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Abstract

Nuclear genes have to a large extent been exploited in genetic cowpea improvement, but
little is known about the effects of cytoplasmic mutations on agronomic traits. This study
investigated the effect of cytoplasmic factors agronomic traits in crosses between two
cytoplasmic mutants and some nuclear cowpea lines. The experiment was conducted at
Department of Crop Protection Environmental Biology, University of Ibadan. A yellow
variant derived from the sorting-out of mutant plastids of mixed cells lineage (IB-Y-Cyt.)
was crossed to four normal green lines and a variegated mutant in all possible
combinations. F, and reciprocal-F, progenies from the crosses and six generations
comprising parents, F,, F, and their reciprocals from four selected crosses were evaluated
in pots using Randomized Complete Block Design with four replicates. Data were
collected on the following quantitative traits; days to flowering and ripe pod, pod length
and seed traits. Data were analyzed using t-test and correlation coefficient analysis.
Crosses involving the cytoplasmic mutants as female parents had negative effects on
most of the traits studied. The mutant cytoplasms had negative effects on traits affecting
the productive capacity of the plants as well as related traits in the F, generation, these
effects in turn transcend to most of the quantitative traits leading to poor seed formation
especially in the yellow cytoplasmic mutant.
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Introduction

Cowpea, Vigna unguiculata (L.) Walp. - a
leguminous crop, is a self pollinating herbaceous
annual, believed to have originated from Africa
due to the great genetic diversity of its
germplasm found in this region (Ng and
Maréchal, 1985). It is an important source of
protein for most people in the tropical and
subtropical regions of the world. Optimum
cowpea production is limited by many factors
such as, pests and diseases throughout its life
cycle, problems associated with soil such as

water lodging and soil acidity, inadequate
cultural practices, yield barriers which arise from
the uncertainty about the definition of high-yield
ideotypes. Breeding varieties to overcome or
ameliorate many of these constraints has been a
major goal of many cowpea breeding
programmes (Rachie, 1985).

Most agriculturally important traits are
controlled by genes outside the nucleus.
Consequently, major efforts of plant breeders
and geneticists have been focused on nuclear
genes. Cytoplasmically inherited traits (traits



outside the nucleus or extrachromosomal traits)
however are transmitted via the cytoplasm as
distinct from nuclear inheritance (traits within
the nucleus or chromosomal inheritance).
Cytoplasmic traits can be detected by differing
contributions of male and female parents in
during reciprocal crosses.

Interactions between normal nuclear and
cytoplasmic factors (leaf colour mutation) may
result in pigment deficiencies (Stubbe, 1964; Wu
etal., 2014). However, most pigment deficiencies
are the direct result of either nuclear or
cytoplasmic mutations (Shoemaker et al., 1985).
The combinations of nuclear and cytoplasmic
components can result in abnormal plastid
development and reduction in leaf pigment
content (Schotz, 1970; Zhang et al., 2017).
Cytoplasmically transmitted traits had been
reported in crops such as; Zea mays (Bosacchhi
et al., 2015); Glycine max (Hatfield et al., 1985);
Vigna unguiculata (Porbeni and Fawole, 2012);
Gossypium hirsutum (Han et al,, 2008; Zhang et
al., 2009).

Plastids associated with morphological or
biochemical markers had been used with varying
successes to describe the sexual transmission of
extrachromosomal organelles (Tilney-Bassett
and Birky, 1981). Cytoplasmic male sterile
mutants in maize have greatly facilitated hybrid
seed production (Allard, 1960; Allen, 2005).
Resistance to herbicides, for example atrazine,
due to modifications in the plastid membrane
that prevents atriazine binding thereby
conferring resistance had been documented in
Brassica campestris (Wu et al., 2006); Oryza
sativa (Harisprasauna et al., 2004). Cytoplasmic
effect had both positive and negative for days to
flowering, plant height and grain vyield in rice
(Oryza sativa) [Young and Virmani, 1990].
Information on cytoplasmic and nuclear gene
interaction and their consequent effects on yield
related traits in cowpea however are limited. In
order to utilize both nuclear and cytoplasmic
mutants effectively during crop improvement, a
thorough understanding of how they affect
agronomic and yield related traits is necessary.
The objective of this study therefore was to
determine the effect of cytoplasmic and nuclear
mutants interaction on some agronomic traits of
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cowpea.

MATERIALS AND METHODS
Origin of normal and cytoplasmic mutant lines.
The origin and descriptions of normal
parents (green foliage); Ife-BPC, Ife Brown
Crinkled (IF-BR-Cr) and IBS 4474 were reported
by Fawole and Afolabi, 1983; Fawole (1997 and
2000); and the cytoplasmic mutants (variegated
and yellow) by (Fawole, 2001; Porbeni and
Fawole, 2012) respectively.

Cross-compatibility test

In order to test for reciprocal differences
among crosses of normal and cytoplasmic
mutants of cowpea and effect on agronomic
traits, hybridization was achieved using the
method of Rachie et al., (1975), to obtain crosses
in all possible combinations with reciprocals for
the six parental lines. A preliminary cross-
compatibility test was carried out on the
cytoplasmic mutants, IB-Y-Cyt. and IB-Var-3
(yellow and variegated mutants), crossed to
each of the lines, that is; Ife —-BPC, IBS 447, IF-
BR-Cr (nuclear mutants) and G10603 (breeding
line- normal). Crosses involving IB-Y-Cyt. as
female parent and Ife BPC, IBS 4474 led to
partial sterility (fewer seeds), while reciprocal
crosses with the cytoplasmic mutants produced
well filled seeded pods (adequate seeds for the
inter-character relationship studies). Ife BPC and
IBS 4474 crosses with the cytoplasmic variant
however, could not be used for further studies
due insufficient number of seeds.

The cross population comprising the F,
crosses, their reciprocals (RF,) and the parental
lines were evaluated on the rooftop garden of the
Department of Crop Protection and
Environmental Biology, University of Ibadan,
Nigeria, in a Randomized Complete Block
Design, with four replicates. Three seeds of
each line were planted in a 35cm diameter pot
filled with garden soil. A replicate consisted of 15
pots planted to the F,, 15 pots to the reciprocal F,
and six to the parental lines, to give a total of 144
pots. Two seeds per buckets were planted to 100
pots each for the F, and its reciprocals to give a
total of 200 pots per replicate. Cultural practices
including daily watering and pest management
were carried out. Data were collected on the



following quantitative traits: number of days
from sowing to first flower and to first ripe pod,
pod length (cm), number of seeds per pod, and
100-seed weight (g).

Data were subjected to analysis of
variance to test for genotypic differences among
the lines using the General Linear Model (GLM)
procedure of the Statistical Analysis (SAS 2008)
programme, after which pair-wise comparison of
each F, mean and its reciprocal was carried out
using the t-test. Inter-character relationships
among traits in the F, generation was carried
with using correlation coefficient analysis.

Results
Effects of cytoplasmic factors on some agronomic
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traits of cowpea.

Comparison of reciprocal F, progenies for mean
number of days from sowing to first flower and
ripe pod is presented on Table 1. Number of days
to first flower ranged from 45.75 days (IF-BR Cr x
IBS 4474) and 72.00 days (IB-Y-Cyt. x G10603),
while IB-Y-Cyt. x IB-VAR-3 and IB-Y-Cyt. x IBS
4474 (93.00 and 59.25 days) to first ripe pod
respectively. The cytoplasmic mutants as female
parents recorded longer number of days to first
flower and consequently longer days to first ripe
pod for all crosses except, IB-Y-Cyt. x IF-BR-Cr
(0.222) and IB-Y-Cyt. x Ife-BPC (0.117) where no
significant effect was observed. Crosses
involving all the green x green lines did not show
significant reciprocal difference for both number
of days to first flower and ripe pod.

Table 1: Comparison by t-test of reciprocal F, progenies for mean number of days to first flower
and first ripe pod in crosses involving two cytoplasmic mutants and four normal cowpea lines.

Number of days to first flower

Number of days to first ripe pod

(days) (days)

Crosses 2 _ _ L _ _ L

F, RF, F, - RF; ®* P-value F, RF, F, - RF; ° P-value
IB-Y-Cyt. x 72.00 67.50  4.50 0.023%* 87.00 76.25 10.25 0.054%*
G10603
IB-Y-Cyt x 55.50 45.50 10.00 0.001 %% 78.50 63.25 15.25 0.222
IF-BR-Cr
IB-Y-Cyt. x 68.25 56.25 12.00 0.002%* 93.00 74.00 19.00 <0.001%*
IB-Var-3 *
IB-Y-Cyt x 57.75 45.50 12.25 0.001%* 80.00 59.25 20.75 <0.001%*
IBS 4474 *
IB-Y-Cyt x 62.25 54.00 8.25 0.028* 83.00 70.00 13.00 0.117
Ife-BPC
IB-Var-3 x 63.00 55.00 8.00 0.033** 81.25 74.50 6.75 0.095%
G10603
IB-Var-3 x 54.00 41.00 13.00 0.020%* 68.25 58.00 10.25 0.006%*
IF-BR-Cr
IB-Var-3 x 60.50 45.00 15.50 0.001 %% 77.00 65.00 12.00 <0.001%%*
IBS 4474 *
IB-var-3 x 71.25 51.75 19.50 <0.001%** 9225  66.00 26.25 0.383
Ife-BPC
G10603 x 50.75 48.00 2.75 0.459 70.25 66.50 3.75 0.726
IF-BR-Cr
G10603 x 50.75 53.75  -3.00 0.420 69.25 70.75 -1.50 0.383
Ife-BPC
G10603 x 54.00 49.00 5.00 0.180 70.25 66.50 3.75 0.641
IBS 4474
Ife-BPC x 50.25 49.25 1.00 0.788 69.25 67.25 2.00 0.954
IBS 4474
Ife-BPC x 47.25 47.00  0.25 0.946 64.75 64.50 0.25 0.954
IF-BR-Cr
IF-BR-Cr x 45.75 45.75  0.00 1.000 64.00 64.75 -0.75 0.861
IBS 4474

a First named parent = female, second named parent = male
b F, means compared with RF, means
*** significant at 0.1%, ** at 1%, * at 5% probability levels by t-test,
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All crosses involving the cytoplasmic mutants as
male parents produced longer pods; except IB-Y-
Cyt. x IB-Var-3 and IB-Y-Cyt. x Ife-BPC which
showed no significant reciprocal difference for
pod length (0.163 and 0.117) respectively.
However, the cytoplasmic mutants as female
parents led to a decrease in pod length, except
IB-VAR-3 x Ife- BPC (11.15cm). All crosses
involving the IB-VAR-3 x green lines showed
significant reciprocal effect except IB-Var-3 x Ife-
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BPC, for number of seeds per pod. All F, crosses
involving the IB-Y-Cyt. mutants were reciprocally
different, while other F, progenies except IB-Var-
3 x IF-BR-Cr, IB-Var-3 x IBS 4474 and IB-Var-3 x
Ife-BPC showed no significant reciprocal
difference. IF-BR-Cr x IBS 4474 was the only
green X green cross that showed significant
reciprocal difference for number of seeds per pod
(Table 2).

Table 2: Comparison by t-test of reciprocal F, progenies for mean pod length (cm) and number
of seeds per pod in crosses involving two cytoplasmic mutants and four normal cowpea lines.

Pod length (cm) Number of seeds per pod
Crosses® F, RF, F,-RF,® P-value F, RF, F, -RF,” P-value
IBY-Gyt. x 1141 1695  -554 <0.001** 556 12.28 -6.72 <0.001*
10603 * k¥
IBY-Gyt x 11.70 1506  -3.36 0.026* 693 947 -254 0.004**
IF-BR-Cr
IBY-Gyt. x 1070 1446  -3.76 0.163 423 891 468 <0.001*
IB-Var-3 k%
IBY-Gyt x 11.94 1524  -3.30 0.026* 548 837 -2.89 0.001%*
IBS 4474 *
IBY-Cyt x 1249 1429  -1.80 0.117 58 875 292 <0.001*
Ife-BPC %
IB-Var-3 x 1351 17.99  -4.48 0.008*** 829 1149 -3.20 <0.001*
(10603 ¥
IB-Var-3 x 1403 1438  -0.35 0.125¢ 966 10.63 -0.97 0.117
IF-BR-Cr
IB-Var-3 x 1059 1435  -3.76 0.003** 641 836 -1.95 0.024
IBS 4474
IB-Var-3 x 11.15 11.04  0.11 0.759 778 771  0.07 0.953
Ife-BPC
G10603 x 1568 1518  0.50 0.941 11.98 1266 -0.68 0.423
IF-BR-Cr
G10603 x 1491 1498  -0.07 0.616 1040 1051 -0.11 0.900
Ife-BPC
G10603 x 1564 1585  -0.21 0.735 908 960 -0.52 0.540
IBS 4474
IfeBPC x 11.19 1226  -1.07 0.274 611 994 -3.83 0.336
IBS 4474
IfeBPC x 1271 1241 0.30 0.813 934 1029 -0.95 0.269
IF-BR-Cr
IF-BR-Cr x 1279 11.89  0.90 0.603 821 713 1.08 0.024*
IBS 4474

a First named parent = female, second named parent = male

b

F, means compared with RF, means
*** significant at 0.1%, ** at 1%, * at 5% probability levels by t-test,
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A comparison of reciprocal F, progenies for mean
100 -seed weight is presented in Table 3. Six
reciprocal F, progenies, four involving the IB-Y-
Cyt. as a parent and the other two involving IB-
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Var-3 as a parent, showed significant reciprocal
effects. All other crosses did not exhibit
significant reciprocal difference.

Table 3: Comparison by t-test of reciprocal F, progenies for mean 100- seed weight (g) of
crosses involving two cytoplasmic mutants and four normal cowpea lines

Crosses ° Iy RF, F, - RF," P-value
IB-Y-Cyt. x G10603 13.90 19.89 -5.99 <0.001%**
IB-Y-Cyt x IF-BR-Cr 10.45 16.22 -5.77 0.004***
IB-Y-Cyt. x IB-Var-3 7.53 15.71 -8.18 <0.001%**
IB-Y-Cyt x IBS 4474 13.63 19.44 -5.81 <0.001%**
IB-Y-Cyt x Ife-BPC 18.79 16.88 1.91 0.172
IB-Var-3 x G10603 12.83 13.33 -0.50 0.757
IB-Var-3 x IF-BR-Cr 9.57 13.48 -3.91 0.752
IB-Var-3 x IBS 4474 10.83 14.36 -3.53 0.031*
IB-Var-3 x Ife-BPC 12.16 8.77 -3.39 0.038*
(10603 x IF-BR-Cr 12.24 12.80 -0.56 0.723
(10603 x Ife-BPC 13.10 15.31 2.21 0.174
G10603 x IBS 4474 13.99 15.13 -1.14 0.483
Ife-BPC x IBS 4474 11.98 13.13 -1.15 0.476
Ife-BPC x IF-BR-Cr 15.62 16.29 -0.67 0.675
IF-BR-Cr x IBS 4474 14.45 11.49 2.96 0.069

a First named parent = female, second named parent = male

b

F, means compared with RF, means
*** significant at 0.1%, ** at 1%, * at 5% probability levels by t-test

Correlation coefficients of some agronomic traits
in four cowpea crosses.

Inter-character correlation coefficients
between some agronomic traits studied in the F,
generation of four crosses are shown on (Tables
4 and 5). Number of days to first flower was
highly significant and positively correlated with
number of days to first ripe pod in all the crosses,
a similar trend was observed for pod length with
number of seeds per pod.

Plant height was negatively correlated with most
of the traits studied except number of seeds per
pod (r= 0.259) and 100-seed weight (r= 0.246).
Number of days to first ripe pod also had a
negative relationship with all the characters
studied except number of days to first flower. Pod
length was strongly and positively correlated

with number of seeds per pod and 100-seed
weight (r= 0.551 and 0.290 respectively) Table
4.

A positive relationship was recorded
among all the traits except, nhumber of days to
first flower and number of seeds per pod (r= -
0.015) and number of seeds per pod with 100-
seed weight (r= -0.013) in the cross IB-VAR-3 x
IF —BR-Cr. In the cross between IB-VAR-3 X
G10603, number of days to first flower was
negatively correlated with pod length (r= -
0.043) and number of seeds per pod (r=-0.019),
number of days first ripe pod was also negatively
correlated with pod length (r= -0.071) and
number of seeds per pod (r= -0.025). A positive
association was however observed among all the
traits studied.
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Table 4: Correlation coefficient of some quantitative traits studied in crosses between

the cytoplasmic mutant and two normal green lines.

IB-Y-Cyt. Plant hgt @ Days to Days 1%t Pod Seeds per 100-
X 6wks (cm) 1°* flower ripe pod length pod seed

IF-BR-Cr (cm) weight

(9)

Plant hgt @ 6wks -

(cm)

Days to 1% flower -0.332* -

Days 1% ripe pod -0.432% 0.772%%x -

Pod length (cm) 0.259 -0.277 -0.336%* -

Seeds per pod -0.090 -0.056 -0.264 0.551**x* -

100- seed weight 0.246 -0.150 -0.003 0.290 0.024 -

(9)

IB-Y-Cyt
X

G10603

Plant hgt@ 6wks -

Days tolst flower -0.292 -

Days 1% ripe pod -0.484%** 0.650*** -

Pod length (cm) 0.516** -0.273 -0.330*% -

Seeds per pod 0.375%* -0.239 -0.512%%* 0.662*%** -

100- seed weight 0.348%* 0.068 0.006 0.447* 0.010 -

(9)

P < 0.001 (***), 0.01 (**) , 0.05 (¥).

Plant hgt @ 6wks: Plant height at 6 weeks; Days to 1* flower: days to first flower;

Days to 1% ripe: days to first ripe pod.

Table 5: Correlation coefficient of some quantitative traits studied in crosses between

a variegated cytoplasmic mutant and two normal green lines.

IB- VAR-3 Days to Days 1°" Pod Seeds 100 -
X 1" flower ripe pod length (cm) per seed

IF-BR-Cr pod w eight

(9)

Days to 1°°

flow er

Days 1% ripe 0.946***

pod

Pod length 0.056 0.004

(cm)

Seeds per -0.015 0.033 0.675%**x*

pod

100- seed 0.148 0.090 0.078 -0.013

weight (g)

IB- VAR-3
X

G10603

Days to 1°¢

flow er

Days 1% ripe 0.9843**

pod

Pod length -0.043 -0.071

(cm)

Seeds per pod -0.019 -0.025 0.719*%*

100- seed 0.023 0.021 0.072 0.158

weight (g)

P < 0.001 (***), 0.01 (**).

Plant hgt @ 6wks: Plant height at 6 weeks; Days to 1* flower: days to first flower; Days to

1% ripe: days to first ripe pod.

13



Discussion

The most common class of mutants in
higher plants are lethal or sublethal mutants that
are white, yellow or pale green which often arise
as a result of blocks in either the pathway of
chlorophyll synthesis or of the synthesis of
accessory pigments (Nelson, 1967; Zhang,
2017). Bernard and Weiss (1973), and Palmer
and Klein (1987) however documented many
examples of mutants with various degrees of
chlorophyll deficiency that are viable and fertile.

In soybean, at least 36 single-gene
recessive nuclear mutants and 8 cytoplasmic
mutants with various levels of chlorophyll
deficiency have been reported (Sanders, 1960;
Fawole, 2003). The cytoplasmic yellow foliage
mutant in this study is probably the first of its
kind and the second cytoplasmically inherited
mutant to be reported in cowpea.

This mutant could possible be used in
physiological and biochemical studies, the
cowpea cytoplasmic mutants may also be useful
in assessing variability in chloroplast genome of
cowpea.

Reciprocal differences in quantitatively
inherited agronomic traits observed in the F,
generation of crosses between the two
cytoplasmic foliage colour mutants and normal
lines derived their cytoplasm from the seed
parent and thus, the cytoplasm may exert some
influence on phenotypic expression and possibly
agronomic traits. The effect of the mutant
cytoplasm increased the number of days from
planting to first flower and to first ripe pod while
phenotypic values for pod and seed characters
were decreased. The most conspicuous effects
of the mutant cytoplasm was found in the
number of days from planting to first flower and
the mean number seeds per pod. Effect of the
source of cytoplasm of the F, varies for number
of days from planting to first ripe pod, pod length
and 100-seed weight. The varied influence of the
two mutant cytoplasms in reciprocal F, crosses
probably result from the differences in
cytoplasmic source and the nuclear background
of the mutant lines as well as the contributory
parent (Bosacchi et al., 2015). The mutant
cytoplasms had negative effects on traits
affecting the productive capacity of the plant as
well as related traits of the F, hybrids compared
with the normal cytoplasm of the normal cowpea
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lines.

The effects of mutant cytoplasm have been
reported in several crop species including maize
(Bosacchi et al., 2015), and rice (Hariprasanna et
al., 2004). These effects may be favourable or
unfavourable depending on the type of
cytoplasmic factors involved and the traits under
consideration Hariprasanna et al., 2004). The
cytoplasmic factors reported in this study have
their primary effects on cowpea foliage colour
which in turn affected negatively the expression
of quantitatively inherited traits.

Acknowledgement

The authors appreciate the contributions
of the Department of Crop Protection and
Environmental Biology, Faculty of Agriculture,
University of Ibadan for the provision of facilities
used during the course of this research.

References
Allard, R. W. (1960). Principles of planting
breeding. John Wiley and Sons. N.Y. p 234 - 251.

Allen, J. O. (2005). Effect of teosinte cytoplasmic
genomes on maize phenotype. Gen. 169: 863 -
880.

Bernard, R. L, and M. G. Weiss (1973).
Qualitative genetics. In: Caldwell, B. E. (ed.)
Soybeans: improvement, production, and uses.
American Society of agronomy, Madison
Wisconsin. p 117 - 154.

Bosacchi, M., C, Gurdon and P, Maliga. (2015).
Plastid Genotyping Revealed the Uniformity of
Cytoplasmis male sterile-T maize cytoplasms.
Plant Physio. 169: 2129 - 2137.

Chen, L and L, Yao-Guang (2014). Male sterility
and fertility restoration in crops. Annual Rev. of
Plant Bio. 65: 579 - 606.

Fawole, I. and Afolabi, N.Q. (1983). Genetic
control of a branching peduncle mutant of
Cowpea, V. unguiculata (L.) Walp. Journal of
Agric. Sci. (Cambridge). 100: 473 —475.

Fawole, 1. (1997). Inheritance of crinkled leaf in
cowpea, Vigna unguiculata (L.) Walp. Nig.
Journal of Sci. 31:37 - 42.

14



Fawole, I. (2000). Genetic control of leaflet
number and shape in cowpea. (Vigna
unguiculata (L.) Walp.). Nig. Journal of Sci. 34:
73 -80.

Fawole, I. (2003). Genetic characterization of
four mutations affecting foliage colour in
cowpea, Vigna unguiculata (L.) Walp. Journal of
Gen. and Bre. 58: 371- 378.

Han, L., H. Xu., J. Zhu., and X. Lou (2008).
Analysis of genetic effects of nuclear-
cytoplasmic interaction on quantitative traits:
genetic models for seed traits of plants. Theo and
Appl Gen. 116: 769 - 776.

Hariprasanna, K., F. U. Zaman and A. K. Singh
(2004). Influence of male sterile cytoplasm on
phenological, morphological and yield related
traits in hybrid rice (Oryza sativa (L.) Subspecies.
Indica). Journal of Genand Bre. 58: 131 -140.

Hatfield, P. M., Shoemaker, R. C. and R. G. Palmer
(1985). Maternal inheritance of Chloroplast DNA
within the genus Glycine sutgenus soja. Journal
of Her. 76: 373-374.

Nelson, O. E. (1967). Biochemical genetics of
higher plants. Annual Review of Genetics 1: 245
- 265.

Ng, N.Q. and R. Maréchal (1985). Cowpea
taxonomy, origin and germplasm. /n: Cowpea
Research Production and Utilization. S. R. Singh
and K. O. Rashie (eds.). John Wiley and Sons.
Chichester, U. K. p.11-21.

Palmer, R. G. and T. C. Kilen (1987). Qualitative
genetics and cytogenetics. In:  Soybean:
improvement, production, uses. Wilcox. J. R.
American Society of Agronomy publishers,
Madison, Wisconsin, U.S. A. p. 135-209.

Porbeni J. B. O. and I. Fawole, 2012. Cytoplasmic
Inheritance of Foliage Colour in Cowpea Nig.
Journal of Sci 46: 43 - 50.

Rachie, K. O., K. M. Rawal and J. O. Franckowiak
(1975). Rapid hand crossing of cowpea, Ibadan,
Nigeria IITA, Techn. Bul. 2.

SAS. (2008). SAS Institute User's guide:

Porbeni and Fawole./Nig.J. Biotech. Vol. 35 (2018): 8-15

Statistics, Version 9.1 SAS institute, Cary, North
Carolina. USA.

Saunders, A. R. (1960). Inheritance in the
cowpea (Vigna sinensis). 2: Seed coat colour

pattern, flower, plant and pod colour. South Afri.
Journal of Agric. Sci. 3: 141 -162.

Schotz, F. (1970). Effects of disharmony between
genome and plastome on the differentiation of
the thylakoid system in Oenothera. In: Milles, P.
L. (ed.). Control of organelle development. Soc.
Exp. Biol. Symp. 24: 39-54.

Shoemaker, R. C.,, A. M. Cody, R. G. Palmer
(1985). Characterization of a cytoplasmically
inherited yellow foliar mutant (Cyt-Y;) Gen. 69:
279-284.

Stubbe, W. (1964). The role of plastome in
evolution of genes Oenothera. Gen. 35: 28-
33.

Tilney-Bassett, R. A. E. and C. W. Birky (Jr.)
(1981). The Mechanism of the Mixed inheritance
of Chloroplast genes in pelargonium. Theo and
Appl. Gen. 60: 43-53.

Wu. J. G, C. H. Shi., H. Z. Zhang. (2006).
Partitioning genetic effects due to embryo,
cytoplasm and maternal parent for oil content in
oilseed rape [Brassica napus (L.)]. Gen. and Mol.
Bio. 29(3): 533 - 538.

Wu., Z. M., X. Zhang., J. L. Wang., and J. M. Wan.
(2014). Leaf chloroplast ultrastructure and
photosynthesis properties of a chlorophyll-
deficient mutant of rice. Photosyn. 52: 217 -
222.

Young, J. B. and S. S. Virmani (1990). Effects of
cytoplasm on heterosis and combining ability for
agronomic traits in rice (Oryza sativa L.). Euphy.
48:177-188.

Zhang, K., Z, Liu., X, Shan., C, Tang., M, Chi., and
H, Feng. (2017). Physiological properties and
chlorophyll biosynthesis in Pak-choi (Brassica
rapa L.) ssp. chinensis) yellow leaf mutant, pylm.
Acta Physio. Planta. 39: 22.

15



