean ± S.E. δ
2
g δ

2
p h

2
 GCV PCV GA (%) 

Day to emergence 20.15±0.33 654.74 688.48 0.95 0.53 0.54 44.18 

Stem length (cm) 90.47 ±1.22 4751.57 5364.35 0.89 0.50 0.53 53.45 

Internode number 10.58±0.21 98.41 118.67 0.83 0.49 0.54 59.03 

Number of Leave 11.68±0.23 270.51 287.69 0.94 0.51 0.53 44.34 

Leaf length/ leaf width 1.49±0.01 0.42 0.43 0.96 0.73 0.75 44.77 

Stem diameter (cm) 0.47±0.01 0.26 0.27 0.97 0.58 0.59 45.28 

Internode length (cm) 14.40±0.15 32.38 40.62 0.80 0.29 0.33 37.56 

Harvest index (%) 3.40±0.23 64.86 95.77 0.68 0.61 0.75 86.84 

 
 
 

Table  4. Principal component (PCs) for 
nine quantitative characters in 43 
accessions of D. dumetorum and two 
accessions of D. cayenensis. 
 
 
Parameter  PC1 PC2 PC3 

Eigenvalue 4.57 1.66 1.25 

Variance (%) 50.83 18.49 13.94 

Cumulative (%) 50.83 69.32 83.26 

Stem length  0.90 0.31 0.07 

Leaf length  0.85 0.14 0.27 

Internode number 0.85 -0.07 -0.14 

Leaf width  0.72 0.44 0.22 

Harvest index -0.08 0.79 0.00 

Leaf number 0.49 0.78 0.08 

Internode length  0.62 0.68 -0.04 

Day to emergence -0.15 0.10 0.96 

Stem diameter 0.48 -0.09 0.84 
 
 
 

Table 5. Mean and S.D. for three clusters on agronomic traits. 
 

 
Trait Cluster I Cluster II Cluster III 

Stem length (cm) 51.77±8.61 122.60±14.65 82.95±8.29 

Leaf length (cm) 8.05±0.46 13.10±1.62 10.85±1.11 

Internode number 7.99 ± 2.50 14.54±4.66 9.48±1.60 

Leaf width (cm) 5.71±1.48 9.50±1.85 7.13±0.78 

Harvest index 5.31±6.69 4.47±1.75 2.51±1.64 

Leaf number 9.91±3.80 16.56±7.06 10.14±1.69 

Internode length (cm) 8.43±2.33 16.09±2.22 13.71±1.49 

Day to emergence 29.33±15.09 25.55±10.43 20.61±7.82 

Stem diameter 0.37±0.13 0.66±0.16 0.48±0.15 
 
 
 

above stem base. Cluster II contained nine accessions 
(21, 22, 26, 36, 38, 40, 41, 42 and 45). All the accessions 
of this cluster were from South-West region. They were 
characterized by many spines on and above stem base, 
except accession 36 with low spines on stem base. In 

Ekona, Cluster I was constituted by 31 accessions. It 
included all the accessions from West and North-West 
regions with six accessions from South-West region (1, 
13, 23, 36, 37 and 43). As in Baham, this cluster was 
characterized by low spines on and above stem base.
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Figure 3. Scattered diagram of 43 accessions of D. dumetorum and 2 accessions of D. 
cayenensis for two PCs. The digits 1, 2 and 3 represent the cluster number. 

 
 
 

Cluster II contained nine accessions from South-West 
(21, 22, 24, 26, 38, 40, 41, 42 and 45) and three from 
Nigeria (32, 33 and 34). They were characterized by 
many spines on and above stem base. It contained the 
only accession which formed flowers and fruits (32). 
 
 
Morphology diversity assessed by principal 
component for qualitative characters  
 
The result of principal component analysis based on 25 
and 26 qualitative characters of 43 accessions of D. 
dumetorum in Baham and Ekona, respectively, are 
presented in Tables 6 and 7. In Baham six principal 
components are observed with Eigen-values greater than 
1.0 contrary to Ekona with seven principal components. 
In Baham, the first six principal components explained 
71.39% of the variation, while the first principal com-
ponent (PC1) alone explained 21.60% of the total 
variation. The PC1 had high loading for tendency of tuber 
branched, tuber shape, leaf density, number of tuber per 
seedbed, flowering. The second component (PC2) ex-
plaining about 16% of total variation was correlated with 
spines on stem base, spines on stem above base, spines 
length and plant vigor. The third component (PC3) 
explaining about 11% of total variation was mainly 
associated with characters such as roots on tuber 
surface, place of roots on the tuber surface, and cracks 
on the tuber surface. 

In Ekona, the first seven principal components 
explained 77.34% of the variation, while the first principal 
component (PC1) alone explained about 22% of the total 
variation. The PC1 had high loading for spines on stem 
base, spines on stem abovebase, spines length and 
tuber length. The second component (PC2) explaining 
about 17% of total variation was correlated with roots on 
tuber surface, and place of roots on the tuber surface. 
The third component (PC3) explaining about 12% of total 
variation was mainly associated with characters such as 
tuber shape, petiole length and leaf density.  

To assess the scores of individual accessions PC1 and 
PC2 were plotted (Figure 6). In Baham, the biggest set 
which represented the cluster I in cluster analysis 
occupied the low corner of the plot with relatively the 
highest positive and negative values for PC1.  Contrary to 
cluster analysis, PCA analysis detected one sub-group 
within cluster I. This sub-group was constituted by nine 
accessions from West (8, 9, 10, 15, and 20), South-West 
(37 and 43) regions and Nigeria (32 and 33). It con-
stituted the flowering accessions. The second set 
represented the cluster II which occupied the top corner 
of the plot with relatively high score for PC2. In Ekona, 
the biggest set which represented the cluster I in cluster 
analysis occupied the right corner of the plot with 
relatively the highest positive and negative values for 
PC2.  

The second set represented the cluster II, and occu-
pied the left corner of the plot with relatively high positive 
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Figure 4. Relationship of 43 accessions of D. dumetorum and 2 accessions of D. cayenensis based on single linkage clustering of 32 
qualitative characters in Baham. 

 
 
 
score for PC1.  
 
 
DISCUSSION 
 
The key to success of any genetic improvement 
programme lies in the availability of genetic variability of 
the desired traits (Heller, 1996). Morphological charac-

terization is an important first step in description and 
classification of crop germplasm because a breeding 
program mainly depends upon the magnitude of genetic 
variability (Ghafoor et al., 2001). 
 
 

Quantitative characters 
 

For all the quantitative characters, the magnitude of
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Figure 5. Relationship of 43 accessions of D. dumetorum and 2 accessions of D. cayenensis based on single linkage 
clustering of 32 qualitative characters in Ekona. 

 
 
 

Table 6. Principal components (PCs) for qualitative characters in 43 accessions of 
D. dumetorum in Baham. 
 

 Parameter  PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigenvalue 4.10 3.03 2.13 1.68 1.38 1.23 

% of variance 21.60 15.96 11.21 8.86 7.25 6.50 

Cumulative (%) 21.60 37.57 48.78 57.64 64.89 71.39 

Tendency of tuber branched 0.761 -0.094 0.048 -0.255 0.079 0.187 

Tuber shape 0.744 -0.206 0.049 0.222 -0.400 -0.020 

Leaf density 0.726 -0.203 0.146 0.137 0.422 0.075 

Number of tuber per seedbed 0.658 -0.099 -0.204 0.269 0.231 -0.305 
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Table 6. Contd. 
 

Parameter PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Flowering 0.645 0.271 0.208 -0.264 0.264 0.038 

Tuber length 0.413 -0.058 0.351 -0.128 -0.164 -0.331 

Spines on above stem base -0.160 0.884 -0.122 0.224 -0.007 -0.019 

Spines length 0.013 0.878 -0.152 0.005 -0.024 -0.115 

Spines on stem base -0.269 0.862 -0.108 -0.157 -0.102 -0.115 

Plant vigour 0.496 0.638 0.009 -0.222 0.287 -0.086 

Roots on tuber surface 0.099 -0.094 0.935 0.093 -0.004 0.109 

Place of roots on the tuber surface 0.145 -0.139 0.905 0.077 0.067 0.135 

Cracks on the tuber surface 0.031 0.264 -0.609 0.156 -0.191 0.274 

Leaf lobation 0.066 0.084 -0.136 0.795 0.084 -0.007 

Tuber flesh colour -0.132 -0.083 0.253 0.694 -0.069 0.090 

Petiole length 0.145 0.064 0.250 0.105 0.790 -0.012 

Place where tuber branched 0.121 -0.146 -0.405 -0.107 0.509 0.043 

Aerial tuber 0.004 -0.151 -0.047 -0.141 -0.137 0.795 

Tuber skin thickness -0.048 0.111 -0.138 -0.279 -0.197 -0.649 

 
 
 

Table 7. Principal components (PCs) for qualitative characters in 43 accessions of D. 
dumetorum in Ekona. 
 

 Parameter PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 

Eigenvalue 4.40 3.48 2.42 1.53 1.31 1.18 1.14 

% of variance 22.01 17.39 12.11 7.65 6.56 5.92 5.69 

Cumulative (%) 22.01 39.40 51.50 59.16 65.72 71.65 77.34 

Spines on above stem base 0.914 -0.115 -0.166 -0.094 0.086 -0.029 0.086 

Spines on stem base 0.914 -0.115 -0.166 -0.094 0.086 -0.029 0.086 

Spines length 0.876 -0.117 -0.051 0.198 -0.190 0.030 -0.014 

Tuber length 0.712 0.110 0.190 0.357 0.071 -0.064 0.054 

Roots on tuber surface -0.139 0.962 0.002 0.033 0.010 0.059 -0.035 

Place of roots on the tuber surface -0.139 0.962 0.002 0.033 0.010 0.059 -0.035 

Tuber shape 0.191 0.311 -0.712 0.198 -0.073 0.263 -0.162 

Petiole length 0.164 0.071 0.673 0.140 -0.088 0.394 0.047 

Leaf density -0.228 0.123 0.655 0.434 -0.319 0.151 0.154 

Cracks on the tuber surface 0.375 -0.336 -0.486 0.175 0.090 0.251 0.087 

Flowering 0.174 0.047 -0.001 0.851 0.049 0.144 -0.009 

Number of tuber per seedbed -0.394 0.050 0.074 0.422 -0.269 0.242 0.268 

Tuber flesh colour -0.041 0.033 -0.179 -0.109 0.812 -0.050 -0.003 

Leaf lobation 0.224 -0.092 0.170 0.320 0.738 0.184 -0.157 

Plant vigour 0.485 -0.016 0.232 0.274 -0.532 0.289 0.046 

Tendency of tuber branched -0.221 0.041 0.088 0.098 0.032 0.834 0.148 

Tuber skin thickness 0.399 0.379 -0.163 0.167 -0.062 0.575 -0.029 

Aerial tuber -0.053 -0.196 0.225 -0.176 -0.056 0.282 0.743 

Fruit formation 0.225 0.003 -0.069 0.457 -0.029 -0.282 0.707 

Place where tuber branched 0.273 0.467 0.075 0.073 -0.188 0.254 0.536 
 
 
 

phenotypic coefficient of variation (PCV) values for all the 
traits was near the corresponding genotypic coefficient of 
variation. This indicated a highly significant effect of 
genotype on phenotypic expression with little effect of the 
environment (Manju and Sreelathakumary, 2002). High 

GCV along with high heritability and high genetic 
advance will provide better information than single 
parameters alone (Saha et al., 1990; Baye et al., 2005). 
Hence, traits such as harvest index, internode number 
and stem length can be improved in the breeding
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Figure 6. Plot of the first (PC1) and the second (PC2) principal components for 43 accessions of D. dumetorum based on qualitative 
characters. A: Baham; B: Ekona. The numbers represent the accessions.  

 
 
 
program of D. dumetorum. However, all the traits of this 
study showed high heritability, and according to Manju 
and Sreelathakumary (2002), high heritability estimates 
indicate the presence of large number of fixable variable 
additive factors and hence these traits may be improved 
by selection. The PCA revealed that stem length, leaf 
length, internode number, leaf width, harvest index, leaf 
number and internode length were positive, indicating 
that these traits contributed at their peak towards 
diversity and can be used in the classification of D. 
dumetorum accession.  
 
 
Qualitative character 
 
Cluster analysis using single linkage of 32 morphological 
qualitative characters gave two major groups of D. 
dumetorum accessions in Ekona as well as in Baham 
with a few differences between the members of these 
groups, that is, accession 32 formed flowers and fruits in 
Ekona but has not flowered in Baham. This difference is 
probably due to environmental effects, in fact plants 
respond and adapt differently to pressure differences 
imposed by distinctive agro-climatic zones (Singh et al., 
1998). There was no clear separation between acces-
sions and area of collection. The same result has been 
reported by Sonibare et al. (2010), resulting fromthe 
natural migration of populations. Cluster analysis has 
also clearly separated D. dumetorum accessions from D. 
cayenensis accessions in the two areas of cultivation. 
This observation is explained by the fact that both 
species belong to two different sections; lasiophyton and 
Enantiophylum for D. dumetorum and D. cayenensis, 
respectively. The section lasiophyton is characterized by 
the fact that the vines twine to the right, that is, in a 

clockwise direction when viewed from the ground 
upwards, whereas species in section Enantiophylum 
twine to the left (Onwueme and Winston, 1994). 

The PCA analysis is a way of identifying patterns in the 
data and expressing the data in such a way as to 
highlight their similarities and differences (Winterota et 
al., 2008). Traits such as the tendency of the tuber to 
branch, tuber shape, leaf density, number of tubers per 
seedbed, flowering, spines on stem base, spines on stem 
above base, spines length and plant vigor were positive 
for PC1 and PC2, thus contributing to the maximum 
diversity of D. dumetorum accessions, whereas in Ekona, 
we had traits such as spines on stem base, spines on 
stem above base, spines length and tuber length, roots 
on tuber surface and place of roots on the tuber surface. 
This difference is related to the fact that plants react 
differently to varying environmental conditions. That is 
why morphological and agronomic features cannot be 
relied upon due to the inconsistency in identification 
(Muthamia et al., 2013). 

The results were consistent between cluster and PCA 
analysis, but the PC detected in Baham shows that the 
subgroup of D. dumetorum was constituted by the 
flowering accessions. Thus, grouping accessions by 
multivariate methods is practical value in the breeding 
programme, Ghafoor et al. (2001) have already remarked 
this in blackgram (Vigna mungo L.).  
 
 
Conclusion 
 
This study shows the relatively high genetic diversity of 
D. dumetorum accessions. This diversity could effectively 
be used in the breeding programme of D. dumetorum 
accessions.  Although, morphological  traits  allowed  the  
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separation of D. dumetorum in different clusters, their 
expression is subjected to agro-climatic variations and 
thus provide limited genetic information. This is why, 
molecular markers are recommended with caution to 
reveal the full extent of existing biodiversity of D. 
dumetorum in Cameroon. 
 
 
Conflict of interests 
 
The authors did not declare any conflict of interest. 
 
 
REFERENCES 
 
Afoakwa EO, Sefa-Dedeh S (2001). Chemical composition and quality 

changes in trifoliate yam Dioscorea dumetorum tubers after harvest. 
J. Food Chem. 75(1):85-91. 

Agbor-Egbe T, Treche S (1995). Evaluation of the chemical composition 
of   Cameroonian yam germplasm. J. Food Compost. Anal. 8:274-
283. 

Anonymous (2008). Second report on the state of plant genetic 
resources for food and agriculture in Cameroon. Institute of 
Agricultural Research and Development (IRAD), Yaounde, Cameroon 
74 p. 

Baye B, Ravishankar R, Singh H (2005). Variability and association of 
tuber yield and related traits in potato (Solanum tubersum L.). Ethiop. 
J. Agric. Sci. 18(1):103-121. 

Corley D, Tempesta MS, Iwu M (1985). Convulsant alkaloids from 
Dioscorea dumetorum. Tetrahedron Lett. 26 (13):1615-1618. 

Coursey DG (1976). The origins and domestication of yams in Africa. In: 
Origins of African domestication. Ed Harlan JR. Mouton Publisher pp. 
383-408. 

Dansi A, Mignouna HD, Zoundjihékpon J, Sangaré A, Asiedu R, Quin F 
(1999)  Morphological diversity, cultivar groups and possible descent 
in the cultivated yams (D. cayenensis / D. rotundata) complex in 
Benin Republic. Gen. Res. Crop Evol. 46:371-388. 

Degras L (1993). The yam: a tropical root crop (2
nd

edn.). London: 
Macmilan Press Ltd. 408 p. 

Falcinelli M, Veronesi F, Lorenzetti S (1988). Evaluation of an Italian 
germplasm collection of Lolium perenne L. through a multivariate 
approach. In: Proceedings of the Eucarpia Fodder Crops Section 
Meeting, Lusignan, France. pp. 22-24. 

Ghafoor A, Sharif A, Ahmad Z, Zahid MA, Rabbani MA (2001). Genetic 
diversity in blackgram (Vigna mungo L. Hepper). Field Crops Res. 
69:183-190.  

Hanson CH, Robinson HF, Comstock RE (1956). Biometrical studies on 
yield in segregating population of Korean lespedesa. Agron. J. 48: 
268-272. 

Heller J (1996). Physic nut Jatropha curcas L. Promoting the 
conservation and use of underutilized and neglected crops. Institute 
of Plant Genetic and Crop Plant Research, Gatersleben/International 
Plant Genetic Resource Institute, Rome. 

IPGRI/IITA (1997).  Descriptors for Yam (Dioscorea spp.). International 
Plant Genetic Resources Institute (IPGRI), Rome), International 
Institute for Tropical Agriculture (IITA) (Ibadan) 53 p. 

Iwu MM, Okunji CO, Ohiaeri GO, Akah P, Corley D, Tempesta MS 
(1990). Hypoglycaemic activity of dioscoretine from tubers of 
Dioscorea dumetorum in normal and alloxan diabetic rabbits. Planta 
Med. 56 (3):264-268. 

Johnson HW, Robinson HF, Conmstock RE (1955). Estimates of 
genetic and environmental variability in soybeans. Agron. J. 47:314-
318.  

Kwoseh CK (2000). Identification of resistance to major nematode pest 
of yams (Dioscorea spp.) in West Africa. PhD thesis. University of 
Reading, UK. 196 p. 

 
 
 

Siadjeu et al.         793 
 
 
 
Lyonga SN, Ayuk-takem JA (1979). Collection, selection and agronomic 

studies on edible yams (Dioscorea spp.) in Cameroun. Proceedings 
of Fifth International Symposium of Tropical Root Crops. pp. 217-243. 

Manju PR, Sreelathakumary I (2002).Genetic variability, heritability and 
genetic advance in hot Chilli (Capsicum Chinense Jacq.). J. Trop. 
Agric. 40:4-6. 

Mbome Lape I, Trèche S (1994). Nutritional quality of yams (D. 
rotundata and D. dumetorum) flours for growing rats. J. Sci. Food 
Agric. 66: 447-455. 

Mignouna HD, Abang MM, Fagbemi SA (2003). A comparative 
assessment of molecular marker assays (AFLP, RAPD and SSR) for 
white yam (Dioscorea rotundata) germplasm characterization. Ann. 
Appl. Biol. 142:269-276. 

Mignouna HD, Dansi A, Zok S (2002). Morphological and isozymic 
diversity of the cultivated yams (Dioscorea cayenensis/ Dioscorea 
rotundata complex) of Cameroon. Genet. Resour. Crop Evol. 49:21-
29. 

Muthamia ZK, Morag FE, Nyende AB, Mamati EG, Wanjala BW (2013). 
Estimation of genetic diversity of the Kenyan yam (Dioscorea spp.) 
using microsatellite markers. Afr. J. Biotechnol. 12(40):5845-5851. 

Ngong-Nassah E, Lyonga SN, Ayuk-Takem J (1980).How to grow yams 
for better yields. Technical Bulletin N° 3, IRA, Bambui, Cameroon. 

Norman PE, Tongoona P, Shanahan PE (2011). Diversity of the 
morphological traits of yam (Dioscorea spp.) genotypes from Sierra 
Leone. J. Appl. Biosci. 45:3045-3058. 

Onwueme IC, Winston BC (1994). Tropical Root and Tuber Crops: 
Production, Perspectives and Future Prospects. Food & Agriculture 
Org (Ed.), Rome 228 p. 

Saha SC, Mishira SN, Mishira RS (1990). Genetic variation in F2 
generation of Chilli capsicum. NewsLett. 8:29-30. 

Sefa-Dedeh S, Afoakwa EO (2002). Biochemical and textural changes 
in trifoliate yam Dioscorea dumetorum tubers after harvest. Food 
Chem. 79:27-40. 

Singh AK, Smart J, Simpson CE, Raina SN (1998). Genetic variation 
visa-vis molecular polymorphism in groundnut, Arachis hypogaea L. 
Genet. Resour. Crop. Evol. 45:119-126. 

Singh RK, Chaudhry BD (1985). Biometrical Methods in Quantitative 
Genetic Analysis. Kalyani Publishers, Ludhiana 303 p. 

Sonibare Mubo A, Asiedu R, Albach DC (2010). Genetic diversity of 
Dioscorea dumetorum (Kunth) Pax using Amplified Fragment Length 
Polymorphisms (AFLP) and cpDNA. Biochem. Syst. Ecol 38:320-334. 

Tamiru M, Becker HC, Maass BL 2011. Comparative analysis of 
morphological and farmers cognitive diversity in yam landraces 
(Dioscorea spp.) from Southern Ethiopia. Trop. Agric. Dev. 55(1):28-
43. 

Treche S (1989). Nutritional potential of yams (Dioscorea spp.) cultived 
in Cameroon. Appendices. Thesis, ORSTOM Editions, Collection 
Studies and Thesis, Paris. 595p. 

Treche S, Delpeuch F (1979). Evidence for the development of 
membrane thickening in the parenchyma of tubers of Dioscorea 
dumetorum during storage. C. R. Hebd. Seances Acad. Sci. 288:67-
70. 

Winterota R, Mikulikova R, Mazac J, Havelec P (2008). Assessment of 
authenticity of fruits spirits by gas chromatographic and staple 
isotope ratio analyses. Czech J. Food Sci. 26:368-375. 

Wricke H, Weber WE (1986). Quantitative genetics and selection in 
plant breeding. Berlin: Walter de Gruyter and Co. 

 



 

 

 

 
Vol. 14(9), pp. 794-810, 4 March, 2015  

DOI: 10.5897/AJB2014.14273 

Article Number: E58842250962 

ISSN 1684-5315  

Copyright © 2015 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJB 

African Journal of Biotechnology 

 
 
 
 
 

Full Length Research Paper 

 

Isolation and characterization of some drought-related 
ESTs from barley 

 

Alzahraa Radwan1, Rania M. I. Abou Ali2*, Ahmed Nada1,4, Wardaa Hashem2, Shireen Assem1 
and Ebtissam Husein3 

 
1
Department of Plant Molecular Biology, AGERI, ARC, Egypt. 

2
Department of Nucleic Acids and Protein Structure, AGERI, ARC, Egypt. 
3
Department of Genetics, Faculty of Agriculture, Cairo University, Egypt. 

4
Faculty of Biotechnology, October University for Modern Sciences and Arts (MSA), Egypt. 

 
Received 27 October, 2014; Accepted 16 February, 2015 

 

Drought is one of the main constraints facing crops and affecting their production. In a trial to 
investigate and understand drought effect, differential display experiments were performed where; 
about 107 DD-fragments have been isolated from wild barley plants subjected to drought treatment. 
These fragments were categorized according to their gene expression into four categories: 1) up 
regulated genes; 2) up and down regulated; 3) down regulated and 4) down and up regulated genes. The 
isolated fragments were cloned and sequenced. Sequence analysis using GeneBank database revealed 
that some fragments have significant similarities with starch branching enzyme I (sbeI) gene; glycosyl 
transferase family 1 gene; Retrotransposons Ty3-gypsy subclass; gag-polypeptide of LTR copia-type 
retroelement gene; IMP cyclohydrolase/phosphoribosylaminoimidazolecarboxamide formyltransferase 
and unknown proteins. Some other fragments have significant similarity with Triticum aestivum gene for 
TaAP2-B, complete cds and 3B chromosome, clone BAC TA3B63N2. These results indicate that starch 
metabolism, transposon elements and purine metabolism might have been affected by drought stress. 
 
Key words: Wild barley, differential display, drought; starch metabolism, purine metabolism.  

 
 
INTRODUCTION 
 
Barley (Hordeum vulgare L) is an important cereal crops. 
It is ranked as the fourth crop in the 2007 world wide 
cereal crops’ ranking. It is one member of the grass 
family. Barley is used for brewing malts for beer, animal 
feed and certain distilled beverages, and it is a 
component of human health foods. From evolution point 
of view, the scientists have hypothesized that the 

Hordeum spontaneum is the ancestor plant for all types 
of barley. Since the stone age, barley has been cultivated 
and consumed. It can grow in many areas because of its 
adaptability and durability (Fastnaught, 2001). It has 
many health benefits such as in heart diseases, diabetes, 
lower level of cholesterol, levels of blood sugar and also 
as vitamins and antioxidants (Smith, 2004). Barley is 
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mainly grown in the north coastal regions of Egypt under 
rain fed conditions and in the newly reclaimed lands 
under irrigation.  The area of barley production has been 
increased, especially in the newly reclaimed lands. Barley 
is a grain cereal that grown in semi-arid areas. These 
areas are known with harsh environmental conditions 
such as drought. Barley can be germinated and grown in 
such sever conditions. The early growth stages are 
considered as the most susceptible period to drought 
stress and the big challenge in the plant productivity 
(Amini, 2013). Despite of all these difficulties, barley can 
grow in these semi-arid areas like Egypt. According to 
Stanca et al. (2003), barley gene content has several 
good gene candidates that enhance the adaptability of 
plants to live in the wide harsh environmental conditions.  

Drought stress is considered as one of the main 
constraints facing the production of plant crops in the 
newly reclaimed areas of Egypt. In drought stress, plants 
suffer wilting from decreased photosynthetic activity, and 
osmotic fluctuations. Also, they are susceptible during the 
reproductive stage, reducing yield and fertility (Ashraf, 
2010). Many efforts have been made to improve crop 
production under the conditions of drought stress. Unlike 
animals, plants cannot escape from environmental 
stresses that might cause severe damages. Therefore, 
plants have several adaptation mechanisms that help to 
tolerate osmotic stress coming from heat, salt and/or 
drought stresses. These adaptation mechanisms are 
performed through induction of a plant molecular 
response (Cattivelli et al., 2011). According to Cattivelli et 
al. (2011), plant molecular response is performed in three 
consequence steps; starts with the perception of the 
external environmental stress followed by signal 
transduction process to induce selective gene(s) as a 
final step to accumulate specific protective molecule. 
Induction of these stress related gene(s) is regulated and 
controlled by transcriptional elements. These molecular 
responses improve the ability of the plant to adapt such 
harsh environmental conditions. In the last 20 years, 
several stress-related DNA fragments and genes have 
been fully characterized. 

The productivity of the plant is too sensitive to the water 
insufficiency which result from nearly all types of 
environmental stresses specially the drought stress. 
Drought stress might cause yield loss more than any 
other factor that cause loss in the crop yield. Drought 
stress has a direct effect on plant development where it 
affects the water/nutrient relationship, respiration and 
photosynthesis processes (Farooq et al., 2009). Drought 
causes reduction in transpiration, photosynthesis, and 
also other biochemical processes related to development, 
crop productivity and plant growth (Tiwari et al., 2010). 
Moreover, drought stress has a direct effect on plant 
morphology where it causes reduction in the leaf size, 
prolongation of stem and induction of root proliferation 
(Farooq et al., 2009). The increase in the osmoprotec-
tants synthesis such as soluble sugar and proline enables 
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plants to survive through drought stress. This increase is 
considered as one of the common metabolic adaptations 
(Waseem et al., 2011). 

There are several drought-related genes that have 
been characterized, such as element-binding DNA frag-
ments during drought stress, aquaporin, late embryo-
genesis abundant proteins (LEA’s) and dehydrin family. 
According to the newly discovered biotechnological tech-
niques, drought tolerance mechanisms can be enhanced 
through breeding, marker-assisted techniques and 
genetic engineering and gene manipulation for drought 
related gene(s) (Farooq et al., 2009). Many studies have 
been done on the effect of drought stress on barley 
growth, production and its adaptation against this stress 
(Cattivelli et al., 2011; Amini, 2011; Vaezi et al., 2010). 

Differential display technique (DD-PCR) is a powerful 
technique for studying the co-current expression of up- 
and down regulated genes and subsequently isolating 
those genes. The differential display technique was 
described for the first time by Liang and Pardee (1992). 
The differential display technique has been used to study 
the gene expression in barley, where differentially 
expressed genes have been isolated from shoots of 
barley seedlings treated with cold, drought and ABA 
(Malatrasi et al., 2006).  

Also, barley plants were subjected to drought for four 
days to compare the palea, lemma and awn transcrip-
toms (Abebe et al., 2010). El-Shehawi et al. (2011) have 
used the same technique in wheat to study and isolate 
cDNAs to represent tissue specific genes. They have 
isolated, cloned and sequenced many tissue specific 
cDNAs fragments.  

Also, Eissa et al. (2007) have isolated, characterized, 
cloned and sequenced some ESTs from wild barley (H. 
spontaneum L.) which was subjected to 250 mM NaCl 
using DD technique. On the other hand, DD-PCR 
technique has been used in drought stress studies on 
different plants such as sugarcane culms (Iskandar et al., 
2011); the effect of ABA on wild type Vicia villosa (Abou 
Ali et al., 2010)  

The aim of the current study was to investigate the 
effect of drought stress on wild barley (H. spontaneum 
L.), and to isolate and identify some drought related gene 
fragments and candidates from barley treated shoots 
(under drought stress).  
 
 
MATERIALS AND METHODS 
 
Plant materials 
 
The wild barley (H. spontaneum L.) seeds were washed for 1 min 
with 70% ethanol by shaking and then removed, followed by 
soaking in 20% sodium hypochlorite (commercial Clorox) 
supplemented with few drops of Tween 20 for 10 min. The seeds 
were washed several times using sterilized distilled water and then 
germinated on MS medium (Duchefa Biochemie, M0222.0050) for 8 
days. For treatment, seedlings were dehydrated for 0, 3 and 10 h 
on  3  mm Whatman filter paper at  room temperature  according  to  
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Gao et al. (2008). The control seedlings were left in the MS media. 
After that, the treated and control seedlings were harvested, and 
quick frozen in liquid nitrogen, then stored at -80°C until RNA 
extraction. 
 
 

Isolation of RNA and differential display-polymerase chain 
reaction (DD-PCR) 
 

The TriPure Isolation Reagent (Cat. No. 11 667 157 001, Roche- 
Germany) was used for total RNA isolation from the shoots of 
drought treated wild barley (H. spontaneum L.) plants (3 and 10 h) 
and shoots of control barley plants; about 200 mg tissues were 
used in each RNA extraction. The DD-PCR reactions were 
described in RNAmap kit (GenHunter Corporation, USA). Each 
cDNA reaction contained 2 μg total RNA, 2 μM anchor primer (T11C 
or T11G), 1.0 μl of dNTPs (10 mM), and 1.0 μl  MMLV reverse 
transcriptase (200 U/μl).  The reverse transcription (RT) reactions 
were performed for 50 min at 42°C followed by incubation for 15 
min at 70°C. The list of primers sequences is shown in Table 1.  
 
 

PCR amplification of cDNA  
 

One micro lilter of each cDNA reaction was used for PCR 
amplification in the presence of 1.0 μl of dNTPs (25 μM), 1.0 μl 
anchored primer (2 μM), the same as in the RT reaction, 1.0 μl 
arbitrary primer (2 μM namely AP1, AP2, AP3 or AP5), 1 μl MgCl2 
(25 mM) and 0.3 μl Taq DNA polymerase (5 U/ μl) (Fermantas, 
USA). The PCR program was: 4 min at 94°C (1 cycle); 1 min at 
94°C, 2 min at 42°C, 1 min at 72°C (40 cycles); 10 min at 72°C (1 
cycle). The products of PCR were loaded on a 6% acrylamide gel 
after denaturation of PCR products at 90°C for 5 min. The silver 
staining system (Promega, USA) has been used for gels 
visualization. 
 
 

Isolation of DD fragments and cloning  
 

The differentially display bands were cut from the gel and extracted 
according to Abou Ali et al. (2010). The nomenclature of the 
isolated fragment was depending on the primers combination that 
were used in the PCR reaction. For example, the primers 
combination between anchor primer G and arbitrary primer 3 
showed 6 differentially display fragments and the fragment number 
1 was named G3-1. This system of nomenclature was followed in 
all isolated fragments. Then the bands were re-amplified using the 
same PCR reactions conditions as mentioned before. The pGEM-T 
easy system (Promega, USA) was used for cloning. Callard et al. 
(1996) method was used for the plasmid isolation, the modified 
boiling method. For right colonies screening, EcoR1 digestions 
were used (Sambrook et al., 1989).  
 
 

Sequencing of the cDNA insert  
 

Sanger et al. (1977) method was used for sequencing. The basic 
local alignment search tool (BLAST) in the GeneBank databases 
was used for comparing nucleotide sequence or the deduced amino 
acid sequence of each sequenced clones (http://www.ncbi. 
nlm.nih.gov) according to Altschul et al. (1997). The conserved 
rejoin alignments were done according to Marchler-Baue et al. 
(2013). 
 
 

RESULTS AND DISCUSSION 
 

Wild barley (H. spontaneum L)  seedlings were subjected  

 
 
 
 
to drought stress treatment and subsequently differential 
mRNA display technique was used to isolate genes and 
fragments that might be related to drought stress 
treatment from treated seedlings. The PCR products of 
different primer pair combinations were loaded on 
sequencing gels and the cDNA fragments were 
visualized by silver staining (Figures 1 and 2). One 
hundred and seven fragments were found to be 
differentially displayed due to drought treatment of the 
barley.  
 
 
Expression patterns of DD fragments  
 
The differentially displayed fragments were isolated and 
classified into four categories according to  their patterns 
of expression: category i) included  37 DD- fragments 
which were observed  to be up-regulated in seedling 
shoots in  response to drought  treatment across the 
time; category ii) included  34 DD- fragments which were 
up-regulated after 3 h and then down-regulated in shoots 
after 10 h of drought treatment; category iii) included 15 
DD- fragments which were down regulated  in shoots of 
treated seedlings across time, whereas, category iv) 
included 21 DD- fragments which down-regulated after 3 
h and  then up-regulated in shoots after 10 h of drought 
treatment (Table 2). Thirty (30) differentially display 
fragments were detected in the primers combination 
between anchor primer G and arbitrary primer 4 while, 
the primers combination between anchor primer G and 
arbitrary primer 5 gave 10 differentially display fragments. 
Seven differentially display fragments were observed in 
the primers combination between anchor primer C and 
arbitrary primer 1 while, the primers combination between 
anchor primer C and arbitrary primer 2 gave 40 
differentially display fragments. Finally, the primers 
combination between anchor primer C and arbitrary 
primer 3 gave 14 differentially display fragments.  
 
 
Cloning and sequencing  
 
The DD fragments were eluted, and cloned in pGEM-T 
easy vector. The cloning was confirmed using EcoR1 
Digestion (Figure 3A and B). Twenty five (11, 4, 10) 
cloned fragments have been sequenced. Figure 4 shows 
the results of the sequencing. 
 
 
Sequence alignment using Genebank databases 
 
The resulted sequences were subjected to alignment 
analysis using GeneBank databases and the analysis 
results revealed significant similarities between the 
sequences of the isolated fragments and sequences of 
different genes recorded in the GeneBank databases. 
Table 3 summarizes the sequence alignment analysis
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Figure 1. Polyacrylamide gels of DD cDNAs from untreated (C) and drought treated wild barley (Hordeum 
sponteneum L.) shoots (3 and 10 h) using different primer combinations of anchored primer  T11C, with 
arbitrary primer 1, 2 and 3 (AP1, AP2 and AP3). Arrows indicate a number of differentially expressed bands 
on a duplicate basis. The long arrow shows the direction of band selection (from the top to the bottom of the 
gel). 
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Figure 2. Polyacrylamide gels of DD cDNAs from untreated (C) and drought treated wild barley 
(Hordeum sponteneum L.) shoots (3 and 10 h) using different primer combinations of anchored 
primer T11G, with arbitrary primer 3, 4 and 5 (AP3, AP4 and AP5). Arrows indicate a number of 
differentially expressed bands on a duplicate basis. The long arrow shows the direction of band 
selection (from the top to the bottom of the gel). 
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Table 1. The primers sequences. 
 

Primer name Primer sequence 

a- Anchored primers  

T11C 5'- TTT TTT TTT  TTC- 3' 

T11G 5'- TTT TTT TTT TTG -3' 
 
b- Arbitrary primers 

 

AP1 5'- AAG CTT GAT TGC C -3' 

AP2 5'- AAG CTT CGA CTG T -3' 

AP3 5'- AAG CTT TGG TCA G -3' 

AP5 5'- AAG CTT AGT AGG C -3' 
 
 

Table 2. Expression pattern for barley isolated DD-fragments. 
 

Category Clone name 
Expression profile Regulation 

type C* C 3 h 3 h 10 h 10 h 

Category I 

G4-1, G4-5, G4-12, G4-18, G4-21, G4-27, G5-1, G5-
2, G5-4, G5-7, G5-8, G5-9, C1-6, C1-7, C2-3, C2-11, 
C2-12, C2-15, C2-16, C2-18, C2-23, C2-24, C2-27, 
C2-28, C2-29, C2-30, C2-33, C2-34, C2-35, C2-36, 
C2-37, C2-38, C3-1, C3-2, C3-5, C3-10, G5-5 

- - - - + + Up regulation 

         

Category II 

G4-3, G4-4, G4-7, G4-8, G4-9, G4-14, G4-26, G4-30, 
G4-31,  G3-2, G3-3, G3-5, G3-6, C1-5, C2-4, C2-5, 
C2-6, C2-7, C2-10, C2-17, C2-19, C2-20, C2-21, C2-
22, C2-25, C2-26, C2-39, C2-40, C3-3, C3-6, C3-7, 
C3-8, C3-12, C3-14 

- - + + - - 
Up-down 
regulation 

         

Category III 
G4-15, G4-17, G4-20, G4-24, G4-32, G5-3, G5-6, 
G5-10, G3-1, G3-4,  C1-4,  C2-1, C2-2, C2-13, C2-
14, 

+ + - - - - 
Down 
regulation 

         

Category IV  
G4-2, G4-6, G4-10, G4-13, G4-16, G4-19, G4-22, 
G4-25, G4-28, G4-29, C1-1, C1-2, C1-3, C2-8, C2-9, 
C2-31, C2-32, C3-4, C3-9, C3-11, 

+ + - - + + 
Down-up 
regulation 

 

*C, Control; 3 and 10 h drought treatment for 3 and 10 h, respectively. 
 
 
  

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3. The screening of some clones using EcoR1 enzyme digestion. A) Lane 1, 1 Kb Marker (Fermantas); lane 2, 
undigested pGEM-T easy vector; lane 3, digested pGEM-T easy vector using EcoR1 enzyme; lane 4, digestion of C1-1; 
lane 5, digestion of C1-2; Lane 6, digestion of C1-3; lane 7, digestion of C1-4; lane 7, digestion of C1-4; lane 8, digestion of 
C1-5; lane 9, digestion of C1-6; lane 10, digestion of C1-7; lane 11, digestion of C1-8; lane 12, digestion of C1-9. B) lane 1, 
50 bp (Fermantas); lane 2, undigested C3-1 fragment; lane 3, digested C3-1 fragment using EcoR1 enzyme; lane 4, 
undigested C3-2 fragment; lane 5, digested C3-2 fragment; lane 6, undigested C3-3 fragment; lane 7, digested C3-3 
fragment; lane 8, undigested C3-4 fragment; lane 9, digested C3-4 fragment; lane 10, 1kb DNA marker (Fermantas). 
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 C1-1 (492 bp) 
TAGGTTTTCTATGGCATGGCTAATTCTTGCTCTAAAATTGCCATCATGCTAATTTTGTCAACCTGCTAACAGCA
TGTTCTATTCTGCAAAAATCATAGTAATTAATTTATACATCATATGGAGTTGTGTCCATGTAGTAAGTTGGGG
TATGCCATGTCTACTACATGCCCATGTATTTTTCATAACCTAAAATCTTAAAAATGCACGCGCTCGATTTGGG
GCAATCAAGCTTAGTTAAGCTTGATTGCCATGTAGGTTTTCTATGGCATGGCTAATTCTTGCTCTAAAATTGC
CATCATGCTAAATTTGTCAACCTGCTAACAGCATGTTCTATTCTGCAAAAATCATAGTAATTAATTTATACATC
ATATGGAGTTGTGTCCATGTAGTAAGTTGGGGTATGCCATGTCTACTACATGCCCATGTATTTTTCATAACCT
AAAATCTTAAAAATGCACGCGCTCGATTTGGGGCAATCAAGCTTAA 
C1-2 (636 bp) 
AATTCGATTAAGCTTGATTGCCAACCACTTATCTGAGGAATTAATGCCTCTCACATTCCAGTTTAAGATATTC
CAAGTTGCATTGTTATTCATTAATAATCAGTTTGGTGATACTGAAGTCAGCAGAGCCCACCCCCTGATGACA
ATCCCAGGCCATAAATTTTTTTGTTTCCACAAAAAGTACAGAGCATTGTAAATATGTTGGGACATTCCAGCA
GTGGACATAGTAGGTGAGGAGGTGAGCCAAAGCATCCAAAGTCGATTGCCCACAGCTTCCAAGGCAACAG
ATAGGACAGAAGTCTCAGCCATAAGTGGATACCAGAGTTGACATACCAGGAAGCTTGATTGCCATGCAACG
AATGCACTAAGAGCTATAAGTGTATGAAAGCTCAATATGAAAACTCAGTGGCTGTGCATCTAATCTATAATG
AAAAATTCCCACTAGTATATGAAAGTGACAACATAGGAGACTCTCCATATGAAGAACATAGTGGTACTTTGA
AGCACTAGTGTCTAGCATGCCCCTTTTTTCTTTTTCTATGTTTTCTTTTTTTCCTTTTTTCTCTCTCCCATTTTCCG
GAGTCCCACCCTGACATGTGGGGCAATCAAGCTTAATCACTAGTGAATTCGCGGCCG 
C1-3 (460 bp) 
AATTCCATTAACCTGGATGGCATCCACTGGACTGTGTTTGAATTATTTTGCTTTACCCGTGGGCACACATTTG
TCTGCAATTCTCTGTATGTGCTTACTTCAGGCTTTCTCACAACTCATCCCGACATGAGCCTCATATATACGTGG
GGGCATCAGGCTTCTGAGGCCGAGGATGCTTAAACACATACCTGCAACAATAGTATCATGTCGCCGCATTA
GTTTTATGTTAATTTCGTGGGTTTTACTTAGATTTCTTGCTCTCAAGAAACTAAAAGTAGACCTTTCACTAGTT
GGTGGATCCCAGTGAACACCGTCGTATGGAGCTCCAAATTTAGAGGCATCAGCAATTGCATAACGAATCCA
TGCAGGAATCCGATCAACCCATACTCCATCTTCATGGTGAAATCGAAATTTAACCCTTGGAATTATGGGGGA
TGGCAGGTTTCCCGTTGACTTGGG 
 C1-4  (504 bp)  
TAAGCTTGATTGCCTAAAACGGAAGACTCAAGATATGGGTGATTTAATAGATGTTCTGACGAGGTATGTTG
AGTTAGACGGCATAAAGGTTCCTGGCTCAGACACGGTTAAGGTAGCAAGAACAATCAACAAGGTGGAAAC
CATGAAGGTAAAAATAACAAACAGAGCAGCCTTAGGGAGAGTTATAATTTGTGGCTAATACGAATACTAGG
TTCAAGAACCAGCGCTGCTCTAGAGGAGCTTACAATGGTAATAAGTCGCACAATTATGAGGAAGCACTCAA
GGTGCCTTGCCGAAAGCATAGTACCTAAAACAATTCATCTACTCACTCATGGGAGAAGTGTTATATTATGCA
CGAGTTAATAGTGGAGGATATACGAGTCAGTATGGTTAAACTGATTCACAAGGCGGCTCGTGTGGCGGATT
CTCGGGATCAATTTCCAATGAACCAGACGGCTAGTGATCGGATTTTCAGCACCAATGAAACACTCGCAATGG
GAAGC  
 C1-5 (370 bp)    
GCATGCTCCGGCCGCCATGGCGGCCGCGGGAATTCGATT 
AAGCTTGATTGCCGAAGGAATCTACAAATATTGTGGAGGAATCCCTTATAGAATGGGAAGTGACTACATTA
AAAAGGGATATAGCCCGAAATAAAAAGATTAGTGCGCTTCGCCTTGAATAACATGATAAGGGGCTAGTTCC
TGATTATAATGCAATAAGAGATAGTTTGCAAGAAGATGAATCTTTGCCAATTGATAGAATTGGCGAGCAAA
ATATGGTTCTACAATAATGCATATGCCTTCACCTAGTACAGCATCATACTGTACACCCCTTACACAATTGCAA

 
 

Figure 4. Results of clones sequencing. 
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 C1-7 7 (511 bp) 
GATT 
GATTGCCCTTCGGGTCCAAGTGAAATTTTACCTCAGCAGAACTTAGTTCCTGTAAATGATCTTGACAG
CTTAGCCCTGAAAATGAATGACGTCATGCAAGACGCCAGCAAATACTACGTTGCCTTTGATGAAAAG
TTTTTACCTCATAATATGGCAGCGCAATATTTAGACTACTTTAATATTCAGATCGATAATCAAAAATAA
TCCACTATATTTTTTGTATTTTGCCTTCGGCAATCAAGCTTAAGCTTGATTGCCCTTCGGGTCCAAGT
GAAATTTTACCACAGCAAAATTTAGTTCCTGTAAATGATCTTGACAGCTTAGCCCTGAAAATGAGTGA
CGTCATGCAAGACGCCAGCAAATACTACGTTACCTTTGATGAAAAGTTTTTACCTCATAATATCGCAG
CGCAATATTTAGACTACTTTAATATTCAGATCGATAATCAAAAATAATCCACTATATTTTTTGTATTTTG
CCTTCGGCAATCAAGCTTAAATC  
C2-2 9 (621 bp)  
AAGCTTCGACTGTCCACTCGAAAGTATCTAATTTCTTCATGAGTCGGTACAGAGGAAGTGCTTTCTC
GCCGAGTCGACTGATGAACCTGCTGAAAGCCTCTAGGCAACCTGTGAGACGATGAACATCGTGGAT
TCTGACCGGCCTCTCCATCGGACGATGGTCCCGATCTTTTCGGGGTTGACATCGATCCCTCGTTCAT
AAACGAAGAAACCGAGTAACTTCCCGCTGGGAACACCGAATGAACATTTGGTGGTGTTAAGCTTGAT
ATCGTCCCTATGAAGGTTGGCAAACTTTTCTGCCAAGTCAGTCAGCAGGTCGGAACCTTTGCGTGAC
TTGACTACGATATCATCCATATACGCCTCCACATTCCGGCCGATCTGGTCGAGGAGACATTTTTGGA
TCATGCGCATAAAGGTAGCTCCTGCATTCTTCATACCGAATGGCATAGTGATGTAGCAGAAGCACCC
GAATGGGGTGATGAAGGCTGTTTTTAATTCATCGGGGCCATACAGACGGATCTGATGATAGCCCGA
ATAGGCATCTAGAAATGACAGACGCTCGCAACCCACAGTCGAAGCTTAATCACTAGTGAATTCGCGG
CCGCCTGCAGGTCGACCAT  
 C2-3 (637 bp) 
GACGAGTGCATGCTCGGCGCATGCGGCGCGGGATTCGATTAGCTTTCGACTGTTTTTTATAGATTCC
AGGATCAGCCAATAGTATCAGCCAGCTGGCGTTCTGTCAAATTTGGCGAACTGATGCTCACATAAGT
CAGTAACTTTTTAGCTATTTCTTTTAAGTCTGTAGCCGTCATTTTATTACTACGCGTAAAGGAAACAAC
CTGCTTTAACGTATTTTCTACCAAAGGTTTTCCACTAGCATCATAAATTTCCCCACGAGCAGAACTGG
TTGTGACCTTGGTCTGACTAGCTGAGGCTAGCTTTTTTTCGTAAAAATCCTTGTTCAAAACCTGCATA
TACAACAAACGACCAATAATGGTCATAAAGAGCAAAATGACGATTGAAAACAATAAATTAAGCCGAAT
CGGAATCGAATGGCTGTTAAATTTTCTCATACAAATCAGTCTCATTTCTAATTAAAATCTTACTCTTAA
TTGTACCACAATTTGAGCAGAAAATTATGGAAAAGTAAGAAGCTTTTTTCGTTTTTACAGTAAGATAC
GTTTTTATTTATTCATCCCTATATTATATGTTATAATGAATGTAAAAGTTCAATAATCTAGTCTTTTTCC
AACACGACTCACAGTCGAAGCTT 
C2-4 (411 bp) 
GACGAGTCGCTGCTCCGGCGCCATGGCGGCCGCGGGATTCGATTAGCTTCGACTGTAGCAGATAA
AGACTTTTTAAAAAGGAAAGAAGAAAATGACTAAACGCGCACTAATTAGTGTTTCAGACAAAGCGGG
CATTGTTGAATTTGCCCAAGACTCAAAAAACTCGGTTGGGACATCATCTCGACAGGTGGGACTAAAG
TTGCCCTTGACAATGCTGGGGTAGATACCATTGCTATCGACGATGTGACTGGTTTCCCAGAAATGAT
GGATCTCGTGTGAAGACCCTACACCCGAAGATCTACTGTGGCCTTCCTAATTTTTGTCGTATTTTACT
CCTACTCTTGCCACTCCGAATATTAAATCAAATTTAAACCTATAAAAGACTATCCACCCACATCTTCCA
CACATAA 
C2-5 (684bp) 
AAGCTTCGACTGTATATTGATGTTACTTAGGAGGTTATAGTATATGAGTACGCTCTCCAACTGTATCT
CATTTTTGGAAACATTCTCATCATCTCCTGCTCCAACGCACATTTTAGAAGTAAGAATTCCCCTCGTC
TCGCACGGACATGGTTTTCTCATTCATACCGCCGCATGAATGTTCCTCACACGACAAACACACCAGA
ACACTAGCACTCATGCCGAACTACTATGCCCCCCCAAGCAAGAAAGTGCTCCACATGAACCAACGC
TATCGATACTTCTCTCTAATTTTGTCCTCCGCGCGCAGGTTAACTTTGATACCCGCTGTAGATGATGT
CCCTTTTTCACCGGATCCTAGACATGCTGAAGGCGAAAGGACATTACTTTAATGCCTGTGTGTTGGC
CGATACCATTGAGGATTTCTGACCACCTCCTTCAGATTTCGCCAGATAAATTGATCTGCGACGAAGC
CTTCACCGTGTAATCCCGTAAGGCATCCTCGAATACTGATAGTGCATTAACTGTATTGTGCTTTTTGT
TCTTTCTCACACATCTTCCTGCAAGCATCCAGCAAAAAGGATCTCAAAATCTGACCAACTTCTGAGAA
TATCTGTTATTCCCTAACCCCAGAACACCGATCGATAAATCCCTTCTGAATAACCACAGTCTACAACT
CCCTCGGAG 
  

 

Figure 4. Contd. 
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 C2-6 (901bp)  

GCGATGCATCTAGATTAGCTTCGACTGTGGAGAAGTTGAAAATATTTCCTAAATAATTAAATTGAGTTAAGGACCTA
TTGAGAAAAATTCTAAAGAAGTGTAGTTCGGAGTTCGTTATAAATTGATATTTAAGAGTGTTGCGACGAGTACCCGA
TGCTTGATTGGGTTGATTGATCTGTGTAAATGGTGAATTAATGATGTTGCATTATGATATTGTTGTATGATGATGATA
ATTATTGTTGTTTTTATTAACAGTCGAAGCTTAATCGGATCCCGGGCCCGTCGACTGCAGAGGCCTGCATGCAAGCT
TTCCCTATAGTGAGTCGTATTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCA
CAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATT
AATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCG
CGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTG
CGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAAC
ATGTGAGCAAAAGGCCAGCAAAAGGTCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCC
CCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGG
CGTTTCCCCCTGGAAGCTCCCTTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG     
C2-8 ( 862 bp) 

AATTCGATTAAGCTTCGACTGTGCATAGTAATCCGACTAAGTTGAGACTTGGTATTGCGCCAAAGCACTCGGCTGAT
GACCATGAAGCAAGCACTAGCGAGGCAAAGCCACGAGACCCTAAATACACTCGGCCATGGTGGTGTCCTCCAGGG
CTAACAAAGACACAAAAGAGGAAATTACAAAGGTTGAGGAATCAAGAGATGGCAGAACGGGAGGCCGAGAAACA
AAGGGATAAATTATTCAATGACACTCGGCCCATGATACCTACAAAACAAGTGTGGAAGCCTAAACAAGTACAAAAT
GCAGCGGCTTCTACATCTATTACAGCAACACTTGCATCATCAAAATAGGATGATGTAGTTATGACACTTTTTCCATCG
CCTATTGCTTCCTATTCACTTGAACATATTTCAGATTCCATGGACACACCCAAGGAGGAAGATGATATTTTATATTAT
GAGCTTACACCAGTTCATGAAGGTATGGATATCAATATGGTGTATTATTTACCCGCTGAATTTCTTGCTCTAGATGAA
GAAGGGGAGGTGGCTCAGCTAGATTTTGGCCCTAAAAATGCAATATTCGAGAAGCCAGAAGAACTGGTGACACAC
TTGAAACCGTTGTATCTAAGAGGTCACATTAATGGATCACCACTTACTTGGATGCTTGTTGACGGTGGTGTTGTGGT
GAATCTTATGCCCTATTCGGTCTTCATGAAGTGGTCTTGCCCGACAATAAATTGATAAAGATCAATATGGTACTTAAT
GGATTTGAAGGCCATGAGAAAATTGCAACCAAAGGTGTTATGTATGTGGAACTTTACAGTCGAAGCTTATCTCAGT
GATTCGCGGCCGCTGCAGCC 
 
 C2-9 (659 bp) 

AAGCTCGACTGTCAACGTTGCTGACTATTGATTGTAGCCGCGAGTCCAGAAAAGGGGTGCTTTCTGTTCCGGCCATT
CTTCTCATCTCCAGCGCTAACCCTGATTATGTTGGATGGGCGATGTCGACACTTGCTAGGACCTGGGTGACTCATTCC
TATCGACGCATGATGGTAACATTCTCGCCAAATAAATTAAACCTCTAGCGCTCATTCTCAAATTTGATGCCCGTTGAT
GGAGGAAAGTGAAGCCCTTGAACCAATGCACTCAAAATTCCATATTCGGATGGTTGTCCGCATCGTTTTCCACTAGG
ATACTCGACTGCTTATCATGTCCGATGATCATCAGAACTTGCCAGATACAGCAGGCCCATGGATACAAGGCTTAATC
ACTTTAAGTTCTCAGTTTAATCTTCTTGGGATCTTTCACCTCCCTCAGACTCCTAAATAATCTATAAGCTATTGGCTTTC
AATTGAGTGAGTTTTAGGATGAATATTCTGATGATCTGACTCAATTCTTTTCCGGCATCAAGCAAATCTGATGGTTCT
CATGCATCTAGAACTTCCTCCTCTCTAAAGATGGCCATCTTTGTAACAATACCCTAGACCTCCGTAACCTCAGAAATCT
GATTGATTATTCATTTTCTAAATCAAAAGCTTTAC 
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results. 
 
 
Starch metabolism  
 
The first fragment to be discussed is C1-3 (460 bp) which  

has down and up regulation pattern. The expression 
pattern decreased after 3 h drought treatment then 
increased after 10 h treatment. Blastn sequence analysis 
revealed significant similarities between C1-3 isolated 
fragment and starch branching enzyme I (sbeI) 
Genebank Accession No. AY304541 isolated from H.
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 C3-1 (720 bp) 
GATGTCAGCGACCTCGAATCAGCTTCAACTAGGTACTCTTTCAAGTAGTACTATTTAGAATCCAAAGAATGACAATCAATATT
TTTCCATCACCACTCAAAATAGTAAGGACACCATTGATAATCTCATGGTTGTAGTTGATCAAGCTAGGAATGATGTCATTGAT
ATAAATAAGGCACCTGAAGAGGAATCTAAAAAGTTGGTGACTAGTGGGGAGTCATTACTACAATCGACAGGTGTTTATAAA
ATTGTTGAGAAGGATAAAAAGAAGAGAAAATAGTTGAGCCCGTGTTAAAGACCATTCCATAACCTACCCCTCATTTTCCTTAA
AGATTGAAGAAGAAATAAGACAATAGGAAGTATCAGAAGTTTTTGTGGATATTGAAAAAAATTCTGTTAATATTTCTTTTATC
AAAACATTTATGCAGATTCCTAGATACGCTATGTTCATGAAGGATTTTGTTACTAGAAAGCGGATGGTGAGTTCTTAGATAAC
TAATAATGTTCATCATTGTAGTGACATCATATTTTGATCATTGGTTGAGAAGAAGGAGGAATCTAGAGCATTTACTATTCTTT
GTACTATCGGGTCCTTCCGCTTCTCTCGAGCTTTATGTAAATTGGGATAAGCTATAAATTTGATGTTGTTGGTAGTGTACAAG
TAGCTGGGGTTGGTGGCACCCAAACCTACCTCTATGAGGTTATTGATGGCTGACCAAA 
 
C3- 2 (813 bp) 
AAGATTGACAGGAAAGCAATGTCGGATCAACAAAAGCGTGACTTCAAAAATCACCACAAGGCCAGAACCATTCTTCTCAGC
GCCATCTCTTACGCTGAATACGAAAAGATATCTAACAGAGACACATCAAAGAACATGTTTGACTCACTCAGAATGACGCATG
AAGGAAACATTCAGGTCAAAGAAACTAAAGCTCTTGCGCTCATTCAGAAGTATGAGGCATTCAAAATGGAAGAAAGTGAAT
CCATTGAAACAATGTTCTCAAGATTCCAAATTCTGGTGGCTGGTCTCAAGGTTCTGGACAAAGGATACTCTACTGCTGATCAT
GTCAAGAAGATCATCAGAATCTTGCCAAAACAGTGGAGGCCAATGGTTACAGCGCTGAAGCTAGCTAAAGATCTCAACAAA
ATTTCTCTGGAGGAACTTATCAGCTCCCTCAGAAGTCACGAGATAGAGCTAGAAGCTGATGAACCTCAAAAGCAAGGTAAG
CCTTTAGCATTAAAATATAACAGAAGATCTGACTCTAAAGTTTTGCAGGCAGTTAAAGAAACATCTGATGGGTCCTCATCAGA
AGAAGATGAACTTTCCCTCCTCTCCAGAAGAGTGAACCAACTATGGAAGAAGAGGCAAAGGAAGTTCAGGAATCCCAGAAG
ATCTGATCAGAATGAGTCCTCTTCCAGATACAGAAAGCCAGACTCCTCCTCTGGATACAGAAGATCTGAAGGCTCTTCAGGA
AGCAGAAAGTCAAACACCAAAGACATCACGTGCTATGAATGCAACGAGCAAGGACATTATAAGAGTGACTGACCAAAG 
 
C3- 3 (496 bp)  
GCCGCACCATCGTGTCACTGACTCACAGGTACCGCTAGAGCTTTTGGGATGTATTCAAGGTCATGCAAGGCGACCTTGTGAT
CACCTGGGCTGATTTCAAGGAAGGATTCCGCACGTCCCACATTCAATCAAGAGTCGTGGCTATCAAGAAGTGGGAATTTTTG
AGAGTTGAAGCAAGGAAGTGTATATGTAAACGAGTACATGCAAAAGTTCAACCTCCTGTTGAGATATTCCCCTAAAGATGAC
ACCACTAAGGCTGCCAATATAGAACTCTTCATGGAAGGACTCTCGCAGTCCCTAGAGTATCAACTCGTTGTTTGCGATTTCCA
CACCTTCTTCCACCTGGTGAACCAGTCCCTTATGTCGAACACAAGCATCGTGCCATGGAAGATACTCGCAAGAGCAAGATGA
TCAGCAAGGCTAGTTCCAGCAACCAAAAGCCTTGCCCCTGGCAGCTATCTCCCGTCAAGCCAACCTATCAGCCTGACCAAAG
CTT 
 
C3- 8 (264 bp) 
AAGCTTTGGTCAGGTCCATGATTTCCTAGCAATCCATGGCACCATTGTTTAGTGAAATTCTGGCTGTATATACTCAATGTCAC
GTTCAATGTTATGACACCGTATCTGACTTTCTATAAGACAGTAAATATAAAAACAGTACAGAACACAGTCAATTGTTTACCCA
GCTCAGTGTACAACATCACCTACTCTGGGGGCTACCAAGCCAGGGAGGAAATCCACTATAAGAGACGTTATTTCAGGAATAA
GTCAAACAGTTGATCT 

 
 

Figure 4. Contd. 

 
 
 
vulgare (Table 3).  Also, blastx analysis of the same 
fragment using GeneBank databases revealed high 
similarities between it and the starch branching gene sebl 
isolated from H. vulgare Genebank Accession No. 
AAP72268. The results of sequence analysis using blastx 
and conserved blast alignments (Marchler-Baue et al., 
2013) analysis tools revealed that C1-3 fragment has 
conserved regions with alpha amylase catalytic domain 
found in bacterial and eukaryotic branching enzymes 
(BEs) and 1,4 alpha glucan branching enzyme. This gene 
is responsible for introducing alpha-1,6 branch points to 
form amylopectin.  

Starch branching enzymes (SBEs) have been found in 
different plant developing stages in the barley storage 
tissues (Sun et al., 1998). During different stages of 

development, the plants need starch branching activities. 
SBEs found in many isoforms, they can be classified into 
two major groups based on catalytic and structural 
properties, the first group is SBE family II or A and the 
other group, is SBE family I or B. SBEI was up-regulated 
under salt treatment in rice while SBEIII was down-
regulated on the other hand, the contents of glucose and 
fructose increased (Theerawita et al., 2012). When barley 
plant was subjected to drought, many genes involved in 
carbohydrates metabolism were down regulated 
(Abebe et al., 2010). Normally, starch synthesis is 
inhibited under water deficit condition (Mahajan and 
Tuteja, 2005) but  alpha- amylase is found to be up 
regulated in treated Vitis vinifera plants under cold stress 
(Xin et al., 2013). The current results show that the SBEI
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Table 3. Genebank Homology results for some differential display fragments. 
 

Fragment 
name 

Fragment 
length (bp) 

Blast N Blast X 

Homology results 

Accession number 
E-value, Identity 

Homology results Accession 
number 

E-value, Identity 

Clone 1 C1-1 486 No significant similarity - No significant similarity - 
      

C1-2 613 
Triticum aestivum gene for 

TaAP2-B, complete cds Access. 
no AB749309 

8e-66 

-202/237 (85%) 
No significant similarity - 

      

C1-3 460 

Hordeum vulgare starch branching 

enzyme I (sbeI) mRNA, partial 
cds; nuclear gene for plastid 
product Access. no AY304541 

2e-79 

-177/181(98%) 

starch branching enzyme I 
[Hordeum vulgare] Access. no 
AAP72268 

It showed conserved region 

2e-27 

-69/143(48%) 

      

C1-4 504 No significant similarity - No significant similarity - 
      

C1-5 370 

Triticum aestivum 3B 
chromosome, clone BAC 
TA3B63N2  

Access. no AM932689 

5e-78 

-230/269 (86%) 
No significant similarity - 

      

C1-6 570 No significant similarity - 
Glycosyl transferase family 1 
(Enhyrobacter aerosaccus) 

Access. no WP_007116863 

-2e-13 

- 34/59 (58%) 

      

C1-7 511 No significant similarity - 

Glycosyl transferase family 1 
(Enhyrobacter aerosaccus) 

Access. no WP_007116863 

It showed conserved region 

6e-14 

-34/62 (55%) 

      

C2-1 
Short  

sequence 
- No significant similarity - - No Significant similarity - 

      

C2-2 621 

- Hordeum vulgare vrs1 locus, 

complete sequence; and Hox1 
gene, complete cds  Access. no 
EF067844 

- Hordeum vulgare DNA, down-

stream region of HvNAS1 gene  
Access. no AB023436 

- 0.0 

-539/576(94%) 

 

-0.0 

-532/576(92%) 

Retrotransposon protein, putative, 
Ty3-gypsy subclass [Oryza sativa 
Japonica Group] Access. no 
ABA93610 

It showed conserved region 

4e-80 

-120/192(63%) 

      

C2-3 637 - No significant similarity - - No significant similarity - 
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Fragment name 
Fragment 

length (bp) 

Blast N Blast X   

Homology results Accession 
number 

E-value and 
identity 

Homology results Accession number E-value and  identity 

C2-4 411 

Streptococcus parasanguinis 

ATCC 15912, complete genome 
CP002843.1 

2e-96 

-245/270 (91%) 

-IMP cyclohydrolase 

[Streptococcus infantis]  

Access. no WP_006154970 

- IMP 
Cyclohydrolase/Phosphoribosylaminoimidazole
carboxamide formyltransferase [Streptococcus 
sp. HSISS2] Access. no WP_021144787 

It showed conserved region 

-1e-28 

-57/57 (100%) 

 

 

4e-28 

 

56/57 (98%) 

      

C2-5 684 No significant similarity - No significant similarity - 

      

C2-6 901 No significant similarity - 

Hypothetical protein, partial 

[SAR86 cluster bacterium SAR86C] Access. no 
WP_010157945 

9e-45 

-79/80 (99%) 

      

C2-8 862 

Hordeum vulgare subsp. vulgare 

Rpg4 gene, complete sequence; 
RGA1 (RGA1) gene, complete 
cds; Rpg5 gene, complete 
sequence; PP2C (PP2C) gene, 
complete cds; and ADF3 gene, 
complete sequence 

Access. no EU812563 

0.0 

-696/819(85%) 

 

Retrotransposon protein, putative, unclassified 
[Oryza sativa Japonica Group] 

Access. no ABA96795 

4e-40 

-89/197 (45%) 

      

C2-9 659 No significant similarity - No significant similarity - 

G5-5  No significant similarity - No significant similarity - 

G5-7 No sequence - - - - 

G5-8 No sequence - - - - 

G5-9 No sequence - - - - 

      

C3-1 720 

Solanum lycopersicum strain 

Heinz 1706 chromosome 10 
clone hba-26b13 map 10  

Accession no AC244352 

- 1e-06 

-170/253(67%) 

Hypothetical protein with similarity to putative 
retroelement [Oryza sativa Japonica Group] 

Accession no AC113339_5 

2e-15 

-42/112 (38%) 
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Table 3. Contd. 

 

Fragment name 
Fragment 
length (bp) 

Blast N Blast X 

Homology results 
Accession number 

E-value and identity Homology results accession number E-value and  identity 

C3-2 813bp 

Lotus japonicus genomic 

DNA, chromosome 1, clone: 
LjT26E16, TM0103,  

Access. no AP0096 

-2e-62 

-323/441(73%) 

-TNP1 [Medicago truncatula] 5e- Access. no 

XP_003590350 

-Serine/threonine protein kinase SRPK1 
[Medicago truncatula] Accession no 
XP_003629120. 

It showed conserved region  

-Integrase, catalytic region; Zinc finger, CCHC-
type; Peptidase aspartic, catalytic [Medicago 
truncatula]  Accession no ABD32582   

-1e-37 

-71/134 (53%) 

 

 

-2e-35 

-70/134 (52%) 

 

 
      

C3-3 496 bp 

-Triticum aestivum 

chromosome 3B-specific BAC 
library, contig ctg1030b  

Access. no FN564435 

1e-63 

-338/461(73%) 

retrotransposon protein, putative, Ty3-gypsy 
sub-class [Oryza sativa Japonica Group]  

Access. no AAX95143 

3e-13 

-29/71 (41%) 

      

C3-8 264 

-Glycine max strain Williams 
82 clone GM_WBb0083G02, 
complete sequence Access. 
no AC235334  

-Glycine max NB-LRR type 

disease resistance protein 
Rps1-k-1 (Rps1-k-1) and NB-
LRR type disease resistance 
protein Rps1-k-2 (Rps1-k-2) 
genes, complete cds Access. 
no EU450800 

4e-20 

101/125(81%) 

 

2e-18 

100/125(80%) 

 

hypothetical protein MTR_1g045380 
[Medicago truncatula]   

Access. no XP_003590165 

-1.3 

18/25 (72%) 

 
 
 

expression was affected by drought. 
 
 
Glycosyl transferase gene family 1 (cell wall 
metabolism) 
 
The results of blast x analysis have revealed that 
the two fragments, C1-6 and C1-7 have significant 
similarities with glycosyl transferase gene family 1 
isolated from Enhyrobacter aerosaccus Genebank 

Accession No. WP_007116863 with E-value 12e-
13 and 6e-14, respectively. The results of blastx 
and conserved blast alignments revealed that C1-
6 and C1-7 fragments have conserved regions 
with glycosyl transferase GTF domain (Marchler-
Baue et al., 2013). Their expression was found to 
be up regulated in the differential expression 
experiment. The glycosyl transferase enzymes 
(GTFs) (EC2.4) are enzymes that catalyze the 
glycosyl (sugar) residues transfer during biosyn-

thesis and degradation of glycolipids, glycopro-
teins and polysaccharides to the acceptor which 
regulate the acceptors properties such as 
solubility, activity and transport within the cells. 
The glycosyltransferase have been classified into 
more than 90 gene families according to catalytic 
specificity, sequence similarities and consensus 
sequences. UDP glycosyltransferase gene was 
found to be up-regulated transcripts in cold 
treated V. vinifera plants (Xin et al., 2013). 



 
 
 
 
Glycosyl transferase family 1 and 2 have been isolated 
from drought treated Gossypium herbaceum roots 
(Ranjan et al., 2012).  
 
 
Transposons elements  
 
The results of the differential display experiments 
revealed that the DD- fragment C2-2 (621 bp) showed 
down regulation after 3 and 10 h treatment. In blastx, the 
isolated fragment gave significant similarities with 
retrotransposon protein, putative, Ty3-gypsy subclass 
(Oryza sativa Japonica Group, Genebank Accession No. 
ABA93610.) It showed conserved region with 
RT_superfamily including putative active site, putative 
nucleic binding site, putative NTP binding site and 
RT_LTR retrotransposon protein (Marchler-Baue et al., 
2013). On the other hand, the results of blastn analysis 
showed similarities between the isolated fragment and H. 
vulgare vrs1 locus, complete sequence and Hox1 gene. 
Retrotransposon elements were found to be down 
regulated in chickpea under drought stress (Deokr et al., 
2011). The results of the differential display experiments 
revealed that the C3-3 fragment (496 bp) was up and 
down regulated under the treatment condition where, it 
has expression pattern up in 3 h and down in 10 h under 
drought treatment. The results of Blastx analysis revealed 
that the isolated fragment has significant similarities with 
retrotransposon protein, putative, Ty3-gypsy sub-class 
(O. sativa Japonica Group) but with different Genebank 
Accession number AAX95143, while, it gave similarities 
in blastn analysis with H. vulgar BAC 631P8 Genebank 
Accession No. DQ249273 DD- fragment C2-8 (862 bp) 
that has up and down regulation pattern and gave 
similarities with retrotansposon protein putative, 
unclassified (O. sativa Japonica Group, Genebank 
Accession No. ABA96795 in blastx analysis while, in 
blastn analysis, it has a significant analysis with H. 
vulgare subsp. vulgare Rpg4; RGA1 gene; Rpg5 gene; 
PP2C gene; and ADF3 gene, Genebank Accession No. 
EU812563. However, DD- fragment C3-1 (720 bp) that 
was up-regulated in the differential expression 
experiment showed significant similarities in blastx with 
hypothetical protein with similarity to putative 
retroelement (O. sativa Japonica Group) but with different 
Genebank Accession No.AAM08859 and AC113339. 
Using blastn analysis, DD- fragment C3-1 showed 
similarities with Solanum lycopersicum strain Heinz 1706 
chromosome 10 clone hba-26b13 map 10, Genebank 
Accession No. AC244352  

Grandbastien (1998) showed that the retrotransposons 
activation by external change and stresses is common in 
eukaryotes, including plants. He suggested that several 
well-characterized plant retrotransposons transcriptional 
activation seemed to be linked tightly to active molecular 
pathways by stress which is under the cis regulatory 
sequences activation.  The retrotransposons could play a  
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role in their regulatory features modification. Different 
biotic and abiotic stresses activated most transposable 
elements in plant (Le et al., 2007) such as BARE-1 
increased under drought in barley and then decreased 
(Kalendar et al., 2000), which showed the transposons 
activation played as stress adaptation. Wang et al. (2011) 
have isolated four retrotransponson elements from rice 
subjected to drought. Eissa el al. (2007 have isolated 
BARE-2 and partial BAGY-2 retrotransposons elements 
from wild barley (H. spontaneum L.) under salinity, it was 
down regulated.  

Tomita et al. (2011) have suggested that BARE-1 
element in Hordeum was the active at the recent time 
while the transposable elements majority of high-copy 
seemed to be inactive which might be interesting to 
perceive the adaptive evolution processes of plant. Polok 
and Zielinski (2011) have confirmed the transposons role 
in speciation in barley and many mobile transposons in 
the past are became stable at present.  
 
 
IMP cyclohydrolase Nucleotide metabolism 
(synthesis of nitrogenous compounds)  
 
DD-fragment C2-4 (411 bp) showed up-regulation in 3 h 
treatment and then down regulation in 10 h. This 
fragment has similarities with IMP cyclohydrolase 
(Streptococcus infantis) Genebank Accession No. 
WP_006154970 IMP cyclohydrolase/ 
Phosphoribosylaminoimidazolecarboxamide 
formyltransferase (Streptococcus sp. HSISS2] Genebank 
Accession No. WP_021144787 while, blastn analysis 
revealed similarities with Streptococcus parasanguinis 
ATCC 15912, Genebank Accession No. CP002843. 
According to Marchler-Baue et al. (2013) analysis 
method, It has conserved regions for IMPCH[cd01421], 
Inosine monophosphate cyclohydrolase domain, 
PurH[COG0138], AICAR transformylase/IMP 
cyclohydrolase PurH (only IMP cyclohydrolase domain in 
Aful), purH [TIGR00355], 
phosphoribosylaminoimidazolecarboxamide 
formyltransferase/IMP cyclohydrolase; PurH\ is 
bifunctional: IMP cyclohydrolase (EC 3.5.4.10) and 
purH[PRK00881], bifunctional 
phosphoribosylaminoimidazolecarboxamide 
formyltransferase/IMP cyclohydrolase. The enzyme 
aminoimidazole carboxamide ribonucleotide 
transformylase/inosine monophosphate cyclohydrolase 
(purHJ) (ATIC) encodes a bifunctional protein that 
catalyzes the last two steps of the de novo purine 
biosynthetic pathway. The biosynthetic pathway of purine 
has been considered as an important target for antiviral, 
anticancer and antimicrobial drug development because 
of the purine nucleotides critical role in the synthesis of 
RNA and DNA (Zhang et al., 2008).  

Abou Ali et al. (2010) isolated 2 DD- fragments from 
shoots of  V. villosa wild  plant  treated with abscisic  acid  

http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=223216
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=234854
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which showed similarities with ATP binding/ kinase/ uracil 
phosphoribosyltransferase-uridine kinase (Arabidopsis 
thaliana) and IMP dehydrogenase/GMP reductase 
(Medicago truncatula), respectively. IMP dehydrogenase 
catalyzes the rate-limiting step in de novo biosynthesis of 
guanine nucleotides and has an essential role in 
providing necessary precursors for DNA and RNA 
synthesis. IMP 
cyclohydrolase/phosphoribosylaminoimidazolecarboxami
de formyltransferase is one of the housekeeping 
enzymes involved in nucleotide metabolism. In the past, it 
was thought that the housekeeping genes are expressed 
in all cells at a consistent level. But, it is proved that the 
expression of these genes is very dynamic to meet the 
metabolic demands of plant cells. These changes can 
have an effect on plant development, so there is now a 
great concern about their expression. The housekeeping 
genes have important activities in survival of plant under 
stress (Moffatt and Ashihara, 2002). The identification 
mechanisms by which plant cells monitor and respond to 
their basic metabolic requirements rely on the integration 
of transcript, protein and metabolite profiles of different 
cell types (Fiehn et al., 2001). Unfortunately, the 
housekeeping genes expression levels complicate their 
analysis because small differences in activity (2 to 3 
folds) may cause large metabolic impacts so they are 
difficult to be reproducibly detected.  
 
 
Fragments with chromosomes similarities 
 
The differentially display fragment C1-2 (613 bp), has 
down and up regulation expression pattern, showed 
similarities in blastn with Triticum aestivum gene for 
TaAP2-B, complete cds Genebank Accession No. 
AB749309. While C1-5 fragment (370 bp), has up and 
down regulation expression pattern, showed similarities 
with T. aestivum 3B chromosome, clone BAC TA3B63N2 
Genebank Accession No. AM932689. Both fragments 
gave no significant similarities in blastx analysis. 
 
 
Unknown proteins 
 
Fragment C2-6 (901 bp) showed up regulation in 3 h 
treatment and then down regulation in 10 h treatment in 
the differential display experiment. It was cloned and 
sequenced. In the blastx sequence analysis, it gives 
significant similarities with hypothetical protein, partial 
sequence (SAR86 cluster bacterium SAR86C, Genebank 
Accession No. WP_010157945 while it does not give any 
significant similarities in blastn. C3-8 (264 bp) 
differentially displayed fragment was up regulated after 3 
h of drought treatment then down regulated after 10 h. 
The blastx analysis showed similarities with hypothetical 
protein MTR_1g045380 (Medicago truncatula, Genebank 
Accession  No. XP_003590165 while, the blastn  analysis  

 
 
 
 
gave similarities between the C3-8 isolated fragment and 
Glycine max strain Williams 82 clone GM_WBb0083G02, 
complete sequence Genebank Accession No. AC235334 
Glycine max NB-LRR type disease resistance protein 
Rps1-k-1 (Rps1-k-1) and NB-LRR type disease resis-
tance protein Rps1-k-2 (Rps1-k-2) genes, complete cds 
Genebank Accession No. EU450800. Fragments C3-2 
(813 bp) expression pattern was up regulated. It gave 
similarities with TNP1 (M. truncatula) Genebank 
Accession No. XP_003590350, hypothetical protein 
MTR_5g060670 (M. truncatula) Genebank Accession No. 
XP_003614875, Serine/threonine protein kinase SRPK1 
(M. truncatula) Genebank Accession No. XP_003629120, 
integrase, catalytic region; Zinc finger, CCHC-type; 
Peptidase aspartic, catalytic (M. truncatula), Genebank 
Accession No. ABD32582. MTR_8g073400 included 
several domains, zf-CCHC; zinc knuckle, rve; Integrase 
core domain, gag_pre-integrs; GAG-pre-integrase 
domain, UBN2; gag-polypeptide of LTR copia-type, 
PKc_like; protein kinases, catalytic domain. All of these 
genes are shared together with UBN2 [pfam14223], gag-
polypeptide of LTR copia-type domain. Three Serine/ 
threonine protein kinases were isolated from treated V. 
vinifera plants under cold stress and was found to be up 
regulated (Xin et al., 2013). These kinds of kinases 
regulate several biological processes in plant cells and 
were found to be localized in the cell wall and also, 
responded to the external environmental challenges 
(Morris and Walker, 2003). In Arabidopsis, SNF1-type 
serine/threonine protein kinase of wheat was found to 
enhance tolerance to multi- stress (Mao et al., 2010). 

According to Marchler-Baue et al. (2013), it showed a 
conserved domain with UBN2 [pfam14223], gag-
polypeptide of LTR copia-type. This family is found in 
plants and fungi, and contains LTR-polyproteins. In blast 
N, it gave similarities with Lotus japonicus genomic DNA, 
chromosome 1; clone LjT26E16, TM0103, Genebank 
Accession No. AP009652. 
 
 
Fragments with no significant similarities 
 
Six DD fragments, C1-1 fragment (486 bp) with down and 
up regulation; C1-4 fragment (504 bp) with down 
regulation; C2-3 (637 bp) with up-regulation; C2-5 (684 
bp) with up and down regulation; C2-9 fragment (659 bp) 
with down and up regulation and G5-5 with up regulation, 
gave no significant similarities neither in blast N nor blast 
X. 
 
 
Conclusion  
 
When wild barley plants were subjected to drought, they 
exhibit tolerance through some genes expression. 
Several drought–related stress fragments have been 
isolated and categorized into four categories according to  



 
 
 
 
their expression: up; up and down: down and down and 
up regulation. These fragments were found to be involved 
in starch metabolism, cell wall metabolism, transposon 
element and purine metabolism. These genes especially 
starch metabolism genes help in the grain production. 
Also, there are some isolated fragments that showed 
similarities with drought-related stress genes; their 
function are unpredictable. To determine the individual 
regulated genes role in drought stress response, some 
biotechnological technique like RNAi could be used to 
silencing these genes and then evaluates the importance 
of each one of these gene using molecular and 
physiological techniques under drought stress. This study 
in the laboratory cannot give a full picture about  
understanding the crop response to drought and the 
drought stress transcriptome alone but with some field 
experiments combined with some physiological studies in 
the future will be needed in future studies to provide a 
clear picture in the molecular mechanisms which control 
the drought stress adaptation. Numbers of important 
genes were identified in this study, and it will be a good 
start for doing more biotechnological studies. This study 
will serve as source for discovery of new candidate genes 
with different gene expression and can be used in further 
work for manipulating drought tolerance crops. In the 
future, the transformation of economic crops with some of 
identified genes will increase stress tolerance to drought 
and also some other abiotic stresses.  
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Plant growth promoting rhizobacteria (PGPR) are known to influence plant growing both by direct 
and/or indirect mechanisms. This study aimed to establish PGPR profile of 15 bacteria isolated from 
maize (Zea mays L.) rhizosphere in Benin. These rhizobacteria were screened in vitro for the  plant 
growth promoting traits like production of indole acetic acid (IAA), ammonia (NH3), hydrogen cyanide 
(HCN), catalase, exopolysaccharides and antifungal activity against phytopathogenic fungi for example 
Fusarium verticillioides, that is an important maize pathogenic. Most rhizobacteria strains were found to 
produce catalase (100%), exopolysaccharides (100%), ammonia (86.66%), hydrogen cyanide (80%) and 
indole acetic acid (60%). Pseudomonas putida, Pseudomonas fluorescens and Azospirillum lipoferum 
have highly produced many of the investigated metabolites. Streptomyces  hygroscopicus, 
Streptomyces  fasciculatus, Pseudomonas aeruginosa, P. putida, P. fluorescens and A. lipoferum 
inhibited mycelial growth of F. verticillioides and Aspergillus ochraceus. P. fluorescens and P. 
aeruginosa were highly antagonistic against F. verticillioides (52.24% of mycelial growth inhibition) and 
A. ochraceus (58.33% of mycelial growth inhibition). These results suggest the possibility to use these 
rhizobacteria as biological fertilization to increase maize yield and the biological control of F. 
verticillioides and A. ochraceus. 
 
Key words: Rhizobacteria, Plant growth promoting rhizobacteria (PGPR), antifungal activities, biological 
control, Benin. 

 
 
INTRODUCTION 
 
Agriculture is increasingly dependent on the use of 
chemical fertilizers, growth regulators and pesticides to 

increase yield. Continued use of such chemical causes 
wide spread problems in environmental pollution, animal  
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and human health, destruction of natural biological 
communities and  modifies natural nutrient recycling 
(Karuppiah and Rajaram, 2011). One of the solutions to 
these problems is the use of bioresources to replace the 
chemical products. To face this situation, the use of bio-
resources to replace these synthesis products is 
increasingly considered. Among these bio-resources, the 
use of Rhizobacteria attracts more and more scientists’ 
attention. The rhizosphere is the area around and under 
the influence of plant roots and it is known to promote the 
growth of different prokaryotic and eukaryotic microorga-
nisms (Wahyudi et al., 2011; Cardon and Gage, 2006). 
Rhizospheric microorganisms can have positive, negative 
or neutral effects on plant growth and can be classified 
into following categories bacteria, fungi, actinomycetes, 
protozoa and algae among many others (Paul and Clark, 
1996). Indeed,  among these microorganisms, bacteria 
are the most studied and well known probably because 
they grow quickly and they have the ability to use a wide 
range of substances as carbon or nitrogen sources 
(Karuppiah and Rajaram, 2011). Some of the bacteria 
found in the rhizosphere include plant growth promoting 
rhizobacteria (PGPR). The term PGPR comprises of 
many bacterial species belonging to Pseudomonas, 
Azospirillum, Azotobacter, Klebsiella, Enterobacter, 
Alcaligenes, Arthrobacter, Burkholderia, Bacillus and 
Serratia genus  (Saharan and Nehra, 2011) and which 
improve plant growth.  

The mechanisms used by PGPR to promote plant 
growth are not fully understood. PGPR rhizobacteria use 
one or more direct or indirect mechanisms to improve the 
growth and health plants. The direct promotion by PGPR 
entails either providing the plant with a plant growth 
promoting substances that are synthesized by the 
bacterium or facilitating the uptake of certain plant 
nutrients from the environment. The indirect promotion of 
plant growth occurs when PGPR lessen or prevent the 
deleterious effect of one or more phytopathogenic micro-
organisms. These mechanisms can be triggered 
simultaneously or individually at different stages of the 
plant development (Ahmad et al., 2008). Several direct 
mechanisms such as atmospheric nitrogen (N2) fixation, 
minerals (for example phosphate) solubilization, antago-
nism against phytopathogenic microorganisms by 
production of siderophores, and the ability to produce or 
change the concentration of the phytohormones (indole-
3-acetic acid, gibberellic acid, cytokinines and ethylene) 
have been reported (Nelson, 2004). Examples of indirect 
mechanisms include production of antibiotics, lytic 
enzymes, hydrogen cyanide, catalase, siderophores and  
 

 
 
 
 
competition for space and nutrients. These mechanisms 
include those involved in the host plant, pathogens 
andharmful microbes’ biological control (Khan et al., 
2006). Thus, the plant health may not be affected in 
presence of pathogens microorganisms and favorable 
conditions to cause the diseases, because PGPR destroy 
the pathogen molecular signal or open plant induced 
systemic resistance (ISR). 

The present study aimed to establish the PGPR profile 
of 15 rhizobacteria isolated from maize rhizosphere in 
Benin, in order to select the best PGPR.  
 
 
MATERIALS AND METHODS 
 
Microorganisms 
 
The bacteria strains (15) used, were Azospirillum lipoferum, 
Pseudomonas putida, Pseudomonas aeruginosa, Pseudomonas 
fluorescens, Streptomyces hygroscopicus, Streptomyces rimosus, 
Streptomyces fasciculatus, Bacillus coagulans, Bacillus 
thuringiensis, Bacillus pumilus, Bacillus polymixa, Bacillus 
licheniformis, Bacillus lentus, Bacillus circulans and Bacillus firmus. 
These bacteria were previously isolated from the maize rhizosphere 
in Benin (West Africa), and were biochemically characterized  by 
standard methods of Cappuccino and Sherman (1992) and Aneja 
(2003). The bacteria cultures were maintained on Muller Hinton 
(MH) broth with 10% of glycerol at -20°C. At the onset of the 
experiments all the strains were grown on their respective selective 
medium: Pseudomonas on King’s B medium, Bacillus on Nutrient 
agar, Azospirillum on NFb-medium and Streptomyces on Kuster-
glycérol medium. 
 
 
Screening of rhizobacteria for different metabolites 

 
Indole acetic acid production 

 
The production of indole acetic acid (IAA) was detected by adapting 
method described by Brick et al. (1991). Bacteria were grown in 
nutrient broth supplemented with L-Tryptophan (500 µg/ml) at 36 ± 
2°C for 48 h. Fully grown cultures were centrifuged at 3000 rpm for 
30 min. Two (2) ml of the supernatant were mixed with 2 drops of 
orthophosphoric acid and 4 ml of Salkowski reagent (50 ml of 35% 
perchloric acid, 1 ml of 0.5 M ferric chloride solution). The 
appearance of a pink color after 25 to 30 min, indicates IAA 
production. According to the color intensity, three point scale (+ = 
low intensity; ++ = Average intensity and +++ = high intensity) were 
used for analyze the results. 
 
 

Hydrogen cyanide production 

 
All rhizobacteria were investigated for the production of hydrogen 
cyanide (HCN) by the method of Lorck (1948). Bacterial streaks 
were made on nutrient agar enriched with glycine (4.4 g/l) poured
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into Petri dishes. The top of the plate was covered with a Whatman 
filter paper No. 1 soaked in 2% sodium carbonate in 0.5% picric 
acid solution. After sealed with parafilm, those plates were 
incubated at 36 ± 2°C for 4 days. The positive reaction of HCN 
production is shown by apparition of orange to red color. According 
to the color intensity, three point scale (+ = low intensity; ++ = 
Average intensity and +++ = high intensity) were used to analyze 
the results. 

 
 
Catalase production 
 
Catalase is an enzyme which hydrolyzes the hydrogen peroxide 
(H2O2) to oxygen and water. With a sterile pipette, a bacterial 
colony was dispersed in a drop of hydrogen peroxide previously 
deposited on a clean dry slide. The positive reaction is shown by an 
immediate release of oxygen bubbles forming foam solution (Riegel 
et al., 2006). 
 
 
Exopolysaccharides production 
 
The exopolysaccharides (EPS) production was estimated by 
modified method of Damery and Alexander (1969). Bacteria strains 
were inoculated into Erlenmeyer flask containing 25 ml of yeast 
extract mannitol (YEM) broth supplemented with 1% of carbon 
source (glucose). The inoculated flasks were incubated at 36 ± 2°C 
on a gyro-rotatory shaker at 150 rpm for 72 h. After incubation, the 
bacterial suspension was centrifuged at 3500 rpm for 30 min and 
the supernatant was mixed with two volumes of chilled acetone. 
The crude polysaccharide developed was collected by centrifuga-
tion at 3500 × g for 30 min. The EPS was washed with distilled 
water and acetone (alternately), and weighed after overnight drying 
at 105°C. 

 
 
Ammonia production 

 
The production of ammonia by rhizobacteria was tested by peptone 
water method (Cappuccino and Sherman, 1992). The strains were 
inoculated in peptone water (10 ml) and incubated for 48 to 72 h at 
36 ± 2°C. After incubation, Nessler’s reagent (0.5 ml) was added to 
each tube. The ammonia production was showed by development 
of brown to yellow color.  According to the color intensity, three 
point scale (+ = low intensity; ++ = average intensity and +++ = high 
intensity) were used to analyze the results. 

 
 
Antifungal activity of rhizobacteria 

 
The antifungal activity of rhizobacteria against some phytopatho-
genic fungi namely Fusarium verticillioides, Aspergillus ochraceus, 
Aspergillus tamarii and Aspergillus wentii was assessed by dual 
culture method according to Kumar et al. (2002). A disk (5 mm 
diameter) was cut out from a young culture of the fungal pathogen 
and placed in the middle of a Petri dish of potato dextrose agar 
(PDA). Ten (10) µl of a rhizobacteria suspension (approx. 108 
CFU/ml) were spotted 2 cm from and on opposite sides of the 
fungus infected disk. The control Petri dishes were realized by 
monocultures of each pathogen. The Petri dishes were incubated at 
26 ± 1°C and checked for zones of inhibition of mycelium growth 
after seven (7) days when the fungal mycelium had reached the 
edge of the Petri dish. When the pathogen grew over the 
rhizobacteria, we concluded that rhizobacteria did not have 
antifungal activity.  On the other hand, when fungal growth was 
restricted by the rhizobacteria, the rhizobacteria’s antifungal activity 
(percentage  of inhibition) was calculated by the following  formula: 
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 Where, r1 = diameter of pathogen growth in monoculture (control); 
 r2 = diameter of pathogen growth in dual culture. 
 
 
Data analysis and photo manipulation 
 
The data were analyzed by using Microsoft Office Excel software 
version 2003. The graphs were realized by using the same 
software. Adobe Photoshop version 7.0 was used for photos 
treatment. 

 
 
RESULTS 
 
Production of plant growth promoting metabolites 
(PGPM) by rhizobacteria strains 
 
Fifteen (15) rhizobacteria strains were evaluated for 
production of the plant growth promoting metabolites as 
catalase, ammonia, hydrogen cyanide, exopolysac-
charides and indole acetic acid (IAA) as well as for 
antifungal properties. All the 15 strains had produced 
catalase, and exopolysaccharides (Figure 1), while 86.66, 
80 and 60% of the strains had produced ammonia, 
hydrogen cyanide and IAA, respectively. Nine of the 
strains were found to have antifungal properties (Figure 
1). Of the four bacteria genera  (Bacillus, Streptomyces, 
Pseudomonas and Azospirillum) used  for production of 
PGP metabolites searching, all the strains of 
Pseudomonas and Azospirillum were found to produce 
catalase, ammonia, hydrogen cyanide, IAA and 
exopolysaccharides. The production of plant growth 
promoting metabolites (PGPM) by different genera of the 
15 rhizobacteria strains tested in this study is presented 
in Figure 2. All the species of Pseudomonas and 
Azospirillum tested were found to produce catalase, 
ammonia, hydrogen cyanide, indole acetic acid and 
exopolysaccharides.  

All the species of Streptomyces and Bacillus have 

produced catalase and exopolysaccharides, while 87.5 
and 66.7% of the Bacillus and Streptomyces species 
have respectively produced ammonia. Only 75 and 
66.7% of Bacillus and Streptomyces species have 
respectively produced hydrogen cyanide, whereas 62.5% 
of Bacillus species have produced IAA but none of 
Streptomyces species have produced any IAA 
 

 
Quantification of PGP-metabolites produced by 
rhizobacteria strains 
 

Table 1 provides a detailed profile of different rhizo-
bacteria species for the parameters previously evaluated 
(catalase production, ammonia, cyanide hydrogen, indole 
acetic acid and exopolysaccharides) and an estimate the 
levels production of these parameters. When reading this 
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Figure 1. Production of plant growth promoting metabolites by rhizobacteria strains. Cat =Catalase; NH3=ammonia; 
HCN=hydrogen cyanide; IAA= indole acetic acid; EPS= exopolysaccharides; AFA= antifungal activity. 

 
 
 

 

 

 
 

Figure 2. Production of plant growth promoting metabolites by different genera of rhizobacteria. Cat=Catalase; 
NH3=ammonia; HCN=hydrogen cyanide; IAA=indole acetic acid; EPS=exopolysaccharides; AFA= antifungal activity. 
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Table 1. Estimation of plant growth promoting metabolites produced by rhizobacteria. 
 

Rhizobacteria 
Production 

Cat NH3 HCN IAA EPS 

B. coagulans + + + + +++ 

B. thuringiensis + ++ + ++ + 

B. circulans + + ND ND ++ 

B. polymixa + + + + ++ 

B. licheniformis + + + + ++ 

B. firmus + + + ND ++ 

B. lentus + - ND ND + 

B. pumilus + + + + + 

S. hygroscopicus + + + ND + 

S. rimosus + ND ND ND + 

S. fasciculatus + + + ND + 

P. aeruginosa + + + ++ + 

P. putida + +++ +++ +++ ++ 

P. fluorescens + +++ +++ +++ +++ 

A. lipoferum + ++ +++ +++ ++ 
 

Cat = Catalase; NH3
 
= ammonia; HCN = hydrogen  cyanide; IAA = indole acetic acid; EPS = 

exopolysaccharides ; B. = Bacillus ; S. = Streptomyces ; P. = Pseudomonas ; A. = Azospirillum ; 
+ = low ; ++ = average ; +++ = high ; ND  = not detected. 

 
 
 
table, we can observe that the different rhizobacteria do 
not have the same potential for production of PGP-
metabolites. Thus, Pseudomonas putida and P. 
fluorescens highly produce ammonia, while Azospirillum 
lipoferum and B. thuringiensis have an average ammonia 
production. On the contrary, S. rimosus and B. lentus do 
not produce ammonia. The other strains lowly produced 
ammonia.  

A. lipoferum, P. fluorescens and P. putida showed high 
production level of hydrogen cyanide and indole acetic 
acid. S. rimosus, B. lentus, B. circulans,  S. fasciculatus, 
S. rimosus, S. hygroscopicus, B. lentus, B. firmus and B. 
circulans  have not  produced the hydrogen cyanide and 
indole acetic acid. Apart from P. fluorescens that displays 
high production of exopolysaccharides, all the other 
rhizobacteria had low or average produced exopolysac-
charides. 
 
 
Antagonism assay of rhizobacteria strains against 
phytopathogenic fungi 
 
The antifungal properties of the rhizobacteria strains used 
in this study were tested against plant pathogenic: 
Fusarium verticillioides, Aspergillus Ochraceus, A. 
Tamarii and A. wentii. The growth of F. verticillioides was 
inhibited by S. hygroscopicus, S. fasciculatus, P. 
aeruginosa, P. putida, P. fluorescens and A. lipoferum to 
varying degrees. An inhibition zone was observed in Petri 
dishes for A. ochraceus co-inoculated with P. aeruginosa, 
S. hygroscopicus, S. fasciculatus, P. putida, P. 

fluorescens and A. lipoferum (Table 2). B. thuringiensis, 
B. licheniformis, B. firmus, B. lentus and S. rimosus did 
not inhibit the growth of any of the pathogenic fungi 
tested (Table 2). No antagonism was observed between 
rhizobacteria strains and A. tamarii and A. Wentii (Figure 
3d). In opposite, S. hygroscopicus, S. fasciculatus, P. 
aeruginosa, P. putida, P. fluorescens and A. lipoferum  
have inhibited the normal A. ochraceus mycelial growth.  

P. aeruginosa, S. hygroscopicus and S. fasciculatus 
have induced the mycelial growth inhibition of A. 
ochraceus respectively with the rate of 58.33, 57.98 and 
57.73% (Table 2). Many rhizobacteria strains have 
presented the antagonism against F. verticillioides. 
Indeed, all rhizobacteria except B. thuringiensis, B. 
licheniformis, B. firmus, B. lentus (Figure 3c), B. pumilus 
and S. rimosus have inhibited the mycelial growth of F. 
verticillioides. S. fasciculatus (50.25%) (Figure 3b), A. 
lipoferum (50.58%) and P. fluorescens (52.24%) have 
strongly inhibited mycelial growth of F. verticillioides. It 
was remarked that all rhizobacteria display antagonistic 
effect to A. ochraceus which have also inhibited F. 
verticillioides. 
 
 
DISCUSSION 
 
Understanding the bacteria mechanisms of root coloni-
zation and plant growth is crucial to improve the biolo-
gical control methods against the plant pathogens and 
efficient use of plant growth promoting rhizobacteria 
(Kloepper et al., 1980). Indeed, PGPR properties  investi-
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Table 2. Antifungal profiles of rhizobacteria strains. 
 

Rhizobacteria 
Mycelial growth inhibition over control (%) 

F. verticillioides A. ochraceus A. tamarii A. wentii 

B. coagulans 41.46 - - - 

B. thuringiensis - - - - 

B. circulans 48.42 - - - 

B. polymixa 34.49 - - - 

B. licheniformis - - - - 

B. firmus - - - - 

B. lentus - - - - 

B. pumilus - - - - 

S. hygroscopicus 46.43 57.73 - - 

S. rimosus - - - - 

S. fasciculatus 50.25 57.98 - - 

P. aeruginosa 49.25 58.33 - - 

P. putida 48.59 55.00 - - 

P. fluorescens 52.24 51.16 - - 

A. lipoferum 50.58 52.38 - - 
 

A = Azospirillum; As = Aspergillus; F = Fusarium; - = no inhibition. 
 
 
 

 

 

 

 
 
Figure 3. Antagonism between rhizobacteria and plant 
pathogens. a=Mono-culture of F. verticillioides; b= dual 
culture of F. verticillioides and S. fasciculatus; c=dual culture 
of F. verticillioides and B. lentus; d=dual culture of A wenti 
and B. firmus; e=mono culture of A. wenii. 



 

 
 
 
 
gating the different rhizobacteria in the study revealed 
interesting results that illuminate their PGPR profiles. All 
rhizobacteria strains used in this study produced 
catalase. These strains are in the genera Bacillus, 
Pseudomonas, Azotobacter and Streptomyces. Previous 
studies by Rathaur et al. (2012) showed that Bacillus 
spp., Pseudomonas spp., and Azotobacter spp., isolated 
from Withania somnifera (Ashwagandha), were also able 
to produce catalase. The ability to produce catalase gives 
the bacteria an added advantage because it makes them 
potentially more resistant to environmental, mechanical 
and chemical stresses (Rathaur et al., 2012). The ability 
of PGPR to produce ammonia is considered as an 
important measure to influence indirectly plant growth 
(Karuppiah and Rajaram, 2011). About eighty-six percent 
(86%) of tested rhizobacteria had produced ammonia 
(87.5% of Bacillus spp., 66.6% of Streptomyces spp., 
100% of Pseudomonas spp., and Azospirillum spp.,). P. 
putida and P. fluorescens displayed high production of 
ammonia, while Azospirillum lipoferum and B. 
thuringiensis had average production. In studies by other 
researchers, ammonia production was detected in 95% of 
strains isolated from the rhizosphere of rice, mangroves 
and soils contaminated by effluent (Samuel and 
Muthukkaruppan, 2011, Joseph et al., 2007). B. subtilis 
MA-2 and P. fluorescens MA-4 known to be  real 
producers of ammonia were shown to significantly 
increase the biomass of medicinal and aromatic plants 
such as geranium (Mishra et al., 2008). All the studied 
strains have produced low to moderate amount of 
exopolysaccharides, except P. fluorescens that displayed 
high production.  

Exopolysaccharides (EPS) produced by rhizobacteria 
join soil aggregates and change their porosity (Alami et 
al., 2000). Thus, the soil porosity which is directly 
associated to the transfer of water from the soil to plant 
roots, is influenced by bacterial activity. Bacterial EPS 
produced on root surfaces also contribute to the 
maintenance of the water flow required for photosynthetic 
activity and plant growth.  

In addition, EPS can limit or retard the soil dessiccation 
under water stress conditions. Conversely, in water 
excess (flooding), EPS help to prevent the dispersion of 
clay soil (Henao and Mazeau, 2009). Only 60% of the 
strains were able to produce IAA (100% of Pseudomonas 
spp. and Azospirillum spp., 62.5% of Bacillus spp., 0% of 
Streptomyces spp.,).  

A. lipoferum, P. fluorescens and P. putida have pro-
duced large amounts of IAA. Several bacterial species for 
example Bacillus spp., Pseudomonas spp., Azotobacter 
spp., Azospirillium spp., Phosphobacteria spp., 
Glucanoacetobacter spp., Aspergillus spp. and 
Penicillium spp.  have been reported to produce IAA 
(Shobha and Kumudini, 2012, Wahyudi et al., 2011). IAA 
production by PGPR varies according to species and 
strains origin. This may also be influenced by growth 
conditions,  stage  of  development   and  the  substrate  
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availability (Ashrafuzzaman et al., 2009). The IAA 
produced by rhizobacteria plays a major role in roots 
elongation and can directly promote roots growth by cells 
elongation and cells division stimulation or indirectly  
influences  the ACC (Amino cyclopropane-1-carboxylate)-
deaminase activity in rhizobacteria (Rathaur et al., 2012). 
In addition, Patten and Glick (2002) reported that low 
levels of IAA can stimulate roots elongation, while high 
levels of IAA stimulate the lateral and adventitious roots 
formation. The ACC-deaminase product by PGPR, 
hydrolyzes plant’s ACC, an immediate precursor of plant 
ethylene hormone, which prevents production of toxic 
ethylene levels (Patten and Glick, 2002). The ability of 
rhizobacteria to use tryptophan added to their culture 
medium is an important parameter to detect and quantify 
their IAA production. Tryptophan is the main precursor of 
the bacterial IAA biosynthesis via the Indole Pyruvic Acid 
(IPA) pathway (Patten and Glick, 1996). IAA is part of 
many secondary metabolites produced by rhizobacteria 
in abundance during the stationary phase, even in the 
absence of tryptophan (Wahyudi et al., 2011). 

Another important trait of PGPR, that may indirectly 
influence the plant growth, is the production of hydrogen 
cyanide. Eighty percent (80%) of rhizobacteria tested 
produced hydrogen cyanide (100% of Pseudomonas 
spp., Azospirillum spp., 75% of Bacillus spp., 66.6% of 
Streptomyces spp.). In a study by Karuppiah and 
Rajaram (2011), 75% of Bacillus spp., isolated produced 
hydrogen cyanide, whereas only 40% of rhizobacteria 
isolated from bean (Phaseolus vulgaris L.) in France by 
Kumar et al. (2012) produced the same secondary 
metabolite. Many rhizobacteria displayed antagonism 
against phytopathogenic fungi: S. hygroscopicus, S. 
fasciculatus, P. aeruginosa, P. putida, P. fluorescens and 
A. lipoferum significantly (51.16 to 58.33%) inhibited the 
mycelial growth of A. ochraceus. All rhizobacteria except 
B. thuringiensis, B. licheniformis, B. firmus, B. lentus, B. 
pumilus and S. rimosus inhibited the F. verticillioides 
mycelia growth by 34.49 to 52.24%. Fatima et al. (2009) 
showed that Azospirillum WPR-42 and Azospirillum WM -
3 isolated from wheat (Triticum turgidum) inhibited 
mycelial growth of Rhizoctonia solani by 55 and 75%, 
respectively. Wahyudi et al. (2011) also demonstred that 
isolates of Bacillus spp. inhibited mycelial growth of 
Sclerotium rolfsii and F. oxysporum by 8.33 and 25%, 
respectively. None of the rhizobacteria tested in this 
study were antagonistic against A. tamarii and A. wentii. 
This suggests that the modes of action and types of 
antifungal metabolites produced vary from a rhizobacteria 
to another (Williams and Asher, 1996). The reduction of 
fungal growth by some PGPR and the in vitro inhibition 
zones may be probably due to antifungal substances 
and/or lytic enzymes released by PGPR. Indeed, the 
synthesis of a wide range antibiotics is most common 
character associated with the ability of PGPR to preclude 
the plant pathogens proliferation (Mazurier et al., 2009). 
The  antibiosis  mechanism  is  well-known  and  perhaps  
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most importantly used by PGPR to limit the pathogens’ 
invasion. It consists of direct inhibition of the pathogen 
growth through the antifungal metabolites and/or anti-
biotics production (Adam, 2008). B. subtilis strains 
produce a variety of powerful antifungal metabolites such 
as zwittermycine-A, kanosamine (Peypoux et al., 1999) 
and lipopeptides belonging to surfactin, iturin and the 
fengycin families (Rahman et al., 2007). Some antifungal 
molecules, produced by Pseudomonas spp, such as 
hydrogen cyanide (HCN), viscosamide, pyoluteorine, 2,4-
diacetylphloroglucinol, pyrrolnitrin, phenazines and 
butyrolactone are also implicated in the bio-control (Haas 
and Defago, 2005). 
 
 
Conclusion 
 
This study focused on establishing the PGPR profiles of 
bacteria isolated from maize rhizosphere in Benin. Most 
of the rhizobacteria strains were found to produce 
catalase, exopolysaccharides, ammonia, hydrogen 
cyanide and indole acetic acid. P. putida, P. fluorescens 
and A. lipoferum produced most of the investigated 
metabolites. These results suggest the possibility to use 
these rhizobacteria as biological fertilization to increase 
the maize yield. S. hygroscopicus, S. fasciculatus, P. 
aeruginosa, P. putida, P. fluorescens and A. lipoferum 
inhibited mycelial growth of F. verticillioides and A. 
ochraceus. P. fluorescens and P. aeruginosa were highly 
antagonistic against F. verticillioides and A. ochraceus 

and can be used in biological control of these 
phytopathogenic fungi.  
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The current study evaluated lipase production by Aspergillus candidus URM 5611 through solid state 
fermentation (SSF) by using almond bran licuri as a new substrate. The microorganism produced high 
levels of the enzyme (395.105 U gds

-1
), thus surpassing those previously reported in the literature. The 

variable moisture content, the inductor concentration, temperature and pH were analyzed. The best 
production conditions were initial moisture content of 75%, 0% of inductor, at 25°C, pH 5.5, in 10.0 g of 
substrate. The variables initial moisture and inductor contents showed significant effects on lipase 
production by increasing enzyme activity in about 200% when compared with the initial screening 
(197.44 U gds

-1
). Optimum lipase activity was obtained at pH 2.5 at an optimum temperature of 65°C. The 

lipase was stable from pH 2.5 to 9.0 and at temperatures between 30 to 65°C. Results from the study are 
promising for the economic use and value addition from these important agro residues, which are 
abundantly available in Brazil. This is the first report on lipase production by A. candidus URM 5611 
reaching a much higher yield of enzyme under SSF with almond bran licuri used as substrate. 
 
Key words: Aspergillus candidus URM 5611, solid state fermentation (SSF), licuri waste, lipase 
characterization.  

 
 
INTRODUCTION  
 
The enzymes from microbial sources receive special 
attention in the global market for bioproducts, due to their 
current and potential application in industry, mainly in 
detergents, oils and fats, dairy manufactures and 
pharmaceutical industries (Ângelo, 2014). Lipases stand 
out among the enzymes produced by fungi (Contesini et 
al., 2010). Lipases (EC 3.1.1.3, triacylglycerol 
acilhydrolases) are enzymes that occupy a prominent 

place among biocatalysts, and they have many 
applications (Ali et al., 2014). For this reason, its market 
share in global industrial enzymes grows significantly 
(Reinehra et al., 2014).  

In the future, this enzyme class will have industrial and 
commercial importance comparable to that of peptidases, 
which sale in industrial enzymes ranges from 25 to 40% 
(Barros et al., 2010; Ghasemi et al.,  2011). The industrial 
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lipases are mainly used as additives for washing 
detergents, food industries, especially in the preparation 
of chocolate substitutes and in the production of special 
flavors.  

Moreover, it has been widely used in the manufacture 
of cosmetics (tanning), in sewage treatment, and trances-
terification of triglycerides (Treichel et al., 2010; Kotogán 
et al., 2014). The widening application of microbial 
lipases in biotechnology has necessitated the continued 
research and development of novel lipases by means of 
extensive screening and optimisation of process para-
meters (Mostafa and El-Hadi, 2010). The biotechnolo-
gical potential of lipases is related to the fact that these 
enzymes catalyze not only the hydrolysis reactions, but 
also the esterification and transesterification reactions, 
and they keep their chemical structure and activity in 
different organic solvents (Tan et al., 2004).  

In addition, they do not often require the presence of 
cofactors, they catalyze various reactions at low tempera-
ture and pressure, have a broad specificity for substrates 
and exhibit high enantioselectivity (Reis et al., 2009; 
Contesini et al., 2010). They can be commonly found in 
nature and derive from animal, plant and microorganisms 
sources.  

Numerous filamentous fungi species produce these 
enzymes, especially those from the genus Aspergillus 
(Contesini et al., 2010; Fleuri et al., 2014). The genus 
Aspergillus is currently considered as one of the largest 
biotechnological substance producers, with several 
species found in nature (Liu et al., 2006). There are about 
837 (Hawksworth et al., 2011) Aspergillus species 
commonly isolated from soil and decaying plants. These 
fungi produce a number of extracellular enzymes (among 
them: lipases), many of which are applied in different 
industry sectors (Contesini et al., 2010; Fleuri et al., 
2014). 

Solid state fermentation (SSF) has become a major 
attraction for the production of this enzyme, like other 
products of high added value, due to the use of agro-
industrial wastes as well as the obtained increased 
volumetric productivity (Ramachandran et al., 2007; 
Casciatori et al., 2014).  

Despite functional electrical stimulation (FES) 
advantages, this technology is still not widely used for 
lipase production in large scale. This fact is due to the 
lack of systematic studies at bench scale, for example, 
the definition of microorganisms producing suitable 
substrates and culture conditions (Holker and Lenz, 
2005; Fleuri et al., 2014).  

However, there are few studies on lipase production by 
Aspergillus  species through SSF. Therefore, there  is the  
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need for further studies on these microorganisms’ poten-
tial for enzyme production by this method, as well as on 
new substrates to be used during fermentation. 

This study aimed to investigate lipase production by 
Aspergillus species preserved under mineral oil in 
Micoteca URM Culture Collection (WDCM604) under 
SSF using low cost residue. It also aimed to optimize 
culture conditions for production and evaluate enzyme 
stability regarding changes in pH and temperature. 
 
 

MATERIALS AND METHODS 

  
Microorganisms and inoculum preparation 

 
Eighteen isolates of Aspergillus isolated from castor bean obtained 
from the Micoteca URM culture collection (URM, Recife, Brazil, 
WDCM604) (Micoteca, 2014) were inoculated on malt extract agar 
(MEA (g L−1): malt 20, glucose 20, peptone 1, and agar 20) and 
kept at 28°C. Spores of each isolate were transferred under strict 
aseptic conditions to 10 mL of sterile distilled water with 0.1% 
Tween 80. After homogenization, the spores in the suspension 
were counted by means of a Neubauer chamber in order to obtain 
the concentration of 5x108 spores mL-1 (Sabu et al., 2005). 
 
 

Solid state fermentation (SSF)  

 
Solid substrate  

 
Almond bran licuri (Syagrus coronata (Martius) Beccari) were 
obtained from COOPERLIC - Cooperative Lanyard sand 
Processing, Licuri in Caldeirão Grande, Bahia, Brazil. The waste 
was flushed with sterile distilled water and dried in an oven 
(QUIMIS, Q316M2, São Paulo, Brazil) at 55°C for 48 h.  
 

 
Lipase production under SSF 

 
As for lipase production in 250 ml Erlenmeyer flasks, 10 g bran 
licuri were added with 1% olive oil, in order to induce it. The mixture 
was moistened with phosphate buffer (0.1 mol L -1). The initial 
moisture content was adjusted to 50% and pH 7.0. The flasks were 
autoclaved, cooled and inoculated with 1 mL of the spore 
suspension at a concentration of 5 x 108 spores mL-1 and incubated 
at 30°C (BOD, TECNAL, TE-371, São Paulo, Brazil) for 48, 72 and 
96 h (Sabu et al., 2005). 
 
 

Enzymes extraction 
 
Fifty (50) mL of sterile distilled water containing 0.01% Tween 80 
were added to each flask and kept on a rotary shaker (TECNAL) at 
150 rpm for 10 min. The fermented substrate was subjected to 
filtration by using sterile lint and serial filter paper (CELAB 22.15 
microns) with the aid of a vacuum pump. The resulting supernatants 
were assayed for lipase activity. All fermentation tests were carried 
out in three independent experiments (Brunk et al., 2005). 
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Table 1. Variable levels of the 24 experimental design for the production 
of lipase (U gds-1) in SSF by Aspergillus candidus URM 5611 using bran 
licuri as substrate. 
 

Variable 
 Levels  

Low (-1) Central (0) High (+1) 

Inductor (I) 5.0 10.0 15.0 

Im (%) 45 60 75 

T (ºC) 25 32.5 40 

pH  5.5 6.5 7.5 
 

I, inductor; Im, initial moisture content; T, temperature. 
 
 
 

Enzyme activity 
 
The enzymatic activity was accomplished by titrimetric method 
using olive oil (10% w/ v) as substrate for the enzyme dosage, 
which was emulsified with arabic gum (5% w v-1) in distilled water. 5 
mL of this emulsion was added to 1 mL of crude enzyme extract, 
and incubated for 1 h at 37°C, then titrated with NaOH solution 
(0.05 M) according to Watanabe et al. (1977). The activity dosage 
was performed by using phenolphthalein as indicator and the 
arithmetic mean of the values was used to determine the enzyme 
activity calculation. One lipase activity unit was defined as the 
amount of enzyme that releases 1 µ mole fatty acid per minute, 
under the conditions described above, and that can be determined 
through the equation by Leal (2002). The moisture of each sample 
was determined according to the AOAC (2003) for further 
conversion of the results into dry substrate (U gds-1). 
 
 

Experimental design and statistical analysis 
 
The influence of temperature (T), initial moisture content (Im), 
inductor (I) and pH (pH) on lipase production was evaluated from 
the results of the experiments performed according to a 24 factorial 
design (Bruns et al., 2006), plus four central points (Table 1). All 
statistical analyses were performed by using Statistic 8.0 software 
(Statsoft, 2001). 
 
 

Enzyme partial characterization 
 
Lipase activity of the crude enzyme extract was measured at 
different pH and temperature values as well as the effect of pH on 
the enzymatic activity stability. 
 
 

Effect of pH on the enzymatic activity stability 
 
The pH effect was determined by enzymatic activity at 50°C; the 
crude enzyme extract was emulsified for 3 min with gum arabic (5% 
w/v) in olive oils at different pH, by using the following buffers: 
citrate - phosphate (2.5 to 3.5); acetate (4.0 to 4.5); citrate - 
phosphate (5.0 to 7.0) and Tris-HCl (7.4 to 9.0), all 0.05 M. In order 
to determine enzyme pH stability, the enzyme extract was 
previously subjected to the action of different pH values by using 
buffer solutions with pH ranging from 2.5 to 9.0 for periods of 60, 
120 and 180 min and it was then subjected to the determination of 
lipase activity as described above. The analyses were performed in 
triplicate. 
 
 

Effect of temperature on the enzymatic activity stability 
 
The temperature effect was determined with pH optimal constant of  

2.5 by incubating the enzyme extract with the respective substrate, 
with temperature variations between 30 to 80°C, with a variation 
range of 5°C for a period of 60, 120 and 180 min. The enzymatic 
activity was performed as previously described. All analyses were 
performed in triplicate. Aiming to determine the temperature stability 
of the enzyme, the extract was preincubated at temperatures 
ranging from 30 to 80°C for 60 min and it was then subjected to 
lipase activity determination. The analyses were performed in 
triplicate. 
 
 

RESULTS AND DISCUSSION 
 

Screening for lipase production 
 

All the 18 tested cultures of Aspergillus produced high 
levels of lipase when bran licuri was used as substrate. 
Eleven of the 18 culture (61.1%) samples yielded over 
100/ gds. A. candidus URM 5611 was the best producer 
with 197.44 U gds

-1
, followed by Aspergillus flavus URM 

5794 and Aspergillus sclerotiorum URM 5792 with 
production of 163.25 and 154.21 U gds

-1
, respectively, 

(Table 2). Because of the high level of lipase (197.44 U 
gds

-1
) produced by A. candidus URM 5611, this 

microorganism was selected to study the best conditions 
for enzyme production. Palma et al. (2000) obtained 
maximum lipase activity by Penicillium restrictum 27.8 U 
gds

-1 
by using babassu palm supplemented with peptone 

as substrate. In solid-state cultivation on a mixture of 
sunflower seed meal and sugarcane bagasse, Alberton et 
al. (2010) evaluated lipase production by Rhizopus 
microsporus. The maximum production was 26 U gds

-1
, 

and it was applied to the treatment of dairy waste. When 
compared with the results obtained in the current study, 
species from genus Aspergillus appear to be most 
promising for lipase production by SSF, since they 
produce high levels of the enzyme. Castiglioni et al. 
(2009) tested lipase production by Aspergillus fumigatus 
under SSF by using shell and rice bran oil, and olive 
added as carbon source. The obtained value of the total 
activity of 117.02 U gds

-1
 was similar to that obtained in 

the present study by Aspergillus caespitosus URM 5938 
with almond bran licuri and olive oil as carbon source and 
total activity of 117.33 U gds

-1
. However, it was still less 

than the maximum value obtained with A. candidus URM 
5611 which showed total activity of 197.44 U gds

-1
. Fleuri
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Table 2. Total lipase activity (U gds-1) produced by cultures of Aspergillus using licuri bran as substrates and 
incubated for 96 h.  
 

Access number
a
 URM Species Lipase activity 

5910 Aspergillus awamorii Nakaz. 99.08 

5938 Aspergillus caespitosus Raper & Thom 117.37 

5611 Aspergillus candidus Link 197.44 

5608 Aspergillus duricaulis Raper & Fennell  74.33 

5794 Aspergillus flavus Link 163.25 

5698 Aspergillus fumigatus Fresen. 90.91 

5620 Aspergillus japonicus Saio 106.27 

5827 Aspergillus melleus Yukawa 112.88 

5838 Aspergillus niger Tiegh. 84.71 

5870 Aspergillus niveus Blochwitz 115.57 

5609 Aspergillus ochraceus K. Wilh. 128.73 

5787 Aspergillus parasiticus Speare 110.00 

5792 Aspergillus sclerotiorum Huber 154.21 

5615 Aspergillus stromatoides Raper & Fennell.  128.28 

5774 Aspergillus sydowii (Bain. & Sart.) Thom & Church 94.90 

5606 Aspergillus terreus Thom 81.89 

5829 Aspergillus variecolor Thom & Raper  95.47 

5701 Aspergillus versicolor (Vuill.)Tiraboschi 143.33 
 
a
Access number in the Micoteca URM culture collections (Recife, Pernambuco, Brazil). 

 
 
 

et al. (2014), evaluated lipase production by an 
Aspergillus strain, by using wheat bran, soybean meal 
and soybean meal with sugarcane bagasse as substrate, 
through SSF. The authors observed lipase activity of 
67.5, 58 and 57.3 U gds

-1
 for each substrate, 

respectively. Compared to the present study, A. candidus 
URM 5611 showed higher lipase activity (197.44 U gds

-1
). 

Such microorganism is preserved in a Culture Collection 
of reference in Brazil (Micoteca URM Culture Collection 
(WDCM604), and it was duly identified. The fungi from 
genus Aspergillus are widely used in enzyme production. 
The lipase production by Aspergillus species has been 
widely reported, mainly because this enzyme is usually 
extracellular. Lipase (EC 3.1.1.3) (triacylglycerol lipase) 
also called triacylglycerol acylhydrolase, catalyzes the 
hydrolysis of ester bonds from oils and fats and may act 
in synthesis reactions (esterification, interesterification, 
alcoholysis, acidolysis and aminolysis) (Sharma et al., 
2001). These reactions have the advantage of giving 
biotechnological potential to enzymes, such as stability in 
organic solvents, and no requirement for cofactors broad 
specificity (Azeredo et al., 2007). In the present study, A. 
candidus URM 5611 proved to be a major lipase 
producer, and it was selected for enzymatic optimization 
and characterization. This is the first report on lipase 
production by an isolate from this species. 
 
 
Effects of the variables on lipase production  
 
A. candidus URM 5611 presented efficient lipolytic activity 

(LA) when olive oil is used as inductor, but in the absence 
of this oil, there was an increase in production with higher 
activity. Therefore, it was selected to a study on the effect 
of independent variables such as temperature, pH, 
moisture, and induce lipase production in solid state 
fermentation for 48 h (Table 3). The maximum lipase 
activity produced by A. candidus URM 5611 was 397.158 
U gds

-1 
in run 3 as follows: 48 h of fermentation using 0% 

olive oil at pH 5.5, 75% moisture at 25°C. When 
compared with the initial screening (197.44 U gds

-1
), after 

production optimization, A. candidus URM 5611 had its 
lipase production increased by 200%. This value (397.15 
U gds

-1
) was higher than that reported in the literature so 

far. For example, Kempka et al. (2008) tested a strain of 
Penicillium verrucosum by using soybean meal as 
substrate at 27.5°C with moisture of 55% and an activity 
of 40 U gds

-1 
within 48 h of fermentation. Ul-Haq and 

Idress Rajoka (2002) found 48 U gds
-1

 activity by the 
fungus Rhizopus oligosporus by using almond cake as 
substrate at 30°C for 72 h. However, it is less than the 
lipase activity obtained by Mala et al. (2007) who 
evaluated the lipase production by A. niger at 30°C, 62% 
moisture using wheat bran and sesame cake as 
substrates, and obtained 384 U gds

-1 
at 72 h of 

fermentation. Thus, A. candidus 5611 URM showed to be 
most promising for lipase production under SSF at high 
levels. The Pareto chart shows the estimated effects of 
the variables (main effect or first-order) and the 
interactions between variables (second order effect) on 
the response variables (biomass and lipase activity), in 
order of magnitude. The length of the bars is proportional 
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Table 3. Experimental design results for lipase production under SSF fermentation by Aspergillus candidus URM 5611. 

 

Experimental variables  Total activity (U gds
-1

) 

Run Temperature (°C) Initial moisture (%) Inductor (%) pH  48 h 72 h 96 h 

1 25 45 0 5.5  77.66 39.55 25.55 

2 40 45 0 5.5  73.90 35.44 31.83 

3 25 75 0 5.5  397.15 153.15 62.18 

4 40 75 0 5.5  112.71 38.04 43.20 

5 25 45 3 5.5  45.78 20.53 20.46 

6 40 45 3 5.5  45.03 21.56 18.94 

7 25 75 3 5.5  90.73 34.33 34.61 

8 40 75 3 5.5  77.04 32.16 27.15 

9 25 45 0 7.5  71.33 26.63 24.32 

10 40 45 0 7.5  79.38 27.61 26.93 

11 25 75 0 7.5  87.92 51.14 46.52 

12 40 75 0 7.5  395.10 150.10 60.18 

13 25 45 3 7.5  45.75 21.17 19.59 

14 40 45 3 7.5  54.21 20.03 23.13 

15 25 75 3 7.5  85.36 39.14 30.78 

16 40 75 3 7.5  85.95 35.08 31.69 

17 32.5 60 1.5 6.5  67.17 38.75 37.10 

18 32.5 60 1.5 6.5  74.92 34.99 33.53 

19 32.5 60 1.5 6.5  76.61 46.85 43.68 

20 32.5 60 1.5 6.5  86.81 42.67 43.31 

 
 
 
to the standardized variable effect. The vertical line can 
be used to determine that the effects were statistically 
significant, because the bars that extend through this line 
correspond to statistically significant effects with confi-
dence level of 95% (Porto et al., 2008). The effects have 
been demonstrated in these variables, as well as the 
interactions between them (Figure 1). It was observed 
that, at 48 h of fermentation, the humidity showed a 
positive effect, whereas the oil showed a negative effect, 
which means that higher moisture levels and lower 
inductor are better for lipase production. The other 
variables showed no effect on lipase production. 
Fermentation using only licuri almond meal, without the 
addition of olive oil and the accretion of moisture are 
sufficient to get a good lipase production by A. candidus 
URM 5611. This result can be explained due to high lipid 
content in the substrate composition (49.2 + 0.08; 
Source: Crepaldi et al (2001), which suggested the 
occurrence of inhibition by excess substrate. 

Lipids generally lead to increased lipase production 
(Mahadik et al., 2002; Dominguez et al., 2003). However, 
in the current study, the increased lipid source seems to 
have had an inhibitory effect on enzyme production. A 
similar situation was observed by Vargas (2008) who 
evaluated lipase production by Penicillium simplicissimum 
and found that the addition of oil to the different soybean 
cakes used as substrate resulted in a decreased lipase 
production. This fact suggested the occurrence of 
inhibition by excess substrate. As the amount of water is 

always limited, controlling the level of moisture is 
essential to process optimization in the solid state. The 
water content suitable for the substrate must enable the 
formation of a water film on the surface in order to 
facilitate dissolution and transfer of nutrients and oxygen. 
However, the spaces among the particles must remain 
free to allow oxygen diffusion and heat dissipation 
(Gervais and Molin, 2003; Sanchez, 2009). The moisture, 
at very low levels, impairs the transport of nutrients and 
toxins through the membrane and it can cause the loss of 
functional properties of cellular metabolic chain enzymes 
(Gervais and Molin, 2003). 

According to Mahanta et al. (2008), water content is a 
significant factor in substrate physical properties. High 
water content leads to decrease on substrate porosity, 
there by decreasing gas exchange. Moreover, low water 
content may result in reduction of microbial growth and in 
consequent decreased enzyme production. Initially, 
Dantas and Aquino (2010) evaluated the influence of 
water content between 35 and 65% on several substrates 
(castor cake, babassu pie, pumpkin seeds, avocado peel 
and coffee grounds) in lipase production by A. niger 
under SSF. Higher production of lipase (24.6 U/g) was 
obtained when babassu pie was used as carbon source 
with water content of 45%. This relationship can be better 
understood by observing the plot square (Figure 2). It can 
be seen that the highest effect values are at the base, 
and they correspond to moisture, but this effect is 
opposite in relation to inductor concentrations. The best
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Figure 1. Pareto chart of interaction effects on the response of lipase activity produced by Aspergillus candidus URM 5611 
after 48 h of cultivation.  

 
 
 

conditions for enzymes production with lipolytic activity 
can be obtained without added inductor and increased 
moisture in the fermentation medium. By analyzing the 
fermentation costs, the current result is very interesting 
when a process on an industrial scale is designed. It is 
more advantageous to the industry to produce lipolytic 
enzymes using low cost substrates.  
 
 
Enzyme characterization 
 
pH effect on lipase activity and stability  
 
As for the characterization of lipase produced by A. 
candidus URM 5611, the crude enzyme extract was 
chosen as the best condition for enzyme production 
(Table 3, Run 03). The highest lipase activity was 
obtained at pH 2.5. The lipase from A. candidus URM 
5611 was stable at pH range from 2.5 to 9.0 with activity 
values above 65% for 180 min. The maximum stability 
was observed at pH 7.4 with 79% residual activity. These 
results show that lipase is stable over a wide pH range. 
Figure 3 shows the formation of two peaks, possibly due 
to the presence of isoenzymes. Therefore, there is a 
need for further studies on the purification of this enzyme. 
Mahadik et al. (2002) observed that lipases produced by 
A. niger NCIM 1207 had maximal activity at pH 2.5, and 
Falony et al. (2006) demonstrated lipase stability at a pH 

range of 2.0 to 10.0 for A. niger, thus corroborating the 
results from the current study. Moreover, Pera et al. 
(2006) reported that the optimum pH activity of A. niger is 
of approximately 6.0. Ângelo et al. (2014) characterized 
the lipase produced by Fusarium oxysporum, and found 
increased lipolytic activity at pH 8.5. The enzyme was 
stable at pH range from 5.5 to 6.5, and showed low 
stability at pH 8.5. It is known that lipases have isoforms, 
depending on the origin of the enzyme. Furthermore, 
assay conditions, incubation team, pH, temperature, 
substrate and the used methodology can directly affect 
enzymes kinetic properties and stability (Carvalho et al., 
2005). 
 
 
Effect of temperature on activity and stability 
 
The effect of temperature on lipase activity demonstrated 
that the maximum relative activity was obtained at 65°C, 
for 180 min. The enzyme was most stable at 60 and 65°C 
with 120% residual activity, for 180 min. These results 
show that the lipase is stable over a wide temperature 
range. Maia et al. (2001) evaluated the optimum 
temperature of lipase from Fusarium solani and found it 
at 35°C. Pastore et al. (2003) studied the characteristics 
of the lipase produced by a strain of Rhizopus, and found 
the optimum temperature of 40°C. Saxena et al. (2003) 
reported that the optimum temperature of lipase from A.
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Figure 2. Square of the variables (inductor and moisture) as the response variable under lipolytic activity.  
 
 
 

 
 

 
 

 
 

Figure 3. Effect ( ) and stability ( ) of lipase residual activity (%) on pH in SSF produced by 
Aspergillus candidus URM 5611 after 180 min of incubation with initial pH ranging from 2.5 to 9.0. 

 
 
 

carneus was 37°C, thus differing from the results 
obtained in the current study, since the optimum 
temperature for the activity of lipase produced by A.  
candidus was of 65°C. Carvalho et al. (2005) evaluated 
kinetic properties of the lipase by Geotrichum candindum 
in crude extract, and found that the enzyme was stable 

up to 50°C. Ângelo et al. (2014) evaluated the 
temperature effect on the activity of lipase from F. 
oxysporum, and found the optimum temperature of 40°C. 
In view of the stability results obtained at different 
temperatures for the lipase produced by solid state 
fermentation of A. candidus URM 5611, there were thermo- 



 
 
 
 
stable lipases when it is incubated for 180 min at 
temperatures between 30 to 80°C in constant pH of 2.5. 
Thermostability is important for the application of lipase in 
the detergent industry. Thermostable lipases have been 
isolated from many sources, including Mucor pusillus, 
Rhizopus and Aspergillus terreus (Singh and 
Mukhopadhyay, 2012). A more stable lipase alone has 
maximum activity at 60°C and it loses at least 90% of its 
activity after 15 min at 60°C (Said and Pietro, 2004).  
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The cashew nut shell liquid (CNSL) has been associated with a number of biological activities. The aim 
of this study was to evaluate the insecticidal potential caused by CNSL from Anacardium occidentalle L. 
(Anacardiaceae) upon Aedes aegypti and verify histomorphological alterations in the larval midgut. The 
experiments were carried out using third instar A. aegypti larvae, exposed to CNSL at different 
concentrations. After 24 h, the larvae were treated and stained with hematoxylin-eosin (HE). 
Morphometric analyzes were performed on the A. aegypti larvae midgut and registered by 
photomicroscopy. Anacardic acid was identified in CNSL by high performance liquid chromatography 
(HPLC) and showed 69% purity. The minimum concentration of CNSL that promoted mortality of A. 
aegypti larvae (LC10) was 0.01 mg mL

-1
; the LC90 was 0.139 mg mL

-1
 and the LC50 was 0.07 mg mL

-1
. 

Changes in the midgut were severe in larvae treated with CNSL, especially at concentrations of 1.0 to 
0.01 mg mL

-1
; degeneration of the lining, hypersecretion of epithelial cells, increased vacuoles, and 

separation of the epithelial cells from the basal membrane, and disintegration of the brush border and 
damage of the peritrophic membrane occurred. CNSL caused damage to the midgut of 3

rd
 instars of A. 

aegypti by irreversibly disrupting their complete larval development. 
 
Key words: Dengue fever, bioinsecticids from plants, morfology of midgut. 

 
 
INTRODUCTION    
 
Aedes aegypti (Lin, 1762) is the vector mosquito that has  
has the highest current  dispersion  in  urban  areas  over  
the world  and  the  medical  importance  of  its  vectorial  

capacity is to disseminate four serotypes of dengue virus 
as well as yellow fever. The insect’s diurnal 
haematophagic  activity, the  synanthropic  behavior  and 
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anthropophilic habits associated with the physical 
complexity of urban centers have hampered its combat 
(Bessera et al., 2009). Each year infections with dengue 
virus are estimated to be responsible for more than 100 
million of classic cases and more than 500 thousand 
cases of dengue hemorrhagic fever worldwide (Halstead 
et al., 2007). In Brazil Dengue fever has reached about 3 
million cases since 1986.  

The states with the highest incidence were Acre 
(3619.5 cases per 100 000 inhabitants), Mato Grosso do 
Sul (2,521.1 cases per 100 000 inhabitants), Goiás 
(1353.1 cases per 100 000 inhabitants), Rondônia 
(1256.4 cases per 100 000 inhabitants), Roraima (1146.9 
cases per 100 000 inhabitants) and Mato Grosso 
(1,095.5 cases per 100 000 inhabitants). These six states 
account for 75% of cases in Brazil (Oliveira et al., 2011). 
Synthetic insecticides, such as pyrethroids and 
organophosphates, are commonly used to control 
mosquitoes, but this application exposes operators and 
environments. It also leads to the development of 
mosquito resistance to the compounds (Rodriguez et al., 
2007). Chemical control with organophosphates was 
shown to be inefficient in fighting the mosquito, and 
among the organophosphates, temephos was reported 
as Aedes-resistant by Melo-Santos et al. (2010). The 
search for new substances such as those extracted from 
plants has received special attention for natural 
molecules. Complex extracts certainly reduces the risk of 
resistance and the environmental toxicity (Wandscheer et 
al., 2004). According to Phukerd and Soonwera (2013), 
the use of plants and active molecules like proteins or 
secondary metabolites could act against insect defense 
mechanisms, causing them harm by inhibiting the 
digestive process and/or altering their metabolisms. 

Species from the botanical family Anacardiaceae, in 
special genus Anacardium, are currently being 
investigated for this purpose. Furthermore, Anacardium 
occidentale L. (cashew tree) stood out among the 11 
species under investigation in recent years, certainly due 
to its high composition of phenolic lipids with antioxidant, 
antigenotoxic, cytostatic (Stasiuk and Kozubel, 2010) and 
insecticide activities (Asogwa et al., 2007), among others. 
These compounds, namely anacardic acids, constitute 
about 90% of the cashew nut shell liquid (CNSL) and is 
the main industrial and manufactured byproduct of this 
resinous plant (Mazzetto et al., 2009).  A significant 
number of biological activities is credited to this acid, 
among them is the insecticidal effect on A. aegypti 
(Laurens et al., 1997; Lomonaco et al., 2009; 
Mukhopadhyay et al., 2010; Oliveira et al., 2011).  
 

 
 
 
 
The aim of this study was to evaluate the insecticidal 
potential of anacardic acid, a CNSL component from A. 
occidentalle L. (Anacardiaceae), upon A. aegypti and  
verify the histomorphological alterations in the larval 
midgut. 
 
 
MATERIALS AND METHODS 
 
Source of plant material 
 
The CNSL was provided by Kardol Chemical Industry, Campo 
Grande, Mato Grosso do Sul - Brazil, from the endocarp of the A. 
occidentale. The extraction of LCC is occurred with company 
standard and patented methodology. 

 
 
High performance liquid chromatography (HPLC) 

 
The CNSL was further submitted to HPLC (Varian 210, Diode 
Arrangement Detector) and software Star WS (workstation) was 
used. The columns used were reverse phase C-18 (Phenomenex) 
and the pre-column C-18. The elution process was carried out with 
a graded program of solvent A: acetonitrile/water/acetic acid; and B:  
100% of tetrahydrofurane. The pump flow rate was 1 mL min-1 and 
20 μL were injected (22°C).  

Identification of the compound with the aid of DAD detector 
scanning in the spectral range of 200 to 800 nm did not reveal 
interferences in retention time of the sample in HPLC by the 
developed elution method. Standard was easily identified and 
quantified based on their absorption spectra in the UV region and in 
retention time. Standard found in extracts were unambiguously 
identified by performing co-injection experiments in which aliquots 
of the extract and standard were mixed and diluted to a known 
volume, and analyzed through HPLC. The content estimation of the 
anacardic acid (≥85%, Sigma Aldrich) in the CNSL was performed 
by external calibration.   

 
 
Bioassays 

 
The experiments were performed in the Laboratories of Entomology 
of Dom Bosco Catholic University (UCDB), Campo Grande, MS. 
Larvae of late 3rd and early 4th instar of A. aegypti  were used in the 
tests, from mass rearing of eggs aged from two to three months 
after oviposition, obtained from successive generations in vitro 
maintained with blood meal for one hour and half every two 
alternate days in the presence of partial light and temperature 
between 25 and 30°C according to a validated method of Porto et 
al. (2013) for conditions established by the use of biological oxygen 
demand (BOD).  

In order to confirm, susceptibility tests were performed with 
concurrent positive control of Rotenone concentrations ranging 
from 0.005 to 0.020 mg mL-1. The larvicidal biotest was performed 
in quadruplicates using four different concentrations of CNSL: 1.0, 
0.1, 0.01 and 0.001 mg mL-1, in batteries of tests at different times, 
because the product is only 69% of anacardic acid and a mixture of  

*Corresponding author. E-mail:  douradod@uol.com.br. Tel: (67) 9643-1980. 
 
Abbreviations: CNSL, Cashew nut shell liquid; HE, hematoxylin-eosin; HPLC, High performance liquid chromatography; BOD, 
biological oxygen demand; LD, lethal doses. 
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Figure 1. Lethal concentrations (mg mL-1) of different concentration of CNSL. 

 
 
 
several minor components. Twenty-five larvae were exposed to 
each specimen in the test solutions (25 mL) for 24 h, this is an 
acute test; after this period, the number of dead insects and 
survivors through stimulation with Pasteur pipette was observed. 
Individuals that did not move after stimulation were considered 
dead. Concentrations with the highest mortality were submitted to 
calculate the concentrations of larvicide Lethal Doses (LD). 
 
 

Statistical analyses 
 
The results obtained were statistically analyzed by the Probit 
method (Mclaughlin et al., 1991), using software Leora® (Polo 
9735947870655352). The following standard doses prior dilution 
1:10 considering the highest and the lowest toxic dose and four 
doses between 0 and 100% effect were used. Then, parametric 
analysis was performed by the probit method, using a random 
variable associated with a cumulative probability of response 
between binary zero (0) and one (1). Once the calculation is set at 
X2 or chi-square where defines the occurrence of two different 
variables, and calculating to compare proportions by dispersing 90, 
95 and 99% confidence. 

 
 
Histology 

 
The larvae were left standing in their respective concentrations for 
24 h before further analysis was done at the darkened cephalic 
capsule at room temperature in formaldehyde (4%) for a period of 2 
h. These samples were processed in increasing concentrations of 
ethanol and embedded in paraffin, sectioned at 5 μm and stained 
with hematoxylin-eosin (HE). The morphometric analyzes were 
performed in the midgut of the A. aegypti larval digestive system, 
and captured in photomicroscope by Samsung® video camera, 
coupled to microscope Bioval L2000C, using software IMAGELAB 
version 2.4. 

RESULTS AND DISCUSSION 
 

Composition of the CNSL and calculation of lethal 
concentrations (LC)  
 

The product was provided by Kardol, in which HPLC 
analysis showed the presence of 69% of anacardic acid 
and the remainder as a pool of substances according to 
benchmark analysis. From the larval mortality curve 
(Y=28.635ln(x) + 138.8, R

2
 = 0.9181) in relation to 

increasing concentrations of CNSL (Figure 1), the 
minimum concentration capable of producing mortality 
(LD10)  was 0.01 mg mL

-1
 and the maximum concentra-

tion of toxicity (LD90) was 0.13 mg mL
-1

. The LC50 was 
calculated in the dilution range of about 0.07 mg mL

-1
 

(Figure 2). Tests carried out with diluted CNSL caused 
mortality of dilution from  0.01 to  0.1 mg mL

-1
, and the 

confidence interval for mortality is a significance level of 
P <0.05. Anacardic acids and derivatives have been 
reported in a number of works as having insecticidal 
action, particularly for A. aegypti (Lomonaco et al., 2009). 
The results of this study demonstrate that A. aegypti 
larvae and pupae are highly susceptible to 0.012 mg mL

-1 

CNSL. Larvae and pupae of Anopheles subpictus, 
however, are susceptible to 0.038 mg mL

-1
 

Cardanol/CNSL solution (Mukhopadhyay et al., 2010). 
The cardol (LC50 = 14.20 ± 0.62 mg mL

-1
) and cardanol 

(LC50 = 32.90 ± 0.2 mg mL
-1

) obtained from CNLS 
showed activity for A. aegypti (Lomonaco et al., 2009). 
According to Oliveira et al. (2011), the three components 
of CNSL demonstrated good larvicidal activity against A. 
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Figure 2. Larvae without treatment (A) and subjected to exposure of larvae active CNSL (B), 40x 
magnification. 

 
 
 

 
 

Figure 3. Photomicrography of 3rd instar larvae Aedes aegypti digestive system tissue. Control group. A) longitudinal section of 

gastric cecum, cardia valve (cv), anterior midgut (am), middle midgut (mm), lumen (L). HE. 100X. B) Transversal section of 

gastric cecum, ingesta (i), brush border (arrows), HE. 400X. C) Longitudinal section of posterior midgut (pm) and its brush 

borders (arrows), HE. 400X. 

 
 
 
aegypti (LC50 = 12.40 mg L

-1
 for anacardic acid; 10.22 mg 

L
-1 

for cardol; and 14.45 mg L
-1 

for cardanol). 
 
 
Histological analyses 
 
The third instar A. aegypti larvae in the control group 
showed elongated and wormlike external appearance. 
The histological sections showed a normal morphology of 
stomodeum stomach and intestinal cecum (Figure 3AB). 
In the middle region of low cylindrical cells, acidophilic 
cytoplasm with variable areas, central spherical nucleus 
and clear nucleolus were seen. The brush border is 
thicker and marked (previous) and the peritrophic matrix 
(PM) is evident (Figure 3C). Morphological analysis in the 
treated group based on different concentrations of CNSL 
showed concentration of 0.001 mg mL

-1
 in three regions, 

cell shedding in the midgut, food debris and 

fragmentation of MP. The changes were apparent in 
gastric cecum, such as loss of brush border, and the 
absence of material ingested by the larvae in the lumen 
(Figure 4A). In the middle midgut, lining cells were 
rounded, with lots of side crossings and scaling, with a 
decrease in brush border and profuse secretion in the 
lumen (Figure 4B). The epithelium hindgut cells 
completely lost the lateral junction of flooring and base, 
resulting in detachment of the cells to the lumen of the 
hindgut. The brush border was evidenced in these cells 
(Figure 4C). 

The transition zone between the anterior and medial 
regions were formed by throttling midgut with intestinal 
obstruction at a concentration of 0.1 mg mL

-1
 (Figure 5A); 

in the posterior region, the cells had elongated brush 
border. The deleterious changes included total or partial 
destruction of the lining cells, high vacuolization of the 
cytoplasm   and   increased   subperitrophic   space  with  
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Figure 4. Photomicrography of 3rd instar Aedes aegypti larvae digestive system treated with Anacardium occidentale  

(Anacardic acid 0.01 mg mL-1. A) Transversal section of gastric caecum, nucleus (n), brush border (arrows), HE. 400X. B) 

Longitudinal section of middle midgut, endoperitrophic space (ep), ectoperitrophic space (ecs), cellular secretion (cs), HE. 

200x. C) Longitudinal section of posterior midgut, brush border (arrows), desquamation cell (dc), HE. 400x. 

 
 
 

 
 

Figure 5. Photomicrography of Longitudinal sections from 3rd instar Aedes aegypti larvae digestive system treated with 

Anacardium occidentale - Anacardic acid 0.1 mg mL-1 (A, B) and 1.0 mg mL-1 (C). A) Strangulation between the anterior and 

middle midgut (arrow). HE. 200x. B) Stratification in the median midgut (est) desquamation cell (dc). HE. 400x. C) 

Degeneration of the median midgut (d), remnants of the peritrophic matrix (small arrow). 400x. HE. 

 
 
 
accumulation of acidophilic materials (Figure 5C). The 
Culicidae midgut of the larvae comprises three regions 
(previous, middle and further) and is formed by a layer of 
epithelial cells lining integral supported by a cylindrical 
basement membrane. Like other insects, insect 
abdominal region, in addition to its digestive function, 
provides chemical defense function, mechanical protect-
tion and defense against pathogens (Roel et al., 2010). 
The first change caused by anacardic acid in A. aegypti 
larvae was related to movement, contrasting the control 
group that showed great mobility and locomotion in liquid 
medium. The larvae subjected to the highest concentra-
tions of anacardic acid showed low resistance, lethargy 
and immobility, with an overall mortality after 24 h of 
exposure. By observing the tissue section, it was possible 
to detect the disconnection of cells lining the basement 
membrane and loss of intercellular junctions. 

As for the mode of action of phenolic lipids against 
larvaer A. aegypti, few studies have clarified the toxicity 
mechanisms of these compounds in this organism. The 

deleterious changes caused by anacardic acid were 
observed in all three regions of the midgut of the larvae of 
A. aegypti and this activity may be related to the chemical 
structure of lipids phenolic. The aliphatic chain of 
anacardic acid provides a hydrophobic nature, which 
facilitates its permeation in the membrane of the cell wall 
of the larva (lipoprotein membrane), which flows through 
the apolar lipid bilayer of the group affecting the 
permeability of the cell and within groups polar (phenolic 
and carboxylic acid group) can act on the protein amino 
acid residues of the organisms disabling them, as can be 
observed in the changes described in Figures 3, 4 and 5, 
this substance affect primarily the midgut epithelium, and 
secondarily the gastric caeca and malpighian tubules, 
successfully described histopathological alterations 
showed that this substances affect primarily the midgut 
epithelium, and secondarily the gastric caeca and 
malpighian tubules. Successfully, described 
histopathological alterations after exposure of third-instar 
larvae of A. aegypti to LCC. Larval  death  was  observed  
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by Valotto et al. (2010), using catechin and tannin 0.037 
mg mL

-1
 of Magonia pubescens on larvae of A. aegypti. 

High cytoplasmic vacuolization, absence of boundaries 
and formation of apical vesicles were seen. The epithelial 
cells showed stratified, irregular nucleus and vacuoles. 
Scudeler et al. (2014) define that the stratification and 
transformation of a simple columnar epithelium into a 
stratified epithelium, that is, new replacement of cell 
layers showed that a sophisticated defense may occur to 
replace the loss as a result of local lesions induced by 
cells acid. Costa et al. (2012), in studies on A. aegypti 
larvae exposed with methanolic extract of Annona 
coriacea (Magnoliales: Annonaceae), described serious 
histopathological changes, such as vacuolization of the 
cytoplasm, hypertrophy of epithelial cells and their 
nucleus, deterioration of the brush border, cell 
disintegration and apical vesicles formation that released 
their material in the intestinal lumen. In this work, we 
observed the same changes caused by anacardic acid, a 
phenolic lipid that constitutes the most of the liquid from 
the bark of the cashew nut. The changes described in 
this work are mainly caused due to a loss of control of the 
ionic balance and water intake that is commonly reported 
in treatments with oils, plant extracts and toxins (Scudeler 
et al., 2014). The loss of the cytoplasm due to the release 
of cytoplasmic protrusions may be indicative of a toxic 
effect of anacardic acid in the columnar cells. 
 
 
Conclusion 
 
The LCC from A. occidentalle caused changes in the 
midgut of A. aegypti larvae, triggering it irreversible 
damage. In the light of the changes caused by anacardic 
acid in the larvae, this product proved to be toxic and 
potentially able to act as a larvicide and lethal action for 
90% of the population at a dose of 0.13 mg ml 

-1 
after 24 

h exposure in vitro conditions. 
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This research effort seeks to use doses of thioridaxine to enhance antibiotic sensitivity in a multidrug 
resistant (MDR) Staphylococcus aureus strain. Five axenic (pure) strains of S. aureus coded SA1 to SA5 
were obtained from five infected midstream urine samples, inoculated on sterile cystine lactose 
electrolyte deficient (CLED) agar and stocked on sterile nutrient agar slants at 4°C in a refrigerator. 
Bacteria strains were sub-cultured on fresh sterile CLED agar and mannitol salt agar plates to confirm S. 
aureus strains. Gram staining, catalase test and coagulase test were done on the resulting colonies to 
further confirm the strains as S. aureus. Antibiotic susceptibility test was done by agar disc diffusion 
method using sterile Mueller- Hinton agar plates before and after treatment with laboratory dilutions of 
thioridaxine. S. aureus strains 1, 3 and 5 were multidrug resistant as they resisted 3 (37.5%), 3 (37.5%) 
and 4 (50.0%) of the antibiotics used. The highest (11.8±1.4 mm) and least (0.8±10.0 mm) zones of 
inhibition by all five strains were recorded for streptomycin and augmentin, respectively whereas, all 
five uropathogen strains resisted cloxacillin, they were sensitive to gentamycin, cotrimoxazole, 
chloramphenicol and streptomycin. After treatment with 2000 to 2240 ug/ml laboratory dilutions of 
thioridaxine, ≤50.0% loss of resistance was recorded for each of all seven dilutions but only 2240 ug/ml 
dilution recorded mean±S.E. loss of 56.2±17.8% for gentamycin, cotrimoxazole and streptomycin after 
treatment of SA5 uropathogen. This was followed by resistance losses of 41.4±10.8 and 42.7±8.3% 
induced by 2080 and 2200 ug/ml dilutions, respectively. Cumulative effect of all dilutions resulted in 
40.0±8.2 and 40.5±17.1% borderline resistance losses to cotrimoxazole and chloramphenicol, 
respectively. Minimum inhibitory concentration of chloramphenicol was lowered by 2080, 2160 and 2240 
ug/ml dilutions of thioridazine by four-fold (7.5 ug), four-fold (7.5 ug) and two-fold (15 ug), respectively. 
Upon this, the medical/chemotherapeutic implications of these findings are discussed. 
 
Key words: In vitro, dilutions, thioridaxine, enhance, antibiotic, sensitivity, multidrug resistant Staphylococcus 
aureus. 

 
 
INTRODUCTION 
 
Antibiotics resistance is not a new phenomenon. 
However, the current magnitude and speed with which it 
is developing is a cause for global concern (Namita et al., 
2012). According to WHO (2012), antimicrobial resis-
tance is on the rise in Europe and all over the world with 

gradual loss of first line antimicrobials. Epidemiological 
studies have suggested that antibiotic resistance genes 
emerge in microbial populations within five years of the 
therapeutic introduction of an antibiotic (Chakrabarty et 
al., 1990). Hence, numerous classes of antimicrobial agents 
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have become less effective as a result of the emergence 
of antimicrobial resistance often as a result of the 
selective pressure of their daily usage (Oskay et al., 
2009). This selective pressure has been attributed to 
indiscriminate use of antibiotics, complex socio-economic 

behavioral antecedents and dissemination of drugs 
resistant pathogens in human medicine (Okeke et al., 
1999). Moreover, the disappointing lack of new antimi-
crobial agents has led to overuse of existing ones thus 
leading to the emergence of multi-resistant pathogens 

(McGowan, 2006). Therefore, as the proliferation of 
multidrug resistant pathogens continue unavoidably 
within and around us, it is important that their resistance 
trend be put under check through intensive research and 
antibiotic surveillance (Akortha and Filgona, 2009). The 
primary causes of antibiotic resistance in bacteria are 
mobile elements called plasmids and conjugative trans-
posons. Plasmids are extra chromosomal DNA elements 
that have the capacity to replicate independently of the 
chromosome of the bacterial cell (Madigan et al., 2003). 
Resistance plasmids or R plasmids code for enzymes 
that can inactivate antibiotics, prevent the uptake of an 
antibiotic or pump out the particular antibiotic (Neu, 
1989). Other causes of antibiotic resistance are efflux 
pumps, mutation, under dosage or use of drugs without 
prescription (Amaral et al., 2013). Plasmids carry genes 
some of which code for beta-lactamase or extended 
spectrum beta lactamase which can inactivate or degrade 
drugs thus rendering them ineffective (Amaral et al., 
2013). 

Curing is the process of removing plasmids from a 
bacterial cell (Trevors, 1986). The resulting bacteria then 
become sensitive to the selective agent and it was initially 
thought that this phenomenon would proffer solution in 
controlling the development of antibiotic resistance in 
formerly antibiotic susceptible bacteria. DNA intercalating 
dyes (ethidium bromide), sodium dodecyl sulphate 
(SDS), antibiotics, thymine starvation and elevated tem-
peratures have been used as curing agents (Chakrabarty 
et al., 1984; Gupta et al., 1980; Obaseki-Ebor, 1984; 
Reddy et al., 1986). Novobiocin, ethidium bromide, 
acriflavine, acridine orange, ascorbic acid and elevated 
temperatures have been used as curing agents (Ramesh 
et al., 2000). Physical treatments, chemical compounds 
and growth conditions may increase the frequency of 
elimination of drug resistant R-plasmids, resulting in 
sensitive cells that were previously resistant to antibiotics 
(Lakshmi et al., 1981). It has been reported that 
phenothiazines have the ability to control overexpression 
of efflux pump systems and thus are able to remove or 
reduce  antibiotic resistance (Viveiros et al., 2010; Amaral 

 
 
 
 
et al., 2013). Mukherjee et al. (2012) reported the use of 
1000 to 3000 ug/ml dilutions of a type of phenothiazine 
and an anti-psychotic drug called thioridaxine to cure a 
multidrug resistant strain of Pseudomonas aeruginosa. 
Multidrug resistance is now common among familiar 
pathogens such as Escherichia coli, Staphylococcus 
aureus, Klebsiella pneumoniae, P. aeruginosa to mention 
but a few (Nabeela et al., 2004). The enormous genetic 
plasticity of the organism assists it to endlessly evolve 
resistance mechanisms against existing antimicrobial 
agents thus necessitating the need to control the spread 
of resistant Staphylococcal isolates in hospitals and 
health care settings (Gomber and Saxena, 2007).  

Seventy percent to 90% of S. aureus strains 
demonstrate resistance to the penicillins and amino-
penicillins and hence, infections are often difficult to treat 
because of widespread cross-resistance to amino-
glycosides, macrolides, lincosamides, tetracyclines, 
cephalosporins, carbapenems, beta-lactamase inhibitor 
combinations, trimethoprim and sulphonamides (Nichols, 
1999). While, vancomycin is often regarded as the last 
line of defense against nosocomial and community based 
S. aureus infections (Bhalakia, 2008), resistance has 
been reported and there is a major concern that total 
antibiotic resistant strains may emerge in the immediate 
future (Diekema et al., 2001). Soonafter, the use of 
penicillin, S. aureus was found to produce penicillinase 
(beta-lactamase).  

To overcome this situation, the antibiotic-methicillin was 
used to replace penicillin and S. aureus strains resistant 
to methicillin emerged very quickly (Woo et al., 2003). 
This same pattern was also seen following the use of 
vancomycin. Treatments that increase frequency of 
elimination of plasmids will certainly enhance sensitivity 
(effectiveness) of antibiotics in situ. There is no published 
current work on use of laboratory dilutions of thioridaxine 
in the treatment (curing) of a multidrug resistant S. 
aureus uropathogen.  

The focus of this work therefore, was the use of 
laboratory dilutions of thioridaxine to enhance the 
antibiotic sensitivity of multidrug resistant S. aureus 
uropathogen with the following objectives: 1) Determine 
the antibiograms of five selected S. aureus pure culture 
strains obtained from cultures of midstream urine 
samples after 37°C incubation for 24 h with the aim of 
selecting a multi-antibiotic resistant strain; 2) determine 
the antibiotic susceptibility profiles of a selected MDR S 
aureus strain in terms of ≤50% resistance loss after 
treatment with laboratory dilutions of thioridaxine (that is, 
2000 to 2240 ug/ml); 3) show a summary of data of ≤50% 
resistance loss by thioridaxine dilutions after treatment on  
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the MDR S. aureus strain; 4) determine thioridaxine 
dilutions’ effect(s) on the minimum inhibitory concentra-
tion (MIC) of a selected antibiotic that recorded borderline 
loss of resistance (that  is, between 45 to 49% as 
borderline to ≤ 50%). 
 
 

MATERIALS AND METHODS 
 

Sampling 
 

Five pure (axenic) isolates (strains) of S. aureus were obtained from 
24 h CLED agar plate cultures with appropriate labeling. The agar 
plate medium used was one of several agar plates which had been 
inoculated with freshly voided midstream urine samples by a 
graduating student working on urinary tract infection in the 
Microbiology and Biotechnology laboratory of Western Delta 
University, Oghara. The status of the S. aureus isolates (strains) 
was re-confirmed by aseptically inoculating representative colonies 
on sterile Mannitol Salt agar plates. Inoculated plates were 
incubated aerobically at 37°C for 24 h. Gram reaction, biochemical 
and sugar fermentation tests by standard methods were then 
carried out to identify the resulting colonies (Cowan and Steel, 
1993). Catalase positive, coagulase positive, bright yellow smooth 
gram positive cocci in clusters which were confirmatory of S. aureus 
were then stocked on sterile nutrient agar slants and kept at 4°C in 
the refrigerator after appropriate labeling for further use. The five 
bacterial uropathogens were then subjected to antibiotic sensitivity 
testing before treatment with laboratory dilutions of thioridaxine. 
 
 

Antibiotic sensitivity testing 
 

Antibiotic sensitivity testing was carried out on the pure culture 
colonies of the five S. aureus strains using the agar disc diffusion 
method on sterile Mueller-Hinton agar (MHA) plates (Bauer et al., 
1966). A loopful of each colony of the uropathogens was picked 
aseptically using a flamed wire loop and placed in the centre of the 
sterile MHA plates. This was then spread all over the plates 
applying the caution of not touching the edges of the plates. The 
seeded plates were allowed to stand for about 2 min to allow the 
agar surface to dry. A pair of forceps was flamed and cooled and 
used to pick an antibiotic multidisc (Abitek, Liverpool) containing 
augmentin (30 ug), gentamicin (10 ug), erythromycin (5 ug), 
tetracycline (25 ug), cotrimoxazole (25 ug), cloxacillin (5 ug), 
chloramphenicol (30 ug) and streptomycin (10 ug). The discs were 
placed at least 22.0 mm from each other and 14.0 mm from the 
edge of the plates (Ochei and Kolkhatkar, 2008). Antibiotic discs 
were selected on the basis of their clinical importance and efficacy 
on various pathogenic strains of S. aureus. The seeded plates were 
allowed to stand for 10 min before incubation (Mbata, 2007). At the 
end of incubation, the diameters of the zones of inhibition from one 
edge to the opposite were measured to the nearest millimeter using 
a transparent ruler (Byron et al., 2003). Strains that showed 
resistance against three antibiotics and above were termed multiple 
drug resistant strains (Jan et al., 2004) and were noted and used 
further. 
 
 

Preparation of laboratory dilutions of thioridaxine 
 

Thioridaxine (a phenothiazine also known as 2-methylmercapto-10-
(2-N-methyl-2-piperidyl-ethyl phenothiazine) dilutions of 2000 to 
2240 ug/ml were chosen based on the lethal Dose-50 (LD50) of 956 
to 1034 mg/kg administered orally on rats as reported by Barth et 
al. (2006) and in line with a similar study carried out by Mukherjee 
et al. (2011).  Laboratory thioridaxine dilutions of 2000,  2040, 2080, 
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2120, 2160, 2200 and 2240 ug/ml were therefore prepared using 
RV/O where stock or original concentration of thioridaxine used was 
50 mg tablet (Southwood Pharmaceuticals, UK). The 50 mg tablet 
was originally dissolved in 10 ml sterile water to give 5 mg/ml which 
is equivalent to 5000 ug/ml. To obtain 2000 ug/ml dilution, 2 ml of 
stock or original drug (5000 ug/ml thioridaxine) was mixed or diluted 
with 3 ml sterile water. To obtain 2040 ug/ml dilution, 5.1 ml of stock 
was mixed with 7.4 ml of sterile water. A mixture of 5.2 ml of stock 
drug solution with 7.3 ml of sterile diluent resulted in a dilution of 
2080 and 2120 ug/ml dilution was obtained by mixing 5.3 ml of 
original drug solution with 7.2 ml of diluent (sterile water). To obtain 
2160 ug/ml dilution, 5.4 ml stock drug solution was mixed with 7.1 
ml of diluent, while a mixture of 1.1 ml of stock with 1.4 ml of diluent 
gave a dilution of 2200 ug/ml. Lastly, 2240 ug/ml was obtained by 
mixing 5.6 ml of stock with 6.9 ml of diluent. 
 
 
Growing broth culture of MDR Staphylococcus aureus (SA5) 
 
The stock culture of SA5 was selected from among the initial five 
stocked strains. An inoculum of SA5 was aseptically picked from its 
slant stock culture using flamed and cooled wire loop and 
inoculated into 10 ml sterile Nutrient broth (LabM, UK). The 
inoculated broth was incubated at 37°C for 18 h. The resulting 
turbid broth culture was then diluted according to a modified 
method of Shirtliff et al. (2006). Using a sterile pipette, 0.1 ml of 
broth culture was mixed with 19.9 ml (1:200 dilution) of sterile 
Nutrient broth. This was properly mixed and was used as working 
inoculum and should contain 105 to 106 organisms and used within 
30 min (Ochei and Kolhatkar, 2008). 
 
 
Treatment of SA5 uropathogen with prepared thioridaxine 
dilutions 
 
The treatment of MDR S. aureus strain 5 with the prepared 
thioridaxine dilutions was done according to a modified method by 
Byron et al. (2003). Using a sterile pasteur pipette, 0.5 ml aliquot of 
the diluted overnight broth culture of SA5 uropathogen was added to 
4.5 ml sterile molten Nutrient agar (LabM, UK) and mixed. The 
various prepared dilutions (one at a time) of thioridaxine were then 
added in 0.5 ml volume. The set up for each dilution was then 
poured on top of sterile hardened or set 2% Nutrient agar plates 
and left to set. The same antibiotic multidiscs used before treatment 
were then picked (using flamed and cooled pair of forceps) and 
impregnated on the set agar overlay plates. Plates were incubated 
at 37°C for 24 h. Measurement of diameter of zones of inhibition 
was taken and recorded (NCCLS, 2000). 
 
 
Determination of effect of thioridaxine dilutions treatment on 
MIC of chloramphenicol 

 
Serial doubling dilutions of chloramphenicol (using its MIC of 30 ug 
as a basis) was carried out. Chloramphenicol was chosen for this 
assay because it showed a mean ± S.E resistance loss of 40.5 ± 
17.1 across all the dilutions (Table 3) and 45% is a borderline of 
≤50.0% which is the benchmark for the purpose of this study. The 
idea is that any thioridaxine dilution that can reduce the MIC may 
enhance its sensitivity and therefore, loss of resistance is likely to 
shore up from 45%. Sterile cotton wool plugged test tubes 
numbering 11 (eleven) were set up on a test tube rack and labeled 
1 to 11. Using a sterile pipette, 1 ml of sterile nutrient broth was 
dispensed into tubes 2 to 7. Two milliliters of Nutrient broth was 
dispensed into tube 8 as Nutrient broth control. Tubes 2 to 7 were 
then labeled with chloramphenicol concentrations of 120, 60, 30, 
15, 7.5, 3.75 and 1.88 ug/ml. A 250 mg capsule of chloramphenicol 
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Table 1. Sensitivity Profiles of five Staphylococcus aureus strains before treatment with laboratory dilutions of thioridaxine after 
incubation at 37°C for 24 h. 
 

Strain code 
Antibiotic zones of inhibition (mm) 

GEN ERY CXC AUG COT CHL      TET STR 

SA1 7.0 5.0 0.0 0.0 9.0 5.0 0.0 10.0 

SA2 5.0 0.0 0.0 4.0 8.0 6.0 6.0 10.0 

SA3 11.0 6.0 0.0 0.0 5.0 4.0 0.0 13.0 

SA4 7.0 5.0 0.0 0.0 6.0 7.0 7.0 12.0 

SA5 8.0 0.0 0.0 0.0 5.0 6.0 0.0 14.0 

Mean±S.E 7.6±2.1  3.2±4.0 0.0 0.8±10.0 6.6±1.5 5.6±0.8 2.6±3.3 11.8±1.4 
 

GEN = Gentamicin; ERY = erythromycin; CXC = cloxacillin; AUG = augmentin; TET = tetracycline; CHL= chloramphenicol; COT = 
cotrimoxazole; STR = streptomycin; SA1- SA5 = Staph aureus strains 1 to 5. 

 
 
 

was dissolved in 10 ml of sterile water and diluted to 240 ug/ml 
using RV/O in a sterile 200 ml transparent bottle. From this 240 
ug/ml chloramphenicol preparation, 2 ml volume was pipetted into 
tube 1. From tube 1, one milliliter was pipetted into tube 2 and 
mixed and 1.0 ml was pipetted into tube 3 and mixed. From tube 3, 
1.0 ml was pipetted into tube 4. Finally, 1.0 ml was pipetted into 
tube 7, mixed and 1.0 ml was pipetted out and discarded. The 
diluted S. aureus inoculum was then dispensed in 0.5 ml volume 
into tubes 2 to 7. Into tube 10, two milliliters of the diluted broth 
culture was dispensed. Into tube 9, two milliliters of the 240 ug/ml 
chloramphenicol diluted drug was dispensed. The first dilution of 
thioridaxine (2000 ug/ml) was then added (in 0.5 ml volume) to 
each tube and the content of each tube was properly mixed. The 
set up was repeated for each of the other dilutions of thioridaxine. 
All tubes were incubated in a water bath at 37°C for 24 h. The MICs 
as affected by each thioridaxine dilution were read and recorded. 
 
 

RESULTS 
 

Table 1 shows the antibiotic susceptibility pattern of S. 
aureus strains 1-5 isolated from mid-stream urine 
samples of which their sensitivity responses to 
gentamicin, tetracycline, chloramphenicol, augmentin, 
erythromycin, cloxacillin, cotrimoxazole and streptomycin 
are shown. S. aureus strains 1 and 3 resisted three 
antibiotics each (cloxacillin, tetracycline and augmentin), 
SA2 strain resisted two drugs (erythromycin and cloxacillin) 
while SA4 resisted two antibiotics which were cloxacillin 
and augmentin. Only S. aureus strain 5 (SA5) resisted 4 
(50.0%) antibiotics and these were erythromycin, 
cloxacillin, augmentin and tetracycline. The highest 
(11.8±1.4 mm) and least (0.8±10.0 mm) zones of 
inhibition by all five strains were recorded for streptomycin 
and augmentin, respectively. All the five S. aureus 
uropathogens resisted cloxacillin. Because S. aureus 
strain 5 resisted more than three antibiotics, it was 
considered a multidrug resistant uropathogen and was 
used further in the study.  

Table 2 shows the sensitivity profile of SA5 (S. aureus 
strain 5) after treatment with thioridaxine dilutions. The 
uropathogen was resistant to erythromycin, tetracycline, 
cloxacillin and augmentin. The uropathogen SA5 was 
sensitive to gentamicin, cotrimoxazole, chloramphenicol, 
and streptomycin with 8.0, 5.0, 6.0 and 14.0 mm zones of 

inhibition, respectively (Table 1). Table 2 also shows data 
of zones of inhibition of S. aureus strain 5 after treatment 
with laboratory dilutions of thioridaxine. Zones of inhibi-
tion before and after treatment were also mathematically 
computed to obtain ≤50.0% loss in resistance (that is, 
improvement in sensitivity). Treatment with 2000 ug/ml 
thioridaxine recorded a 60.0% loss of resistance to 
cotrimoxazole.  

Sensitivity improvement or resistance losses of 50.0 
and 107.1% were recorded for chloramphenicol and 
streptomycin, respectively, after treatment with 2040 
ug/ml dilution of the chemical agent. After 2080 ug/ml 
thioridaxine treatment, 80.0 and 85.7% resistance losses 
were recorded for cotrimoxazole and streptomycin, 
respectively. The same curing treatment resulted in a 
less than 20% resistance loss to gentamycin and 
chloramphenicol, respectively.  

Resistance loss of 150.0% was recorded for 
chloramphenicol after the uropathogen was treated with 
2120 ug/ml dilution of thioridaxine whereas 80.0% loss of 
resistance was recorded for cotrimoxazole after 2160 
ug/ml thioridaxine treatment. For the same treatment, 
less than 15.0% loss was recorded for streptomycin. After 
2200 ug/ml treatment, 87.5 and 83.3% loss of resistance 
were recorded for gentamycin and chloramphenicol, 
respectively, while 20.0% and less than 10% losses were 
recorded for cotrimoxazole and streptomycin, respec-
tively. Lastly, resistance losses of 87.5, 60.0 and 78.5% 
were recorded for gentamicin, cotrimoxazole and 
streptomycin, respectively, after 2240 ug/ml thioridaxine 
treatment. Table 3 is a summary of ≤50% loss of 
antibiotic resistance after 2000 to 2240 ug/ml treatment 
with thioridaxine laboratory dilutions. With regard to Table 
1, only gentamicin, cotrimoxazole, chloramphenicol and 
streptomycin recorded ≤50% loss in resistance. Only 
thioridaxine dilution of 2240 ug/ml recorded mean ±S.E 
loss of resistance for all the four antibiotics of 
56.2±17.8%. Less than 45, 45, 40, 40 and 30% loss of 
resistance were effected by 2200, 2080, 2040, 2120, 
2160 and 2000 ug/ml laboratory dilutions of thioridaxine, 
respectively, for all four antibiotics. All the dilutions put 
together recorded mean ±S.E loss of resistance of
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Table 2. Thioridaxine dilutions that induced ≤50.0% loss in resistance after treatment on multidrug resistant SA5 uropathogen. 
                                                                                                                                                                             

Thioridaxine 
dilutions ug/ml 

             Selected antibiotics (% improvements in sensitivity) 

Treatment GEN ERY CXC AUG COT CHL TET STR 

2000 
Before 
After 

8.0 
8.0 

(0.0) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

5.0 
8.0 

(60.0)* 

6.0 
6.0 

(0.0) 

0.0 
0.0 

(0.0) 

14.0 
14.0 
(0.0) 

          

2040 
Before 
After 

8.0 
8.0 

(0.0) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

5.0 
5.0 

(0.0) 

6.0 
9.0 

(50.0) 

0.0 
0.0 

(0.0) 

14.0 
29.0 

(107.1)* 
          

2080 
Before 
After 

8.0 
9.0 

(12.5) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

5.0 
9.0 

(80.0)* 

6.0 
7.0 

(16.7) 

0.0 
0.0 

(0.0) 

14.0 
26.0 

(85.7) * 
          

2120 
Before 
After 

8.0 
9.0 

(12.5) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

5.0 
5.0 

(0.0) 

6.0 
15.0 

(150.0)* 

0.0 
0.0 

(0.0) 

14.0 
15.0 
(7.1) 

          

2160 
Before 
After 

8.0 
8.0 

(0.0) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

5.0 
9.0 

(80.0)* 

6.0 
6.0 

(0.0) 

0.0 
0.0 

(0.0) 

14.0 
16.0 

(14.1) 
          

2200 
Before 
After 

8.0 
15.0 

(87.5)* 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

5.0 
6.0 

(20.0) 

6.0 
11.0 

(83.3)* 

0.0 
0.0 

(0.0) 

14.0 
15.0 
(7.1) 

          

2240 
Before 
After 

8.0 
15.0 

(87.5)* 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

0.0 
0.0 

(0.0) 

5.0 
8.0 

(60.0)* 

6.0 
8.0 

(33.3) 

0.0 
0.0 

(0.0) 

14.0 
25.0 

(78.5)* 
 

*The values indicate the antibiotics to which the bacterial inoculum recorded equal to or more than 50% reduction in resistance after 
treatment with the corresponding concentration or dilution of the curing agent-thioridaxine. 

 
 
 

Table 3. Summary of ≤50% loss of resistance as induced by thioridaxine dilutions’ treatment on MDR 
SA5 uropathogen. 
 

Thioridaxine dilutions ug/ml 
Antibiotics whose resistance was reduced by ≤50.0% 

GEN (%) COT (%) CHL (%) STR (%)  Mean±S.E 

2000 0.0 60.0 0.0 0.0  15.0±8.4 

2040 0.0 0.0 50.0 107.1  39.3±12.1 

2080 50.0 80.0 0.0 85.7  41.4±10.8* 

2120 0.0 0.0 150.0 0.0  37.5±3.5 

2160 0.0 80.0 0.0 0.0  20.0±11.1 

2200 87.5 0.0 83.3 0.0  42.7±8.3* 

2240 87.5 60.0 0.0 78.5  56.2±17.8* 

Mean±S.E 25.0±14.3 40.0±8.2* 40.5±17.1* 38.8±16.6   
 

*The values indicate the antibiotics to which the bacterial inoculum recorded equal to or more than 50% 
reduction in resistance after treatment with the corresponding concentration or dilution of the curing agent-
thioridaxine. 

 
 
 

40.5±17.1, 40.0±8.2, 38.8±16.6 and 25.0±14.3% in that 
descending order for chloramphenicol, cotrimoxazole, 
streptomycin and gentamycin, respectively. This means 
chloramphenicol and cotrimoxazole recorded borderline 
loss of resistance as compared with the benchmark of 
≤50%. Data on the effect of thioridaxine dilutions on the 
minimum inhibitory concentration (MIC) of chloramphenicol 
on the multidrug resistant S. aureus strain 5 uropathogen 
are shown in Table 4.  

At the end of 24 h incubation at 37°C of the 
experimental set up, inoculum control tubes for all 

thioridaxine dilutions (2000 to 2240 ug/ml) showed 
turbidity (cloudiness) as expected. As expected also, 
sterile broth control and drug control tubes remained 
clear at the end of incubation. Laboratory dilutions of 
2000, 2040, 2120l and 2200 ug/ml did not affect the 
minimum inhibitory concentration (MIC) of chloramphenicol 
as the MIC remained 30 ug. Reductions in MIC of 
chloramphenicol were however effected by 2080, 2160 
and 2240 ug/ml thioridaxine dilutions. Thioridaxine 
dilutions of 2080 ug/ml and 2160 ug/ml reduced 
chloramphenicol MIC to 7.5 ug each which is a four-fold
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Table 4. The effect of thioridaxine dilutions on the minimum inhibitory concentration (MIC) of chloramphenicol on multidrug resistant 
Staphylococcus aureus strain 5 uropathogen after 24 h incubation at 37°C. 
 

Thioridaxine 
dilutions 
(ug/ml) 

New MIC after 
thioridaxine 
treatment 

Serial dilutions of chloramphenicol (ug/ml) 

120.0 60.0 30.0 15.0 7.50 3.75 1.88 
Inoculum 
control 

Sterile 

broth control 

Drug 
control 

2000 No change - - - + + + + + - - 

2040 No change - - - + + + + + - - 

2080 7.5 ug (4-fold) - - - - - + + + - - 

2120 No change - - - + + + + + - - 

2160 7.5 ug (4-fold) - - - - - + + + - - 

2200 No change - - - + + + + + - - 

2240 15 ug (2-fold) - - - - + + + + - - 
 
 
 

reduction, while 2240 ug/ml reduced the MIC to 15 ug (a 
two-fold reduction). 
 
 
DISCUSSION 
 
This study has the underlining intent of making sugges-
tions aimed at reclaiming some common old and not too 
old drugs which are losing therapeutic usefulness owing 
to ineffectiveness in terms of therapeutic outcome. The 
alternative is to replace the old drugs with new ones but it 
will be counter-productive because such new drugs may 
be more costly, may be toxic (that is, may have more 
adverse side effects), their use may need much longer 
stay in the hospital (or longer duration of treatment) and 
their use may require treatment in intensive care units. 
Antibiotic susceptibility profiles of all five strains 
(uropathogens) of S. aureus before thioridaxine treatment 
in this study showed that the five uropathogen strains 
were sensitive to gentamicin, cotrimoxazole, chloram-
phenicol and streptomycin with mean± SE zones of 
inhibition of 7. 6 ± 2.1, 6.6 ± 1.5, 5.6 ± 0.8 and 11.8 ± 1.4 
mm, respectively. The implication of this is that 4(50.0%) 
of the antibiotics recorded positive reactions at the end of 
incubation. Whereas, the five uropathogen strains were 
resistant to cloxacillin, strains SA1 and SA3 resisted three 
antibiotics each which were cloxacillin, tetracycline and 
augmentin.  

Strain SA2 resisted erythromycin and cloxacillin while 
SA4 resisted cloxacillin and augmentin. The fact that SA5 

strain resisted more than three antibiotics (that is, 
erythromycin, cloxacillin, augmentin and tetracycline) 
qualifies it as a multidrug organism (Jan et al., 2004; 
Otajevwo, 2012). Strain SA5 was sensitive to gentamycin, 
cotrimoxazole, chloramphenicol and streptomycin. 
Findings suggest that infections or diseases caused by 
MDR S. aureus strain 5 in the study environment and 
perhaps in other environments can be treated 
successfully with gentamicin/cotrimoxazole/ 
chloramphenicol/streptomycin (that is, any one of the 
four) only or in synergistic combination a physician may 
consider safe and potent. The privilege of choosing any 

of the four (except streptomycin perhaps) will be cheering 
to low income patients in terms of cost and availability. 
The almost total resistance recorded against augmentin 
is worrisome because it is a drug that is used to treat a 
good number of human diseases. Some authors have 
also expressed similar worry over augmentin in terms of 
antibiotic susceptibility (Oluremi et al., 2011; Otajevwo, 
2012; Otajevwo, 2014). It was not clear whether the site 
from where the pathogens were isolated had any direct or 
indirect effect on the antibiograms of the strains as 
recorded in this study. However, it may be possible that 
pH changes or variation from site and presence /absence 
of oxygen could affect the response of S. aureus (a 
facultative aerobe) to relevant antibiotics it is exposed to 
in vitro. The sensitivity profile obtained in this study 
however, is subject to verification and confirmation by 
other researchers. 

The fact that each of the five strains was resistant to 
two-four of the antibiotics used in this study may suggest 
that very large population of S. aureus organisms have 
been exposed to several antibiotics (Oluremi et al., 
2011). Thioridaxine laboratory dilutions of 2000, 2040, 
2080, 2120, 2160, 2200 and 2240 ug/ml were used to 
treat and cure five uropathogenic strains of S. aureus 
with the intent of reducing their resistance significantly or 
eliminating it completely. The loss of (≤50%) resistance 
after treatment with the stated dilutions of thioridaxine 
was used as the basis of establishing the curing effects of 
these dilutions. The use of 50% and above loss in 
resistance as a criterion to determine the extent of 
plasmid curing was according to the scheme provided by 
Akortha et al. (2011). Stanier et al. (1984) reported that 
the elimination of plasmids by dyes and other natural 
agents reflects the ability of such an agent to inhibit 
plasmid replication at a concentration that does not affect 
the chromosome. After treatment with 2000 to 2240 ug/ml 
thioridaxine dilutions, S. aureus strain 5 still remained 
completely resistant to erythromycin, cloxacillin, 
augmentin and tetracycline. This could be due to the fact 
that plasmids responsible for resistance to these drugs 
may be chromosome- mediated or non- conjugative 
plasmids (Akortha and Filgona, 2009). Many authors have 



 
 
 
 
profusely reported occurrence of multidrug resistant S. 
aureus in their studies (Gales, 2000). 

Thioridaxine dilution of 2000 ug/ml induced 60.0% loss 
of resistance of the uropathogen to cotrimoxazole. Also, 
only two antibiotics namely chloramphenicol and 
streptomycin recorded 50.0 and 107.1% resistance 
losses respectively after 2040 ug/ml thioridaxine 
treatment (Tables 2 and 3). In a similar study, some 
authors have used 2000 ug/ml thioridaxine dilution 
treatment to induce loss of resistance (enhance antibiotic 
sensitivity) in some multidrug resistant strains of 
Pseudomonas aeruginosa and recorded elimination 
(curing) of antibiotic resistance in thioridaxine treated 
strains (Mukherjee et al., 2012). It was concluded in their 
report that the antipsychotic drug-thioridaxine is a potent 
agent able to eliminate drug resistance plasmids which 
are much longer in size than the plasmids of other gram 
negative bacteria (Mukherjee et al., 2012). From these 
results, it seems thioridaxine dilution of 2240 ug/ml and 
perhaps, 2080 or 2200 ug/ml may possess the capacity 
to eliminate resistance put up by multidrug resistant 
strains of S. aureus and therefore, could be administered 
in the therapeutic control of various infections caused by 
such bacteria. According to Mukherjee et al. (2012), the 
simultaneous application of thioridaxine to patients may 
open up a new arena of therapy. The simultaneous 
application of thioridaxine may not only act as an 
additional antibacterial agent but may also help to 
eliminate the drug resistant plasmids from the infectious 
bacterial cells (Spendler et al., 2006). Hence, patients 
suffering from MDR S. aureus infections may be 
administered thioridaxine at standard human doses 
(using 2240 or 2080 or 2200 ug/ml as a basis) along with 
antibiotics especially gentamicin, chloramphenicol, 
cotrimoxazole or streptomycin. 

Also in this study, sensitivity enhancement effect of 
thioridaxine laboratory dilutions on the minimum inhibitory 
concentration (MIC) of chloramphenicol as it affected 
MDR S. aureus strain 5 uropathogen showed a four-fold 
(7.5 ug), four-fold (7.5 ug) and two-fold (15 ug) reductions 
in MIC of chloramphenicol as recorded for 2080, 2160 
and 2240 ug/ml thioridaxine dilutions, respectively. Some 
authors had reported similar findings on MDR S. aureus 
strains (Otajevwo and Momoh, 2013) as well as on MDR 
strains of Pseudomonas aeruginosa using acridine 
orange (Otajevwo and Okungbowa, 2014). Otajevwo 
(2012) reported similar results using ethidium bromide 
dilutions on MDR strain of E. coli. A fast and accurate 
determination of MIC can ensure optimal effective 
treatment of patients while at the same time avoiding 
over-prescription. This will save money for healthcare 
providers as well as reduce development of resistance 
(NCCLS, 2000; McGowan and Wise, 2001). 

The MIC of chloramphenicol which is 30 ug (based on 
long standing research) was reduced to 7.5 ug (four-fold 
reduction), 7.5 ug (four-fold reduction) and 15 ug (two-
fold reduction) by thioridaxine laboratory dilutions of 2080,  
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2160 and 2240 ug/ml, respectively, as tested on multiple 
resistant drug strain of S. aureus isolated from the urinary 
tract of a patient.  

According to Dimitru et al. (2006), there is a significant 
correlation between MIC values and the inhibition zone 
diameters obtained by a 30 ug disc. The lower the MIC 
and the larger the zone of inhibition, the more susceptible 
the microorganism is to the antimicro-bial agent and 
conversely, the higher the MIC and smaller the zone of 
inhibition, the more resistant the microorganism (Dimitru 
et al., 2006).  

The medical implication therefore of the four-fold, four-
fold and two-fold reduction of chloramphenicol MIC by 
thioridaxine dilutions of 2080, 2160 and 2240 ug/ml, 
respectively, is that when doses of one of these dilutions 
or a combination of any two are incorporated into the 
manufacture of chloramphenicol or any other related 
antibiotic and then administered to a patient diagnosed to 
be suffering from a disease caused by MDR S. aureus 
strain, a better result in terms of outcome (cure of the 
disease) may be achieved as it will require four times its 
concentration to function in vivo.  

In a related work, Kohler (2010) showed that the 
resistance of P. aeruginosa to tetracycline efflux was 
reduced from MIC 0.032 to 0.004 ug/ml (an eight- fold 
reduction) by treatment with phenothiazine. Crowle et al. 
(1992) demonstrated that non- toxic concentrations of 
phenothiazine in the lungs achieved complete elimination 
of Mycobacterium tubercolosis. In a related study, some 
workers had reported the capacity of an aqueous 
methanolic plant- extract- epidiosbulbin- E- acetate (EEA) 
to decrease the MIC of antibiotics against MDR bacteria 
thus making antibiotic treatment more effective (Shiram 
et al., 2008) 
 
 

Conclusion 
 

Thioridaxine laboratory dilution of 2040 ug/ml induced 
≤50% resistance losses for gentamicin, cotrimoxazole, 
chloramphenicol and streptomycin. Also, 2080, 2160 and 
2240 ug/ml thioridaxine dilutions effected chloramphenicol 
MIC reductions by four-fold, four-fold and two-fold, 
respectively. Hence, patients suffering from MDR S. 
aureus infections may be administered thioridaxine at 
standard human doses (using 2080, 2160 and or 2240 
ug/ml as a basis) along with any of the above antibiotics 
(singly or in combination). It is hoped that this 
simultaneous or part application of thioridaxine with 
antibiotics will eliminate plasmids while enhancing the 
penetration of antibiotics into pathogenic bacterial cells 
especially those of MDR S. aureus. The likely effect of 
this is that patient recovery will be facilitated and hospital 
stay and hospital cost would be drastically reduced. 
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