GT BIPLOT ANALYSIS FOR YIELD TRAITS
AND MOLECULAR PROFILING OF
SELECTED LINES IN BLACKGRAM

[Vigna mungo (L.) Hepper]

BY

DIGUMARTHI LAKSHMI VINEESHA
B.Sc. (Hons.) Ag.

THESIS SUBMITTED TO THE
ACHARYA N.G. RANGA AGRICULTURAL UNIVERSITY
IN PARTIAL FULFILMENT OF THE REQUIREMENTS
FOR THE AWARD OF THE DEGREE OF

MASTER OF SCIENCE IN AGRICULTURE
(GENETICS AND PLANT BREEDING)

CHAIRPERSON: Dr. D. BHARATHI

A BUEN

ANGRAU

DEPARTMENT OF GENETICS AND PLANT BREEDING
SRI VENKATESWARA AGRICULTURAL COLLEGE, TIRUPATI
ACHARYA N.G. RANGA AGRICULTURAL UNIVERSITY
GUNTUR- 522 034, ANDHRA PRADESH, INDIA

2022



DECLARATION

I, Ms. DIGUMARTHI LAKSHMI VINEESHA hereby declare that
the thesis entitled'GT BIPLOT ANALYSIS FOR YIELD TRAITS AND
MOLECULAR PROFILING OF SELECTED LINES IN BLACKGRAM [Vigna
mungo (L.) Hepper]” submitted to theAcharya N.G. Ranga Agricultural
University for the degree d¥laster of Science in Agricultureis the result of
original research work done by me. | also declaat ho material contained in

the thesis has been published earlier in any manner

Place : Tirupati (D. LAKSHMI VINEESHA )

ID. No. TAM/2020-14
Date :



CERTIFICATE

Ms. DIGUMARTHI LAKSHMI VINEESHA  has satisfactorily
prosecuted the course of research and that theside@d “GT BIPLOT
ANALYSIS FOR YIELD TRAITS AND MOLECULAR PROFILING O F
SELECTED LINES IN BLACKGRAM [ Vigna mungo (L.) Hepper]” submitted is
the result of original research work and is of sughtly high standard to
warrant its presentation to the examination. | aksaify that neither the thesis
nor its part thereof has been previously submittedher for a degree of any

University.

Date: (Dr. D. BHARATHI)
Chairperson



CERTIFICATE

This is to certify that the thesis entitledT BIPLOT ANALYSIS FOR
YIELD TRAITS AND MOLECULAR PROFILING OF SELECTED LI NES IN
BLACKGRAM [ Vigna mungo (L.) Hepper]” submitted in partial fulfilment of
the requirements for the degree ®IASTER OF SCIENCE IN
AGRICULTURE of the Acharya N.G. Ranga Agricultural Universibam,
Guntur is a record of bonafide original researchrkwearried out by
DIGUMARTHI LAKSHMI VINEESHA under our guidance and

supervision.

No part of the thesis has been submitted by théestufor any other
degree or diploma. The published part and all assist received during the
course of the investigations have been duly ackedgdd by the author of the

thesis.

Thesis approved by the Student’s Advisory Committee

Chairperson : Dr. D. BHARATHI
Senior Scientist
Dept. of Genetics and Plant Breeding
R.AR.S
Tirupati — 517 502, A.P.

Member : Dr. M. SREEVALLI DEVI
Assistant Professor
Dept. of Genetics and Plant Breeding
S.V. Agricultural College
Tirupati — 517 502, A.P.

Member . Dr. B. RAMANA MURTHY
Assistant Professor
Dept. of Statistics and Computer
Applications
S.V. Agricultural College
Tirupati — 517 502, A.P.

Date of final viva-voce:



ACKNOWLEDGEMENTS

At the outset, I submit that it is by the blessings of the Lord Sri VenRateswara. I have been
able to complete my studies successfully hitherto and present this humble piece of work, for
which I am eternally indebted.

With endless pleasure, deep sense of gratitude and honorable respect, I bestow my
earnest and wholehearted thanks to my esteemed Chairperson of Advisory Committee
Dr. D. Bharathi, Senior Scientist, Department of Genetics and Plant Breeding, Regional
Agricultural Research station, Tirupati, for her perspicuous nature, peerless guidance,
impeccable logic, untiring help, Reeninterest, caring attitude, constant encouragement and
constructive criticism which have instilled in me the script of confidence to successfully
complete the thesis for which I will be grateful for the rest of my life.

I humbly place on record my respect and gratitude to Dr. M. Sreevalli Devi, Assistant
Professot, Department of Genetics and Plant Breeding, S.V. Agricultural College, Tirupati and
member of my Advisory Committee for her valuable guidance, affectionate attitude, healthy
criticism, patience, understanding and constant encouragement at every stage which has

contributed in making this modest endeavor a reality.

I sincerely accentuate my everlasting gratitude to the revered memberof my Advisory
Committee Dr. B. Ramana Murthy, Assistant Professor, Department of Statistics and Computer
Applications, S.V. Agricultural College, Tirupati, for his encouragement, valuable suggestions,

amenable and stupendous guidance during the course of investigation.

With profound respect, I extend my gratitude to Or. D. Mohan Reddy, Principal
Scientist, Department of Genetics and Plant Breeding, RA.R.S., Tirupati for his help and

guidance for successful completion of my investigation.

I respectfully acknowledge my gratitude to Or. M. Reddi Sekhar, Professor and
Head, Depariment of Genetics and Plant Breeding, Dr. D. Lokanadha Reddy, Retired
Professor and Head, Department of Genetics and Plant Breeding, Dr. RP. Vasanthi,
Associate Dean and University Head, Department of Genetics and Plant Breeding,
Dr. @. Shanthi, Associate Professor, Department of Genetics and Plant Breeding,
Dr. B. Rupesh Kumar Reddy, Assistant Professor Department of Seed Science and
Technology and Dr. V. LaRshmi Narayaya Reddy, Associate Professor L head, Department
of Molecular Biology and Bio-technology, S.V. Agricultural College, Tirupati for their help
and guidance during the period of my study which enabled the successful completion of my
work,

I express my heartfelt thanks to Dr. R, Naseeruddin, Farm Superintendent,
Sri @. Parthasarathy, Farm Manager, Sri Mahendra, A.E.O, Sri Muniratnam, A.E.O and
other field staff and farm labour for their timely co-operation inthe farming operations.



Diction is not at all enough to express my feelings towards my most venerable
beloved father Sri. D. lakshmana Rao, my mother Smt. Sujatha, and my sister Prathyusha
for their constant inspiration, encouragement, guidance, prayers, love and efforts in shaping
my career since childhood and bring out the best in each of my endeavors with boundless

affection and moulded me to reach every foot step of my life with full of confidence and

attention.

I have dearth of words to express my heartfelt feelings to my grandparents
Narayana, Baby Sarojini, Aruna, Udayamma and to my beloved family members, pednana
Rambabu, pedamma Rani, my aunty Poornima, uncle Seshu, my uncle Hanumanthurao,
aunty Bugji for their consistent support and inimitable love acted as impetus on my fortitude
during the whole course of my research. Its time to express my heart full love to my ever
loving brothers Vinay, Chandu, Shiva, my sweet sisters Srilatha, Nandu and my nephews
Arjun, Abhki for their love and support at each and every step in_fulfilling my dreams.

It’s my privelage to extend heartful thanks to my special friends PravalliRg, Kavitha
I, Kavitha ®, Kavya, Latha and Sadiq who inspired, helped and encouraged me to reach foot
step of my Msc (Ag) career with full of confidence and to my best friends Vineela, Pallavi,
Navya, Leela and ARshitha for their support and help in carrying out the entire research
work smoothly.

I cordially concede my gratitude to my colleagues Divya, Dinesh, Jyothirmai, Hema
Sai, Mounika, Pawan, Praveen, Soumya and Srikanth for their cooperation and help during
study.

I express my heartfelt gratitude and thanks to my seniors Kavitha Reddy, Amarnath,
Sudhamani, Keerthi, Anuhya, Sravani, Kalpana, Hema sree, Deepthi, Pallavi, Deepikg,
Sasikala, and Yashwant for their valuable guidance and encouragement. I have immense
pleasure to extend my whole hearted thanks to my juniors Vidya, Anil, Venkat, Nagendra,
Praveen, Gireesh, Lokesh, Manasa, Swarna, Vishnu, Bhanu, Sai Teja and Sowmya.

It is a pleasure to acknowledge the affection and help rendered by Non-teaching
staff VenRatalakshmi, Munirathnam, Thyagaraju Naidu and Ramesh, Department of
Genetics and Plant Breeding, S.V. Agricultural College, Tirupati.

I am highly thankful to Acharya N.G. Ranga Agricultural University, Guntur for
all the facilities extended during the period of my post-graduation programme and financial
assistance provided during my study.

Finally, I thank Sri Sai Graphics for their services in printing the thesis.

Vineesha. .. &5

Vi



LIST OF CONTENTS

Chapter No. Title Page No.

| INTRODUCTION 1-5

[l REVIEW OF LITERATURE 6-27

1 MATERIAL AND METHODS 28-47

vV RESULTS AND DISCUSSION 48-97

\% SUMMARY AND CONCLUSIONS 98-101
LITERATURE CITED 102-115
APPENDICES 116-119

Vii



LIST OF TABLES

T
able Title Page No.
No.

3.1 |List of 35 blackgram genotypes used in the present30
study

3.2 | List of SSR markers used for molecular profiling3&| 44
blackgram genotypes

4.1 | Analysis of variance for yield and yield attribugitraits 49
in 35 blackgram genotypes

4.2 | Mean performance of 35 blackgram genotypes fodyiel 50
and yield attributing traits

4.3 | Estimates of mean, range and genetic parameters fds7
yield and vyield attributing traits in 35 blackgram
genotypes

4.4 | Cluster composition of 35 blackgram genotypes based6
on Tocher’s method

4.5 |Intra cluster (diagonal) and inter cluster distancd 68
eight clusters in blackgram

4.6 | Cluster means with respect to yield and yield @aitrng 71
traits in 35 blackgram genotypes

4.7 | Relative contribution of various vyield and vyield 74
attributing traits towards genetic divergence in 35
blackgram genotypes

4.8 | Number of alleles, allele frequency and PIC of|10 92
polymorphic SSR Markers

4.9a | Molecular profiling of 35 blackgram genotypes gsin 95
10 polymorphic SSR markers

4.9b | Code key 95

viii




LIST OF ILLUSTRATIONS

Figure :

NO. Title Page No.

4.1 | Grouping of 35 blackgram genotypes into 8 clusters 67
using Tocher’s method

4.2 | Average intra and inter cluster distances among 3569
blackgram genotypes genotypes

4.3 | GT biplot analysis of inter relationship among giel 79
and vyield attributing traits of 35 blackgram
genotypes

4.4 | Discriminativeness and representativeness of yield82
and vyield attributing traits of 35 blackgram
genotypes

4.5 | GT biplot analysis for ranking of yield and yield 84
attributing traits of 35 blackgram genotypes

46 | GT biplot analysis for ranking of 35 blackgram 86
genotypes

4.7 | Genotype by trait interaction biplot for yield and 88
yield attributing traits in 35 blackgram genotypes

4.8 | QR codes for 35 blackgram genotypes 96




LIST OF PLATES

Plate P
Title age
No. No.
1 Field view of the experimental plot 29 (i)

Representative gel profile of 35 blackgram genaty
using the primer CEDG 44 and BM 170

el (i)




LIST OF APPENDICES

S. No. Title Page No.
A Equipments used 116
B List of chemicals 117
C Preparation of buffers and stock solutions 118

Xi




LIST OF SYMBOLS AND ABBREVIATIONS

X|

%

°C

ul

100 SW
ANOVA
ARS
ATA
ATC

CD
cm
CTAB
CV

df
DFF
DM
DNA
dNTP
EDTA
ESS
etal.
Fig.

GA

Grand mean

Per cent

Less than

Greater than

Degree

Degree Celsius

Micron

Micro Litre

Hundred Seed Weight
Analysis of variance
Agricultural Research Station
Average Tester Axis
Average Tester Coordinate
base pair

Critical Difference
Centimeter
Cetyl Trimethyl Ammonium Bromide
Coefficient of Variation
Degree of Freedom

Days to 50% flowering
Days to Maturity
Deoxyribonucleic Acid
Deoxy Nucleotide Tri Phosphate

Ethylene Diamine Tetra Acetic Acid

. Error Sum of Squares

and other people
Figure
Gram

Genetic Advance

Xii



GAM
GCV
GT

ha

HI

h%
e

kg hat

LG

mM
mg
min
ml
MSS
ng
nm
NCP
NPBP
NPC
NPP
NSP
PC
PCR
PCV
PIC
PH

PL

pmole

Genetic Advance as per cent of Mean
Genotypic Coefficient of Variation
Genotype by Trait

Hectare

Harvest Index

Heritability in broad sense

that is

Kilograms per hectare

Litre

Linkage group

Molar

Milli molar

Milligram

Minutes

Millilitre

Mean Sum of Squares

Nanogram

Nanometer

Number of Cluster per Plant
Number of Primary Branches per Plant
Number of Pods per Cluster
Number of Pods per Plant
Number of Seeds per Pod
Principal Component

Polymerase Chain Reaction
Phenotypic Coefficient of Variation
Polymorphic Information Content
Plant Height

Potential of hydrogen

Pod Length

Picomole

Xiii



PPV&FR
per se
RARS
RBD
RSS

Protection of Plant Varieties and Farm&ight
As such with mean
Regional Agricultural Research Station

Randomized Block Design

. Replication Sum of Squares

rotations per minute

Genotypic correlation coefficient
Phenotypic correlation coefficient
Standard Error of difference
Standard Error of mean

Serial Number

Simple Sequence Repeats
Singular Value Partitioning

Seed Yield per Plant

Tris Borate EDTA

. Total Sum of Squares

Volts

Volume by volume
Varietal Sum of Squares
Through

Namely

Standard Deviation

Variance

Xiv



Name of the author  :DIGUMARTHI LAKSHMI VINEESHA

Title of the thesis : GT BIPLOT ANALYSIS FOR YIELD TRAITS
AND MOLECULAR PROFILING OF
SELECTED LINES IN BLACKGRAM
[Vigna mungo (L.) Hepper]

Degree to which . MASTER OF SCIENCE
thesis is submitted
Faculty : AGRICULTURE
Department : GENETICS AND PLANT BREEDING
Chairperson : Dr. D. BHARATHI
University . ACHARYA N.G. RANGA AGRICULTURAL
UNIVERSITY
Year of submission  :2022
ABSTRACT

The present investigation was carried out at ddlafarm of
Sri Venkateswara Agricultural College, Tirupati imhgr Rabi, 2021-22 to study
genetic parameters, genetic diversity, genotypt&dibiplot analysis for twelve
traits and to develop molecular profiles of 35 kifram genotypes. Moderate
estimates of GCV and higher estimates of PCV weeeved for the traits plant
height, number of pods per plant, number of clgsper plant and harvest index.
High heritability coupled with high genetic advanag per cent of mean was
recorded for number of primary branches per pl&etnetic divergence analysis
using Mahalanobis Dstatistics grouped 35 genotypes into eight clsst@mong
the clusters, cluster Il had the maximum intrastdén distance followed by
cluster | and cluster V. The maximum inter clustBhstance was recorded
between cluster IV and V followed by cluster \dawill, cluster | and V, cluster
V and VII and cluster VII and VIIl. Hence, the csaesviz., LBG 645 x P 112,
LBG 645 x 1P4-10-4, LBG 645 x PU 31, LBG 645 x P320and P 1032 x
IPU-10-4 could be suggested for the exploitatiotrahsgressive segregants for
yield.

Based on genotype by trait biplot analysis, thedsgeld was positively
correlated with number of pods per plant, numbeclo$ters per plant, number
of primary branches per plant, number of seedspper plant height, days to
maturity, pod length, number of pods per clusted aarvest index. The trait
number of primary branches per plant was considasdest, similarly, the
genotype LGG 645 was identified as ideal cultivar.

Molecular profiling disclosed, out of 16 SSR mageten were
polymorphic and generated unique DNA profiles fé&r ldackgram genotypes
studied. Based on the level of polymorphism detebteindividual marker, four
SSR markers (CEDG 20, CEDG 44, CEDG 243 and BM 1w@je most
informative and this set of markers had the enosmmetential to identify most
of the blackgram genotypes studied.

XV






Chapter - I

Introduction






Chapter — 1
INTRODUCTION

Blackgram (Vigna mungo L. Hepper), a diploid (2n = 2X = 22), short
duration legume crop of family Fabaceae, was domesticated in Northern
South Asia from progenitor Vigna mungo var. silvestris (Lukoki et al., 1980).
It is cultivated throughout Southeast Asia because of its multiple benefits to
soil and human hedlth. It is nutritionally important crop with about 25%
protein nearly three times that of cereals, 60% carbohydrates, 1.3% fat (Das et
al., 2021) as well as important vitamins and minerals, making it a balanced
vegan diet when supplemented with cereals. The ability of its roots to fix
atmospheric nitrogen (42 kg/halyear) (Dey et al., 2020) contribute towards
soil health while deep roots prevents soil erosion by binding soil particles.
Short duration of blackgram makes it suitable for intercropping with corn or
millet or rotation with cereals like rice or wheat (Muthusamy and Pandiyan,
2018), adding another benefit for farmer.

India is the largest producer as wel as the consumer of
pulses accounting for more than 70 per cent of globa production. It ranks
fourth in position after bengalgram, redgram and greengram cultivated in
an area of about 4.14 M ha, with an annual production of 2.23 M t and with a
productivity of 538 kg hal. Andhra Pradesh is one of the major blackgram
growing states of India with an area of 3.93 lakh hectares, with a production
of 3.65 lakh tons and a productivity of 929 kg ha? (Directorate of Economics
and Statistics, DAC & FW 2020-2021).

Though Indiais the largest producer of pulses, around 2-3 million tons
of pulses are imported annually to fulfill the domestic consumption
requirement as the current yield increase trends may not be sufficient in
dealing with the growing demand (Singh et al., 2022). Despite the economic
and nutritional value of pulses including blackgram, the sluggish growth in

production is due to lack of exploitable genetic variability, absence of location
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specific suitable ideotypes for different cropping systems, poor harvest index
and susceptibility to various biotic and abiotic stresses (Chippy et al., 2021).
Hence, for a major breakthrough in yield and productivity of blackgram, it is
imperative to develop high yielding varieties with desirable traits.

To meet the nutritional requirement of ever growing population, alarge
number of blackgram varieties are released and notified every year in India
These improved varieties normally developed through hybridization between
genetically similar parents which leads to the less amount of genetic
variability among newly developed cultivars. This creates alot of confusionin
identification of varieties, moreover these varieties were utilizing on
commercia scale unofficially. Hence, there is an immediate need to establish
the genetic identity of the cultivars to prevent the unauthorized use of varieties

on commercial scae.

For planning and execution of a successful breeding programme, the
most essential prerequisite is the availability of substantial desirable genetic
variability for important characters. The available variability in a population
can be partitioned into genetic parameters such as coefficients of variation,
heritability and genetic advance to serve as basis for selection of desirable
genotypes than existing ones. The estimates of genotypic and phenotypic
coefficient are necessary for understanding the influence of environment on
different traits. Heritability measures the relative amount of the heritable
portion of total variation and aids in phenotypic selection. Genetic advance
(GA) under selection gives an idea about how much of the genetic gain
possible in next generation due to simple selection alone. Estimation of
genetic variability in conjunction with the estimates of heritability and genetic
advance indicate the possible improvement achieved through selection
(Johnson et al., 1955a).

The pace and magnitude of genetic improvement are generaly
dependent on the amount of genetic diversity present in a population. The

accurate estimation of genetic diversity can be invaluable in the selection of
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diverse parental combinations to generate segregating progenies with
maximum genetic variability. The selection of highly genetically divergent
parents is expected to throw superior and desirable segregants following
crossing (Bhatt, 1973). Severa biometrical approaches have shown to be
useful in selecting parents for successful hybridization programme. The
Mahalanobis D? statistics has been found to be a powerful tool in quantifying
the degree of genetic divergence among parents, which ensures high heterotic
effects and more variability in the segregating generations and determines the
relative contribution of each component character to the total divergence
(Murthy and Arunachalam, 1966).

Yield being an intricate character, have low heritability due to its
polygenic nature. Thus, progress from direct selection for such traits is slow.
A better aternative is to consider the indirect selection through secondary
traits that are relatively easier to measure and possess high heritability. Such
traits can be identified based on analysis of relationship among traits.
Correlation and regression analyses are the most popular statistics used for
anaysing trait relationships. However, in correlation and simple linear
regression, relationship between only a pair of traits can be considered at a
time. More recently, the genotype main effect plus genotype by environment
interaction (GGE) biplot offers genotype by trait (GT) biplot analysis using
robust statistical tools.

GT biplot anaysis alows the visuaization of genetic correlation
among traits (Yan and Reid 2008) and also helps in studying genotype by trait
relationships (Lee et al., 2003) and evaluation of genotypes on the basis of
multiple traits. It facilitates the graphic visualization of the genetic
correlations among traits (Y an and Rajcan, 2002; Lee et al., 2003) and it also
provides information on the usefulness of genotypes for production and helps
to detect less important (redundant) traits and identifies those that are
appropriate for indirect selection for a target trait (Apraku and Akinwale
2010).



DNA fingerprinting is considered and widely used as potential tool for
establishing genetic identity of the cultivars. Establishment of the genetic
identity of the cultivars through development of cultivar specific molecular
profiles is important for their registration under the Protection of Plant
Varieties and Farmers Rights Act. Traditionally, morphological traits and
Isozyme markers were used to establish the identity of a variety (Glaszmann
1987; Patra and Chawla 2010). Such traits and markers are, due to their
limited numbers, stage specificity and environmental influence of expression,
not efficient enough in nature to characterize reliably and precisely. On the
other hand, the highly heritable, abundant and polymorphic DNA markers are
powerful enough to discriminate not only distantly related but also closely
related genotypes.

Marker technology assist the conventional breeding by desirable gene
identification, revealing the diversity of the genotypes, reducing the time of
variety development and varietal identification (Latif et al., 2011). To date, so
many markers such as RAPD (Williams et al., 1990), AFLP (Vos et al.,
1995), SRAP (Li et al., 2001), ISSR (Latif et al., 2013), SSR (Latif et al.,
2013) and SNP (Monfared et al., 2018) are developed for gene and varietal
characterization of different crops. Among them, SSRs are the most popular
molecular markers for its easy use, high alelic diversity, wide distribution
across the genome, relative polymorphic abundance, amplification ability
from low quantiies DNA, cost effectiveness and reproducibility
(Pathaichindachote et al., 2019). SSRs are widely used for the characterization
of several crops such as rice (Chakravarthi and Naravaneni., 2006), lentil
(Agarwal and Katiyar., 2008), durian (Siew et al., 2018), groundnut
(Amaravathi et al., 2014) and rice (Barghavi et al., 2021).

With the aim of improving the productivity of blackgram and
protection of improved cultivars the present research work was formulated

with the following objectives:



Objectives of Investigation:

1. To assess genetic variability and genetic parameters for yield and yield
attributing traits.

2. To study genetic diversity among blackgram genotypes using
Mahalanobis D? statistics.

3. To study the extent of association among yield and yield attributing
traits by using genotype by trait biplot analysis.

4. Molecular profiling of selected blackgram genotypes using molecular

markers.
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Chapter 11

REVIEW OF LITERATURE

An attempt has been made to review the literatureonsonance with
the objectives of present investigation in blackg&igna mungo (L.) Hepper)

under the following headings:

2.1 GENETIC VARIABILITY

2.2 GENETIC DIVERSITY

2.3 GENOTYPE BY TRAIT BIPLOT
2.4 MOLECULAR PROFILING

21 GENETIC VARIABILITY

Genetic improvement for quantitative traits depeodshe nature and
amount of variability present in genetic stock ahd extent to which the
desirable traits are heritable. Hence, prior ttidating any crop improvement
program the knowledge of the inheritance of yietdl &&s component traits
through estimation of genetic variability parametgz., genotypic coefficient
of variation (GCV), phenotypic coefficient of vatiizn (PCV), heritability (A),
genetic advance (GA) and genetic advance as pentenean(GAM) is pre

requisite.

A brief review of literature on variability, herltdity and genetic

advance of quantitative characters in blackgrapresented here under.

Deepshikhaet al. (2014) assessed genetic variability in 30 blackgram
genotypes and found that the phenotypic coefficadntariation was higher
than the genotypic coefficient of variation for elaracters. PCV and GCV
were high for grain yield per plant and number oflp per plant, while
moderate for number of clusters per plant, numibeeeds per pod and seed

index.

Estimation of variability, heritability and genetadlvance for eleven
characters were carried out in 76 blackgram gemstypligh heritability was
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observed for days to maturity, days to 50% flowgrigrain yield per plant,
number of pods per plant, number of clusters pantpll00-seed weight and
harvest index. Grain yield per plant, number of ped plant and number of
clusters per plant recorded high genetic advanapled with high heritability
(Patel and Patil, 2014).

Punia et al. (2014) conducted an experiment to estimate genetic
parameters among 133 accessions of blackgram y8dddoranches per plant,
pods per plant and plant height recorded high G@Y BCV respectively.
Higher genetic advance coupled with high heritabilvas observed for plant
height, seeds per pod, days to flowering and daysaturity.

Kumaret al. (2015) assessed variability in 57 blackgram ggesyfor
14 guantitative characters and revealed that heghability along with high
genetic advance was recorded for plant heightweadht, seed yield and total
biomass, while high genetic advance along with metgeheritability recorded
for pods per plant, seeds per plant and fodder &ssoFurthermore, moderate
heritability with moderate genetic advance was olegkfor seeds per pod and

harvest index.

Gowsalyaet al. (2016) carried out genetic variability studies agp&0
genotypes of blackgram for eleven quantitative abi@rs and reported that the
traitsviz., branch length, number of branches, plant heidbsters per plant,
seed yield per plant, number of pods per plant@oullength registered high
heritability. However, moderate heritability wasoeded for 100 seed weight

and number of seeds per pod.

Variability studies conducted by Priyank al. (2016) among 24
blackgram lines revealed the phenotypic coeffitiof variation was greater
than their corresponding genotypic coefficient afiation. The estimates for
heritability was high for all the traits except fdays to 50% flowering and
branches per plant. High heritability coupled wiigh genetic advance as per
cent of mean was noticed for the charactezs pods per cluster, pod length,

test weight, seeds per pod and seed yield per.plant
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In a study involving 36 blackgram genotypes by Aatual. (2017)
deciphered high estimates of PCV and GCV for nundbetusters per plant,
whereas moderate values registered for plant haigtitiow for seed index,
pods per plant, days to maturity and 100 seed weigh

Variability studies conducted by Hemalatleh al. (2017) among 25
blackgram genotypes revealed that the charadierglant height, number of
branches per plant, clusters per plant and podsplzert showed higher
estimates of genetic advance as percent of measreat the characters days
to 50% flowering, seeds per pod and pod length sdawoderate estimates of

genetic advance as percent of mean.

Genetic variability in five breedinglines of blagkm for different
guantitative characters was estimated. Among theachers studied, high GCV
and PCVwere recorded for number of pods per pladtyield per plot, whereas
moderate estimates of PCV and GCV observed for ta96% flowering and
days to maturity and Low for number of seeds per @od 100 seed weight
(Ozukum and Sharma (2017).

Pandaet al. (2017) reported that high heritability estimatesrave
registered frthe traitgz, number of clusters per plant, 100 seed weight,tplan
height, number of pods per plant, number of seastsant and seed yield
per plant among 50 blackgram genotypes evaluatedstimate genetic
variability. Moderate heritability was observed fiays to maturity, days to
50% flowering, while the magnitude of heritabiltsas low for number of seeds

per pod, pod girth and pod length.

Aftab et al. (2018) estimated genetic parameters for thirtdemacters
in 39 blackgram genotypes. High heritability wasoreled for seed yield per
plant followed by biological yield per plant, plamtight, harvest index, days to
50% pod setting, primary branches per plant, pedplant, clusters per plant.
the traitsviz., days to maturity, days to 50% flowering, 100-seeigivt, pod

length expressed moderate heritability.



Jebersonet al. (2018) conducted genetic variability studies in 25
advanced breeding lines of blackgram. Moderatemestis of heritability
coupled with high genetic advance mean were reddiateseed yield per plant
(18.39%), while moderate estimates of genetic aclwazoupled with high
heritability was recorded for the 100 seed weidl®.§2%) and plant height
(13.57%).

Genetic variability analysis was carried out fovesgteen yield, yield
components and water use efficiency traits amongl&kgram genotypes by
Kavithaet al. (2018). They noticed that the characters seed yield per plant,
number of clusters per plant, number of pods pantpl100 seed weight,
number of seeds per pod, number of primary brangbeplant and SLA at 50

DAS exhibited high genetic advance as per cented#m

Priya et al. (2018) evaluated 20 blackgram genotypes for geneti
variability and found that highest genetic variatiwas observed in number of
primary branches per plant (GCV 29.1% and PCV 32,.94mber of clusters
per plant (GCV 36.8% and PCV 38.3%); number of gmetplant (GCV 37.2%
and PCV 38.0%) and single plant yield (GCV 33.9% BV 35.4%).

Thirty two blackgram genotypes were analyzed foregiervariabilityby
Sushmitharagt al. (2018) and stated that high heritability couplethwiigh
genetic advance as per cent of mean was observetiddraitsviz., plant
height, number of clusters per plant, number ofsgoet plant and single plant

yield.

Forty five blackgram genotypes were subjected teege variability by
Tanket al. (2018) and revealed that narrow difference waemesl between
GCV and PCV observed for characteia, 100 seed weight (GCV 13.67%
and PCV 14.42%) followed by days to 75 percent nigt¢GCV 2.72% and
PCV 3.48%), seed protein content (GCV 4.67% and BEV%) and number
of branches per plant (GCV 22.39% and 23.47%).



Thirty nine genotypes of blackgram were studiedgiemetic variability
by Veniet al. (2018). They reported high GCV estimates for simpdget yield,
number of clusters per pod, plant height, numbéranches per plant, hundred
seed weight, number of seeds per pod and pod leAgibng the characters,
number of clusters per plant, number of pods pantphundred seed weight
and single plant yield recorded high heritabiliyupled with high genetic

advance.

An experiment was carried out to estimate the geperameters for 12
guantitative characters in 28 genotypes of blagkdrg Chaitanya&t al. (2019)
and revealed that GCV and PCV were high for hanvestx and seed yield per
plant. High heritability coupled with moderate gen@dvance was observed
for number of pods per plant, pod length, numbgrrimhary branches per plant,

harvest index, biological yield and seed yield plant.

Partapet al. (2019) assessed 42 blackgram genotypes for 11athesa
and reported that the PCV was higher in magnithde the respective GCV
for all the characters. The traits plant heightdwiéd by numberof pods per
plant and number of primary branches per planttdd high PCV and GCV

among all the traits.

Senthamizhselvet al. (2019) assessed 112 blackgram genotypes to
estimate genetic parameters. They noticed that p&ight, number of primary
branches per plant, number of clusters per plampber of pods per plant,
hundred seed weight, protein content and seed pieidlant recorded high
heritability along with high genetic advance ascpatage of mean. However,
high heritability with low genetic advance is obsat for the character days to

50% flowering.

Khan et al. (2020) studied genetic variability for fourteeaits in 60
genotypes of blackgram. They concluded maximumdiahity was found for
100 seed weight (92%) followed by number of podsgiant (90%) and pod

length (88%). Similarly, maximum genetic gain wadserved for number of
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pods per plant (48.17%), seed yield per plant @ %0 followed by cluster per
plant (43.38 %) and harvest index (41.01%).

Variability studies conducted in 50 blackgram ggpes by Patedt al.
(2020) divulged the higher magnitude of genotypiefticient of variation was
observed for plant height, clusters per plant, 468€d weight, seed vyield per
plant and straw yield. High estimates of herit&pitioupled with high genetic
advance expressed as percentage of mean was abgarbeanches per plant,
clusters per plant, plant height, seed yield panflharvest index and straw

yield.

Tusharet al. (2020) evaluated 51 released and advanced brekaas
of blackgram genotypes in RBD with three replicasicand stated that the
estimates of GCV and PCV were high for number ahbhes per plant, number
of pods per plant and seed yield per plant, whitelenate GCV and PCV were
observed for plant height, seeds per pod and paytHe

Evaluation of 35 accessions of blackgram by Sefrah (2021) revealed
highest genetic gain for seed yield per plant fe#dd by plant height, 100-seed
weight, harvest index and the number of pods pestet. While number of
branches per plant, pod length, the number of elagier plant, the number of
pods per plant, the number of seeds per pod ardgimal yield per plant

recorded moderate genetic gain.

Aman et al. (2022) carried out genetic variability studies agp®0
blackgram genotypes. High heritability coupled whilgh genetic advance as
percentage of mean was observed for number of prilmanches per plant,
number of clusters per plant, number of pods pestel, number of pods per
plant, pod length, number of seeds per pod, 1088 seight, seed yield per

plant, biological yield per plant and harvest index
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22 GENETICDIVERSITY

Genetic diversity is the basic requirement for sgstul breeding
programme. The development of new varieties is magdverned by the
magnitude of genetic diversity in the base matena extent of variability for
the desired characters. Progenies derived fromt afsdiverse crosses are
expected to throw a broad spectrum of genetic bditiaand thereby providing
a wide scope for isolating high yielding segregamthe advanced generations.
Among the several techniques used for diversityyaisga Mahalanobis (1936)
D? analysis was found to be the best technique imtifyimg the degree of
divergence among all possible pairs of populatibrgenotypic level and

therefore widely used for the classification ofgydal lines.

A brief review of literature on genetic diversityblackgram is presented

here under.

Leninkumaret al. (2014) studied multivariate analysis in 50 genes/p
of blackgram and grouped them into eight clustsiagiD? analysis. Among
the characters studied, number of seeds per di&r23%),number of clusters
per plant (12.90%), seed yield per plant (8.41%)&r cent flowering (8.33%)
and pods per plant (7.35%) were the major yieldstreontributed towards

genetic divergence among accessions.

Panigrahiet al. (2014) evaluated genetic diversity in 19 blackgram
genotypes for ten quantitative traits and genotypa® grouped them into Six
distinct clusters. Among the yield attributing tsaithe maximum contribution
towards divergence was made by seed yield per (36184%) followed by
100 seed weight (19.88%) and number of clusterplaat (11.69%).

Assessment of genetic diversity for eleven charaai€blackgram has
been worked out by Mahalanobig Bratistics. The 76 blackgram genotypes
studied were grouped into fourteen clusters. Ctudtevas largest with 32

genotypes followed by cluster | with 26 genotypegster V with 7 genotypes
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and all the remaining clusters consists of one typeoeach (Patel and Patil,
2014).

Sarkar (2014) assessed the genetic diversity ofgéBotypes of
blackgram by using D2 statistic for various agrorpmmlogical traits and the
genotypes were grouped into seven clusters havgmfisant inter cluster
distances. He noted that none of the clusters pssdea genotype which could

be designated as superior for all traits.

Sixty four blackgram genotypes were analysed byuBslal. (2015) to
study the genetic divergence pattern in two seaddmesintra cluster Bvalues
ranged from O (cluster VI and VII) to 7.68 (clust¥j, while the inter cluster
D? values varied from 2.82 to 22.32. The lowest imtieister distance was
recorded between cluster | and II, while it washlesgf between clusters VI
and IX.

Hadimaniet al. (2016) conducted Danalysis among 64 blackgram
genotypes and grouped them into 12 clusters. ahister distance was highest
between cluster IV and XlI. Among the traits stuljiplant height contributed
maximum towards the divergence followed by daysd#o flowering, days to

maturity, clusters per plant and 100 seed weight.

Kamannavaret al. (2016) were evaluated 144 blackgram germplasm
accessions for genetic diversity and grouped inghteclusters following
Mahalanobis Bstatistics. Pods per plant (42.5%) followed by plasight
(27.5%) and pod length (10.5%) contributed maximomards the genetic

diversity.

Gowsalyaet al. (2017) studied 80 genotypes of blackgram comprising
landraces, varieties and local cultivars from dédfeé locations for genetic
divergence by using Dstatistic. The genotypes were grouped into twelve
clusters. The character. number of branches, plant height, 100 seed weight

and number of clusters per plant had maximum daurtion to divergence.
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Thirty two blackgram genotypes were evaluated foregje divergence
and revealed that the per cent contribution towentdd genetic divergence was
highest for seed index (29.44) followed by numbérbmnches per plant
(16.33), clusters per plant (16.13), pods per pla0108), biological yield per
plant (8.67), harvest index (8.06) and days to &0 qent flowering (3.83).
(Mahesha and Gabriel, 2017).

Reddyet al. (2017) conducted an experiment to investigate #restic
diversity in 40 blackgram genotypes along with oheck (T-9) and those were
grouped into seven clusters by Tocher’'s method. preent contribution of
thirteen characters towards total genetic divergem@s the highest for
biological yield (65.26) followed by pod length (88), plant height (8.46) and
seed yield per plot (2.05).

Genetic divergence analysis was carried out byguBstatistic from
the means of 64 blackgram genotypes for thirteanacters. All the genotypes
were grouped into 9 clusters. The intra and intester ¥ values indicated that
the inter cluster distances were greater than atister distances which shows
considerable amount of genetic diversity existedorgn the genotypes
(Gopinath and Desai, 2018)

A set of 30 blackgram genotypes were assessed Wyhidat al. (2018)
for genetic diversity using Mahalanobig Btatistics and the genotypes were
grouped into eight clusters. The maximum intercludistance was observed
between cluster Ill and VI. The maximum intraclustestance was reported

in cluster V.

Priya et al. (2018) evaluated genetic diversity in 104 blackgram
genotypes and grouped them into eight clusters. ifitex cluster distance
between clusters VI and VIII was found to be high€tuster V had low mean
value for days to 50% flowering and cluster VIl hagh mean value for plant

height, number of primary branches per plant.
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Twenty two genotypes of blackgram were used to sthdynhature and
magnitude of genetic divergence using Mahalanobist&istics by Vyast al.
(2018). The genotypes were grouped into five clgstEhe average intra cluster
distance between the genotypes was maximum irfukeec|V (49.2) followed
by cluster V (23.98), 11l (17.86), | and 1l (1.0@0gspectively.

Eighty nine blackgram accessions were subjected 4anBlysis by
Bharathi et al. (2019) to assess the diversity for 18 quantitatirests.
The genotypes were grouped into 14 clusters. The ¢hister distances were
greater than intracluster distances, revealing tbamsiderable amount
of genetic diversity existed among the accessidhaximum inter cluster
distance was observed between cluster IX and X.{&)%ollowed by clusters
[l and X (752.52), cluster Il and X (746.95) arddster X and XlI (654.83).

Jayashreet al. (2019) carried out genetic divergence analysis ansén
blackgram genotypes and grouped them into thirtéesters. The cluster | was
formed with sixteen genotypes followed by eight @gpes present in the
cluster VII, five genotypes in cluster VIII, thrgenotypes in cluster VI and X,
cluster Xl was mono genotypic and the remainiagen clusters were formed

with two genotypes.

Forty six blackgram genotypes were evaluated byvaad al. (2019)
to assess genetic diversity and grouped them itdusters. The inter cluster
distances were greater than intra cluster distameesaling that considerable
amount of genetic diversity existed among the ggoes of different clusters.
Highest intra cluster distance was 2.148 obseroedlfister | which comprises
of five genotypes, whereas the maximum inter cludittance (9.90) recorded

between cluster VV and cluster II.

Senthilkumar (2019) assessed nature and magnitdfdegenetic
divergence in 35 blackgram genotypes. They werepgaunto seven clusters
and results revealed that the genotypes includeldgter 1V were early flowing
types (31.51) followed by cluster VI (33.46) andttdr 1l (33.47). Cluster VI

recorded lowest mean for plant height (29.43 cng@ximum number of seeds
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per plant (6.37) and seed yield per plant (13.0&4)ster Il recorded (13.059)
highest number of branches per plant (4.57) andieghseed weight (5.14 g).
Cluster V recorded highest number of clusters [@tg12.60), number of pods
per plant (35.57). Cluster IV recorded highest nanidd pods per cluster.

Narendrabhagt al. (2020) studied genetic diversity for thirteen sait
50 blackgram genotypes by’ Bnalysis during late kharif 2018. Based oh D
values they grouped the genotypes into six clustenem the cluster mean
results, they concluded that cluster I, Il andhAs high amount of variation

within population.

Genetic divergence analysis was conducted amougvé6se genotypes
of blackgram by Pratagt al. (2020) and grouped them into 5 clusters. The
results showed that the contribution of pod lenvgdls highest (12.70) followed
by harvest index (11.06), number of pods per lad81), test weight (10.68),
days to maturity (10.56), grain yield per plant8@, plant height (8.86),
biological yield per plant (6.80), number of se@&s pod (6.60), number of
primary branches per plant (6.49) and lower coatrdn was made by days to

50% flowering (5.58) towards the genetic divergence

Hundred blackgram genotypes were grouped into ddgtais using B
analysis by Punithavathgt al. (2020). Maximum inter cluster distance (16.51)
was observed between cluster IV and Xl followedlogter X1 and XlI (13.96).
The lowest inter cluster distance was found betvehester 11l and VIII (4.45).

Rajalakshmeiet al. (2020) assessed 32 blackgram genotypes for genetic
diversity and grouped them into 9 discrete clust&rsong them, cluster |
grouped with a maximum of 11 genotypes, followedcclster IV with seven
genotypes, clusters Il and Ill each with four ggpes and cluster VIII with
two genotypes, while the remaining clusters weliéesp. They also found that
the maximum contribution to genetic divergence wiogsthe number of

branches per plant followed by plant height anddned seed weight.
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Ayeshaet al. (2021) evaluated genetic divergence of 40 blackgra
genotypes. They were grouped in to 10 clustersdigtance within the clusters
varied from 0.00 to 28.00. Cluster V recorded thaximum intra cluster
distance of 28.00, followed by cluster IV (20.3@yster IX (17.04), and cluster
Il (16.97).

Chippy et al. (2021) studied 102 blackgram genotypes for genetic
diversity and grouped them into 18 distinct clust@ihe cluster mean for the
nine characters revealed that cluster X with omotge (IC 436811) had the
lowest mean value for days to 50 % flowering. Tiglhbst mean value for plant
height (58.80 cm) was recorded in cluster XllI;stkr XVII for the number of
pods per plant (48.80) and cluster XIV for thettsamgle plant yield (29.10 g).

Forty blackgram genotypes were grouped into 7 efgstusing
Mahalanobis B statistic. The distribution of genotypes in differeslusters
revealed grouping of genotypes from different gapgic regions into the same
cluster. Similarly genotypes from the same geograpgion were scattered
into different clusters at random (Mallikarjusizal ., 2021).

Reni et al. (2022) evaluated 59 blackgram genotypes for foartee
characters to assess genetic diversity. The geestypre clustered in to seven
clusters. Cluster | have highest number (24) obgges, followed by cluster
Il (23 genotypes), cluster Il (7 genotypes) andstdr V (2 genotypes). The

clusters IV, VI and VII were solitary with singlegotype.

Forty six genotypes were subjected to genetic ditserstudies by
Goswamiet al. (2022) and were grouped them into nine clusters. ifitex
cluster distances surpassed the intra clusterndista Highest inter cluster
distance was noted between cluster IV and VIl feéld by cluster VIl and VIII,

and cluster VI and VII.

Kuchanuret al. (2022) carried out genetic diversity analysis ambdg
blackgram genotypes using Mahalanobi$ dhatistic. They found that the

contribution of days to maturity towards genetigedlgence was maximum
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(66.04%). The inter cluster distance ranged from5@5to 514.44. The
genotypes belongs to the cluster BDU-20, BDU-3-20, BDU-68, TRCRU-
22 possessed desirable traits like earliness agitehseed size and genotypes
of cluster IV, BDU-9, BDU-10, LBG-752 possessed tfralike higher

reproductive period, maturity and high seed yieavdentified as diverse.
2.3 GENOTYPE BY TRAIT BIPLOT (GT BIPLOT)

The genotype by trait (GT) biplot analysis is a pdulestatistical tool
for studying relationships among traits, evaluatungivars based on multiple
traits and for identifying those that are supenmcertain traits. A GT biplot
can also be used to visualize the merits and ghortgs of individual
genotypes, which is important for both cultivar lexion and parent selection.
It allows visual display of the genetic correlatemmong traits (Yan and Rajcan,
2002; Leest al., 2003) and provides information on the usefulndssittivars
for production as well as information that helpgi&gect less important traits

and to identify those that are appropriate fornect selection for a target trait.

A brief resume of the work done on genotype byt tvgalot analysis in
various crop plants is presented here under, atetinvork has been done in

blackgram.

Yan and Rajcan (2002) evaluated soybean cultivatsvestigate the
relationship between seed yield and four othertstrby using GT biplot
analysis. They revealed that a strong positive @&ssoc between protein yield
and oil yield and negative association betweenemotoncentration and oil
concentration. They reported a near zero correldietween seed yield and

protein concentration and between seed yield dnmbocentration.

Four winter rapeseed cultivars were assessed bydHaral. (2008) to
understand the interrelationships among diffenextst using genotype by trait
biplot. They identified SLM046 as the ideal cultiviar seed yield and oil
content and also revealed that thousand seed weght positively and

significantly associated with seed yield per p&rd number of pods per plant.
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Akcura (2009) evaluated 42 bread wheat pure linestestigate the
relationships between yield and attributing traisng genotype trait (GT)
biplot analysis. The results revealed a strong pesiissociation between
number of grains per spikelet, harvest index antbgical yield. The genotypes
viz, G26 (Samsun-TR37926-3), G45 (Erzurum-TR32881-6) amdb G
(Erzurum-TR32668-1) were identified as best paramtgmhhancing quality in

bread wheat.

Aghaeeset al. (2010) investigated 85 durum wheat accessionsutty s
the relationship among 19 traits using accessiotrdy (AT) biplot analysis.
The accession by trait biplot captured 36.20 % ef tthtal variation of the
standardized data. Based on their results, thegated that AT biplot
graphically displayed the interrelationships amtnagts and facilitated visual

comparison of accessions.

Twenty three early maize inbreds were evaluated uad#icial striga
infestation and striga free conditions to identifg¢ most appropriate traits for
selecting striga resistant inbreds by Apradtual. (2010) using GT biplot
analysis. They identified TZEI 3, TZEI 2, TZEI 11 and TZBl ds potential
inbred parents for the production of striga resiskybrids and TZEI 8 was the
earliest in maturity based on both GT biplot andtntidit selection tools. They
further mentioned that the plant height and eaghitevere positively correlated

with maturity.

Saeectt al. (2010) used genotype by trait biplot analysisxanaine its
usefulness in visualizing maize traits relationsdml its application in hybrids
comparison. Their results revealed a strong pogigilagionship between all the

measured traits, except anthesis-silking interval.

Mohammadiet al. (2011) evaluated 18 durum wheat breeding lines
along with two checks under three different climatations and two moisture
regimes by using GT biplot. Biplot analysis revealeat the locations tended
to discriminate genotypes in dissimilar fashiond &me relationships among

traits were not consistent over the locations. @gres chl/Brach//Mora,
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Gcen//Stj/Mrb3 and 44-16-2-4 were identified as linghest yielding genotypes

under moderate, warm and cold conditions, respalgtiv

Oladejoet al. (2011) assessed 30 cowpea cultivars to determime th
interrelationship among physiological traits byngsG T biplot. They identified
that grain yield was positively correlated with dap 50% flowering, vigour
index, pod weight, yield growth rate, pods per plgreld per plant, seeds per
pod, days to 50% physiological maturity, days t&58odding and negatively

correlated with flowering traits.

Twelve sugarcane genotypes were studied by Chatreastmget al.
(2012) by using GT biplot. Their results revealed tame yield was positively
correlated with number of stalks, stalk heightbanhsonths after planting, stalk
height at harvest and stalk weight, whereas cagld yias negatively correlated

with brix value, pol value, fibre content and numbgdied tillers.

Safariet al. (2013) evaluated thirty nine peanut genotypes dhase
genotype by trait biplot analysis for simultaneamprovement of genotypes
for multiple traits. They identified ICGV 93134 folved by ICGV 92118 and
ICGV 93233 as the ideal cultivars.

Paramesh (2014) evaluated 31 mungbean genotypeg GSi biplot
analysis. Results based on GT biplot revealed teatl gsield was highly
positively correlated with all the morphologicatits except 100 seed weight,
which had approximately negative correlation withh The traits viz,
chlorophyll content, specific leaf area, relatiagury and chlorophyll stability
index showed a positive correlation with seed ygaidong physiological and

drought related traits.

Thirty six greengram genotypes were evaluated bygtsehal. (2014)
for 17 yield component traits and studied traitbaggions using genotype by
trait biplot analysis. They reported positive asstoan of seed yield with days
to 50% flowering, number of primary branches panplnumber of secondary

branches per plant, number of clusters per plamhber of pods per cluster,
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pod length, number of seeds per pgubd mass, seed mass, seed index and

harvest index.

Kamrani (2015) evaluated thirty bread wheat genedyby using GT
biplot analysis to study the effect of drought s¢ren the relationship among
several agro-morphological traits. The results atae a positive relationship
among the traitgiz., the number of kernels per spike, chlorophyll cottétag
leaf area, flag leaf weight, biological yield, dagsmaturity and grain yield in
rainfed condition, whereas in irrigated conditiosigess tolerance index,
geometric mean productivity and mean productivitg§lices were positively

correlated with grain yield.

Reddy et al. (2015) evaluated twenty four foxtail millet geyoes
including three checks by using GT biplot methodutwlerstand the trait
association and for selection of better genotyddse GT biplot analysis
exhibited 78.05 per cent of the total variationeyfheported that grain yield
was positively associated with panicle length, plagight, days to maturity,
days to 50% flowering and number of tillers pemnpkand negatively associated

with fodder yield.

Sofiaet al. (2016) conducted genotype by trait biplot analgsi®ong 35
greengram genotypes to understand the trait asemdaand noticed that the
traits viz., number of clusters per plant, number of pods pantpdays to
maturity, number of pods per cluster, leaf areatioin and chlorophyll content
had positive correlation with seed yield per pldntcontrast, seed yield per

plant was negatively correlated with 100 seed weigh

Sharmaet al. (2018) observed positive correlation of plot yielWith
plant height, pods per plant, seeds pergmutipod length based on GT biplot
analysis among 60 blackgram genotypes. Based onifg}dt based graphical
representation of association between traits, teggaled that the traitgz.,
plant height, pods per plant, seeds per god pod length showed positive

association with yield.
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A study on association among 21 agronomic traii®imaize genotypes
using GT biplot analysis revealed a strong positweelation between grain
yield and nutrient use efficiency, 100 kernel wejglumber of ears per plant,
plant height, number of kernels per plant, numiekesnels per row, grain

nitrogen utilization efficiency and grain nitrogeontent (Naggaet al. 2020).

Shojaeiet al. (2020) examined trait relationships among twehagza
hybrids using GT biplot analysis. They identified ttlhe genotypewiz,
KSC705, KSC706 and SC647 exhibited superior perdmca for maximum
yield traits and identified a significant positigerrelation among ear length,

number of rows in ear and grain width.

Forty six blackgram genotypes were studied by Keat al. (2021)
using GT Biplot. The traitgiz., number of pods per cluster, harvest index, pod
length, number of pods per plant, number of primarsgnches per plant,
number of clusters per plant, number of seeds pér p00- seed weight and
plant height showed positive association with sgeltl per plant. However,
seed yield per plant was negatively associated MMV scores, days to 50%
flowering and days to maturity. Based on the biplddG-623 was found as
ideal cultivar for plant height followed by MBG-185TBG-104, MBG-1050
and MBG-1037.

24 MOLECULAR PROFILING

Conservation of the genetic resources of blackgsawital for future
breeding programs and food security. For this attareation and proper
assignation of individual genotypes to speciegiired. Molecular profiling
is an effective method for varietal identificatioRNA banding pattern
developed by using different primers for each ggmetserves as its genetic
identity, which is more precise, rapid and distin&mong various DNA
fingerprinting techniques, Simple Sequence Re&aR] markers were mostly
used by many of the scientists to identify cultssaf various crops because

they are multi allelic, abundant, randomly and wWyddistributed throughout
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the genome, co-dominant that could differentiatnfd with homozygous or

heterozygous alleles, simple to assay, highly biiareproducible.

A brief resume of the work done on molecular pnodjlin various crop
plants using SSR markers is presented here unsidmied work has been

done in blackgram.

DNA fingerprinting of 15 elite rice genotypes usiBg SSR primers on
chromosome numbers 7-12 and revealed all the psirsBowed distinct
polymorphism among the cultivars studied. The infation obtained from the
DNA fingerprinting studies helped to distinctly miéy and characterize nine
varieties using 18 different RM primers (Chakrakiaeind Naravaneni, 2006).

A set of 31 lentil genotypes having indigenous ardtic origin were
screened using 42 STMS markers. Out of the 42 STiMBeps tested, all of
them gave amplified products. Among them 36 (85.p#ithers were found to
be polymorphic. A set of 16 STMS markers have bdentified which could

differentiate all the lentil cultivars of India. ¢@arwal and Katiyar, 2008)

Saraoet al. (2010) fingerprinted 14 rice varieties using 75 @
sequence repeat (SSR) primers. Out of these, B iproduced polymorphic
profiles, while 13 were monomorphic, two revealedl rellele and the
remaining two amplified only from super basmati. yheported that in a
screen of seven cultivars, 16 SSR loci producedai&’/unique alleles, which

provided an opportunity for their unambiguous ider#tion.

Kuang et al. (2011) constructed a DNA fingerprinting database of
32 cotton major cultivars based on simple sequemgeats (SSR) method
using 36 primers. Among the 32 varieties, 36 prinpairs had 142
polymorphic bands and 3.94 alleles were detecteebloin SSR primer pair on
an average with the range from 2 to 11. Ten culivead specific alleles by 9
primer pairs. Thirty two major cultivars could beeidified by 5 primer

combinations at least.

23



Ninety eight microsatellite markers were amplifiadl5 accessions of
sugarcane by Silvat al. (2012). The three SSR loci out of 98 primers angaifi
a total of 31 alleles in fifteen genotypes, withesranging from 192 to 505 bp
and the number of alleles ranging from 2 to 8 pelividual, showing the
polyploid nature of sugarcane. The PIC averageevainong the SSR primers
was 0.821, with a minimum of 0.752 (SCC93) and mmaxn of 0.875 (SCC82).

Amaravathiet al. (2014) fingerprinted a set of 12 groundnut vargetie
employing SSR markers. A total of 300 SSR wereeswd and fifteen potential
markers were employed for fingerprinting of grountdmarieties. The SSR
markers generated alleles ranging from 2 to 7 aitlaverage of four per locus.
The polymorphism information content (PIC) valuesged from 0 to 0.85.
They found a set of highly informative primers., PM 377, TC1A02, TC5A06
and GM1489 has the potential to identify most efgihoundnut varieties.

Kaewwongwal et al. (2015) assessed 520 cultivated and 14 wild
accessions of blackgram using 22 SSR markers. [Joted9 alleles were
detected, with the number of alleles per locus irampgrom 3 (cp01038 and
VES0019) to 23 (CEDG305 and cp05325) and a meardbféleles per locus.
The PIC values varied from 0.02 (CEDGO015) to 0.92GB05 and cp05325)

with an average of 0.60.

A total of 30 blackgram genotypes including fivecdtly adapted
varieties, twenty three advanced breeding linestandocal germplasm were
evaluated using 12 SSR markers by Pyngmip. (2015) and revealed that
the most informative loci were CEDG 180, CEDG 139 @xDG 279 with 5
alleles, CEDG 006, CEDG 143 and CEDG 056 with 4 alaled CEDG 282,
CEDG 204, CEDG 118, CEDG 068, CEDG 008, CEDG 043 8vdleles each.

Fifty eight jute accessions, including two contvalrieties (Huangma
179 and Kuanyechangguo) were evaluated with 2& mdilSSR primers. A
total of 184 polymorphic loci were identified. Eaphimer detected 3 to 15
polymorphic loci, with an average of 6.6. These kaes differentiated the 58
jute accessions from one another, with CoSSR305at2D CoSSR174-195
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differentiating Huangma 179 and Kuanyechanggu@ees/ely (Zhanget al.,
2015).

Fifty four wheat genotypes comprising of 41 Indaigin and 13 exotic
genotypes were characterized using 39 polymorpBiR $arkers for DNA
fingerprinting. A total of 112 alleles ranging froome to seven alleles were
generated with an average of 2.87 per SSR marker.PI@ value of SSR
markers ranged from 0.03 to 0.49. Furthermore, R $%rkers generated

alleles specific to some of the wheat genotypead8epet al., 2016).

Reflinur et al. (2017) studied total of 22 Indonesian mungbean
accessions based on 21 morphological traits ansirbple sequence repeats
(SSRs) primers. They identified eight multi allefearkers with high
polymorphic information content (PIC) values whicave been successfully
selected for varietal identification. The genetientty of a variety was shown
by digital barcoding which represented a seriesaldles produced by

corresponding markers.

Seventeen mustard cultivars were subjected to SS&/do identify the
efficient primers for developing DNA fingerprintingwo SSR primers of
mustard RalH11 and RalF03 exhibited a consideEdkke polymorphism of
41.17% and 35.29% respectively. The SSR primer Ra1B.772) of mustard
had showed highest discriminating power followedRy1F09 (0.617) then
RalF03 (0.558), Ra2B02 (0.382) and RalGO07 (0.2&p)actively. The highest
PIC value had showed by RalF03 (0.525), then fatblwy RalH11 (0.363),
Ra2B02 (0.359), RalF09 (0.290) respectively. Amahghe mustard SSR
primers RalH11l, RalF09, RalF03 followed a descgndmler of their
efficiency to discriminate the mustard cultivargldhose could be utilised for

developing DNA finger printing patterns for mustag@anigrahet al., 2018).

A total of 25 SSR primers were used by Ragulal. (2018) to
differentiate VBN 3 from Vamban 1 and CO(CP) 7. @it25 primers, six
primers viz, CEDG156, CP09781, CEDG171, CEDG127, CEDGO008 and
CEDG 305 had polymorphism among varieties. Primezs CEDG156,
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CP09781, CEDG171 and CEDGO008 had polymorphism betwesnban 1
and VBN 3. Likewise, primers CEDG 156, CP09781, CHR® and
CEDG305 had polymorphism between VBN 3 and CO(CR)rfe primer,

CP09781 was able to differentiate all three vareeti

Siewet al. (2018) used simple sequence repeat (SSR) markstadyg
the genetic variation in 27 durian types. Of tligheESR primer pairs designed,
seven primer pairs successfully amplified clearmpdoducible bands in all 27
durian types. Out of seven primers five loci weodymorphic and two were
monomorphic. A total of 19 alleles were scored ssgeven SSR loci, ranging
from one to five alleles per locus with an averafj2.714 alleles per locus. The
allele frequency of each allele at each locus rdrigem 0.074 to 1. Unique
DNA fingerprints were generated for 21 out of 27#iadn types using five

polymorphic SSR markers.

Eighteen mungbean genotypes was assessed usingea qiad0
microsatellite based primer pairs by Suneaal. (2019). They identified that
out of 40 primers initially tested, only 24 showidtinct polymorphism and
consequently only these primers were utilized fog purpose of genome
profiling of the entries. The polymorphic informati@ontent (PIC) ranged
from 0.440 to 0.928 with an average of 0.822 pdR $6mer pair. The lowest
polymorphism percent was observed for primer CEDGBI5(6.67), while
the primer CEDG 154 gave the maximum polymorphigmcent (63.64). The
primer pairs CEDG 008, CEDG 068 and CEDG 154 amoagdtal primer

pairs were found to be highly informative.

A total of 66 alleles were identified from 60 blgckm genotypes
evaluated using 11 SSR markers by Sustaah. (2020). The number of alleles
per SSR marker was six with a range of 2—12. Plldeveanged from 0.30
(CEDG 92) to 0.90 (Vmg SSR 29 and Vmg SSR 53) aathrage PIC of 0.60.

The major allelic frequency ranged from 0.13 to 0.78

Baisakh et al. (2021) studied 47 blackgram genotypes for genetic

variation based on molecular markers and morphoma@uoc traits. They
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noticed a higher level of polymorphism (97.05%) hwhigh average PIC
(polymorphic information content) value (0.75). Bidglundred and forty bp
allele (band) characteristic to Kantapada local, K&ndrapada local-D and

Nayagarh local — C was identified.
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Chapter I
MATERIAL AND METHODS

The details of the material utilized, methodologidepted and statistical
analysis followed in the present investigation teedi “GT biplot analysis for
yield traits and molecular profiling of selecteads in blackgramMigna mungo

(L.) Hepper]” are briefly presented in this chapteder the following headings
3.1 MATERIAL

The experimental material consisted of 35 genotgbédackgram. The
material was obtained for the study from AgricudiurResearch Station (ARS)
Madhira, Telangana; Regional Agricultural Researtdti® (RARS), Lam,
Guntur and Regional Agricultural Research Stati®ARS), Tirupati of
Andhra Pradesh. The list of genotypes was furnistmdable 3.1.

3.2 METHODS
3.2.1 Location of The Experimental Site

The present experiment was carried out at dry laaman fof Sri
Venkateswara Agricultural College, Tirupati, ANGRAIifuated at an altitude
of 182.9 m above mean sea level (MSL), 32.27°N udé&t and 79.36°E
longitude, geographically in southern agro climatime of Andhra Pradesh.

The soil is sandy loam with medium fertility.
3.2.2 Field Layout

The field was ploughed and harrowed twice untine fiilth of soil was
obtained. The experiment was laid out in a Randainileck Design (RBD)
with three replications. The crop was sown off' Z&xtober 2021 and each
genotype was sown in three rows of 3 m length wipacing of 30 cm between

rows and 10 cm between plants within rows.
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3.2.3 Crop Husbandry

Thinning was done at seedling stage to leave sgagdling per hill. The
crop was fertilized at the rate of 20 kg N and 40 in the form of urea and
single super phosphate. Irrigation, weeding andtgdeotection measures were
taken up as and when needed during the crop gnosvibd, as per the standard

recommended package of practices of ANGRAU.
3.2.4 Observations Recorded

Observations were recorded on five randomly chasempetitive plants
from the central row in each genotype in each catibn for all the characters
except days to 50 per cent flowering and days tturtg. The latter two
characters were recorded per plot basis. The valufage competitive plants
were averaged and expressed as mean of the regpetdracters. The details

of data recording are as follows.
3.2.4.1 Days to 50 per cent flowering (days)

The number of days taken from the date of sowirtheadate on which
50 per cent plants in each row reached to flowenag taken as days to 50

per cent flowering.
3.2.4.2 Days to maturity (days)

The number of days taken from the date of sowinth¢o80 per cent
physiological maturity of pods in each genotypearfreach plot was considered

as days to maturity for that genotype.
3.2.4.3 Plant height (cm)

At the time of harvest, plant height was measurechfground level to
the tip of the main raceme. The mean value of saplplets was recorded as

plant height in centimeters.
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Table 3.1. List of 35 blackgram genotypes used ihé¢ present study

S. No. Genotypes Source
1 KDRS-136 lIPR, Kanpur
2 SB-25-19 AAU, Shillongani
3 PU-205 GBPUAT, Pantnagar
4 COBG-653 TNAU, Coimbatore
5 P-726 lIPR, Kanpur
6 VBG-11-6 Vamban, Tamilnadu
7 VBN-7 Vamban, Tamilnadu
8 SB-40-5 AAU, Shillongani
9 TBG-104 Tirupati, Andhra Pradesh
10 NDU-11-204 NDUA and T, Faizabad
11 IPU-10-4 lIPR, Kanpur
12 P-1032 [IPR, Kanpur
13 MBG-1058 Madhira, Telangana
14 PU-31 GBPUAT, Pantnagar
15 VBG-10-010 Vamban, Tamilnadu
16 MBG-1061 Madhira, Telangana
17 UG-708 lIPR, Kanpur
18 VBN-4 Vamban, Tamilnadu
19 MBG-1051 Madhira, Telangana
20 TU-94-2 Coimbatore, Tamilnadu
21 P-728 lIPR, Kanpur
22 WBG-26 Warangal, Telangana
23 LBG-22 Lam, Guntur
24 LBG-787 Lam, Guntur
25 LBG-752 Lam, Guntur
26 TU-67 BARC, Mumbai
27 MBG-223 Madhira, Telangana
28 P-112 lIPR, Kanpur
29 LBG-709 Lam, Guntur
30 MBG-1050 Madhira, Telangana
31 RVSU-60 Sehore
32 LBG-648 Lam, Guntur
33 LBG-645 Lam, Guntur
34 LBG-20 Lam, Guntur
35 VBG-11-31 Vamban, Tamilnadu
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3.2.4.4 Number of primary branches per plant

The number of primary branches originating from th&n axis were
counted on each sample plant from each entry amh meue of sample plants

was recorded as the number of primary brancheplast.
3.2.4.5 Number of clusters per plant

At the time of harvest, the number of pod bearilgters were counted
on each sample plant and mean of all the samplesplaas recorded as the

number of clusters per plant.
3.2.4.6 Number of pods per cluster

The number of pods in each cluster from each saphg@h¢ were counted

and the average was calculated.
3.2.4.7 Number of pods per plant

The number of well filled pods from each sample plaas counted and
the mean of the random sample plants was recosldteanumber of pods per

plant.
3.2.4.8 Number of seeds per pod

Randomly five pods from each sample plant werecsede threshed

separately and average number of seeds per podalcagated.
3.2.4.9 Pod length (cm)

The length of the pod was measured from the batdestop of the pod
on five randomly selected pods from each samplet@iaharvest. The mean

value of the sample was recorded as the lengtbaimpcentimeters.
3.2.4.10 Hundred seed weight (g)

From each sample plant at random one hundred sessdscounted and
weighed in grams. The average of the sample plegrts expressed as 100 seed

weight.
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3.2.4.11 Seed yield per plant (g)

The weight of seeds of each of five sampled plards measured in

grams and mean value was recorded as seed yiejdaoer
3.2.4.12 Harvest index (%)

It is calculated as the ratio of seed yield (ecoicoyreld) to total dry

weight (biological yield) in grams and expresseg@én cent as given below.

| = E_cono_mlc ){leld per pIant(g)lO0
Biological yield per plant(g)

3.2.5 Statistical Analysis
3.2.5.1 Analysis of variance

The analysis of variance for each character wasiledér as per the

standard statistical procedure given by Panse akbdaBme (1961).

Yy =H+g +y, g

Where,
Yi = Phenotypic observation on*igenotype in jt" replication.
ML = General mean
g = Effect of " genotype
y, = Effect of " replication
ei = Random error associated withgenotype in'f replication.
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The analysis of variance for each character wasedaout as follows:
ANOVA for Randomized Complete Block Design

Mean | Expected Mean ‘F
Source of Degrees of
. Sum of Sum of calculated
variation freedom
Squares Squares Value
Replications (r-1) M 0% + go% Mi/Me
Genotypes (g-1) M 0% + ro%g Mg/Me
Error (r-1) (g-1) M o’
Total (rg-1)
Where,

r = Number of replications

g = Number of genotypes

Mr = Mean sum of square due to replication

Mg = Mean sum of square due to genotype

Me = Mean sum of square due to error

c% = Environmental variance

c% = Variance due to replications

o’y = Variance due to genotypes

Test of significance for each character was aaroat against the

corresponding error degrees of freedom using ‘Bletaalues given by Fisher

and Yates (1967).

3.2.5.2 Estimation of genetic parameters

3.2.5.2.1 Variance

The genotypic and phenotypic variances were cakdlas per the

formulae proposed by Burton (1952)

Genotypic varianc¢o?) =

_ MSS due to genotypes - MSS due to e

Number of replications

Phenotypic variancgo?) = o7 +0;

0; = Genotypic variance

o’ = Error variance
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3.2.5.2.2 Genotypic and phenotypic coefficient ofwiation
The genotypic (GCV) and phenotypic (PCV) coefficieftvariation
were computed by the formulae given by Burton (3952

GCV (%) =% x 100

PCV (%) :% x 100

Where,
0g= Genotypic standard deviation

Op = Phenotypic standard deviation

X = General mean of the character

Categorization of the range of variation was dosepeoposed by
Sivasubramanian and Madhavamenon (1973)

Less than 10 % - Low
10 -20 % - Moderate
More than 20 % - High
3.2.5.2.3 Heritability (Broad sense)

The proportion of genotypic variance to the totaliarace of the
population is referred to as heritability in brahse [Ry)] and was calculated

by the formula given by Lush (1940).

2
Heritability = =2 x 100
Gop

Where,

h?w)= Heritability in broad sense

g, = Genotypic variance
azp: Phenotypic varian(f@j +Ue2)

o’ = Environmental variance
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As suggested by Johnsah al. (1955b), heritability estimates were

categorized as

Less than 30 % - Low
30-60 % - Moderate
More than 60 % - High

3.2.5.2.4 Genetic advance

Genetic advance refers to the expected geneticagamprovement in
the next generation by selecting the superior idd&is under certain amount
of selection pressure. From the heritability estesathe genetic advance was

estimated by the following formula given by Johnsbal. (1955a).

GA =kop H
Where,
GA = Genetic advance
k = Selection differential at 5% selection intepg.06)
Op = Phenotypic standard deviation
H = Heritability (broad sense)

3.2.5.2.5 Genetic advance as per cent of mean (GAM)

Genetic advance as per cent of mean was calcwdatpdr the formula.

GAM = GXTAx 100

Where,
GA = Genetic advance
X = Grand mean of the character

The range of genetic advance as per cent of meanclassified as
suggested by Johnsenal. (1955b).
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Less than 10% - Low

10-20 % - Moderate

More than 20 % - High
3.2.5.3 Genetic divergence analysis:
3.2.5.3.1 Mahalanobis Banalysis

The data collected on different characters was aedlyusing
Mahalanobis B analysis to determine the genetic divergence ambeg
genotypes.

3.2.5.3.1.1 Test of significance

Variances were calculated for all the charactersstigated and test of
significance was done. Analysis of covariance fog tharacter pairs was
estimated based on mean values (Panse and Sukii&@éie¢, After testing the
difference between genotypes for each of the cters@ simultaneous test of
significance for differences in the mean valuesaohumber of correlated
variables with regard to the pooled effect of chts was carried out using
‘v’ statistic, which in turn utilizes Wilk’s criteon (Wilks, 1932). The sum of
squares and sum of products of error and errorietyavariance — covariance

matrix were used for this purpose.

The estimation of Wilk’s criterion was done usinge tifollowing

relationship.
. . _®
(E+V)
Where,
A =Wilk’s criterion
(E) = Determinant of error matrix and

(E+V) = Determinant of error + variety matrix
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The significance ofX’ was tested by

Y’q =V =-mlog\

Where,
m = n-(p+q+ 1)/2with ‘pq’ degree of freedom
n = Degrees of freedom of error + varieties
p = Number of characters
q = Number of genotypes — 1

log\ = 2.3407 logoA
V (Stat) is distributed ag with pg degrees of freedom.
3.2.5.3.1.2 Transformation of correlated variables

Transformation was done using pivotal condensatioethod.
Transformation of correlated variables into standadiuncorrelated ones was
done before working out the’alues because computation of\Rlues was
reduced to simple enumeration of differences in mealues of various

characters of the two genotygdess, Zdi?.
3.2.5.3.1.3 Computation of Bvalues

The D’ value between™ and 'f" genotypes for 'p' characters was
calculated as

Dij2= pXe=1(¥, =Y,
Where,
Y, is uncorrelated mean value i8fgenotype for character ‘t’
ﬁis uncorrelated mean valuej#fgenotype for character ‘t’

Djj? is D? betweeri™ andj™ genotype.
3.2.5.3.1.4 Testing the significance of’yalues

The DPvalue obtained for a pair of genotypes is takeraémulated value
of ¥? and is tested against the tabulated valug’ dbr p degrees of freedom
where ‘p’ is the number of characters considered.
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3.2.5.3.1.5 Grouping of genotypes into various cless

The grouping of genotypes into different clusterswlane using the
Tocher's method as described by Rao (1952). Therimit was that, two
varieties belonging to the same cluster at leastroaverage show a smallet D
value than those belonging to different clusters. this purpose Pvalues of
all combinations of each genotype were arrangedisoending order of
magnitude in a tabular form as described by Simgh@houdhary (1977).

To start with two genotypes having the closest distdrom each other
were considered, to which the third genotype hatliegsmallest Bvalue from
the first two genotypes was considered and so omlegly, the next nearest
fourth population was considered and this proceda® continued. At certain
stage when it was felt that after adding a pardicgénotype there was an abrupt
increase in the average?,@hat the genotype was not considered for inclyidin
in that cluster. The genotypes of the first clustere then eliminated and the
rest were treated in a similar way. This proceduas wontinued till all the

genotypes were included into one or other cluster.
3.2.5.3.1.6 Average intra cluster distance
For the measurement of intra cluster distancedptimeula used was

xD?%i
n

Where,
>D? = The sum of distances between all possible coatioins (n) of
populations included in a cluster.

3.2.5.3.1.7 Average inter cluster distance

Clusters were taken one by one and the distanoes dther clusters
were calculated. The distance between two clustassthe sum of Pvalues
between the members of one cluster to each of émelyars of the other clusters
divided by the product of number of genotypes ithbthe clusters under
consideration.
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2

Average inter cluster distanc?nl[i—n)
2

Where, n and n are number of genotypes of two clusters.
3.2.5.3.1.8 Cluster diagram

The clusters and their mutual relationships were sqred
diagrammatically. The square root of averageithich was an approximate

measure of divergence between groups, had beertaidedote the distance.
3.2.5.3.1.9 Contribution of individual characters twards divergence

In all combinations, each character was rankedhenbiasis of their
contribution towards divergence between two enfides Yit- Yj). Rank 1 is
given to the highest mean difference and the raid the lowest difference,
where P is the total number of characters. Pergentantribution of each

character (X) towards genetic divergence was caledlusing the following

formula.
Percentage contribution of the charaoter(Nx—loo)
Where,
N = Number of genotype combinations where the atarawas
ranked first
M = All possible combinations of number of genotypairs

3.2.5.4 Genotype by trait biplot (GT biplot) analyss

The Genotype by Trait (GT) biplot approach (Yan &ajcan, 2002)
was used to display the genotype by trait data bipkot and is based on the

parental means expressed in the following formula

Cn‘ _.[3. 2 2 .
S =Y At = LTt
i n=1 n=1

J
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a;, = The mean value of genotype i for trait j

B, = The mean value of all genotypes for trait j

o, = The standard deviation of trait j among genoty@ans
A = The singular value for Principal Component (PCn)
&, = The PCn score for genotype i

n., = The PCn score for trait |

£ = The residual associated with genotype i in trait |

To achieve trait focused scaling between genotypletiait scores the
singular valué\n has to be absorbed by the singular vector for typedin and
for traitsnjn. That is €54 = &in A% = &nandn’jn = Njn A% =njn An . Because n=2
in a biplot, only PC1 and PC2 are retained in tlel@ehand such a model tends
to be best for extracting patterns and rejectingsenafrom the data.
The Genotype by Trait (GT) biplot is constructed gsiR” packages (version
3.1.1) by plotting PC1 scores against PC2 sconesdoh genotype and each

trait.
3.2.6 Molecular Profiling Using SSR Markers

The DNA was isolated from 35 blackgram genotypesigisSCTAB
(Cetyl Trimethyl Ammonium Bromide) method (Doyle abdyle, 1990).

3.2.6.1 List of equipments and chemicals used

Equipments and chemicals used for molecular pngfiéire listed in the

Appendix A and B respectively.
3.2.6.2 DNA isolation

The total genomic DNA was isolated from tender |salbg modified
Cetyl Tri Methyl Ammonium Bromide (CTAB) method (D&yland Doyle,
1990) with the following steps.
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. The leaf samples (healthy leaves were collected fyoong plants of

about 10 days old) were grounded into fine powd#r iigquid nitrogen.

. Approximately 100 mg of the grinded leaf powder wasisferred into

2 ml eppendorf tube by spatula, to this 1.5 ml dAB extraction buffer
(Appendix C) was added and then incubated in waaér at 65C for

45 min with occasional mixing at every 20 min ingdr

. The tubes were removed from the water bath and allde/cool at room

temperature.

. Then equal volume of Phenol:Chloroform (1:1 v/v) wadded and

mixed thoroughly by gentle inversion and centridiger 20 min by
keeping in rotator at 13000 rpm (Eppendorf cengefu5804R) at 2%

until clear separation of three layers was attained

. Again Phenol: Chloroform (1:1v/v) step repeated foomplete

separation of polysaccharides and then the supermnatas carefully

pipetted out into new 2 ml eppendorf tubes.

. To this supernatant Chloroform: Iso amyl alcohol:{24v) was added

and mixed thoroughly by gentle inversion and cémged at 12000 rpm
for 15 min at 25C until clear separation of layers was attained.nThe

supernatant was carefully pipetted out into newnil.Bppendorf tubes.

. To the supernatant, ice cold isopropanol of abdaitvolumes (2/3 of

pipetted volume) and 50 pl of 3 M sodium acetatptdf.2 (Appendix
C) was added. The contents were mixed gently byranwe and kept

undisturbed for about 2 hours at -20

. Subsequently, the tubes were centrifuged at 13080for 20 min at 4

°C temperature to pellet out DNA.

. The supernatant was discarded gently and the DNiatpegas washed

with 70 % ethanol and centrifuged at 13000 rpmilf@min.



10.The supernatant was removed and the tubes wereealldovair dry
completely until ethanol smell was lost and thenpgkllet was dissolved

in 50 ul of milli-Q water.
11.The dissolved DNA was stored in -ZDafter labeling.
3.2.6.3 Assessment of quality and quantity of DNA

DNA was assessed for its purity and intactnessgusoth agarose gel

and Nano Drop spectrophotometer.
3.2.6.3.1 Quantification of DNA by 0.8 % agarose ¢jelectrophoresis:
3.2.6.3.1.1 Preparation of 0.8 % agarose gel:

A conical flask containing 100 ml 1X TBE buffer wakén and 0.8 g of
agarose was added to it (Appendix C). The coniaakfllong with its contents
were placed in an oven until agarose gets meltatptaiely and clear solution
was formed and then the flask was taken out fraotlen and allowed to cool.
To this 100 ml of agarose gel, 3 pl of ethidium bige{10 mg mt) was added
and mixed thoroughly. Later the solution was powted/ly into the gel casting
tray which is preset with 0.5 mm combs without fation of bubbles. After
solidification, the gel with casting tray was pldae gel tank and the comb was

removed gently without disturbing the wells thatied upon solidification.
3.2.6.3.1.2 Electrophoresis of DNA samples:

Three micro litre of each of dissolved genomic DN#&mples were
mixed with 2 ul of 6X Gel loading dye (Appendix @yd were loaded in the
0.8 % agarose-1X TBE gel along with lamb&pHind Il digest (New England
Biolabs, UK). Then, the gel with loaded samples alastrophoresed at 90V at
room temperature for about an hour. After thatgblewas visualized in an UV
gel documentation system (Biorad Gel Doc*XRaging System) and saved
the image for further use. Later, based on the siteand thickness of genomic
DNA compared td. DNA, the concentration of individual samples DNAw

determined.
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3.2.6.3.2 Quantification of DNA by nanodrop spectsphotometer

The isolated DNA was quantified using Nanodrop (NIDQ, Thermo
Scientific, Nanodrop Technologies, U.S.A).

1. The upper and lower pedestals of lifted sampling @fridanodrop were
wiped by using sterilized distilled water and 2ofidistilled water was

loaded into hole located on the lower pedestal.

2. The upper arm was closed and the operating softwatiee attached
computer was initiated and the instrument was &l to zero. Then

sampling arm was lifted and loaded water was wipddy paper towel.

3. Then 1 pl of genomic DNA sample was loaded in teesmanner and
the reading was noted under the 260/280 nm speetta and the
concentration. After taking the readings, bothahas of the instrument
were soft wiped by a clean paper towel. Then DNA dikged to 50 ng

il based on the reading provided by the machine.

4. The ratio of ODRso/ OD2goprovides an estimate of purity of nucleic acid.
Pure DNA preparations have @/ ODzgovalue of 1.8-2.0.

5. After quantification, all the samples were dilutedb0 ngul™ and used

for PCR reactions.

The ratio of absorbance at 260 nm and 280 nm was tosassess the
purity of DNA. A ratio of approximately 1.8 is gamadly accepted as pure for
DNA, a ratio of approximately 2.0 is generally guiesl as pure for RNA. If the
ratio is lower in either case, it may indicate gfnesence of protein, phenol or

other contaminants that absorb strongly at/or @8&rnm.
3.2.6.4 Primers used for molecular profiling

A total of 16 SSR (Simple Sequence Repeats) mamkers used for

molecular profiling of 35 blackgram genotypes.

The list of markers was presented in the Table 3.2.
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3.2.6.5 Amplification of DNA using polymerase chaimeaction

DNA was subjected to Polymerase Chain Reaction |B$RIsing SSR
markers. PCR tubes of 0.2 ml were taken and 2 [DNA (100 ngul) was
added. PCR reaction was performed in aul@lume of mix containing the

components as given below.

Components, their concentration and volume used fothe polymerase

chain reaction

Component Concentration Reaction volume
Taq buffer (10X) with MgC# 1X 1.0 pl
dNTP mix 10 mM 1.0 pl
Tag DNA polymerase 5U 0.1 ul
Forward primer 10 pmol 0.5 pul
Reverse primer 10 pmol 0.5ul
Genomic DNA 100 ng [ 2.0 ul
Autoclaved millipore water - 4.9 ul

The reaction mixture was given a short spin for dagh mixing of
components and then the PCR tubes with reactionwepe placed in the
gradient thermal cycler (Eppendorf) and the reacfimmgramme was set as

shown below.

Steps used in the PCR Program

S.No Steps Temperature ("C) Time | Cycle number
1 | Initial denaturation 94 5 min 1
2 | Denaturation 94 1 min
3 | Annealing 57-62 45 sed 35
4 | Extension 72 1 min
5 | Final extension 72 10 mirn]
6 | Final hold 4 o0 1
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The steps from 2-4 were repeated for 35 cycles foplification of
targeted DNA. Annealing temperature of each prinves standardized by
doing PCR with the temperature range of 54-64 ‘& PCR products were
stored at 4 °C for short periods and at -20 “ddng duration.

3.2.6.6 Resolution of the PCR products

Three per cent agarose gel was prepared by addjraj 8garose to 100
ml 1 X TBE buffer and boiled carefully till the agasmcompletely melted. Just
before complete cooling 31 ethidium bromide (10 mg M) was added and
the gel was poured in the tray containing the coarbfully avoiding formation
of air bubbles. The solidified gel was transferredhorizontal electrophoresis

apparatus and 1X TAE buffer was added to immersgé¢he

The PCR product was loaded on the 3 % agarose gabbgg with 2
ul of 6X loading dye. A 50 bp ladder was loaded atadard reference marker.
The gel was run at constant voltage of 90 V for &aBeB hours, until the ladder
got properly separated. The banding pattern wadyzsth using gel
documentation system (Biorad Gel Doc Xlgaging Systems) and saved the
image for later use. Reproducibility of PCR assas wested by performing
duplicate reactions at different times by usingtd=ml genotypes and primer

combinations and only reproducible bands was rexcbrd
3.2.6.7 SSR data analysis

The amplified products for marker analysis were sgasisually based
on the presence (taken as ‘1’) or absence (také&n)ad band for each primer.
Each marker fragment was treated as a unit characigronly clear and
unambiguous bands were scored. Also, the alleles wassigned band size
relative to the molecular size laddéinique alleles were defined as those

detected in only one species.
3.2.6.8 Marker polymorphism

To measure the informativeness of the markers, tlgnmrphism

information content (PIC) for each SSR marker wadswtated using GeneCalc
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(Bio-informatics tool).PIC score of > 0.50 depicts that the marker is lgigh
informative. Markers with PIC scores in between50-20.50 are moderately
informative, whereas PIC score of < 0.25 bringsniaeker under the category

of least informative one.
3.2.6.9 QR codes

QR (Quick Response) codes were generated usinedobl (available

at www.barcode-generator.org) for 35 blackgranmoggres.
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Chapter IV

RESULTSAND DISCUSSION

Thirty five blackgram genotypes were evaluated forariability,
genetic divergence and genotype by trait biplot s for twelve
guantitative traits/iz., days to 50% flowering, days to maturity, plantimtig
number of primary branches per plant, number oftels per plant, number
of pods per cluster, number of pods per plant, ramalb seeds per pod, pod
length, hundred seed weight, seed yield per pladtlarvest index during
rabi 2021-22 and molecular profiling was carried outtfte same genotypes

by using SSR markers.

The data collected on these traits were utilizedbfometrical studies.

The results obtained from these investigationsamaghed here under.
41 ANALYSISOF VARIANCE (ANOVA)

The analysis of variance revealed the significafiedinces among the
genotypes for all the traits under study indicatihg existence of sufficient

variability in the material (Table 4.1).
42 MEAN PERFORMANCE

The mean performance of 35 blackgram genotypes rasemed trait
wise in Table 4.2.

4.2.1 Daysto50% Flowering

Days to 50% flowering ranged from 33.67 to 41.09sdaAmong all
the genotypes, VBG-10-010 (33.67 days) was theesato flower, whereas
LBG-648 and LBG-645 were late in flowering (41.00 shayNineteen
genotypes were earlier in flowering when comparedhe general mean
(36.97 days).
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Table4.1. Analysisof variancefor yield and yield attributing traitsin

35 blackgram genotypes

Mean sum of squares

I\?tl) Characters Replications | Genotypes| Error

(df=2) (df=34) | (df=68)
1 | Days to 50 % flowering 1.37 10.03*F 0.46
2 | Days to maturity 2.66 24.38* 1.38
3 | Plant height (cm) 0.86 78.48* 17.4%
4 Egrn;tlaaer:tof primary branches 0.28 0.92% 0.09
5 | Number of clusters per plant 2.39 3.01*F 0.78
6 | Number of pods per cluster 0.36 0.33*F 0.16
7 | Number of pods per plant 34.36 25.937* 11.73
8 | Number of seeds per pod 0.17 0.77% 0.09
9 | Pod length (cm) 0.08 0.25** 0.04
10 | 100 seed weight (g) 0.52 0.67* 0.18
11 | Seed yield per plant (g) 0.65 1.82*F 0.41
12 | Harvest index (%) 4.45 87.58*7 43.79

** » Significant at 1% level.
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4.2.2 DaystoMaturity

The trait number of days to maturity varied from338to 80.33 days. The
genotypes P-112 and COBG-653 were early in mat@@®y33 days), while
LBG-648 was found to be late in maturity (80.33 daysghteen genotypes
were early in maturity when compared with the mesaturity (71.51 days) of
the genotypes.

4.2.3 Plant Height (cm)

The shortest plant height ranged was registeredPhy10-4 (17.97
cm), while the tallest was recorded by LBG-645 (4&ri). Sixteen genotypes
were taller in height when compared to the gemaesn height (23.71 cm).

4.2.4 Number of Primary branchesper Plant

Number of primary branches expressed in a ranga ft@3 to 4.60.
Among all the genotypes, more number of primarynbhas per plant was
recorded by the genotype MBG-1058 (4.60) whereaddhser number was
registered by IPU-10-4 (1.73). A greater numberpofmary branches per
plant than the general mean of the genotypes (3#& shown by 22

genotypes.
4.2.5 Number of Clustersper Plant
Maximum number of clusters per plant was recordethk genotypes

MBG-1058 and TU-94-2 (7.67), while it was minimum MBG-223 (4.00).

Sixteen genotypes surpassed the general mean (5.8® genotypes.
4.2.6 Number of Pods per Cluster

The difference for this trait was between 3.07 t804.Among the
genotypes, more or less number of pods per clussrregistered by MBG-
1058 (4.80) and LBG-648 (3.07). Eighteen genotypebowed greater
number of pods per cluster than the general medre@enotypes (4.15).

4.2.7 Number of Pods per Plant

Number of pods per plant ranged from 12.87 to 28NBG-1058
(28.33) registered maximum number of pods per plamtereas VBN-4
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recorded a minimum (12.87) number of pods per pl&8ntteen genotypes

excelled the general mean (19.04) of this trait.
4.2.8 Number of Seedsper Pod

Number of seeds per pod was highest in the genetyp&-645 (6.93),
LBG-752 (6.93) and lowest in LBG-20 (5.20). Ninetegmotypes exhibited

greater number of seeds per pod when comparee wetineral mean (6.10).
4.2.9 Pod Length (cm)

The genotype, COBG-653 (4.23 cm) registered thetes$iopod length
while LBG-648 (5.36 cm) was found to be the long&stteen genotypes
were longer in length when compared to the gemeean (4.71 cm).

4.2.10 Hundred Seed Weight (g)

Among 35 genotypes, MBG-1051 recorded the maxim® deed
weight (6.40 g), while P-112 had the minimum 10Gdsewneight (4.31 g).
The general mean of 5.36 g was exceeded by 20 ygmsofor 100 seed
weight.

4.2.11 Seed Yield per Plant (g)

Seed yield per plant ranged from 3.50 g to 6.43th & general mean
of 4.73 g. Out of 35 genotypes tested, LBG-645 iedrthe highest seed
yield (6.43 g), whereas MBG-223 and TU-67 registahedlowest seed yield
per plant (3.50 g). Eighteen genotypes put fortfhér seed yield per plant
than general mean.

4.2.12Harvest Index (%)

The maximum and minimum harvest index was obsemesBi-25-19
(49.13%.) and LBG-648 (24.56%) respectively. Nineteat of 35 genotypes
were found to be exhibit higher harvest index thaat of the general mean
(37.96%).

In any plant breeding programme for developing higiding varieties
or hybrids the basic need is the choice of parestts high mean values as

they are expected to produce desirable segregamats arossing (Gilbert,
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1958). Hence, selection of the genotypes with Ipghse performance are to
be identified first for each of the traits undemudst, aimed towards

development of high yielding blackgram varieties.

A perusal of mean values in the present investigatevealed that the
genotypes P-112 followed by COBG-653, SB-25-19, 168-and VBG-11-6
were earliest to flower as well as earliest to mat’hese genotypes may
provide useful genetic variability in breeding praigs aimed at developing

short duration blackgram varieties.

Considering the plant height, the genotypes LBG-645 the tallest
followed by LBG-648, LBG-20, KDRS-136 and NDU-11-208imilarly,
higher number of primary branches per plant remstefor the genotypes
MBG-1058, P-1032, KDRS-136, LBG-648 and VBG-11-6.eTégpenotypes
with tall height and more primary branches per planuld produce increased
number of clusters and number of pods per plamebyeseed yield per plant
will be increased. Hence, these genotypes couldileed in future breeding

programme for improving these traits.

In blackgram, the seed yield mainly depends onciaribution of
yield determining characters and among them, nurobetusters per plant,
number of pods per plant, number of pods per al@std number of seeds per
pod are very important. Plant types with more numifeabove said traits
usually produce higher yields. In the present stukg genotypes TU-94-2,
MBG-1058, LBG-645, KDRS-136, and P-726 registeredranoumber of
clusters per plant. Similarly, the genotypes MB&8,01PU-10-4, TU-94-2,
COBG-653 and TBG-104 for number of pods per clustee genotypes
MBG-1058, IPU-10-4, KDRS-136, P-112 and RVSU-60 fiamber of pods
per plant and the genotypes LBG-645, LBG-752, LBG-6MBG-1051 and
KDRS-136 for number of seeds per pod registerecersup performance.
Hence, these genotypes have the maximum poterdralufilization in

hybridization programme to improve the seed yialBlackgram.
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Hundred seed weight is one of the important attebamong the seed
yield components as it has greater contributioratole seed yield. Higher test
weight was registered by MBG-1051 followed by LBG-28G-709, MBG-
1061 and LBG-787. Hence, these genotypes could Hieedtin future

breeding programme for improving this trait.

Higher yield potential of genotypes is mainly diried to increased
biomass coupled with enhanced harvest index. Theotgpe SB-25-19
recorded the highegter se for harvest index followed by TU-67, PU-205,
VBN-7, UG-708. Hence, these genotypes could beogepl for higher yield
coupled with higher harvest index.

The ultimate aim of any breeding programme is toroup the yield.
Hence, selection of high yielding genotypes plays important role in
improving the productivity of blackgram. Among tlgenotypes, LBG-645
recorded high mean for seed yield per plant folibveg P-1032, TU-94-2,
LBG-20 and PU-31 suggesting that these genotypestniig successfully
exploited for blackgram yield improvement.

Based on the overall mean performance of genotypeeveral
genotypes showed high mean performance for more dha traits. Among
the genotypes, LBG-645 and MBG-1058 registered lpghse for seven
yield attributesiiz, plant height, number of seeds per pod, numberiofgry
branches per plant, number of clusters per plachtnamber of pods per plant,
pod length and seed yield per plant. The next basttype was TU-94-2 as it
showed highper se for six yield traitsviz, number of clusters per plant,
number of pods per plant, number of seeds perJ@@lseed weight and seed
yield per plant. hence, these genotypes could ibeedt for the development
of high yielding blackgram varieties. Further, PU-&xhibited higthper se for
five yield and yield attributing traitgz., number of clusters per plant, number
of pods per plant, number of seeds per pod, sexd per plant, harvest index
and lowper se for days to 50 per cent flowering. Similarly, P3POshowed
high per se for three yield and its attributing traitéz., number of primary
branches per plant, pod length, seed yield petrt plac lowper se for days to
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maturity Hence, these genotypes could be well etqloas donors for

development of short duration blackgram genotypasgawith high yield.

From the foregoing discussion basedpen se, it could be concluded
that the genotypes LBG-645, MBG-1058 and TU-94-2ensxtjudged as the
best genotypes for improving yield, while the ggpes PU-31 and P-1032

for improving yield and yield attributes coupledthvearly maturing traits.
4.3 GENETIC PARAMETERS
4.3.1 Variability

The success of any breeding programme depends hpoaxtent of
genetic variability in base population and it isexgtial to subject a population
for selection to achieve improvement in a particulait. The variability
estimates as phenotypic and genotypic coefficiehtariation, heritability in
broad sense, genetic advance and genetic advampssx asnt of mean for

twelve characters in 35 blackgram genotypes aredied in Table 4.3.

The estimates of variances due to genotypic, phpityand
environmental effects for 12 quantitative traitshiexed wide variation
among the traits. The higher estimates of genotgtp@ phenotypic variances
were recorded for plant height (20.34 and 37.79p¥ied by harvest index
(14.60 and 58.38) and number of pods per plant(dnd 16.46). In contrast
the traits number of pods per cluster (0.06 and 0.22), podttef0.07 and
0.11), 100 seed weight (0.16 and 0.35), numbereetls per pod (0.23 and
0.31) and number of primary branches per plani8(@zd 0.37) noted lower

genotypic and phenotypic variances.

Moderate estimates of GCV and higher estimates GV Rvere
observed for the traits plant height (PCV: 25.98&V: 19.02%), number of
pods per plant (PCV: 21.31%; GCV: 11.43%), numldeclosters per plant
(PCV: 20.99%; GCV: 14.65%;) and harvest index (P@@:13%; GCV:
10.06%). Similar pattern of the result was repoitetlackgram by Patedt
al. (2014) for number of clusters per plawgni et al. 2018 forplant height
and Saramt al. (2021) for harvest index.
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Moderate estimates of PCV and GCV were observeth®traits seed
yield per plant (PCV: 19.82%; GCV: 14.49%) and nemiof primary
branches per plant (PCV: 16.83%; GCV: 14.60%). THewbngs were in
consonance with the findings of Pag¢ehl. (2014) and Saraet al. (2021) for
number of primary branches per plant; Kuregal. (2015) and Jaberscet
al. (2018) for seed yield per plant.

Moderate PCV and low GCV were observed for the attar number
of pods per cluster (PCV: 11.25%; GCV: 5.75%) aff §eed weight (PCV:
10.96%; GCV: 7.49%). However, low estimates of fficient of variation
was observed for the characters number of seedsopefPCV: 9.20%; GCV:
7.81%), pod length (PCV: 7.04%; GCV: 5.60%), dags50% flowering
(PCV: 5.17%; GCV: 4.83%) and days to maturity (PC¥:21%;
GCV:3.87%). Similar kind of findings were also refgal by Tanket al.
(2018) and Kharet al. (2020) for days to 50% flowering and days to
maturity; Jabersomrt al. (2018) for 100 seed weighteni et al. (2018) for
days to 50% flowering and pod length and Senthaseizhet al. (2019) for
days to 50% flowering, number of seeds per podpaadiength.

4.3.2 Heritability (Broad Sense)

Heritability measures the relative amount of héidaportion of
variability. It is a good index of the transmissioincharacters from parents to
offspring. It is important selection parameter gmdvides clues on possible
improvement. Lush (1949) gave the concept of breades heritability, which
is the ratio of genotypic variance to total or pbtgpic variance. It is the most
important aspect of genetic constitution of bregdimmaterial, determines the
degree of success in a selection programme. Ipréssent study heritability in

broad sense was estimated and presented in Table 4.3

The highest heritability was registered for days5@% flowering
(87.40%) followed by days to maturity (84.72%), raenof primary branches
per plant (75.22%), number of seeds per pod (72)18f6l pod length
(63.21%) in the decreasing order of their magnitutidicating the least
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influence of environment on these characters. This w line with the studies
by Tanket al. (2018) and Sarae al. (2021) for days to maturity, number of
primary branches per plant, number of seeds peapddood length; Priyet
al. (2018) and Senthamizhselst al. (2019) for days to 50% flowering and
number of primary branches per plant; Satreted. (2019) for days to 50%
flowering and pod length and Amaat al. (2022) for number of primary

branches per plant.

Moderate heritability was registered for plant ini(h3.83%) followed
by seed yield per plant (53.47%), number of clssfmr plant (48.70%) and
100 seed weight (46.77%). These results were ieemgent with the findings
of Gowsalyaet al. (2016) for 100 seed weight; Tark al. (2018) for seed
yield per plant; Aftaket al. (2018) for 100 seed weight; Jabersbal. (2018)
for plant height, seed yield per plant and numbeclosters per plant and
Veni et al. (2018) for plant height; In contrary, low heritatyilwas registered
for number of pods per plant (28.77%), number afspper cluster (26.16%)
and harvest index (25.00%). These results were meeagent with the
findings of Kumaret al. (2015) for harvest index and Gét al. (2017) for

number of pods per plant.
4.3.3 Genetic Advance

Knowledge of heritability coupled with genetic adea is most useful
in predicting the scope for genetic improvemenbtigh selection. Selection
made on the basis of heritability alone is likalybe misleading. Since, broad
sense heritability includes both additive and episteffect, and it will be
reliable only when heritability coupled with gemetidvance. Thus, selection
of traits based on heritability and genetic advaeséimates is of great
importance to the breeder for making criteria foprovement in a complex

character.

The traitsviz,, plant height (6.82), days to maturity (5.25), hatve
index (3.94), days to 50% flowering(3.44), numbepods per plant (2.41),
number of clusters per plant (1.24), seed yield gtent (1.03), number of
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primary branches per plant (0.94), number of sped$od (0.83) 100 seed
weight (0.57), pod length (0.43) and number of ppes cluster (0.25)
registered low estimates of genetic advance in deereasing order and

indicated that most of the traits were controllggblygenes.
4.3.4 Genetic AdvanceasPer cent of Mean

In the present study, the maximum genetic advaageacent of mean
was registered for plant height (28.75%) followed rumber of primary
branches per plant (26.08%), seed vyield per pl2hi838%) and number of
clusters per plant (21.06%). Similar results weeported by Veniet al.
(2018) and Sathees al. (2019) for number of primary branches per plant,
seed yield per plant and number of clusters pertpBenthamizhseht al.
(2019) and Sara#t al. (2021) for plant height, number of primary branches
per plant, seed yield per plant and number of elssper plant; Khaset al.
(2020) for plant height, seed vyield per plant andthhber of clusters per plant

and Amaret al. (2022) for number of primary branches per plant.

The traits, number of seeds per pod (13.67%), numiogods per plant
(12.63%), 100 seed weight (10.56) and harvest inNd€x37%) recorded
moderate genetic advance as per cent of mean. Timeliags were in
consonance with Tardt al. (2018) and Aftatet al. (2018) for harvest index;
Priyaet al. (2018) for number of seeds per pod and 100 seeghtyeiaberson
et al. (2018) for 100 seed weight; Vedial. (2018), Satheet al. (2019) and
Khan et al. (2020) for number of seeds per pod and Satah. (2021) for

number of pods per plant.

On contrary, the traitgiz., days to 50 per cent flowering (9.30%), pod
length (9.17%), days to maturity (7.34%) and numbkipods per cluster
(6.06) showed low genetic advance as per cent ahmghese findings were
In consonance with Tandt al. (2018) and Aftalet al. (2018) for days to 50
per cent flowering and days to maturity : Prggal. (2018) for pod length and
Veni et al. (2018) for days to 50 per cent flowering and paoata.

60



The boosting of yield and other yield related attrds may be achieved
by efficient selection based on heritability ancheic advance estimations
and recommended that direct selection based ore thegts would be

beneficial for crop improvement.

In the present investigation, high heritability ptad with high genetic
advance as per cent of mean was recorded for nuohipeimary branches per
plant. Similarly, high heritability coupled with rderate genetic advance as
per cent of mean was recorded for the charactereumf seeds per pod.
High heritability coupled with low genetic advanag per cent of mean was
recorded for days to 50% flowering, days to majyuaibhd pod length. These
results were in agreement with the findings of Tenll. (2018) for number
of primary branches per plant, number of seedgpdrand days to maturity;
Aftab et al. (2018) for days to 50% flowering and days to ma#jufPriya et
al. (2018) and Senthamizhselsti al. (2019) for number of primary branches
per plant; Kharet al. (2020) for number of seeds per pod; Rehraaal.
(2021) for pod length; Saramal. (2021) for number of primary branches per
plant and days to maturity; Amaet al. (2022) for number of primary
branches per plant.

Moderate heritability coupled with high genetic adee as per cent of
mean was recorded for plant height, number of efgsper plant and seed
yield per plant.Sowmini and Jayamani (2013) and Hemalathal. (2017)
found the similar result in blackgram for plantdidi Jabersomt al. (2018)
for number of clusters per plant ahdnket al (2018) for seed yield per plant.

Moderate heritability coupled with moderate genetdvance as per
cent of mean was recorded for the trait 100 seeghteln contrast, low
heritability coupled with moderate genetic advaaseper cent of mean was
reported for number of pods per plant and harvedéx. Low heritability
coupled with low genetic advance as per cent ofnmeas reported for
number of pods per cluster. These findings wergieement with Gowsalya
et al (2016) for 100 seed weight and Gdil al (2017) for number of pods

per plant
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From the foregoing discussion, a perusal of esémat GCV and PCV
delineated all the traits recorded higher PCV caeghéo GCV . This could be
ascribed that a high influence of the environmemttlte expression of the
traits. It suggests that the traits were much #&fédy environment, and
selection on the basis of phenotype independengesfotype could be

effective for improvement of such traits.

The difference between GCV and PCV were narrow fyrsdo 50%
flowering, days to maturity, number of primary bchas per plant, number of
seeds per pod and pod length suggesting that thesacters are less affected
by environmental fluctuations. On the other hahe, ¢haractersiz., number
of pods per plant, harvest index showed wide diffees in the magnitude of
GCV and PCV indicating that environmental effeattbe expression of these
traits is higher. Therefore, the selection basedtlmse characters is not

effective for further yield improvement.

Moderate estimates of GCV and higher estimates ©V Rwvere
observed for the traits plant height, number of pér plant, number of
clusters per plant and harvest index indicatingpfesence of ample variation
among the genotypes for these traits. Thereforeplsi selection could be
effective for further improvement of these trakli®wever, lower estimates of
GCV and PCV was observed for the characters dag8% flowering , days
to maturity , number of seeds per pod and podtitemglicating the low range
of variation for these characters in the genotypiass offering little scope for
further improvement of these characters througtpkraelection. Jabersah
al (2018) also reported moderate GCV and high PC\plant height, number
of pods per plant and number of clusters per pRmyaet al (2018) revealed
low GCV and PCV for days to 50% flowering, numbéseeds per pod and
pod length.

High estimates of heritability in percentage webseyved for days to
50% flowering followed by days to maturity, numlodmprimary branches per
plant, number of seeds per pod and pod length. imdisated the influence of
additive genetic component for expression of themiés and it demonstrates
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that these traits could be successfully transfetweaffspring, if selection for
these characters is performed in the hybridizgh@gramme. These findings
were in consonance withftab et al. (2018) for days to 50% flowering, days
to maturity and number of primary branches per tpéanrd kharet al. (2020)
days to 50% flowering, days to maturity, numberseéds per pod and pod
length.

Heritability and genetic advance are indispensdiole the parent
selection on the basis of quantitative charactnss, the traits of genotypes
with greater heritability and genetic advance aeeforemost demand for the
selection of superior genotypes with desirablddrai

In the present investigation, high heritability pted with high genetic
advance as per cent of mean was recorded for nuohipeimary branches per
plant specified the dominance of additive geneoacin appearance of this
trait. Therefore, simple selection might be fruitfol improvement of this
character in segregating generation. Peya. (2018) and Senthamizhsekti
al. (2019), Sararet al. (2021) and Amanet al. (2022) observed high
heritability coupled with high genetic advance as gent of mean number of
primary branches per plant. Similarly, high heriiab coupled with
moderate genetic advance as per cent of mean wasdesl for number of
seeds per pod suggesting the presence of addiigienan additive gene
actionand the selection may be postponed in succeedingrg@ns. These
results were in agreement with Khah al. (2020) for number of seeds
per pod.

High heritability coupled with low genetic advaraper cent of mean
was recorded for days to 50% flowering, days toumigt and pod length
indicating the influence of non additive gene dle¢dominance) in the
inheritance of these traits and selection for duaits become difficult as the
high heritability in these traits is being exhibitdue to favourable influence
of the environment rather than genotypes. Henclectsen may not be
effective for these traits. Similar results werdaiied by Aftabet al. (2018)
for days to 50% flowering and days to maturity; Reimet al. (2020) for pod
length and Saragt al. (2021) for days to maturity.
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Low heritability coupled with low genetic advancepss cent of mean
was observed for number of pods per cluster ingigathat this trait was
governed by non additive gene effects (dominana¥/ocanepistasis) and
highly influenced by environmental effects or a @omation of these two

variables. Hence direct selection for such traitilddoe ineffective.

From the foregoing discussion, it could be conatldeat moderate
GCV estimates and high to moderate heritabilitypted with high genetic
advance as per cent of mean were observed for nuofilpgimary branches
per plant and number of clusters per plant indacathat the variation in the
above characters was most likely due to additiveegeffects. Thus, direct
selection for these characters may be effectiveegregating generations for

improvement of seed yield in blackgram.
44 GENETIC DIVERGENCE

In any crop improvement programme, assessment rodtigediversity
is prerequisite for identifying potential parents hybridization. Mahalanobis
D? statistics (Murthy and Arunachalam, 1966) has bémmd to be a
powerful tool in quantifying the degree of genaticergence among parents,
which ensures high heterotic effects and more ldit\a in the segregating
generations. It also provides a quantitative measifirassociation between
geographic and genetic diversity based on genesthretes (Mahalanobis,
1936). The data collected on 12 characters in 3&gfam genotypes were

subjected to Mahalanobis’Btatistics and the results are presented below.
4.41 Mahalanobis D? Analysis

To estimate B values, correlated mean of twelve characters of 35
genotypes were transformed into standardized ueled®d characters using
pivotal condensation method (Y1 — Y2). It measutbe degree of
diversification and determines the relative conititm of each component
character to total diversification. The statistiddéferences () between pairs
of genotypes were obtained as the sum of squardwedifferences between
the pairs of corresponding uncorrelated values wy &wo genotypes
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considered at a time. Thus? Dalues were obtained for all the possible [35
(35-1)/2)] 595 pairs of combinations.

4.4.2 ClustersComposition

The 35 genotypes were grouped into eight distinct oger lapping
clusters using Tocher's method (Rao, 1952) andlilbligion of genotypes into
each of eight clusters was presented in Table 44ilarstratedin Fig 4.1.
The distribution of 35 genotypes into eight clustwes at random. Cluster |
was the largest with nineteen genotypes followedclgter Il with nine
genotypes and cluster V with two genotypes. Whikedlusters Il, IV, VI, VII
and VIII were solitary clusters consisting of orengtype eachPanigrahiet
al. (2014); Patekt al. (2014); Gopinathet al. (2018); Jayashreet al. (2019);
Panwaret al. (2019); Patett al. (2020) Mallikarjunaet al. (2021); Ayeshaet al.
(2021); Chippyet al. (2021) andReni et al. (2022) reported grouping of

genotypes in different clusters irrespective ofrthegion.
4.4.3 Intraand Inter Cluster Average Distance

The average intra and inter cluster distanced (Rere estimated
according to the procedure given by Singh and Charyd(1977) and were
presented in the Table 4.5 and Fig. 4.2. Diverganedysis revealed that inter
cluster distances were greater than intra cluststamtes indicating the
existence of substantial diversity among the ggresty Similar results were
reported byPanwaret al. (2019), Rajalakshngt al. (2020) and Mallikarjunaet
al. (2021)

The intra and inter cluster distance among eigldtels were presented
in Table 4.5. The intra cluster average distanceaarfgpm 0.00 to 16.42.
Among the clusters, cluster Il had the maximunnardiuster distance (16.42)
followed by cluster | (11.76) and cluster V (6.14)ile the clusters II, IV,
VI, VII and VIII had recorded zero values as theycluded only single

genotype in each cluster.
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[ luster distances among 35



The maximum inter cluster distance was recorded dmtwcluster |V
and V (115.95) followed by cluster V and VIII (98), cluster | and V
(71.27), cluster V and VIl (57.51) and cluster \d@hd VIII (52.74)
indicating that the genotypes belonging to thdssters were genetically
more divergent in that order. Conversely, the muniminter cluster distance
was found between cluster Il and cluster 11l (1} .3Uggested that the genetic
constitution of genotypes in cluster Il was in €oproximity with the

genotypes in the cluster Il of that pair.
4.4.4 Cluster Meansfor Various Characters

The cluster means for each of twelve characterprasented in Table
4.6. Considerable differences between clusters sne@ne observed for most
of the characters studied.

Among eight clusters, Cluster IV was early to flow@4.33 days),
while cluster Il was late to flower (39.00 days)justers I, IV, VI and VIII
had early flowering genotypes compared to gendradter mean of 37.49
days.

The genotypes in cluster IV had early maturing ggoesd (68.33 days)
, While the genotypes of cluster V had late matyigenotypes (79.17 days).
Clusters 1, I, 1V, VI and VII had early maturingegotypes compared to
general cluster mean of 71.96 days.

The plant height was maximum in cluster V (41.51 em)l minimum
in cluster VIl (17.97 cm). Higher values than theneral mean (24.00 cm)

was observed in the clusters Ill, V and VI.

Similarly, number of primary branches per plantie@rfrom 1.73
(cluster VIII) to 4.60 ( cluster VI) with a genenalean of 3.58. Clusters I, I,
V, VI and VIl had recorded higher values for numbg&primary branches per

plant than the general mean of 3.58.
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Highest number of clusters per plant were regidtare cluster VI
(7.67) and lowest in cluster Il (4.27). Three cdustviz,, V, VI, and VIII

showed higher values than the general mean of)(6.01

Number of pods per cluster was maximum in clusten4/80) and
minimum in cluster V (3.37) with a general mea&1. Clusters 1V, VI, and

VIII had surpassed the general mean of 4.21.

Cluster means for number of pods per plant diffeiredn 12.87 in
cluster Il to 28.33 in cluster VI with a generalaneof 20.60. Clusters IV, VI,
and VIl had recorded higher values for number oflg per plant than the

general mean of 20.60.

Cluster IV (5.33) recorded lowest number of seeels god, whereas
cluster V (6.87) recorded highest number of seenisppd. Clusters I, Ill, V
and VI had recorded higher values for number ofdsegeer pod than the

general mean of 6.03.

Pod length ranged from 4.25 cm in cluster VIII t855cm in cluster V.
Clusters lll, V, VI and VIl recorded higher valués pod length than the

general mean of 4.72 cm.

The genotypes of cluster Il recorded maximum 1@xsgeight (5.63
g) while cluster IV recorded minimum (4.31 g) wahgeneral mean of 5.22.
Higher values than the general mean (5.22) wasrefiden the clusters |, I,
[l and VII.

The genotypes in cluster VII registered high seeddyper plant (6.41
g) while genotypes in cluster Il recorded low sgesd per plant (3.67 Q).
Clusters V, VI, VII, and VIII recorded higher vakuéor seed yield per plant

than the general mean of (5.01)

Harvest index was highest in cluster VIII (42.97%)d lowest in
cluster V (30.17%). Three clusters viz., |, IV, avdl showed higher values

than the general mean of (36.99).
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4.45 RelativeContribution of Each Trait towardsDiversity

The utility of D? analysis is enhanced by its application to estntiag
relative contribution of various traits to gendliiwergence. The contribution

of each trait towards total genetic diversity isg@nted in Table 4.7.

Among all the traits studied days to 50% floweriogntributed
maximum (24.2%) to the diversity by ranking 144 gsnfirst out of 595
combinations, followed by days to maturity (15.8Bahking 94 times first,
number of seeds per pod (14.12%) ranking 84 tinmss humber of primary
branches per plant (13.78%) ranking 82 times &rsd pod length (13.11%)
ranking 78 times first. The traitgz, seed yield per plant, harvest index,
number of clusters per plant, 100 seed weight,tglarght, number of pods
per cluster and number of pods per plant contrbt®&6%, 4.20%, 3.87%,
2.18%, 0.84%, 0.17% and 0.17%, respectively togieetic divergence in
decreasing order. These results were in consonarite tke findings of
Gopinathet al. (2018) for pod length and harvest ind&enthilkumar2018) for
100 seed weight; Jayashreteal. (2019) for days to 50 per cent flowering;
Pratapet al. (2020); for days to maturityRajalakshmiet al. (2020) for seed
yield per plant; Chippgt al. (2021) for100 seed weightMallikarjunaet al. gl
2021 forpod length and Goswarsi al. (2022) for number of primary branches
per plant and pod length;

Information on genetic diversity and quantitativaits usually help the
breeder for choosing superior characters as wefjoasl parents. Thus, the
results of the genetic divergence study of the tgres of this experiment
will be helpful to select superior genotypes fovelepment of high yielding

blackgram varieties.
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Table4.7. Relative contribution of yield and yield attributing traits
towar ds genetic divergence in 35 blackgram genotypes

Number of
S.No Characters rgrr:]kfd Cont(roi/s))ution
first

1 | Days to 50 % flowering 144 24.2%
2 | Days to maturity 94 15.8%
3 | Plant height (cm) 5 0.84%
4 | Number of primary branches per plant 82 13.78%
5 | Number of clusters per plant 23 3.87%
6 | Number of pods per cluster 1 0.17%
7 | Number of pods per plant 1 0.17%
8 | Number of seeds per pod 84 14.12%
9 | Pod length (cm) 78 13.11%
10 | 100 seed weight (g) 13 2.18%
11 | Seed yield per plant (g) 45 7.56%
12 | Harvest index (%) 25 4.2%
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Based on the results obtained from diversity amslydl the genotypes
were grouped in to eight clusters, of which cludtarontained maximum
number of 19 genotypes followed by cluster IIIm& genotypes and cluster
V with 2 genotypes, whereas clusters II, 1V, VI,I\ahd VIII comprised of
only one genotype eachGrouping of genotypes into clusters delineated the
genotypes from different regions were grouped imesecluster and the
genotypes from same region were grouped in diffechrsters. Hence, the
clustering of genotypes from different geographregiions together into same
cluster implying that there were more similaritiban differences between the
collected genotypes. The grouping of genotypes fisame source into
different clusters may be due to the continuousctiein by the breeders in
similar environmental constraints across regionsy rhave narrowed the
phenotypic diversity and also the free exchangbreéding material among

different regions could explain the similarity besn genotypes

The pattern of grouping genotypes in different @dugproved that
geographical distribution and genetic divergenag wot follow the same
pattern and the existence of significant amounaniability. Therefore, it can
be concluded that the selection of parents for idation should not be
based on geographical diversity only, but it shobhlhe a base of both
geographical origin as well as genetic divergerfitese results were also in
confirmity with the findings of Rajalakshnet al. (2020); Mallikarjunaet al.
(2021); Ayeshat al (2021); Chippyet al. (2021) andReniet al. (2022).

Inter cluster distances were higher than the itltrater distances which
indicated substantial diversity present among tkeotypes studied. The
maximum inter cluster distance was observed betwaester IV and V
followed by cluster V and VI, cluster | and V,uster V and VII and cluster
VIl and VIl indicating that the genotypes belamg to these clusters were
genetically more divergent in that order. The gepe$yin these clusters may

serve as potential parents and crossing betweee tlenotypes may result in
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novel recombinants. In contrast, inter clusterasiese was minimum between
cluster Il and Il (11.77) indicating a close réaiship and similar magnitude

for most of the traits of the genotypes in thesestelrs.

Cluster means for different characters showed denable differences
between the clusters for all the characters. Qlugterecorded maximum
mean values for number of primary branches pertphamber of clusters per
plant, number of pods per cluster and number ofspmel plant. Similarly
Cluster V registered higher values for plant heiglumber of seeds per pod
and pod length. Cluster IV showed minimum valuesdays to 50 per cent
flowering and days to maturity. Cluster Il for 18@ed weight; Cluster VII
for seed yield per plant and cluster VIl for havendex recorded maximum
values. Inter crossing the genotypes from thes&tars could be suggested to
generate wide range of variability subsequentlylofeéd by effective
selection for these characters. Hence, selectiarenbtypes from cluster VI,
V, I, VII and VIII could be recommended for dewgiment of high yielding
blackgram varieties. Similarly, genotypes from thester IV could be used as

parents in hybridization programme for evolving sliuration varieties.

The traitsviz., days to 50% flowering followed by days to maturity
number of seeds per pod, number of primary brangeesplant and pod
length contributed relatively maximum towards thetak divergence.
Therefore, selection for these traits might be givanre emphasis in
hybridization programme to generate large varigbiland will provide
immense scope for the improvement of yield throsglection. These results
are in line with Punithavathst al. (2020) for pod length and number of primary
branches per plant and Renal. (2022) fordays to maturity.

From the above discussion, It could be concluded ftir getting most
promising segregants, selection of genotypes shbaldbetween cluster
possessing maximum genetic divergelickister IV and V,cluster V and

cluster VI, cluster V and cluster I, cluster Vdanluster VIl and cluster VI
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and cluster VII) and having superior performance tlte desirable traits.
Hence, the crossesz, LBG-645 x P-114cluster V x cluster IV)LBG-645

x |P4-10-4 (cluster V x cluster VIII), LBG-645 x PRL (cluster V x cluster
), LBG-645 x P-1032 (cluster V x cluster VII) and1B32 x |PU-10-4
(cluster VII x cluster VIII) could be suggested fgield improvement in

blackgram.
45 GENOTYPE BY TRAIT BIPLOT

The primary goal of any breeding program is to imprahe yield.
Yield being an intricate character, which is infleed by a number of inter
related traits, the interdependence of these ctesaevill influence vyield
either directly or indirectly. The nature of assticin between yield and its
components helps in simultaneous selection for n@mracters associated
with yield improvement. Genotype by trait (GT) arsadypresents the results
of trait relationship by graphical display of thengtic relationships among
traits It offers a visual comparison among genatype the the basis of
multiple traits and it can be helpful in indepenteulling based on multiple
traits and in comparing selection strategies, wraod important for both
cultivar evaluation and parental selection (Yan &ajcan, 2002; Yan and
Tinker, 2005).

GT biplot technique has been applied in many craps soybeans
(Yan and Rajcan 2002), barley (Yan & Tinker, 200Ggize (Aprakuet al.,
2010), wheat (Mohammadit al., 2011), cowpea (Oladejet al., 2011),
sugarcane (Chatwachirawomgal., 2012), Groundnut (Safagt al., 2013),
greengram (Paramesh, 2014) and foxtail millet (Rpesticl., 2015) to identify
the relationships between traits and to evaluagegtinotypes on the basis of

multiple traits.
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451 GT Biplot Analysis of Inter Relationship among Yield and Yield
Attributing Traits

A vector view of GT biplot (Fig 4.3) represented theerrelationship
among all the traits measured. The GT biplot isstmcted by the first two
principal components (PCl1 and PC2, also referredagoprimary and
secondary effects, respectively) derived from yidita and its component
traits. (Yan, 1999; Yaast al., 2000). Principal components PC1 (36.49%) and
PC2 (21.34%) explained 57.83% of the total varmatiserved among the

cultivars based on all the traits.

The lines connecting each trait marker to the orjfirthe biplot are
called the trait vectors and the length of each tractor approximates the
standard deviation of each trait. The cosine ofahgle between the vectors
of any two traits approximates the correlation Goeint (degree of
association) between the traits. On this premidgeke is acute angle (< 90°)
between two vectors then they are positively cateel. Whereas, if there is
obtuse angle (> 90°) between them then these gaginely associated but in
case of right angle (=90°), vectors are said tanoependent. (Yaret al.,
2007).

Among the 35 tested genotypes, seed yield per plasthighly positively
correlated (an acute angle) with number of podsptsert, number of clusters
per plant and number of primary branches per pl@milarly, it was also
positively correlated with number of seeds per ppldnt height, days to
maturity, pod length, number of pods per clusted drarvest index. In
contrast, seed yield was negatively correlated ugitingle) with days to 50
% flowering and 100 seed weight. However, the magei of the negative
association of days to 50 % flowering with seeddyiper plant was low
suggesting that genotypes with early flowering aigh seed yield could be

selected for improvement of these traits.
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PC2 21.34%

PC1 36.49%

Fig. 4.3. GT Biplot Analysis of inter relationship among yield and
yield attributing traits of 35 blackgram genotypes

DFF: Days to 50 % floweringPM: Days to maturityPH: Plant height (cm)NPBP:
Number of primary branches per plaMCP: Number of clusters per planNPC:
Number of pods per clustédPP: Number of pods per plarL: Pod length (cm), SP:
Number of seeds per pat)O0 SW:100 seed weight (g5YP: Seed yield per plant (g)
andHI: Harvest index (%)



The trait, number of pods per plant was positivetyrelated with
seed yield per plant, number of clusters per plamtaber of primary branches
per plant, number of seeds per pod, plant hergimber of pods per cluster
and harvest index. However, it was negatively dated with days to
maturity, pod length, days to 50 % flowering an® Beed weight. Similarly,
number of clusters per plant exhibited positiverelation with number of
pods per plant, seed yield per plant, number ahg@ry branches per plant,
number of seeds per pod, plant height, days tonhgtpod length and days
to 50 % flowering. In contrast, it was negativelyrrelated with 100 seed

weight, number of pods per cluster and harvestinde

Number of primary branches per plant was positivegyrelated with
all the traits except harvest index and numberaafspper clusters to which it
was negatively correlated. The traits number ofdsegeer pod and plant
height were strongly correlated, both were podyiverrelated with all the
traits except harvest index and number of pod<iosters to which they were
negatively correlated. Similarly, the traits dagsnaturity and pod length are
closely correlated, both were positively correlatéth seed yield per plant,
number of primary branches per plant, number oftels per plant, number
of seeds per pod, plant height, days to 50 % floweand 100 seed weight
and slightly negatively correlated with number afdp per plant. They
showed strong negative correlation with number oflsp per cluster and
harvest index.

The trait days to 50 % flowering showed positiverefation with 100
seed weight, days to maturity, pod length, numldesemds per pod, plant
height, number of primary branches per plant andber of clusters per plant
and slightly negatively correlated with seed yipéd plant. However, this trait
exhibited strong negative correlation with numbepaods per plant, number
of pods per cluster and harvest index. The tratsdo 50 % flowering, days
to maturity, pod length, number of seeds per ptahtgheight and number of
primary branches per plant were positively coreslatvith hundred seed

weight, while the traits number of clusters pernplaseed yield per plant,
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number of pods per plant, number of pods per alustd harvest index were
negatively correlated. The traits number of podsgbester and harvest index
are strongly correlated, both showed negative tairoa with all the traits.
Similarly, Oladejoet al. (2011) in cowpea, Singé al. (2014) in greengram,
Paramesh (2014) in mungbean, Sofia (2016) in greemgSharmaet al.
(2018) in blackgram and Kavitre al. (2021) in blackgram used GT biplot

technique to understand association among yield/ehdl attributing traits

Based on perusal of trait inter relationships Hiplt could be
concluded that the traits number of pods per planmber of clusters per
plant, number of primary branches per plant, nundieseeds per pod and
plant height are the most reliable traits for iedirselection for improvement

of seed yield in blackgram.

4.5.2 Discriminativeness and Representativeness of yield and yield

attributing traits

Figure 4.4 of the GT Biplot shows the discriminatiability and
representativeness of the traits under study. Tplettaccounted for 57.83 %
of the variation among the genotypes for the messtnaits. The concentric
circles on the biplot help to visualize the lengththe trait vectors, which is
proportional to the standard deviation within trespective traits. It is a
measure of the discriminating ability of the traitsonger vector length
showed more discriminating power relative to vextof shorter length.
Among the twelve traits, number of pods per planimber of clusters per
plant and plant height were most discriminatingdiimative), whereas 100
seed weight was least or non discriminating. N@trininating traits (those
with very short vectors) are less useful as theyigde little discriminating

information about the genotypes.
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Fig. 4.4. Discriminativeness and representativeness of yield and
yield attributing traits of 35 blackgram genotypes

DFF: Days to 50 % floweringDM: Days to maturity,PH: Plant height (cm)NPBP:

Number of primary branches per plaNtCP: Number of clusters per plaiiPC: Number
of pods per clusteNPP: Number of pods per plareL: Pod length (cm), SP: Number of
seeds per pod00 SW:100 seed weight (gBYP: Seed yield per plant (g) amdl : Harvest
index (%)
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Average treatment is displayed by arrow in biploaph. Vector of
average treatment is called average treatmeniaxserage tester axis (Yan,
2001). Average tester axis (ATA) is the vector lthat passes through the
average treatment and origin of biplot. A traittthas a smaller angle with the
ATA is more representative of other traits. Thugnber of primary branches
per plant is most representative followed by nundfeslusters per plant and
plant height, whereas numbers of pods per clustgrharvest index are least

representative.

453 GT Biplot Analysis for Ranking of Yield and Yield Attributing

Traits

The vector view of the GT biplot (Fig. 4.5) helpsraémk traits relative
to an ideal trait (represented by center of theceatric circles). Among the
traits studied, the ideal trait should be most rihsioating (informative) and
also most representative of the target trait. Aleal trait” is the one which is
present in the center of the concentric circless H point on the ATA in the
positive direction (“most representative”) with estdnce to the biplot origin
equal to the longest vector of all traits (“mostormative”). The biplot
accounted for 57.83 % of the total variation amtregvarieties for the measured
traits, which was partitioned as 36.49 % explaingd the first principal
component (PC1) and 21.34 % explained by the sepoimtipal component
(PC2).

Based on their discriminating ability and repreaguéness, the traits
may be ranked as follows; Number of primary brasgher plant= number
of clusters per plant plant height > number of seeds per pod > sed piet
plant = days to maturity= pod length > days to 50 % flowering > number of

pods per plant > 100 seed weight > number of pascfuster > harvest

index.
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Fig. 45. GT biplot analysis for ranking of yield and yield
attributing traits of 35 blackgram genotypes

DFF: Days to 50 % floweringDM: Days to maturity,PH: Plant height (cm)NPBP:

Number of primary branches per plaNCP: Number of clusters per platiPC: Number
of pods per clusteNPP: Number of pods per plareL: Pod length (cm), §SP: Number of
seeds per pod00 SW:100 seed weight (gBYP: Seed yield per plant (g) amdl : Harvest
index (%)
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The traits number of primary branches per plant,memof clusters per
plant and plant height were identified as ideaitdréollowed by number of
seeds per pod. Therefore, these traits should b&idered simultaneously as

effective selection criteria evolving high yieldibtackgram genotypes
454 GT Biplot Analysisfor Ranking of Genotypes

A vector view of genotype by trait biplot represegtthe ranking of 35
blackgram genotypes is presented in Fig 4.6. Rradia@omponents for PC1
and PC2 explained 57.83% of the variation amondrtits. The biplot was
based on trait focused singular value partition(8YP = 1) and therefore,
appropriate for visualizing the relationships amagegotypes. The horizontal
line passing through the biplot origin and the ager tester, with an arrow
pointing to the average tester and its ordinatesipgshrough the origin and

perpendicular to the abscissa is called the aveemger axis or ATC abscissa.

An ideal genotype is a virtual genotype and itsitps procedure of
GT biplot analysis would be most appropriate apgbicafor selection of high
yielding genotypes. A genotype was said to be idfeialwas present at the
center of concentric circles and in the positivection of ATA in GT biplot.
Therefore, genotypes located closer to the ‘ideabtyge’ are more desirable

than others.

Based on the relative position of the genotypesifideal cultivar they
may be ranked as follows; LBG-645 > KDRS-136 > MB(%& > LBG-648<
P-1032 =LBG-20 = NDU-11-204 > PU-31= TU-94-2 > RVSU-60 =
LBG-709 > VBG-11-6 = LBG-22 > P 726= TBG-104 = MBG-1051 =
MBG-1050 > P-728 > UG-70& VBG-10-010= LBG-752 = MBG-1061 >
SB-40-5 = WBG-26 = LBG-787 > IPU-10-4& SB-25-19= VBG-11-31 =
VBN-7 > P-112= COBG-653= PU-205= TU-67 > VBN-4 > MBG-223.
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Fig. 4.6. GT biplot analysisfor ranking of 35 blackgram genotypes

1.KDRS 136,2. SB-25-19,3. PU 205,4. COBG 6535. P 726,6. VBG-11-6,7. VBN 7, 8. SB-40-5,9.
TBG 104,10. NDU-11-204,11. IPU-10-4,12. P 1032,13. MBG 1058,14. PU 31,15. VBG-10-010,16.
MBG 1061,17. UG 708,18. VBN 4, 19. MBG 1051,20. TU-94-2,21. P 728,22. WBG 26,23. LBG 22,
24. LBG 787,25. LBG 752,26. TU 67,27. MBG 223,28. P 112,29. LBG 709,30. MBG 1050, 31.
RVSU 60,32. LBG 648,33. LBG 645,34. LBG 20,35. VBG-11-31.
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The genotype LBG-645 was identified as the idealvartfollowed by
KDRS-136, MBG-1058, LBG-648, P-1032, LBG-20 and NDU-204.
Similarly, several workersiz., Yan and Rajcan (2002) in soybean, Hamtid
al. (2008) in rapeseed, Safatial. (2013) in groundnut, Apraket al. (2010)
in maize and Paramesh (2014) in greengram and Haeital. (2021) in
blackgram used GT biplot technique in ranking arehidication of the best

genotypes.

455 Genotypeby Trait Interaction Biplot for Yield and Yield
Attributing Traitsin 35 Blackgram genotypes

Study of genotype and trait interaction is very aripnt for evaluation
of genotypes. The biplot showed relationship betwieaits by angle formed
between two or more variables for 35 blackgram ggres (Fig 4.7). It can
also be used to compare genotypes on the basisubbipl@ traits and to
identify genotypes that are particularly good int@@ aspectsThe biplot
accounted for a substantial proportion (57.83 %) tleé variation among

genotypes for traits studied.

From Fig 4.7, it was represented that the genotyyB«5-645, MBG-
1058, KDRS-136, P-1032, LBG-20 and VBG-11-6 exhibitsuperior
performance for seed yield per plant, number o$telts per plant, number of
primary branches per plant indicating that theseotyges could be used as
parents in the breeding programs aimed towardsla@went of high yielding
genotypes in blackgram. The genotypes LBG-22, NDW204- LBG-648
showed better performance for number of seeds péy plant height, pod
length and days to maturity. Similarly, the genetypru-94-2, PU-31 and
RVSU-60 for number of pods per plant; the genotyb#G-1051, MBG-
1050 and LBG-709 for 100 seed weight; the genotyp@8G-653 and UG-
708 for harvest index and number of pods per dusshibited superior
performance for respective traits. Therefore, tlggsetypes could be utilized

for the improvement of the respective traits inrck@ram.
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Fig. 4.7. Genotype by trait interaction biplot for yield and yield
attributing traitsin 35 blackgram genotypes

1.KDRS 136,2. SB-25-19,3. PU 205,4. COBG 6535. P 726,6. VBG-11-6,7. VBN 7, 8. SB-40-5,9.
TBG 104,10. NDU-11-204,11. IPU-10-4,12. P 1032,13. MBG 1058,14. PU 31,15. VBG-10-010,16.
MBG 1061,17. UG 708,18. VBN 4, 19. MBG 1051,20. TU-94-2,21. P 728,22. WBG 26,23. LBG 22,
24. LBG 787,25. LBG 752,26. TU 67,27. MBG 223,28. P 112,29. LBG 709,30. MBG 1050, 31.
RVSU 60,32. LBG 648,33. LBG 645,34. LBG 20,35. VBG-11-31.

DFF: Days to 50 % floweringDM: Days to maturityPH: Plant height (cm)NPBP: Number
of primary branches per plardCP: Number of clusters per platiPC: Number of pods per
cluster,NPP: Number of pods per plarPL: Pod length (cm), 8P: Number of seeds per pod,
100 SW:100 seed weight (gBY P: Seed yield per plant (g) amtl : Harvest index (%)

88



The GT biplots showed rich information that can bdized by
breeders, especially in selection of parents fore@ding programme aimed at
improving particular traits, as was pointed by Y Kang (2003), and Yan
and Rajcan (2002). However, an exact match withnnpeaformance is not
expected, because the biplot describes the indioeships among all traits
on the basis of overall pattern of the data (Yamh Raid, 2008).

From the foregoing discussion on trait associatismg GT biplot
analysis for yield and yield attributing traits, @ng 35 blackgram genotypes
seed yield per plant was highly positively correthtvith number of pods per
plant, number of clusters per plant and numberriofigry branches per plant
and also positively correlated with number of sgaetspod, plant height, days
to maturity, pod length, number of pods per clusied harvest index,
indicating that an increase in the magnitude of ainthese traits will lead to
subsequent increase in the magnitude of seed Vedce, these traits could
be used in the further selection programme for awement of seed yield per
plant. In contrast, seed yield per plant was neghticorrelated with 100 seed
weight. Hence, recurrent selection procedures witknsive intermatings
could be suggested to improve high seed yield eauplith bold seededness

in blackgram.

By and large, based on GT biplot, it could be codetu that, the
genotypesviz, LBG-645, KDRS-136, MBG-1058, LBG-648, P-1032, LBG-
20 and NDU-11-204 were identified as ideal cultszaFherefore, selection of
these genotypes as a potential donors in futuredbrg programmes would be
more rewarding for improving seed yield in blackgraSimilarly, the traits
number of primary branches per plant, number oftels per plant and plant
height were found to be the ideal traits with hidiscriminativeness and
representativeness. Hence, these traits could bectesd aiming for

improvement of seed yield in blackgram.
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46. MOLECULAR PROFILING

The constant and ever increasing number of impreageties leads to
narrow genetic base and creates an interruptionanretal identification.
Unambiguous identification of varieties is excegtyn important for
registration and certification of newly releasedd anotified varieties.
Molecular profiling is an effective method to idéytgenotypes using
molecular markers. As PCR based molecular markgpsaglly SSR’s are
very quick, reliable, environmentally neutral inriegal profiling and for
accommodating in the development of unambiguous Dpléfiles of
cultivars, the present investigation is carried asing sixteen SSR markers.
Similar technique was used by many scientists fferéntiate varieties in
various cropwiz., Chakravarthi and Naravaneirf2006) in rice, Agarwal and
Katiyar, (2008) in lentil, Sievet al. (2018) in durian, Amaravatlet al. (2014)
in groundnut, Barghawet al. (2021) in rice and Panigralet al. (2020) in
blackgram.

Out of sixteen SSR markers, six were monomorphitthae remaining
ten markers generated 34 polymorphic loci. Outeof polymorphic markers
six markersviz, CEDG 006, CEDG 139, CEDG 20, CED 173, CEDG 180
and CEDG 44 were distributed on linkage groups (LG3®,25, 9, 10, 11
respectively, whereas the linkage groups of mariBis 170, CEDG 198,
CEDG 225, CEDG 243 were unambiguous. Representagivprdfiles of 35
blackgram genotypes with SSR markers CEDG 44 andlB™Mwere shown
in Plate. 2.

4.6.1 Number and Frequency of Alleles

The polymorphic primers generated alleles rangioghf2 to 6 with an
average of 3.4 per locus. Highest number of si#ledl were detected with
CEDG 20, while it was lowest of two alleles with C&[173 and CEDG 225.
The frequency of the alleles ranged from 0.03 tc9.08 113bp allele
amplified by the marker CEDG 006 showed highestUieagy, being present
in 31 cultivars out of 35 tested. The alleles 1244¥,bp, and 290bp produced
by the markers CEDG 006, CEDG 20 and BM 170 respelgtshowed least
frequency, being amplified in one cultivar eagh., LBG-752, KDRS-136
and PU-205 respectively.
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4.6.2 UniqueAlleles

The three unique alleles that were found with marKeleDG 006 for
LBG-752 (124bp), CEDG 20 for KDRS-136 (207bp), BM 1f6d PU-205
(290bp) can be considered as cultivar specificlesleHence, these alleles
could be used for identification of these varietlggctly. Sequencing of these

alleles furthers reveals additional molecular depitlany of the cultivars.
4.6.3 Polymorphism Information Content of SSR Markers

Polymorphism information content (PIC) provides estimate of the
discriminatory power of the marker taking into asebboth the number and
relative frequency of the alleles and the valueged from O (monomorphic)
to 1 (Highly polymorphic). In this study, PIC vakien polymorphic markers
ranged from 0.21 (CEDG 006) to 0.79 (CEDG 20) witB70as average
(Table 4.8). PIC values in the present study weveetothan the previous
reports ofBaisakhet al. 2021 (0.75).This might be due to limited number of
genotypes screened and varietal difference. Thenmiyhic markers with
high PIC (>0.5) have been regarded as highly inftive markers. Out of 10
polymorphic SSR markers, 8 of them displayed Plesabove 0.5 (Table
4.8). PIC information along with number of allelgsovides reliable
information on highly informative SSR markers fariwersal fingerprinting
and estimation of genetic diversity. Based on tieell of polymorphism
detected by individual marker, four most informati8SR markers namely,
CEDG 20 (.792, CEDG 44 (0.656), CEDG 248.647 and BM 170 (0.629)
were identified which displayed very high PIC vau&his set of markers had
the enormous potential to identify most of the kigam genotypes under

study.

Various marker combinations were assessed to uadershe DNA
fingerprinting power of highly polymorphic markei/hen a combination of
three highly polymorphic markersz., CEDG 20, CEDG 44 and CEDG 243
were evaluated and it was observed that 21 genstgpeduced unique
profiles, whereas 23 genotypes produced uniquelgsdbr a combination of
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Plate.2. Representative gel profile of 35 blackgram genotypes using the
primers CEDG 44 and BM 170
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Table. 4.8. Number of alleles, allele frequency and PIC of 10 polymor phic

SSR Markers
S.No | SSR Marker L(';?léﬁge Number of alleles | Size of allele | Allelefrequency | PIC
1 CEDG 006 2 3 113 0.89 0.21
2 136 0.06
3 124 0.03
4 CEDG 139 4 3 190 0.20 0.60
5 200 0.26
6 216 0.54
7 CEDG 20 5 6 207 0.03 0.79
8 242 0.17
9 252 0.20
10 270 0.34
11 290 0.09
12 300 0.11
13 | CEDG 173 9 2 125 0.49 0.56
14 141 0.46
15 | CEDG 180 10 3 143 0.14 0.61
16 150 0.49
17 157 0.37
18 | CEDG 44 11 4 132 0.11 0.66
19 140 0.49
20 148 0.26
21 165 0.17
22 | BM 170 - 4 176 0.49 0.63
23 188 0.31
24 200 0.09
25 219 0.17
26 290 0.03
27 | CEDG 198 - 4 203 0.60 0.56
28 219 0.14
29 230 0.23
30 250 0.06
31 | CEDG 225 - 2 125 0.60 0.48
32 135 0.40
33 | CEDG 243 - 3 205 0.43 0.65
34 215 0.34
35 225 0.23
MINIMUM 2 113 0.03 0.21
MAXIMUM 6 290 0.89 0.79
AVERAGE 34 - - 0.57
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markersviz., CEDG 20, CEDG 44 and BM 170. In contrast, the timneeker
combination involving CEDG 20, CEDG 44 and CEDG p®8duced unique
profiles for 18 genotypes. Although, CEDG 243 HhHagh PIC, BM 170
produced more unique combinations. This might be @wumore number of
loci (5) produced by BM 170 compared to CEDG 243 ®ich allowed
differentiation of a greater number of genotypetherless difference between
the PIC of two markers. The marker CEDG 198 failedlifferentiate more
number of genotypes because of it's very low PIGgDcompared to CEDG
243 (0.647) and BM 170 (0.629). Hence, it can be concluded lthgh PIC is
essential to differentiate more number of genotypdswever, if the
difference between the PIC of markers is lessesiential to evaluate various
combination of markers to identify the best comborathat can differentiate

more number of genotypes.

Likewise, the combination of four highly polymorphimarkersviz.,
CEDG 20, CEDG 44, CEDG 243 and BM 170 successfufferintiated 31
blackgram genotypes used in the present studyupnaegl similar profile for
the genotypessiz, P-726 and VBG-11-6, RVSU-60 and LBG-645. The
genotypesiiz, P-726 and VBG-11-6 were only differentiated by tharkers
CEDG 173 and CEDG 225. Among the two markers, CED&W&s able to
differentiate both P-726 and VBG-11-6, RVSU-60 &mi{5-645. Hence, the
five marker combinationgiz., CEDG 20, CEDG 44, CEDG 243, BM 170 and
CEDG 225 successfully differentiated all the 35 kégam genotypes.

4.6.4 Molecular Profiling of 35 Blackgram Genotypes using 10
Polymorphic SSR Markers

Several factors can influence the ability to camdtrunigue DNA
fingerprint profiles, including the number of polgnphic markers and sample
size used. Depending on the level of polymorphidinthe markers used,
larger the sample size, more the markers neededhi$ study, all the
genotypes were successfully fingerprinted with orflye SSR loci,

demonstrating the effectiveness of these SSR nmarfkerfingerprinting of
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blackgram genotypes. However, molecular profilesengenerated using all
the 10 polymorphic markers to improve the strergjtthe allele code (Table
4.9 a&b).

4.6.5 Development of QR Codes for 35 Blackgram Genotypes using
Allele Code

A total of 10 polymorphic markers generated 35 puadyphic loci
which produced unique codes for all the genotypdgermation regarding the
molecular data could be made available in a singitk using the Quick
Response (QR) code. The breeder can have the irtfomat type of allele
produced by the particular marker in QR codes. Aalaklly, this QR barcode
system has several advantages such as that iiwis-dimensional code that
encodes text, numerical of 7089, 4296 alphanumehmmracters and 2953
binary digits. Further, this system is fast andesanore information and can
be read in 360° from any direction (Barghatval., 2021). The codes can also
be used as tags to the plants that can be scayneubliile devices such as
smart phones and tablets. Hence, this system camwsbd for varietal
identification and benefit diverse researchersviBusly, Gaoet al. (2012),
Sohnetal. (2017) and Barghawt al. (2021) have developed QR barcode
system using the molecular markers for varietahtifieation in watermelon,

soybean and rice respectively.

The QR codes were developed for all the 35 blackggamotypes
using online tool (www.barcode-generator.org) Hg8. To generate QR
codes the allele codes of each blackgram genotgsepasted in the text box
of the website, which directed to the option “Cee@R Code”. By pressing
on the option, a QR code image was generated wiah saved in JPG

format for further study.
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Chapter V

SUMMARY AND CONCLUSIONS

The present investigation entitlé@ T biplot analysis for yield traits
and molecular profiling of selected lines in blackgam [Vigna mungo (L.)
Hepper]” was conducted to study the genetic parameters afubty,
heritability and genetic advance), genetic divgrsiienotype by trait biplot
analysis for yield, yield contributing traits anal develop molecular profiles
of 35 blackgram genotypes.

The field experiment was conducted at dryland farf Si
Venkateswara Agricultural College, Tirupati, Achary®l.G. Ranga
Agricultural University duringrabi 2021-22 in RBD with three replications.
The observations were recorded on randomly selefttedplants in each
genotype in each replication for plant height, nemtf primary branches per
plant, number of clusters per plant, number of ppés cluster, number of
pods per plant, number of seeds per pod, pod leimgihdred seed weight,
seed yield per plant, and harvest index, while dia¢a for days to 50%
flowering and days to maturity were recorded ont flasis. The data thus
generated were subjected to statistical analysistie objectives under

consideration.

Analysis of variance indicated significant diffece's among the
genotypes for all the traits indicating the exiseef sufficient variability in
the material for all the traits under consideratiean performance of 35
blackgram genotypes revealed that the genotypes &48%; MBG 1058 and
TU-94-2 were found to be the best genotypes theipggt high mean values
for most of the yield and yield traits, while therptypes PU 31 and P 1032
had lowper se for days to 50% flowering and days to maturity airgh per se
for few of the yield and yield attributing traitdence, these genotypes could
be exploited in breeding programme to isolate blatatransgressive

segregants for higher yield coupled with short dorna

98



High heritability coupled with high genetic advaraseper cent of mean
was recorded for number of primary branches peantptimilarly, moderate
heritability coupled with high genetic advance & jgent of mean was
recorded for the trait number of clusters per planhis specified the
dominance of additive gene action in appearancthede traits. Therefore,
simple selection might be fruitful for improvememnf these traits in

segregating generations.

Genetic divergence analysis using Mahalanobissfatistics grouped
35 genotypes into 8 clusters. The distribution@riatypes into clusters was at
random indicating that there was no associationvéet geographical
distribution and genetic diversity. Cluster | wie largest with nineteen
genotypes followed by cluster Il with nine genadgpand cluster V with two
genotypes. While the clusters I, IV, VI, VII andIVwere solitary clusters

consisting of one genotype each.

Inter cluster distances were greater than intrastetu distances
indicating the existence of substantial diversityoag the genotypes. The
maximum inter cluster distance was observed betwsdester IV and V
followed by cluster VV and VIII, cluster | and V,uster V and VIl and cluster
VIl and VIl indicating that the genotypes belamg to these clusters were
genetically more divergent in that order. The ggpes in these clusters may
serve as potential donors and crossing betweee tiesotypes may result in
novel recombinants. Among all the traits studiedysdto 50% flowering
followed by days to maturity, number of seeds padl, mumber of primary
branches per plant and pod length contributedivelgt maximum towards

the total divergence.

Intercrossing of genotypes from diverse clusterddbe suggested to
generate wide spectrum of variability and for uliten selection in new
breeding populations for improvement of yield atttes. By following this
criteria, the crossesz, LBG 645 x P 112, (cluster V x cluster IV), LBG 645
x |P4-10-4 (cluster V x cluster VIII), LBG 645 x P&1 (cluster V x cluster
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), LBG 645 x P 1032 (cluster V x cluster VIl) and1®32 x IPU-10-4
(cluster VII x cluster VIII) could be suggested f@combination breeding to

get superior transgressive segregants with desisabld contributing traits.

The genotype by trait (GT) biplot analysis was usedi¢ntify the best
traits that are important to identify superior gepes and to know the
relationships between traits and genotypes baseoverall pattern of data.
Among the 35 tested genotypes, seed yield wasiyagitcorrelated with
number of pods per plant, number of clusters pantplnumber of primary
branches per plant, number of seeds per pod, pkEight, days to maturity,
pod length, number of pods per cluster and harwvekix. However, seed
yield was negatively correlated with days to 50 l#wering and 100 seed
weight.

Based on their discriminating ability and reprea@uwéness, the trait
number of primary branches per plant was considesedest followed by
number of clusters per plant, plant height and remif seeds per pod.
Hence, these traits could be used to identify tiygesor genotypes. The
genotype LBG 645 was identified as the ideal cultifdlowed by KDRS
136, MBG 1058, LBG 648, P 1032, LBG 20 and NDU-D#2as they
registered high mean performance. Therefore, tlps®otypes could be
utilized as potential donors in breeding prograrnmsed at improving yield

and yield traits.

Molecular profiling of 35 blackgram genotypes rdeedahat, out of 16
SSR markers, ten were polymorphic and generateguariDNA profiles for
35 blackgram genotypes studied. A total of 35 edlelvere generated and
frequency of these alleles ranged from 0.03 to.0l8®ee unique alleles were
found with markers CEDG 006, CEDG 20 and BM 170 tfur genotypes
LBG-752 (124bp), KDRS-136 (207bp) and PU-205 (2@8pectively.

PIC values in polymorphic markers ranged from QEDG 006) to
0.79 (CEDG 20) with 0.57 as average. Based ondhel lof polymorphism
detected by individual marker, four SSR markers (GERO, CEDG 44,
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CEDG 243 and BM 170) were most informative, whichpthyed very high

PIC values. This set of markers had the enormotenfial to identify most of

the blackgram genotypes. Further, based on obsamvabf marker

combinations, the combination of five markers idohg four most
informative SSR markers (CEDG 20, CEDG 44, CEDG BN\3,170) along
with the marker CEDG 225 successfully produced waigrofile for all the 35

blackgram genotypes. However, molecular profilesengenerated using all

the 10 polymorphic markers to improve the strerttine allele code.

FUTURE LINE OF WORK

>
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Based orper se performance the genotypes LBG 645, MBG 1058 and
TU-94-2 were adjudged as best genotypes for yieldyald attributes,
while the genotypes PU 31 and P 1032 were beseddy maturity
traits. Hence, these genotypes could be utilizeduinre breeding
programme for development of short duration vagettoupled with

high seed yield in blackgram.

The genotypes from diverse clusters with higler se and
complementarity for traits of interest could bedias parents for future
hybridization programme to create a broad spectfivariability in

segregating generations.

The SSR markergiz, CEDG 20, CEDG 44, CEDG 243 and BM 170
were found to have high discriminative power. Henttes set of
markers can be used in future programmes to igemidst of the

blackgram genotypes.

The present study on molecular profiling was donté Vimited number
of SSR markers. However, comprehensive studies$ imeude
exhaustive sampling of all registered blackgram otygres for a
country or a region and more markers are nece$samgvaluation of
the feasibility of using DNA fingerprinting in thenanagement of

registered blackgram genotypes.
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APPENDIX A

EQUIPMENTS USED

Agarose gel electrophoresis system (Biorad)

Autoclave

DNA thermal cycler (Eppendorf and Bioradmaster eygradient)
Freezer -20C (Vestfrost)

Gel documentation system (Bio-rad)

Mini cooler of -20°C (Tarsons)

Magnetic stirrer (Wisd)

Microwave oven (Samsung)

Centrifuge (Eppendorf 5804R )

10.Mini centrifuge (Tarsons)

11.Nanodrop (ND 100)

12.pH meter (Eutech instruments)

13.Water bath (Wisd and Polyscience)

14.Weighing balance (Unibloc)

15.Thermo mixer (Eppendorf)
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APPENDIX B

LIST OF CHEMICALS

Agarose (Genei)

6X loading dye (Thermo Scientific)

Boric Acid (Avra)

Chloroform (Thermo Scientific)

CTAB (Himedia)

dNTPs (Deoxy nucleotide triphosphates) (Genei)

EDTA (Ethylene Diamino Tetra Acetic acid) (Thermaieéhtific)
Ethidium bromide (Sigma)

© © N o g bk~ W DdPRE

Ethylalcohol (Changshu Hongsheng Fine Chemicals)
10.1soamyl alcohol (Qualigens)
11.1sopropanol (Emplura)

12.5 —Mercaptoethanol (Thermo Scientific)
13.NaCl (Sodium chloride) (Thermo Scientific)
14.NaOH (Sodiun hydroxide) (Qualigens)
15.Phenol (Thermo Scientific)

16.Poly vinyl pyrrolidone (Thermo Scientific)
17.Taq polymerase (Genei)

18.Tris base (Himedia)

19.100bp ladder (Thermo Scientific)

20.Taq buffer withMgChb (Genei)

21.Primers (Sigma)



APPENDIX C

PREPARATION OF BUFFERS AND
STOCK SOLUTIONS

DNA Extraction Buffer

Component Quantity

2 % (w/v) CTAB (Nalgene) 10g

100 Mm Tris HCI, pH 8.0 | 100 ml of 0.5 M Tris HC|

20 mM EDTA, pH 8.0 20 ml of 0.5 M EDTA
1.4 M NaCl 140 ml of 5 M NacCl
1% PVP 59
B —Mercaptoethanol 290 pl

All the above ingredients except CTAB were addedespective quantities and
final volume was made upto 500 ml with double desdi water, the solution was
autoclaved. Then it was allowed to attain room terafure and 10 g of CTAB was
dissolved by intense stirring, stored at room terajpee.

Tris (1M) 100 ml

To prepare 1M Tris, 12.114 g of Tris was dissoliredd00 ml of distilled water
Nacl (5M) 100 ml

NaCl (29.22 g) was dissolved in 100 ml of distlleater.

EDTA (0.5M) 100 m|
EDTA (18.612 g) was dissolved in 50 ml of distillerater by adding 4 g of NaOH
pellets. Solution was stirred by adding anothem0f water and EDTA was

allowed to dissolve completely. Later pH was adjddb 8 by adding 2N NaOH
drop by drop and made the volume to 100 ml by agldistilled water.

1% PVP:

One gram of PVP was dissolved in minimal quardgitwater and made upto 100

ml with millipore water.
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Phenol: Chloroform: Isoamyl alcohol (25:24:1)

Equal parts of equilibrated phenol and Chloroforsmamyl alcohol (24:1) were

mixed and stored at’€.

Absolute ethanol Stored at 4C
70% Ethanol

Absolute ethanol -70 ml
Distilled water -30 ml

90 % ethanol

Absolute ethanol -90 ml
Distilled water -10 ml

AGAROSE GEL ELECTROPHORESIS:
10X TBE Buffer, pH 8.3

Tris base-108 g

Boric acid-55 g

EDTA-9.3 ¢

Dissolved in 1000 ml amount of distilled water.

Composition of loading dye:

Glycerol-2 ml

10xTBE-600 pl

1% BPB (Saturated)-2 ml (0.1 g in 10 ml of distllieater)
10% SDS-600 pl

0.5M EDTA-500 pl

Double distilled water-300 pl

Ethidium bromide preparation:

Ethidium bromide-10 mg

Sterile distilled water-1.0 ml
3M Sodium acetate (pH-5.2)
sodium acetate (14.6 g) was dissolved in 70 milisfilled water and pH was

adjusted to 5.2 by using glacial acetic acid. Thiea,volume was made to 100 ml

by adding distilled water.
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