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ABSTRACT

This study was carried out on the molecular diversity and identification of heterotic cross combination
for seed yield and its related characters in soybean genotypes, Glycine max (L.) Merrill using SNP
markers. The aim of the study was to assess the genetic diversity among the soybean genotypes based
on SNP markers and to obtain information on the combining abilities of parents and the crosses and
the gene actions involved in the expression in the various soybean yield contributing characters. The
field experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications.
The result showed that mean square due to General Combining Ability (GCA) were highly significant
for all the characters except Plant Height at Flowering and Number of Branches per Plant whereas in
Specific Combining Ability (SCA), the mean square was found significant in Days to Flowering, Plant
Height at Flowering, Days to Maturity, Plant Height at maturity and Number of Seeds per Pod.
Significant mean squares recorded in these characters indicated the importance of the additive and
dominance gene effects in the expression and the inheritance of the characters. The GCA/ SCA ratio
are more than unity for all the characters studied indicating that the additive genetic effect played an
important role in the inheritance of the characters. Moreover, the promising general combiners were
found in parents TG x 1990- 37F; TG x 1989-21F and TG x 1830—20E for Seed yield along with some
other yield components. The promising hybrids were found in crosses TG x 1990-3F x TG x 1990 —
57F; TG x 1990- 37F x TG x 1830 — 20 E and TG x 1990- 37F x TG x 1990-57F for SYP along with

some other yield components. At the molecular level, SNP markers were used to assess the extent of
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polymorphism among the F2 populations and the markers showed remarkable genetic diversity among

the soybean genotypes.

Keywords: Molecular diversity, Heterotic cross combination, General combining ability, Specific

combining ability, Soybean genotypes, SNP markers

INTRODUCTION

Soybean, Glycine max (L.) Merrill belongs to the family Fabaceae. It is the most important leguminous
seed crop among the oil crop plants, which accounted for 56% of global oil production in the international
market in 2011. Presently, soybean is a world crop, cultivated widely in the United States of America,
Brazil, Argentina, China and India. Soybean, grown primarily for the production of seed, has several
uses in the food and industrial sectors, it represents one of the major sources of edible vegetable oil
and proteins for livestock feed. Among the grain legumes, soybean currently ranks third after groundnut
and cowpea in terms of production and utilization. Soybean seed contains about 38.50 - 45.80 %
protein, 15.84—30.00 % carbohydrate and 17.40—-24.00 % oil. Currently, it is used in preparing weaning
foods for infants to prevent kwashiorkor (protein malnutrition) in children. It is used to fortify various
traditional foods such as gari, stew, sauces, banku, and kenkey to improve their nutritional levels without
changing their taste or cooking time. The soybean crop is able to fix atmospheric nitrogen for its own
use and a residual for the succeeding crop in rotation. The use of soybean in rotation with cereals
results in drastic reduction in striga seed bank in soils thus, making it possible for such cereals to be

grown with minimal or no striga attack.

Identification of superior genotypes is a goal of breeders. Plant breeders often look for desirable genes
and gene complexes; Identification of promising individuals is very important in any breeding program
and great efforts have been directed to improve yield level and quality properties in crop plan.
Knowledge of the genetic control of characters and the role of non —allelic interaction is essential to the
breeder when deciding on the selection method and breeding procedure to follow. Understanding the
genetic mechanism involved in the inheritance of a particular trait will help the plant breeder in effective
selection and selecting for the best traits that would contribute to better yield. Combining ability study
provides information on the genetic mechanisms controlling quantitative traits and enables breeder to
select suitable parents for further improvement. General combining ability is a good measure of additive
gene action, whereas specific combining ability is a measure of non - additive gene action
Comprehensive analysis of the combining ability involved in the inheritance of quantitative characters
and in the phenomenon of heterosis is necessary for the evaluation of various possible breeding
procedure [1]. Combining ability analysis also aids in the selection of desirable parents for heterotic
crosses and also provides information about the effects of General Combining Ability (GCA) and
Specific Combining Ability (SCA) of parents, and is also helpful in estimating various types of gene
actions. The estimation of additive and non-additive gene action through combining ability analysis
could be useful for isolating pure lines among the progenies of the good hybrids. The assessment of

performance of parental lines based on the yield components aid in the selection of superior parents
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for the production of better yielding hybrids. The choice of promising genotype from diverse genetic
base and their subsequent utilization for hybridization is one of the strategies for improving the

productivity of crops.

The selection of promising parents to obtain superior hybrids primarily depends on the predominance
of the genes for the additive effect due to heterosis and heterobeltiosis. Identifying parental
combinations with strong heterosis for yield and genetic parameters are the most important steps in the
development of new cultivars. Development of hybrids through the exploitation of heterosis is
considered as one of the greatest breakthroughs in plant breeding, as evident from the dramatic

increases in the productivity of many crops.

Genetic improvement of crop species is necessary to enhance their economic traits such as yield,
resistance to abiotic and biotic stresses, etc. and thus forms the ultimate goal of plant breeding. The
conventional method used by plant breeders for selection is the phenotypic selection where
morphological/phenotypic agronomic traits such as plant height; seed yields, etc are taken into account.
However, most of them are controlled by many genes and follow quantitative inheritance and thus are
highly influenced by environment. They sometimes do not give correct picture of genetic make-up of
the plants. In some cases, a trait may not express if suitable environment/condition is not available
particularly in the case of stress related genes. Moreover, scoring of these markers is subjective, the
results may differ when scored by different breeders. These constraints make the use of phenotypic

markers limited.

There are several different categories of markers that have been used to assist plant breeders in their
crop genetic improvement programs. The markers are typically small regions of DNA, often showing
sequence polymorphism in different individuals within a species and transmitted by the simple
Mendelian laws of inheritance from one generation to the next. These include Restriction Fragment
Length Polymorphism (RFLP), DNA Amplification Fingerprinting (DAF), Single Nucleotide
Polymorphisms (SNP) Microsatellite Simple Sequence Length Polymorphism (SSLP), Amplified
Fragment Length Polymorphism (AFLP), Amplicon Length Polymorphism (ALP).

In the past, markers were limited to genes governing plant morphology or pigmentation. However, DNA
markers have now become the marker of choice for breeders in their crop genetic studies, and have
revolutionized the practical applications of plant biotechnology. The efficiency of DNA based marker is
so high to discriminate closely related varieties and even individuals of same species. They have proved
their utility in various fields such as genetic diversity, genomic fingerprinting and mapping, population
genetics, taxonomic studies and plant breeding programs. DNA markers have specific biological
function. Molecular markers as new tools in crop improvement have demonstrated usefulness
especially with genes controlling qualitative traits. Molecular Marker has proven to be powerful tools in
the assessment of genetic variation and in elucidation of genetic relationship within and among species.
Molecular markers allow a breeder for rapid screening of large number of lines to select the promising

ones. Abundant molecular markers are vital for genome wide analysis of soybean. In recent years, a
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novel class of markers named SNP has emerged as an important tool in genomics and are increasingly
being used as molecular marker in various laboratory for different applications. SNPs represent the
most suitable because they occurred at high density within the genomes. Markers based on SNPs
have rapidly gained the center stage of molecular genetics during the recent years due to their
abundance in the genomes and their amenability for high throughput detection formats and platforms.
SNPs possess unique merits that make them preferred over other classes of markers. Millions of SNPs
have been generated in Soybean, Arabidopsis, and other crop in order to enhance studies on marker
assisted breeding or selection. The present study was carried out to assess the genetic diversity among
the soybean genotypes based on SNP markers and to also obtain information on the combining abilities
of parents and the crosses and the gene actions involved in the expression of the various soybean yield

contributing characters.

MATERIALS AND METHODS

The experimental materials for the present study consisted of seven genotypes collected from the
soybean germplasm collection of the international institute of tropical agriculture, Ibadan, Oyo — State,
Nigeria. The experiment was carried out in two phases. The first phase was the generation of the Fl1s
from the crossing of the parental lines following the half diallel mating technique. The F1 seeds were
later planted to generate the F2 generations through self-pollination which were used for the molecular
analysis. The second phase of the experiment was the molecular analysis using SNP markers. The
field experiment was carried out on the Teaching and Research Farm of the Federal University of
Technology, Akure, Ondo-State, Nigeria in year 2014 and 2015 respectively. The experiment was laid
out in a Randomized Complete Block Design (RCBD) with three replications. A single row plot was
adopted and each replication consisted of 28 plots (comprising the 7 parents and the 21 F1 crosses).
Fifteen plants were maintained per plot with an inter and intra row spacing of 60cm and 20cm
respectively. Standard agronomic and plant protection treatment were carried out uniformly across the
plots for the duration of the experiment. Data were collected on ten competitive mid — plants on the
following agronomic characters: Plant Height At Flowering (PHTF), days to flowering (DTF), Number Of
Branches Per Plant (NBP), Plant Height At Maturity (PHTM), days to maturity (DTM), Number Of Pods
Per Plant (NPP), Number Of Seeds Per Pod (NSP), Total Pod Weight Per Plant (TPW) and Seed Yield
Per Plant (Syp).

DNA extraction

Total genomic DNA was extracted using the modified mini preparation protocol described by follows:
Approximately 200 mg (0.2 g) of lyophilized leaf sample was ground into fine powder. To each tube 700
ul of hot (65°C) Plant Extraction Buffer (PEB) [containing 637.5 ml of double distilled water (ddH20),
100 ml of 1 M Tris-HCI (pH 8.0), 100 ml of 0.5 M Ethylene Diamine Tetra Acetic Acid (EDTA) (pH 8.0),
100ml of 5 M Nacl2 and 62.5 ml of 20% Sodium Dodecyl Sulphate (SDS)] was added . One percent b-
mercaptoethanol was added to the pre- warmed PEB just before use. The tubes were capped and
inverted gently 6-7 times to mix the sample with buffer. The solution was incubated at 65°C in water

bath for 20 mins with occasional mixing to homogenize the samples. After 20 mins, samples were
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removed from the water bath and uncapped. The tubes were allowed to cool at room temperature for 2
minutes after which 500 ul of 5 M of potassium acetate (CHsCOOK) was added to each tube and
recapped. The tubes were then mixed by gently inverting 6-7 times and incubated on ice for 20 minutes.
After 20 minutes of incubation on ice tubes were spun at 12,000 rpm forl0 minutes at 4°C. The
supernatant was transferred into new 1.5ml eppendorf tubes using wider bore pipette tips (1000 pl) and
making sure debris were not taken along with the supernatant. 700 pl chloroform isoamyl alcohol was
added to the supernatant and spun at 10,000 rpm for 10 minutes. The supernatant was transferred
again into a new correspondingly labeled tubes and 700 pl ice-cold isopropanol was added to each tube
and mixed by gently inverting the tubes 6-10 times [2]. The tubes were allowed to stand undisturbed in
a rack and stored in a freezer (-20°C) for at least 1 hour or overnight to precipitate the DNA. After 1-
hour precipitation in the freezer, the tubes were centrifuged at 12,000 rpm for 10 minutes at 4°C. The
supernatant was carefully discarded with great care to disallow the pellet from dislodging from the
bottom of the tube. The tubes were allowed to drain inverted on clean paper towels for 1 hour or more.
The DNA pellets were washed twice in 100pl, cold 70% ethanol for 20 minutes and air dried completely.
After drying, 60ul of 1 x TE [10mM Tris-HCL (pH 8.0), 1 mM EDTA (pH8.0)] was added to the pellets,
followed by 2 pl of 10 ng/ml Rnase to remove the RNA. The solution was incubated for 40 minutes at

37°C with gentle mix at 10 minutes intervals.
SNP analysis

SNP genotyping was done at Inqaba Biotechnical Industries (Pty) Ltd Pretoria, South Africa on the
MassARRAY system from Agena Biosciences using the iPLEX reagents which included the iPLEX
PCR, SAP, and iPLEX Extend following the iPLEX Gold Application Guide from Agena Biosciences.
The procedure of iPLEX PCR is the same as the normal PCR. Briefly, 10 ng genomic DNA was amplified
in a 5 ul reaction containing 1 x HotStar Taq PCR buffer (Qiagen), 1.625 mM MgCI2, 0.5 mM each
dNTP, 0.1 uM each PCR primer, and 0.5 U Hot Star Taq DNA polymerase (Qiagen). The reaction was
incubated at 94°C for 4 min followed by 45 cycles of 94°C for 20 s, 56°C for 30 s, 720C for 1 min, and
then followed by 3 min at 72°C. After iPLEX, excess dNTPs were removed from the reaction by adding
2 pl Shrimp Alkaline Phosphatase (SAP) enzyme solution (1.53 pl water (HPLC grade), 0.17 pl SAP
buffer (10x), 0.30 pl SAP enzyme (1.7 U/ pl)) into each sample well and mixed, and then incubated at
37°C for 20 minutes followed by 5 minutes at 85°C to deactivate the enzyme—called SAP procedure in
iPLEX.

Extension reaction

Extension Primers were synthesized at Ingaba Biotechnical Industries Pty Ltd. Pretoria South Africa.
They were diluted to a stock concentration of 500 uM. This stock was split into a four-tier concentration
grouping of 7 uM, 9 uM, 11 pM and 14 pM according to extension primer mass from smallest to largest.
This four-tier system was used for Oligovalidation and peak optimisation on the Maldi-Tof Then, the
iPLEX extend was carried out with a final concentration of between 0.625 and 1.5 | uM for each
extension primer, depending on the mass of the probe, iPLEX termination mix (Agena Biosciences) and

1.35 uM iPLEX enzyme (Agena Biosciences) and conducted a two-step cycles program; 94°C for 30 s
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followed by 40 cycles of 94°C for 5 s, then followed 5 cycles of 52°C for 5 s, and 80°C for 5 s within the
40 cycles, then 72°C for 3 min in the 40 cycles. The reaction was then desalted by addition of 6 mg
resin to each well followed by mixing and centrifugation to settle the contents of the tube. The extension
product was spotted onto a 96- well spectrochip before being flown in the MALDI-TOF (Matrix—Assisted
Laser Desorption lonisation Time of Flight) mass spectrometer (Agena Biosciences). Bands were
detected n UV-transilluminator and photographed by Gel documentation 2000, Bi o— Rad.

RESULTS AND DISCUSSION

Analysis of variance for combining ability for all characters under study is presented in (Table 2). The
analysis of variance for combining abilities for various traits revealed that mean sum of squares due to
General Combining Ability (gca) were highly significant (P < 0.01) for all the characters studied except
plant height at flowering and number of branches per plant whereas the mean square For Specific
Combining Ability (sca) were highly significant (P < 0.01) for days to flowering, plant height at flowering,
days to maturity, plant height at harvesting (Tables 1-3).

Table 1: The Names and Source of Soybeans, Glycine max Genotypes.

Eirental Genotype Name Source

1 TG x 1835 — 40E International Institute

2 TG x 1990 — 55F of Tropical Agriculture

3 TG x 1990 — 3F (ITA) Ibadan, Oyo, State, Nigeria
4 TG x 1990 — 37F -

5 TG x 1989 — 21F -

6 TG x1830-20 E -

7 TG x 1990 — 57F -

Table 2: Analysis of Variance for General Combining Ability (GCA) and Specific Combining Ability
(SCA) for various characters in Soybean, Glycine max across two cropping years.

sov Df (DdTa';s) '(DCFJ)F NBP (E;L'\;S) '(DCFAT)H NPP NSP TPW (@) | SYP(9)
Year 1 | 12630.90* | 6093.09** | 160.74* 12;;19' 10:;22' 200137'40 5.12%* 4219f'04* 242ff'3
($::r) 4 472 281.52% | 3510% | 4.61 | 171.10* | 6826.95* 0.65%* 2735.13* | 697.70%
GCA 6 96.36** 374.93 1.43 | 98.80* 1083'49 1671.26% 0.17* 516.51* | 377.75*
SCA 21 | 20.36" 42.68* 1.33 | 20.46™ | 60.57* 655.05 0.10* 274.3 167.17
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Error 108 5.48 14.42 1.63 5.44 19.49 279.55 0.05 90.95

62

GCA/SCA 4.73 8.78 1.08 4.83 17.89 2.55 17 1.88

2.26

These indicated the importance of both additive and non-additive genes in expression of these
characters. It was also evident that 0%gca Was greater than o2sca for all these characters indicating

preponderance of additive gene action in expression of these characters [3].

Table 3: Estimates of General Combining Ability (GCA) Effects of Parents in Soybean, Glycine max.

DTF | PHTF DTM | PHTH TPW | SYP
NBP NPP | NSP
(days) | (cm) (days) | (cm) (9) (9)

P1 0.17 |1.63*| 0.19 | 0.15 | 2.93* | 3.98 0.03 0.75 0.01

PARENTS

P2 133 | 178 | '17 1.34** | 2.10* | -4.58* | -0.04 | -1.62 | -1.94
P3 0.86* | -0.6 | 6 4 | 088 -0.9 -3.7 | -0.06* | -3.21* | -2.52*
P4 -0.84* | -0.36 | 0.01 | -0.82* | -1.19* | 3.04 0.03 1.26 1.29
P5 0.77* | 3.91* | 0.18 | 0.76* | 7.20* | 1.91 0.01 0.04 | 0.58
P6 -0.67* | 1.13** | 0.08 | -0.65* | 1.34* | 7.48** | 0.08** | 4.66** | 3.85**
P7 1617 | 197+ | 003 | 1 ggre | 293 | 017 0.01 | -0.37 | -0.12

SE (gi) 024 | 038 | 013 | 024 | 045 | 169 | 002 | 096 | 0.8
SE (gi-gj) | 0.36 | 059 | 0.2 | 0.36 | 068 | 258 | 0.03 | 1.47 | 1.22

Estimates of General Combining Ability (GCA) effects of the parents are presented in Table 3. For days
to flowering, TG x 1990— 57F followed by TG x 1990-37F exhibited highly significant negative GCA
effects for this character (-1.61; -0.84). Highest positive GCA effects (1.33) was recorded in TGx 1990—
55F. For plant height at flowering, the highest significant positive GCA effects was observed in TG x
1989-21F (3.91) followed by TG x 1990-55F (1.78). TG x 1990-57 F had the highest negative GCA
effects (-1.97) followed by TG x 1990-3F (-0.60). For days to maturity, TG x 1990-57F exhibited highly
significant negative GCA effect (-1.66) while the highest GCA effect (1.34) was recorded in TG x 1990—
55F. For plant height at harvesting, the highest significant positive GCA effects was observed in TG x
1989- 21F (7.20) followed by TG x 1835 — 40 E (2.93) while TG x 1990-57 F recorded the highest
negative gca effect (-2.93). As regards number of branches per plant, the highest gca effects was
recorded in TG x 1835 — 40E (0.19) while the highest negative gca effects was recorded in TG x 1990—
55F (-0.17). As regards number of pods per plant, TG x 1830 — 20 E recorded the highest GCA effect
(7.48) followed by TG x 1835-40E (3.98) and TG x 1990-37F (3.04) while the highest negative GCA

effect was observed in TG x 1990-55F (-4.58). As regards number of seeds per pod, the highest
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positive gca effect was recorded in TG x 1830-20 E (0.08) while the highest negative GCA effect was
observed in TG x 1990-3F (-0.06).For total pod weight, the highest positive gca effect was recorded in
TG x 1830-20 E (4.66) followed by TG x 1990-37F (1.26) while the highest negative GCA effect was
observed in TG x 1990-3F (-3.21). In case of seed yield per plant, four of the parents exhibited GCA
effects while three exhibited negative GCA effects. The highest positive GCA effect was recorded in TG
x 1830-20 E (3.85) while the highest negative GCA effect was recorded in TG x 1990-3F (-2.52) (Figure

1).
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Figure 1: Distribution of Polymorphic SNPs across the Soybean Genotypes.

The levels of polymorphism for the F2 population of Soybean by SNP markers are presented in Table 5.
32 SNP primers were used to differentiate among the F2 population. A total of 322 bands were recorded.
214 of them were polymorphic (66.45%) and 108 were monomorphic (33.55%). the number of amplified.
The distribution of the polymorphic SNPs across the soybean genotypes is shown in Figure 1. From the
figure, the highest number of markers were found to be associated with 41 and 42 polymorphic soybean
genotypes respectively. 2 of the markers recorded no polymorphism with the soybean genotypes while 2

markers recorded 100% polymorphism with the genotypes.

DISCUSSION

In the present study, GCA variances were significant for all the characters with the exception of plant
height at flowering and number of branches per plant. The significant GCA mean square among the
characters indicated variability of GCA among the parents. Significant mean square for GCA in number
of pods per plant, number of seeds per pod and pod length per plant has been reported. Significant

mean square for GCA in days to flowering has also been reported.
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The GCA variance were higher than the SCA variance which suggested the predominance of the
additive and additive x additive gene actions in the inheritance and expression of the characters
considered in the present material [4]. However, the effects of the non-additive gene action (dominance)
revealed by significant SCA mean squares cannot be underemphasized. The significant GCA and SCA
mean square for some of the studied characters showed the importance of both additive and dominance
gene effects. The results of this finding are in agreement with the findings. They observed that mean
squares due to GCA and SCA were highly significant for days to flowering, plant height and days to
maturity. The ratio of gca/sca variance was greater than unity for all the characters in the present study.
This indicates the preponderance of additive genetic variance. This suggested greater importance of
additive gene action in their expression and indicated very good prospect for the exploitation of additive
genetic variation for the characters in soybean yield through hybrid breeding. Suggesting that the major
portion of genetic variability in the base population was additive in nature. It also suggests greater
importance of additive gene action in the expression and indicates very good prospect for the
exploitation of additive genetic variation for yield and its component characters in soybean through
hybrid breeding. Although there was a preponderance of additive gene action for all characters, the
presence of a considerable amount of non-additive gene action could not be totally neglected. Evidence
that both additive and non-additive gene effects are involved in the genetic control of the characters
investigated implies that both gene effects should be considered when developing breeding schemes
for the selection of superior lines. The significant mean squares for GCA and SCA obtained for these
characters suggest that the parents and their hybrids in the diallel crosses were highly variable for these
characters. In addition, a large proportion of total variability among the hybrids in the current study
resulted from gene actions with predominantly additive effects. This is a desirable phenomenon
necessary for greater crop improvement, especially when quantitative traits are concerned. Though the
results from this study revealed that majority of characters are governed by additive genes and partially
by non- additive gene action, selection in such promising population could be effective in early
generation. Soybean breeders are very much interested in determining the genetic potential of their
inbred parents in hybrid combination for two major reasons. Firstly, by identifying the parents which
produce good progenies in specific combinations and secondly, by identifying the parents which form
good combinations with series of other parents. Parents presenting higher gca must be preferred to be
part of crossing programmers for the selection of promising homozygous lines. The gca effects are
attributable to additive and additive x additive gene effects. The predominance of the additive gene
effect suggests that the best progeny might be derived from crosses with genotypes having the greatest
positive gca. Therefore, crosses involving genotypes with greater estimates of gca should be potentially
superior for the selection of lines in advanced generations. The hybrid combinations exhibiting high
specific combining ability effects for yield and yield related traits were also involved with parents having
high x high, high x low and low x low gca effects. The involvement of at least one parent with high gca
effects and other parents with high or average or low gca effects was also reported by. These results
indicated the involvement of both additive and non — additive genetic effects for the expression of these
characters. The crosses having high sca for seed yield with other agronomic characters need to be

selected and evaluated to serve as basis for isolating desirable hybrids for soybean breeding
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programmers. It is noteworthy to know that sca effect alone has limited value in the choice of parent in
breeding programmers for self-pollinated crops like soybean. The sca effect would be used in
combination with other parameters, such as the hybrid mean value of a trait and the gca of the
respective parents. Thus, hybrid combinations with high means, favorable sca estimates and involving
at least one of the parents with high gca would tend to increase the concentration of favourable alleles.
Hybridization between two good general combiners may be governed by additive x additive gene
actions which might be utilized in the advanced generations for the traits thus producing hybrids with
good specific combining ability. On the other hand, the crosses exhibiting good sca effect though
derived from parents that are poor general combiners suggest the presence of dominance or epistatic
gene actions and an indication of genetic interaction between favourable alleles contributed by both
paren. The negative estimates of sca values recorded in this study is indicative of a partial dominance
situation across loci. However, highly significant sca effects do suggest that non - additive gene action
(dominance and additive x dominance gene effects) could play a vital role in the improvement of
soybean for the traits of concern. The breeder is therefore interested in combinations with the most
favourable estimates of sca which involve at least one parent that presented the most favourable effect
of gca. SNP markers have proven to be a powerful tool for molecular genetic analysis and plant breeding
programs to assess genetic diversity for the development of improved varieties [5]. This gives an insight
into the genetic diversity and polymorphism among the F2 population and the possibility of their further

use in soybean breeding programs.
CONCLUSION

It can be concluded from the study that, there was a wide genetic variability among the F2 populations
from the result of the SNP markers analysis. This will provide a good opportunity for selection among
the F2 populations to serve as a possibility for their utilization in further soybean breeding program. The
significant GCA and SCA observed in some of the characters studied indicates that the expression of
the characters was under the influence of both additive and dominance gene action. The GCA variances
were comparatively higher than SCA emphasizing the importance of additive gene effects in controlling
these characters in the prese nt material. GCA effects of the parents indicated that genotypes TG x
1830-20 E, TG x 1990-37 F and TG x 1989-21 F were promising general combiners for seed yield
along with some other yield components in soybean due to their high and positive GCA effects. It also
suggests greater concentration of positive genes with additive or additive x additive gene effects in
these parents. For these characters therefore, for the improvement of yield and its components, these
parents could be exploited in cross combination in soybean improvement programmers. From the SCA
effects of the studied characters; cross combinations TG x 1990-3F x TG x 1990-57F; TG x 1990-37F
x TG x 1830-20 E and TG x 1990-37F x TG x 1990-57F were seen as promising hybrids for seed yield
along with some other yield components. Hence, these parents along with the cross combinations may
be considered as potential materials to be utilized for hybridization and selection in soybean breeding

programmers.
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