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ABSTRACT 
Two genetically engineered cowpea lines(TCL-709 and TCL-711) were evaluated under field 
conditions along with the original parental genotype (IT86D-1010) at confined field trial site 
Samaru Nigeria for expression of morpholgical traits. The present study was designed and 
conducted in order to understand whether genetic transformation of cowpea with Cry1Ab gene had 
led to unwanted changes on the morphological features of transgenic cowpea lines, by making 
comparative assessment between the transgenic lines and untransformed original parental 
genotype. The result showed that comparison made between transgenic cowpea line TCL-709 and 
original parental type showed non-significant differences in all the parameters compared. Similarly, 
comparison made between cowpea transgenic line TCL-711 and IT86D-1010 had significant 
differences for days to first flowering, days to first pod maturity and plant height while vegetative 
traits such as number of primary branches, yield attributes like total number of pods per plant at 
maturity were not significantly different from the original parent.  The most important character in 
a crop-improvement programme is yield, the result indicated that the genotypes (TCL-709, TCL-711 
and IT86D-1010) had non-significant differences among themselves regarding total number of 
pods per plant. It is therefore concluded that the introduction of Cry1Ab gene has not led to 
harmful changes on the gross morphological characteristics of cowpea plants, besides conferring 
insect resistance to Maruca pest. 
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INTRODUCTION 
Cowpea is the most important legume crop and the 
source of food for over 200 million people in sub 
Saharan Africa (AATF, 2010; NGICA, 2002). More than 
70% of cowpea is produced and consumed in Africa 
(Kushwaha et al., 2004). The global production of 
cowpea is over 6Mt (Abate et al., 2012) and cowpea 
productivity is severely affected by several abiotic and 
biotic stresses, including damage caused by insect 
pests (Darshana et al., 2007). Maruca Pod Borer 
(MPB) is a chronic pest in all cowpea-growing 
environments in Africa (Sharma et al., 1999). They 
cause more yield loss than any other group of cowpea 
field insect pests (Fatokun, 2009), Use of chemicals 
not only increase the cowpea production cost but also 
causes health hazards to cowpea farmers, non target 
organisms and deteriorates environment (Fatokun, 
2009). Using conventional breeding, several hundreds 
of accessions of cultivated cowpea and its wild 
relatives have also been screened for resistance to 
this pest by the International Institute of Tropical 
Agriculture. Accessions belonging to Vigna 
vexillata were found to be resistant to M. vitrata. 
These accessions were found to be closest to cowpea 
in a phylogenetic study of diversity in 
the Vigna species. Efforts were made to cross cowpea 
with V. vexillata but without success. This strong 
cross-incompatibility makes gene exchange between 
the two species impossible. This led to genetic 
transformation of an advanced breeding line with 
Cry1Ab gene at the Commonwealth Scientific and 
Industrial Research Organization Laboratory, 
Canberra, Australia (Fatokun, 2009; Ishiyaku, 2010). 

Genetic engineering experiments are 
conducted with a specific objective in mind. The 

scientists aim to transfer foreign DNA into a host 
organism and effect specific changes within that 
organism (Holdrege, 2008). However, each genetic 
transformation exercise results in a different change in 
the genetic architecture of the cells. There are 
numerous ways in which the genetic transformation 
can affect changes in the host organism (Holdrege, 
2008). The site of gene insertion and the copy number 
are not always the same (Khan, 2008). There may be 
up-regulation or down-ward regulation of some native 
genes due to the insertion of a foreign gene, some 
native genes may become silenced or silenced genes 
may become active due to the pleiotropic effects of 
foreign gene (Khan, 2008). Each transgenic plant has 
its unique genetic architecture and level of expression. 
When an organism is genetically altered, changes in 
its morphology, physiology, or metabolism will change 
the way it relates to its environment (Holdrege, 2008). 
It is therefore imperative that transformed cowpea 
plants be studied for any unintended change in plants 
by comparative assessment between genetically 
engineered lines and the untransformed parent having 
the same genetic make up except the engineered 
foreign gene.   

This study was carried out to evaluate the 
effect of genetic transformation on the expression of 
morphological traits in cowpea. This Research was 
conducted under the confined field conditions 
between June, 2012 to September, 2012 at the 
Institute for Agricultural Research (IAR), Samaru 
Nigeria. Two genetically engineered cowpea line; TCL-
709 and TCL-711 and the untransformed parent 
(IT86D-1010) were used. The description of the 
genetic materials used is given in Table 1. 
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MATERIALS AND METHODS 
Field Evlauation 

The two transgenic lines (TCL-709 and TCL-711) and 
IT86D-1010 were evaluated under field conditions 
during the 2012 cowpea growing season at the 
confined field trial site (CFT) Samaru. The trial was 
planted using randomized complete block design with 
three replications. The plant to plant and row to row 
spacing was kept at 30cm by 75cm respectively. The 
plot size was 3m x 5m and no insecticidal spray 
against lepidopteran insects was applied. Data were 
recorded for the following parameters viz; Days to first 
flowering, Days to first pod maturing, Plant Height in 
(cm), Number of primary branches at vegetative 
stage, Total number of pods per Plant at maturity and 
Number of pods damaged by Maruca while the 
observations on the following qualitative characters 
namely; leaf shape, pod shape, node pigmentation, 
flower colour, stem pigmentation, peduncle 
pigmentation, pod pigmentation, reaction to Maruca, 
of the transgenic and non- transgenic cowpeas were 
also taken during the present study. These characters 
were compared between the transgenic cowpea lines 
and the original genotype, to see if any unintended 
changes had occurred in the transgenic cowpeas lines 
after the genetic transformation. 
 

Statistical Analysis 
The data recorded on individual plant basis were 
subjected to analysis of variance and least significant 
difference (LSD) method was used to separate the 
means where significant differences existed. Paired-
wise comparison were made for the plants of cowpea 
line IT86D-1010 and the transgenic lines TCL-709 and 
TCL-711 for the quantitative morphological traits 
measured. 
 
RESULTS 

Days First Flowering 
The days to first flowering are represented in Figures 
1 and 2. Statistically, the TCL-709  and IT86D-1010 
had no significant differences among themselves in 
the number of days it takes to first flowering (Table 
3), while TCL-711 and IT86D-1010 had highly 
significant differences in days to first flowering (Table 
3). It means that the Cry1Ab gene had exerted no 
significant effect on days to first flowering of the TCL-
709, as expected. However, the gene exerted 
negative effect on the line TCL-711, delaying flowering 
later than the original genotype (Table 3).  
 
Days to First Pod Maturity 

The Days to first pod maturity are shown in Figures 3 
and 4. Statistically, the TCL-709 and IT86D-1010 had 
no significant differences among themselves in the 
number of days it takes to first pod maturity (Table 
3), while TCL-711 and IT86D-1010 had a highly 
significant difference in days to first pod maturity 

(Table 3). It means that the Cry1Ab gene had exerted 
no significant effect on the number of days to first pod 
maturity of the TCL-709. However, the Cry1Ab gene 
exerted negative effect on TCL-711, making its pods 
to mature later than IT86D-1010 (Table 3).  
 
Plant Height 
The plant height of the genotypes (TCL-709, TCL-711 
and IT86D-1010) under comparison are presented in 
Figures 5 and 6. The results revealed that differences 
among the genotypes were not significant statistically 
for TCL-709 and IT86D-1010 (Table 3); which means 
that, the Cry1Ab gene had exerted no effect on plant 
height. Transgenic line TCL-711 and IT86D-1010 had 
significant difference in their heights (Table 3). The 
insertion of Cry1Ab gene had affected the height of 
the line TCL-711, making it generally shorter than the 
IT86D-1010.  
 
Number of primary Branches per Plant at 
vegetative stage 

A perusal of the (Table 3) indicates that the lines 
(TCL-709, TCL-711 and IT86D-1010) did not differ in 
respect of number of primary branches per plant. The 
results clearly indicated that the genetic 
transformation had not affected this character. The 
number of primary branches data is given in Figures 7 
and 8. 
 

Total Number of Pods at maturity 
The results on the total numbers of pods are 
presented in Figures 9 and 10. The results showed 
that the genotypes had no significant differences 
among themselves in relation to the total number of 
pods per plant (Table 3). It means that the insertion 
of Cry1Ab gene had exerted no significant effect on 
the number of pods produced per plant. It was as 
expected because the Cry1Ab  gene is not a yield 
contributing gene. However, theoretically the 
transgenic  genotypes might have higher yield than 
the non-transgenic check due to the enhanced insect 
resistance capability of the transgenic plants as an 
indirect effect. 
 

Comparison of some Qualitative traits of 
Trangenic lines and the untransformed parent 

The comparisons of transgenic and non- transgenic 
parent is presented in (Table 4). The Hastate 
(Narrow) leaf shape of the genotypes remained 
unchanged after transformation. Similarly, pod shape 
remained erect even after transformation. The stem, 
pod and peduncle, pigmentations were the same in 
the transgenic cowpea lines as in the original 
genotype. The plant reaction to Maruca was found to 
be susceptible in case of non-transgenic cowpea 
genotype. It was however, resistant in case 
of transgenic cowpea lines (Table 4). 
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Table 1: The Pedigree and Description of the Parental materials used in the Experiment 

Genotypes Pedigree Description 

TCL-709   Transformation Event 
derived from IT86D-
1010. 

Sourced from Common Wealth Scientific and Industrial Research 
Oorganization Labouratory Canberra Australia. It’s a transgenic 
cowpea line resistant to Maruca vitrata. 
 

TCL-711      Transformation Event 
derived from IT86D-
1010. 

Sourced from Common Wealth Scientific and Industrial Research 
Oorganization Labouratory Canberra Australia. It’s a transgenic 
cowpea line resistant to Maruca vitrata. 
 

IT86D-1010   Derived from a 
cross between  
TVx4659-03E 
         X 
IT82E-60 

It’s an advanced breeding line, medium maturity (71days), 
photo-insensitive variety with semi-erect plant growth habit. It 
has combined resistance to cowpea yellow mosaic, blackeye 
cowpea mosaic and many strains of cowpea aphid borne mosaic, 
Cercospora, smut, rust, Septoria, scab, Ascochyta blight, bacterial 
blight, anthracnose, nematodes, Striga, Alectra, ahpid, thrips and 
bruchid (Singh et al., 2002). 

 
Table 2: Analysis of Variance for different characters of the field Evaluation at CFT, Samaru, 2012. 

Source of 
Variation 

Days to 
First 

Flowering 

Days to 
First Pod 

Maturity 

Plant 
Height in 

(cm) 

Total Number 
of Pods  

Number of 
Primary 

Branches  

Number of 
Pods 

Damaged  

Replication 2.69ns 14.59ns 5344.04ns 804.04ns 3.64* 39.77ns 
Genotypes 31.06** 151.28** 23855.23** 1737.01** 0.83ns 914.87** 
Error 3.45 4.80 1787.48 264.40 0.83 17.23 
* = significant differences at P<0.05 probability level,  
** = significant differences at P<0.01 probability level,  
NS = non significant difference. 
 

Table 3: Mean performance of the Cowpea lines evaluated under field conditions at CFT, Samaru, 
2012. 

 Genotypes Days to 

First 
Flowering 

Days to 

First pod 
maturity 

Plant 

Height 
in (cm) 

Total 

number of 
Pods per 

plant 

Number of 

Primary 
Branches 

per plant 

Number of 

Pods 
Damaged 

per plant 

IT86D-1010 44.75 64.28 160.28 34.00 5.13 11.07 
TCL-709 45.96 64.48 137.29 43.00 5.04 0.00 
TCL-711 47.65 69.25 82.99 26.00 5.40 1.95 
LSD 1.22 1.40 29.19 9.22 0.60 2.35 

 
Table 4: Comparison of some Qualitative traits among Transgenic and the untransformed cowpea 

lines 

Feature TCL-709   TCL-711  IT86D-1010 

 (Non-Bt line) 

Leaf shape Hastate (Narrow) Hastate (Narrow) Hastate (Narrow) 
Pod shape Erect Erect Erect 
Stem pigmentation Green   Green   Green   
Peduncle pigmentation     Green Green Green 

Flower color White to light purple    White to light purple    White to light purple    
Pod pigmentation Green Green Green 

Node pigmentation Purple Purple Purple 
Reaction to Maruca    Resistant Resistant Susceptible 
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Figure 1: Days to First Flowering for IT86D-1010 and Transgenic line TCL-709 
 

 
Figure 2: Days to First Flowering for IT86D-1010 and Transgenic line TCL-711 

 

Figure 3: Days to First Pod Maturiy for IT86D-1010 and Transgenic line TCL-709 
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Figure 4: Days to First Pod Maturity for IT86D-1010 and Transgenic line TCL-711 

 

 
Figure 5: Plant Height data of IT86D-1010 and Transgenic line TCL-711 
  

 
Figure 6: Plant Height data of IT86D-1010 and Transgenic line TCL-709  
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Figure 7: Number of Primary Branches at Vegetative stage for IT86D-1010 & TCL-709 

 

 
Figure 8: Number of Primary Branches at vegetative stage for IT86D-1010 & TCL-711 

 

Figure 9: Total Number of Pods for IT86D-1010 and Transgenic line TCL-709 
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Figure 10: Total Number of Pods for IT86D-1010 and Transgenic line TCL-711 

 
DISCUSSION 

Information on the phenotype of genetically 
transformed cowpea plants expressing Cry1Ab gene is 
important for plant breeders and regulatory agencies 
to: identify any intentional changes to the phenotype 
that might be detrimental to the environmental safety 
and to identify unintended changes to the biology of 
the plant. This information includes phenotypic 
characteristics of the plant that might contribute to its 
survival or persistence or that negatively affect 
agricultural performance for example disease 
susceptibility and yield data and are usually sourced 
from laboratory, greenhouse and field trial studies 
(ANZFA, 2000a, 2000b, 2000c). 

In the present study, comparison made 
between transgenic cowpea line TCL-709 and IT86D-
1010 showed no significant differences in all the 
parameters compared. These results are in conformity 
with the earlier report of Khan (2008) that Cry1Ab did 
not affect the number of monopodial branches in 
cotton. The non-alteration of the characters other 
than for which transformation was done is highly 
desirable (Khan, 2008). It is thus evident that these 
characteristics of the plants were not affected by the 
transformation event and remained almost at their 
parental level (Khan, 2008). Since the seeds used 
for transformation were of an approved breeding line, 
it was therefore a highly positive aspect of this 
transformation that most of the varietal characters 
remained unaltered. Similarly, comparison made 
between cowpea transgenic line TCL-711 had 
significant differences for days to first flowering, days 
to first pod maturity and plant height while non-
significant differences were observed for number of 
primary branches at vegetative stage and total 
number of pods per plant at maturity.  Khan, (2008) 
reported significant changes in cotton lines 
transformed with Cry1Ab gene; that the  transgenic 
plants had got other positive effects as well in addition 
to insect resistance, for example; the percentage 
ginning out-turn and number of sympodial branches 
per plant had increased significantly when compared 
with the non- transgenic parent (Khan, 2008).  

Statistically significant differences have been 
obtained between genetically engineered plants 
expressing Cry1Ab and controls in many cases, but 
these differences were small and fell within the 
reported range for their conventional counterparts 
(ANZFA, 2000a, 2000b, 2000c). Although changes 
were observed in the phenology of the one of the 
transgenic line, generally, the phenotypic data showed 
no major change in the growth pattern of the crop 
that would support the hypothesis that the 
introduction of Cry1Ab transgene had any harmful 
effect on the gross morphological characteristics of 
plants, besides conferring resistance to Maruca pest 
(CERA, 2011).  

The Cry1Ab transgene is intended to provide 
resistance to target insect pest- Maruca; this taken 
into account when phenotypic observations were 
made, some of the data collected were on quantitative 
traits such as plant height while other data are 
qualitative and observational such as differences in 
disease susceptibility. The weight of evidence from 
analyses of phenotypic and compositional data 
demonstrated that, Cry1Ab expression in approved 
genetically engineered crops, like maize did not alter 
the gross physiology of the plant, and that these 
plants are not more likely to become weedy or 
invasive than their conventional counterparts (CERA, 
2011). 
 
CONCLUSION 
Assessments of impact of genetic transformation of 
crops are comparative by necessity, and typically 
involve comparisons to an untransformed parent line. 
The point of these comparisons is to identify potential 
risks the genetically transformed plant might present 
beyond what is already accepted for like plants in the 
environment. The impact of genetic transformation of 
cowpea with cry 1Ab gene on the morphological 
expression of the transgenic lines were investigated in 
the present study to identify any unintended changes 
to the biology of the plant that might negatively affect 
agricultural performance of these lines.

50 



Bajopas Volume 7 Number 2 December, 2014 
 

In the present study, comparison made between 
transgenic cowpea line TCL-709 and IT86D-1010 
showed non-significant differences in all the 
parameters compared and the un-alteration of the 
characters other than for which transformation was 
done is highly desirable. Similarly, comparison made 
between cowpea transgenic line TCL-711 had 
significant differences for days to first flowering, days 
to first pod maturity and plant height. Statistically 
significant differences have been seen between 
genetically transformed plants expressing Cry1Ab 

gene and controls in many cases, but these 
differences were small and fell within range of 
conventional types. In summary, differences were 
observed between the original parent and one of the 
transgenic line used in the study but generally the 
morphological data showed no pattern of changes that 
would support the hypothesis that the introduction of 
Cry1Ab gene had any harmful effect on the gross 
morphology of cowpea plants, besides conferring 
insect resistance to Maruca pest. 
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