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Abstract

Broad beans are one of the most important but neglected vegetable crops with excellent nutritional properties. The potential of broad beans can
be utilised by developing improved cultivars with higher yields. There is a need to explore the available genetic diversity of broad beans and utilise
them in improvement programs to promote their widespread adoption. The current study included 22 genotypes of broad bean along with 2
checks. Morphological diversity was assessed through the evaluation of 16 quantitative variables and 8 qualitative descriptors. The analysis
revealed a wide range of genetic variability among the 22 genotypes. For molecular characterisation, 18 simple sequence repeat (SSR) markers
were used to study the diversity among the tested genotypes. Two genotypes (RPCAU/BB/2023/11 and RPCAU/BB/2023/13) were found to be
significantly superior to the checks for fresh pod yield per plant and its associated traits. The highest polymorphic information content (PIC) was
recorded in M16 and M25 (0.84), while the lowest PIC was seen in M17 (0.24). A total of 82 alleles were obtained, of which 72 were shared alleles
and 10 were unique alleles. The dendrogram formed 2 clusters, each containing 12 genotypes, which were further divided into 2 sub-clusters. The
22 genotypes showed high variability and can be further utilised in breeding programmes.
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Introduction exhibiting narrow, broad and intermediate shapes. The flowers
are borne in axillary racemes and are large and white with various
melanin spots (greenish-yellow, brown and black) in the wings.
They bear clusters of 3-5 flowers on short pedicels and flowers
abundantly, but only a few flowers produce pods (5). The pods are
short or long, depending on the variety. The seeds are brown,
green, purple or black and may be flattened, angled or almost
spherical. It is predominantly a self-pollinating crop, although
cross-pollination ranging from 15 % to 20 % occurs through the
activity of honeybees (6).

The broad bean (Vicia faba L.), belonging to the family Fabaceae, is
an annual leguminous crop with the chromosome number of
2n=2x=12. Broad bean is a crop with multiple utilities that can be
consumed as a vegetable or pulse and can also be grown as
fodder, cover crop and green manure (1). A wide variation in the
protein content (20-41 %) has been reported (2). It originated from
the Mediterranean region, Egypt, North America and North-West
Asia, from where it spreads to Europe, China, Japan and India (3).
In India, broad bean cultivation spans approximately 2.63 million
hectares, yielding roughly 4.87 million tonnes, with an average
productivity of 2.12 t/ha (4). Although precise figures regarding the

Despite being a highly nutritious crop, broad bean remains
underutilised due to its limited scale cultivation. The lack of

cultivated area in Bihar are lacking, the state holds the second suitable technologies, improved varieties and cultivation practices
position nationally in total bean production, with an output of 2 major constraints to the adoption of this crop. The available
244550 tonnes. Furthermore, research trials have indicated yields ~ collections of faba bean are local landraces conserved by farmers
of up to 3.61 t/ha for broad bean (5). Broad beans are an annual ~ and partly crossing the nature of the crops with their poor
herb that can grow to a height of 0.3-2 m and possesses hollow, multiplication imparts insufficient ex situ conservation. For any
upright stems. It has alternate pinnate leaves with 2-6 leaflets ~ CrOP improvement program to be successful, the presence of
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variability is essential. Identifying superior genotypes adapted to
specific locations in India would provide opportunities to enhance
yield and stability (7). Duplication of plant materials is a major
challenge in advanced crop improvement. Genetic analysis using
molecular markers is one way to conserve germplasm. Simple
sequence repeat (SSR)/microsatellite markers are highly
polymorphic, co-dominant, have high allelic diversity and are easy
to transfer (7). The present study was initiated to address the need
for improved V. faba varieties by integrating morphological
observations with molecular-level DNA analysis. This approach
helps identify high-yielding, resilient genotypes and provides
breeders with the essential data required to develop superior
varieties capable of maintaining productivity under
environmental stress, thereby supporting broader food security
goals.

Materials and Methods

The field research was conducted at the Vegetable Research Farm
of Dr. Rajendra Prasad Central Agricultural University, Pusa, Bihar,
during the rabi season of 2023-24. The experimental materials
comprised 22 different genotypes of broad bean collected from
Manipur and Bihar, along with 2 checks, namely Pusa Sumeet and
Pusa Udit. The experiments were conducted by following the
randomised block design (RBD) with 3 replications.

Morphological characterisation

For the collection of morphological data, 5 randomly selected
plants from each genotype were used. Data on 16 quantitative
characters such as days to germination, plant height (cm), number
of stems, number of pods per plant, number of leaflets per leaf,

first flowering node, days to first flowering, days to 50 % flowering,
days to first pod formation, pod length (cm), pod width (cm), pod
weight (g), number of seeds per pod, days to full pod
development, seed weight (g) and yield of fresh pod per plant (g)
were recorded at 15 days interval. Data on 8 qualitative characters,
including growth habit, anthocyanin colouration of stem, leaf
shape, melanin spot on wing, seed shape, colour of testa in dry
seed and black pigmentation of hilum in dry seed, were also
recorded and analysed.

Molecular characterisation
DNA extraction

DNA was extracted from the young leaves of broad bean plants
using the cetyl trimethyl ammonium bromide (CTAB) extraction
method as suggested by Doyle (8) with a few modifications. The
CTAB-based DNA extraction method for fresh plant tissue uses
cetyltrimethylammonium bromide to selectively precipitate DNA
while removing polysaccharide and phenolic contaminants,
thereby producing a high-quality template suitable for molecular
studies (8).

Qualitative analysis of DNA

The qualities of isolated plant DNA was assessed on 1 % agarose
gel following the method suggested in the previous study (9).

Simple sequence repeat marker used

Eighteen SSR markers (Table 1), which were procured from G-
Bioscience, were used for the molecular analysis (10, 11). Due to
their polymorphic nature and co-dominant properties, SSR
markers were employed to accurately map the genetic distance
among the genotypes (7).

Table 1. List of simple sequence repeat (SSR) markers used for molecular characterisation of broad beans genotypes

Primers Forward (5' to 3')/Reverse (5' to 3') Putative function
M16 F AACCTCTCCGGTAACCAACC Hypothetical protein, partial
R AACCTCGCGCCTAGATAACA yp P P
M10 F CCATGGTTACTGCAGTCGAA Tyrosine protein kinase, active site
R GCCGTCGATTGATTCGTATT y P ’
F CTCCAACGAAGGCAGAGAAG .
M17 R CATGATTCCCATAGCCTTGC Histone H28.3
F TCGCAATAGCACAGAACCTG . .
M22 R GATCAAACTCCCCAACCTCA Predicted protein
F CGTCGTGAAAATCATGGAGA .
M25 R CATTATTATTACACCCGCCTCA Dehydrin DHN2
F AATCACAAGCGACGACGAC .
M9 R GCGOAATATGCAGACCAAAT Defender against cell death 1 (DAD-1)
F TCTCAGCAACATTCCAAG . . .
M37 R TTTTCCCGAAACCCTA BAH domain-containing protein
F TTCTGATGAGAAGCCAACCA
M43 R GGGGGAGGAACCAGATTATT ADR12
M46 F GGATGGATTGATTCTCCAACA Defensin-like protein
R GCATAACTAACACATTATGCAGGA P
F ACATCAGGGAAGAACGCATC " - .
M58 R GAGGGTGAAGACCAGCTTTG Cap-binding protein-like protein
M57 F TGCAGAGAAGCTAAGCACCA Seed maturation protein
R TCGCATGGTACAGTAGCAAAA eed maturation prote
F CGTGGTTGATTTGCTTC L .
P11 R ACCTCCATCTTCGCCTC Dehydration-induced protein ERD15
M30 F GTGTAACTGAGGGAGTGAAT Gamma-glutamyl cystein nthet recursor
R CGGAAAACAGTAGCCAT amma-glutamyl cysteine synthetase precurso
M41 F CAACGCGGCAGTTAAAGAAT Seed maturation protein
R CAGGTATGGCTGACACCTCA P
P121 F ACCAGGCAGAGTTAGATAAGCA Seed maturation protein
R GTCACTCGGATGTCCAGGTAT P
P41 F ACACTGTTCAACGGTAT Fabatin precursor
R GGAGTGATTAGAAGGTAG P
F CGGGTTTATTCCATCATTT . . .
P27 R CGTTATTGTTGTCGCTATTT BAH domain-containing protein
F AACCCATCTGGAAGAAACA .
P139 R TTGAGAATCCGAAGAAACC SPX domain gene 4 (SPX4)
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Amplification and agarose gel electrophoresis of genomic
DNA

Primer dilution for simple sequence repeat-polymerase chain
reaction (SSR-PCR)

To prepare the stock primer solution, 10 pL of primer was mixed
with 90 pL of nuclease-free water. The diluted primers obtained
from this process were then preserved at -20 °C for subsequent
use. Simple sequence repeat amplification was conducted in a
thermal cycler (Agilent Technologies), which included 1 pL of
template DNA, 5 pL of Mastermix, 0.5 L of reverse primer, 0.5 L of
forward primer and 3 pL nuclease-free water for each reaction
with a total volume of 10 pL. For a total of 22 reactions, the
components were assembled in individual 1.5 mL Eppendorf
tubes by combining 78 pL of molecular-grade water and 130 pL of
Mastermix and the resulting mixture was maintained on ice.
Finally, 1 pL of the diluted DNA template was dispensed into each
PCR tube. Upon concluding these procedures, 13 pL of both
forward and reverse primers were added and gently vortexed to
facilitate proper mixing. Subsequently, 9 pL was dispensed into
each PCR tube, followed by a light vortex and the PCR reaction
was initiated by the following specific temperatures for
denaturation, annealing and extension.

Agarose gel electrophoresis

For gel electrophoresis, 3 % agarose gel was prepared by melting
the agarose in an oven and then allowing it to cool to a bearable
temperature, after which 5 pL of ethidium bromide was added.
The gel was then poured on the gel tray and allowed to solidify.
The PCR product was loaded into the designated wells and run
along with a 50 bp ladder. The gel was subjected to an electric
current of 80 V for a duration of 50 min. The dye migrated to three-
quarters of the gel’s length. Visualisation of the gel was performed
using a gel documentation system and the resulting images were
preserved for subsequent analysis.

Scoring and data analysis

The genotype banding pattern produced by each set of primers
was scored separately. The presence of a band for a specific
amplicon size was assigned a score of one, whereas the absence
of any band at that location was scored as zero. The allele size of
several markers was calculated using the banding pattern of the
50 bp ladder. Data analysis was conducted using Darwin 6.0
software (12).

Polymorphic information content

Polymorphic information content (PIC) was used to refer to the
informativeness of microsatellites by using the formula:

PIC=1-(Zpi?)

Where, Pi = the i allele repetition, a metric commonly
associated with heterozygosity and genetic variation (13). The
polymorphism percentage was calculated using data from SSR
analysis and dividing the amplified polymorphic band by the total
number of bands seen.

Unweighted pair group method with arithmetic mean

The unweighted pair group method with arithmetic mean
(UPGMA) represents a straightforward method for constructing
phylogenetic trees. Its primary aim is to develop taxonomic
phenograms that illustrate the relationships among operational
taxonomic units (OTUs). The process of successive clustering

3

assesses local compatibility among OTUs based on their similarity,
thereby facilitating a gradual expansion of the tree. Initially, the 2
most closely related OTUs are identified and combined into a new
“composite” OTU. The next step involves selecting the pair of
OTUs that demonstrates the greatest similarity within the newly
established group for additional clustering. This process continues
until only closely related OTUs are retained. During each iteration,
the 2 most proximate clusters are combined into a more
comprehensive grouping. The distance between any 2 clusters,
designated as A and B, is determined by calculating the average of
all distances between elements “x” in cluster A and elements “y”
in cluster B, or by computing the mean distance among the
elements within each respective cluster.
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Results
Morphological characterisation
Qualitative traits

The average data of all 8 qualitative parameters of the 22
genotypes studied are shown in Table 2. The growth habit of the
genotypes was recorded as determinate, semi-determinate and
indeterminate. Genotypes recorded as indeterminate include
RPCAU/BB/2023/01, RPCAU/BB/2023/02, RPCAU/BB/2023/03,
RPCAU/BB/2023/20, RPCAU/BB/2023/1 and RPCAU/BB/2023/22.
Pusa Sumeet and Pusa Udit were recorded as semi-determinate.
No genotypes exhibited determinate growth habits. Anthocyanin
colouration in the stem was recorded as present or absent.
Anthocyanin colouration in the stem was found to be present in
RPCAU/BB/2023/01, RPCAU/BB/2023/02 and RPCAU/BB/2023/03.
However, the genotype RPCAU/BB/2023/07, RPCAU/BB/2023/08
and RPCAU/BB/2023/10, exhibits no anthocyanin colouration in
the stem. The leaf shape was recorded as narrow, intermediate
and rounded. Intermediate leaf shape was recorded in RPCAU/
BB/2023/01, RPCAU/BB/2023/02 and RPCAU/BB/2023/03. Narrow-
leaf shape was recorded in RPCAU/BB/2023/05, RPCAU/
BB/2023/08 and RPCAU/BB/2023/15. A melanin spot in the wing
was present in all the genotypes. Seed shapes were recorded as
flattened, round and angular in the genotypes. Flattened seed
shape was recorded in the genotypes RPCAU/BB/2023/01,
RPCAU/BB/2023/02 and RPCAU/BB/2023/03. Angular seed shape
was recorded in the RPCAU/BB/2023/06, RPCAU/BB/2023/12 and
RPCAU/BB/2023/14. Round seed shape was found to be presentin
RPCAU/BB/2023/05, RPCAU/BB/2023/07 and RPCAU/
BB/2023/08. Light brown testa colour in dry seed was recorded
in  RPCAU/BB/2023/01, RPCAU/BB/2023/03 and RPCAU/
BB/2023/06. Light green colour in dry seed was recorded in
RPCAU/BB/2023/02,  RPCAU/BB/2023/04 and  RPCAU/
BB/2023/11. Black colour testa colour in dry seed was recorded
in RPCAU/BB/2023/05 and RPCAU/BB/2023/08. Deep brown
testa colour in dry seed was recorded in RPCAU/BB/2023/09,
RPCAU/BB/2023/10 and RPCAU/BB/2023/12. Black
pigmentation of the hilum in dry seed was seen and recorded as
present or absent. Black pigmentation of the hilum in dry seed
was present in RPCAU/BB/2023/05, RPCAU/BB/2023/07 and
RPCAU/BB/2023/08. Black pigmentation of the hilum in dry seed
was recorded to be absent in RPCAU/BB/2023/01, RPCAU/
BB/2023/02 and RPCAU/BB/2023/03.

Plant Science Today, ISSN 2348-1900 (online)



LANNGAMLA ET AL

1uasald umo.q 3 Juasaid Juasaid pauanel4 dlelpawLIsu| uasqy 91eulW.I91ap-1WasS (29yd) Hpn esnd
juasald umouq s Juasald Judsald punoy 9jeIpaWIAU| uasqy 9leulWI9)ap-1WasS (29Yy)D) 192WINS esnd
Juasald u9aJ3 3 juasald juasald punoy mo.aeN juasqy 9leulwaapu| e/se0z/99/nvody
1uasald u22438 3y3n Juasald Juasald punoy dlelpawiaiu| uasqy 9)eulWwIRldpU| Tz/€202/99/nvodd
juasqy umouq daag juasald juasald Jejnduy mo.aeN juasald 9leulwalapu| 0z/£207/99/Nv2dy
1uasald umolq daaq Juasald Juasald punoy dlelpawiaiu| uasqy 9)eulIWwIRldpU| 6T/£202/99/Nvddy
Juasald umouq y3i juasald juasald punoy mouaeN juasqy 9leulwJalapu| 8T/€202/99/Nv2dy
1uasald umoluq daaq Judsald Judsald punoy 91eIpaWIAU| Juasald 9)eUIWIRBpU| L1/€202/99/nvddd
uasqy u224381y3n Judsald Juasald 1e4 dlelpawiaiu| Juasald 9)eUlIWIRBpU| 91/£20z/d9/nvddy
uasqy umolq ysi Judsald Juasald Jenduy MmolieN Juasald 9)eUIWIRBpU| GT/€702/99/Nvdd
1uasald umolq daaq Judsald Judsald Jenduy dlelpawiaiu| Juasald 9)eUIWIRBpU| ¥T/€207/99/NVDdY
1uasald umoiq 331 Jussald Jussald 1eld dlelpawsiu] jussald djeulwRdpu| €T/€202/d9/Nvody
uasqy umolq daaq Judsald Juasald Jenduy dlelpawaiu| Juasald 9)eUlIWIRBpU| Z1/€70z/99/nvod
Juasald u92431y3n Juasaid JuasaId punoy S1eIpawIalu| uasqy d)eulwLlapU| 11/£202/99/Nvddyd
1uasald umoluq daaq Juasald Juasald punoy dlelpawaiu| asqy d1eUIWIRBpU| 01/€20z/d9/nvody
uasqy umoluq daaq Juasald Juasaid 1e4 dlelpawiaiu| Juasald S1eUIWIRBpU| 60/£202/d9/nvody
jussaid yoeig juasald Juasald punoy MmouieN jussqy 91euILLIpU| 80/€2027/99/n¥ddy
juasald umoiq 331 ussald Juasaid punoy djelpawsiu| ussqy djeulwLdpu| L0/€z0z/da/nvdody
uasqy umolqysi Juasald Juasald Jenduy dlelpawaiu| Juasald S1eUIWIRBpU| 90/£70z/d4/nvddy
juasald yoelg juasald juasald punoy mo.aeN juasald 9leulwaaspul| 50/£207/99/Nv2dy
asqy u9a43 Y3 Juasaid Juasaid 1e]4 dleIpawLIsu| Juasaid EYCITEETIU]] ¥0/€707/99/NV2dy
uasqy umo.q 3 Juasaid Juasaid 1e]4 dleIpawLsu| Juasaid EYCITIEIETIU]] €0/€z0z/99/nvddd
asqy u9a43 Y3 Juasaid Juasaid 1e]4 dleIpawLsu| Juasaid EYCITEETIU]] z0/€z0z/99/nvddy
uasqy umo.q 3 Juasaid Juasaid 1e]4 dleIpawLsu| Juasaid EYCITEET U] 10/£202/99/nvddd
paas Aup ui winpy a3 paas Aup 43MO)} 343 ul pJepuess ay3 Buim oy adeys pass adeys jeaq ayy jo _.e__“m”w._:o_cu }qgey yimoao sadfjouan

30 uonjejyuawSid ¥oe|g ul €IS3) JO ANOJ0) JO UOIIRINO)O0D uluefdoyjuy Ui ods ulue)dy

ujuefooyyuy

ueaq peolq jo sadAjouad juatayip Jo syely dnejenb Joj uoesiialdeleyd jediSojoydiop *z aqeL

https://plantsciencetoday.online


https://plantsciencetoday.online

Quantitative traits

The average data of all 16 quantitative parameters of the 22
genotypes studied are shown in Table 3. The maximum number of
days (9.00) to seed germination were recorded in the genotypes
RPCAU/BB/2023/11 and RPCAU/BB/2023/18. The minimum
number of days (5.00) to seed germination after sowing was
observed in line RPCAU/BB/2023/07, with an overall mean of 7.99
days. The overall average plant height recorded was 90.66 cm, with
the tallest plant recorded in RPCAU/BB/2023/11 (12537 cm),
followed by RPCAU/BB/2023/10 (121.23 cm), showing significantly
better results than the check varieties. The shortest plant height was
recorded in RPCAU/BB/2023/15 (72.47 cm). The recorded range of
the number of stems per plant was 4.73-7.00, with an overall mean
of 6.22. The minimum was recorded in RPCAU/BB/2023/03 (4.73)

Table 3. Mean performance of tested genotypes of broad bean

and the maximum was recorded in RPCAU/BB/2023/07 (7.00),
which is on par with the check variety, Pusa Sumeet (7.00), but
higher than the check Pusa Udit (6.97). The average number of
leaflets per leaf ranges from 5.08 to 6.93 in the genotypes RPCAU/
BB/2023/21 and RPCAU/BB/2023/13, respectively. The overall mean
for this character was 6.13. Among all the genotypes studied, the
highest number of leaflets per leaf was recorded in RPCAU/
BB/2023/13 (6.99), which exhibited significant superiority over both
the check variety, Pusa Sumeet (5.70) and Pusa Udit (5.60).

The minimum node to first flowering was recorded in the
genotype RPCAU/BB/2023/17 (4.80), followed by RPCAU/
BB/2023/16 (4.83), which was lower and significantly better than the
check varieties, Pusa Sumeet and Pusa Udit. The maximum node to
first flowering was recorded in RPCAU/BB/2023/15 (9.60), with a

Genotypes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
RPCAU/
BR/o023j01 833 8310 560 790 650 50.87 6100 8033 1120 212 1113 1490 300 9600 84.03 16523
RPCAU/
BB/o023j02 867 8930 600 820 607 5030 6067 8063 1143 222 1086 1993 300 10240 97.10 21537
RPCAU/
BB/2023j03 167 8340 473 880 617 4817 6100 7937 1123 199 1100 1860 243 94.90 9500 204.22
RPCAU/
BB/2023j04 33 8607 590 750 527 4547 6133 7567 933 193 991 1600 293 10467 7213 157.41
RPCAU/
BB/2023j05 100 8073 600 7.37 650 4517 6350 8227 823 134 717 2407 273 10057 6537 17254
RPCAU/
BRo023j0s 800 8230 620 747 683 4350 7600 8833 847 153 599 1980 287 10L50 73.00 117.57
RPCAU/
BB/2023j07 500 9497 700 660 593 4650 7750 9150 7.97 133 522 2447 350 10540 5233 127.26
RPCAU/
BB/o023j0s 867 10010 563 583 590 4513 7467 8250 833 133 671 2930 400 10687 6320 19558
RPCAU/
BB/2023j00 800 8860 610 610 620 4567 6200 8200 950 199 1189 1580 337 97.07 7843 18617
RPCAU/
BRo023/10 67 12123 693 663 633 4458 7650 8417 7.37 143 837 2820 367 10567 4673 23515
RPCAU/
BRo02z/11 900 12537 670 620 593 4348 77.00 8400 9.63 133 901 3100 363 107.47 6163 27883
RPCAU/
BRo023/12 800 11073 527 733 647 4483 60.00 8033 1163 203 1080 1620 373 9237 8433 17339
RPCAU/
BR/o023/13 800 10027 487 540 693 3340 5560 6547 1117 217 1282 1990 267 7283 8947 254.72
RPCAU/
BRo023/14 167 7733 600 660 683 4617 6450 8133 1143 157 1002 1740 340 10583 6180 17346
RPCAU/
B/o023/15 800 7247 620 960 607 5033 8200 8633 823 133 7.32 2427 333 10447 68.07 166.89
RPCAU/
BB/o023/16 100 8273 627 483 650 5007 6333 8033 1123 215 1141 1580 293 10150 64.60 178.61
RPCAU/
BRo023/17 800 7667 680 480 633 5567 69.67 8300 647 117 278 3193 365 10607 27.77 88.36
RPCAU/
BRo02z/1s 900 8133 687 600 580 4313 6233 8333 610 121 317 2393 283 10427 2250 7583
RPCAU/
BE/2023/10 867 7520 653 500 613 4517 7333 7817 630 120 304 5313 300 10603 2743 160.76
RPCAU/
BB/202320 833 9067 693 887 667 5450 8233 9183 843 122 521 2140 380 11200 6270 11146
RPCAU/
B202321 67 9533 633 487 507 4483 6667 8050 653 116 453 3433 345 10347 2743 15505
RPCAU/
BB/2023/22 867 8300 640 540 547 4550 6833 8333 650 L1l 543 3440 360 10563 2597 18631
(Pé‘rfjci‘)‘meet 9.00 10047 7.00 6.00 570 4800 78.67 90.83 6.30 122 550 23.67 3.07 106.33 3240 129.74
(Pgrfjcﬁ)d't 833 9447 697 580 560 4817 76.00 86.67 627 139 505 3020 3.30 9890 28.77 151.81
Mean 799 9066 622 6.63 613 4661 6891 8259 872 156 7.69 2453 325 101.76 58.84 169.24
Min 500 72.47 473 480 507 33.40 5560 6547 6.10 111 278 1490 248 72.83 2250 75.83
Max 9.00 12537 7.00 9.60 693 5567 82.33 91.83 11.63 222 12.82 53.13 4.00 112.00 97.10 278.83
SEm 038 641 031 033 029 094 136 269 042 008 068 118 021 477 107 998
CV (%) 825 1224 874 860 826 351 342 563 827 845 1532 832 1097 811 3.14 10.22
CD5% 1.09 1830 090 094 084 270 3.8 7.67 119 022 194 337 059 1361 3.04 2841
CD1% 145 2435 119 125 111 359 517 1021 158 029 258 448 078 1812 4.06 37.93

1. Days to germination; 2. Plant height (cm); 3. No. of stems per plant; 4. No. of nodes up to first flowering; 5. No. of leaflets per leaf; 6. Days to
1%t flowering; 7. Days to 50 % flowering; 8. Days to 1% pod formation; 9. Pod length (cm); 10. Pod width (cm); 11. Pod weight (g); 12. No. of pods/
plant; 13. No. of seeds per pod; 14. Days to full pod formation; 15. Seed weight (g); 16. Yield of fresh pods per plant. CV: coefficient of variation;

CD: critical difference.
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mean value of 6.63. The maximum number of days taken to first
flower appearance was recorded in RPCAU/BB/2023/17 (55.67),
while the overall average number of days taken for first flower
appearance was 46.61. The minimum number of days taken for the
first flower appearance in the plant was recorded in RPCAU/
BB/2023/13 (33.40), followed by RPCAU/BB/2023/18 (43.13), which
is more significant than the check variety Pusa Sumeet (48.00) and
Pusa Udit (48.17) for earliness. The maximum number of days taken
for the 50 % flowering was recorded in RPCAU/BB/2023/20 (82.33).
The minimum number of days was recorded for RPCAU/
BB/2023/13 (55.60), followed by RPCAU/BB/2023/12 (60.00), which
is significantly better for earliness than the check variety Pusa
Sumeet (78.67) and Pusa Udit (76.00).

The minimum number of days taken to first pod formation
was recorded in RPCAU/BB/2023/13 (65.47), followed by RPCAU/
BB/2023/04 (75.67), which was significantly earlier than the check
varieties, Pusa Sumeet (90.83) and Pusa Udit (86.67). The maximum
number of days taken was recorded in RPCAU/BB/2023/20 (91.83)
with an overall mean of 82.59. The pod length (cm) ranged from 6.10
(RPCAU/BB/2023/18) to 11.63 (RPCAU/BB/2023/12) with an average
of 872. Seven genotypes namely RPCAU/BB/2023/12 (11.63),
RPCAU/BB/2023/02 (11.43), RPCAU/BB/2023/14 (11.43), RPCAU/
BB/2023/01 (11.20), RPCAU/BB/2023/03 (11.23), RPCAU/BB/2023/16
(11.23) and RPCAU/BB/2023/13 (11.17) were found to be
significantly superior over the check variety, Pusa Sumeet (6.30) and
Pusa Udit (6.27). The width of the pod (cm) varied from 1.11
(RPCAU/BB/2023/22) to 2.22 (RPCAU/BB/2023/02) and the mean
value was 1.56. Genotypes, viz., RPCAU/BB/2023/01 (2.12), RPCAU/
BB/2023/02 (2.22), RPCAU/BB/2023/03 (1.99), RPCAU/BB/2023/04
(1.93), RPCAU/BB/2023/06 (1.53), were found significantly superior
over the check Pusa Sumeet (1.22) and Pusa Udit (1.39). The
average pod weight (g) ranged from 2.78 (RPCAU/BB/2023/17) to
12.82 (RPCAU/BB/2023/13) with a mean value of 7.87. The
genotypes such as RPCAU/BB/2023/01 (11.13), RPCAU/BB/2023/02
(10.86), RPCAU/BB/2023/03 (10.99), RPCAU/BB/2023/04 (9.91) and
RPCAU/BB/2023/05 (7.72) outperformed the checks Pusa Sumeet
(5.50) and Pusa Udit (5.050). The days taken to full pod development
range from 72.83 (RPCAU/BB/2023/13) to 112.00 (RPCAU/
BB/2023/20), with an average of 101.76 days. The genotypes,
namely, RPCAU/BB/2023/09 (97.07), RPCAU/BB/2023/01 (96.00),
RPCAU/BB/2023/03 (94.90), RPCAU/BB/2023/12 (92.37) and RPCAU/
BB/2023/13 (72.83), with minimum duration, were found to be
significant for earliness compared to check Pusa Sumeet (106.33)
and Pusa Udit (98.90). The number of pods per plant ranged from
14.90 (RPCAU/BB/2023/01) to 53.13 (RPCAU/BB/2023/19) and the
overall mean was 24.53. The 5 genotypes, RPCAU/BB/2023/19
(53.13), RPCAU/BB/2023/21 (34.33), RPCAU/BB/2023/22 (34.40),
RPCAU/BB/2023/17 (31.93) and RPCAU/BB/2023/11 (31.00), were
significantly superior over the checks, Pusa Sumeet (23.67) and
Pusa Udit (30.20).

The highest number of seeds per pod was recorded in
RPCAU/BB/2023/08 (4.00) and the minimum number of seeds was
recorded in RPCAU/BB/2023/03 (2.48), with an average
performance of 3.25. The genotypes namely, RPCAU/BB/2023/07
(3.50), RPCAU/BB/2023/08 (4.00), RPCAU/BB/2023/09 (3.37), RPCAU/
BB/2023/10 (3.67), RPCAU/BB/2023/11 (3.63), RPCAU/BB/2023/12
(3.73), RPCAU/BB/2023/14 (3.40), RPCAU/BB/2023/15 (3.33), RPCAU/
BB/2023/17 (3.65), RPCAU/BB/2023/20 (3.80), RPCAU/BB/2023/08
(3.45), RPCAU/BB/2023/22 (3.60) were significantly higher than the

6

check variety, Pusa Sumeet (3.07) and Pusa Udit (3.30). The highest
seed weight (g) was observed in RPCAU/BB/2023/02 (97.10),
followed by RPCAU/BB/2023/03 (95.00). The lowest seed weight
was recorded in RPCAU/BB/2023/18 (22.50), with an average
performance of 58.84. Over the check variety, all the genotypes
were significantly superior except in the 5 genotypes, namely,
RPCAU/BB/2023/17(27.77), RPCAU/BB/2023/18 (22.50), RPCAU/
BB/2023/19 (27.43), RPCAU/BB/2023/21 (2743) and RPCAU/
BB/2023/22 (25.97).

The total yield of fresh pod per plant (g/plant) varied from
75.83 (RPCAU/BB/2023/18) to 278.8 (RPCAU/BB/2023/11) with a
mean of 169.24. The genotypes RPCAU/BB/2023/01 (165.23),
RPCAU/BB/2023/02 (215.37), RPCAU/BB/2023/03 (204.22), RPCAU/

BB/2023/04 (157.41), RPCAU/BB/2023/08 (195.58), RPCAU/
BB/2023/09 (186.17), RPCAU/BB/2023/10 (235.15), RPCAU/
BB/2023/11 (278.83), RPCAU/BB/2023/12 (173.39), RPCAU/
BB/2023/13 (254.72), RPCAU/BB/2023/14 (17346), RPCAU/
BB/2023/15 (166.89), RPCAU/BB/2023/16 (17861), RPCAU/
BB/2023/19 (160.76), RPCAU/BB/2023/21 (155.05) and RPCAU/

BB/2023/22 (186.31) were found to be substantially better over the
check Pusa Sumeet (129.74) and Pusa Udit (151.81).

Molecular characterisation

In the present investigation, SSR markers were used to study the
genetic diversity among the 22 broad bean genotypes. The results
of molecular characterisation of different genotypes under study
were presented in the following headings.

Amplification of genomic DNA by using primers

Primer pairs amplify DNA segments of varied length, yielding
alleles. Each primer pair amplifies DNA fragments of varied
sizes; the resulting pieces can be recorded as alleles. The
number of unique alleles represents the alleles specific to a
single primer pair, whereas the number of shared alleles
indicates how many alleles are shared among different primer
pairs. M16 primers amplified DNA fragments ranging in size
from 85 to 223 base pairs. It was noticed that there are 7
different alleles found amongst the tested genotypes. Out of
them, no allele was unique to this primer and 7 were shared
with other primers. The PIC value is high with 0.84. M10 primers
amplified DNA fragments ranging in size from 203 to 268 base
pairs. It detected 4 different alleles in total; no allele was
unique to this primer and 4 were shared with other primers.
The PIC value was recorded as high at 0.66. M17 primers
amplified DNA fragments ranging in size from 183 to 200 base
pairs. A total of 2 different alleles were detected. Among them,
no allele was unique to this primer and both were shared with
other primers. The PIC value was low (0.24). M30 primers
amplified DNA fragments ranging in size from 179 to 200 base
pairs. A total of 2 distinct alleles were detected, with no unique
alleles and both alleles were shared with other primers. The
PIC value was moderate (0.46).

Scoring of the alleles and the similarity assessment

A total of 82 alleles were obtained, of which 72 were shared alleles
and 10 unique allelic variants generated as amplified product by
PCR using 18 primers (Table 4). The highest number of shared
alleles per locus was recorded in primer M16, whereas the number
of unique alleles was recorded with primer M58. The highest
similarity coefficient was detected between RPCAU/BB/2023/22
and Pusa Sumeet with a value of 0.083, whereas the highest
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Table 4. Polymorphic information content of simple sequence repeat (SSR) primers

. Amplicon size Amplicon size Number of Number of Total no. No. of
SSR primers Max. Min. difference unique alleles  shared alleles of alleles bands PIc
M16 223 85 138 0 7 7 23 0.84
M10 268 203 65 0 4 4 24 0.66
M17 200 183 17 0 2 2 22 0.24
M22 175 132 43 0 4 4 22 0.63
M25 328 185 143 0 6 6 22 0.84
M9 223 102 121 0 5 5 23 0.74
M37 261 167 94 1 5 6 19 0.76
M43 209 112 97 1 3 4 21 0.62
M46 198 117 81 1 3 4 22 0.64
M58 234 112 122 2 5 7 22 0.81
M57 285 189 96 1 3 4 22 0.53
P11 180 162 18 0 3 3 23 0.57
M30 200 179 21 0 2 2 22 0.46
M41 223 85 138 1 6 7 28 0.82
P121 170 90 80 2 4 6 22 0.73
P41 146 95 51 0 5 5 22 0.78
P27 229 184 45 1 3 4 23 0.48
P139 121 107 14 0 2 2 20 0.42
Total 10 72 82 402 -
SSR: simple sequence repeat; PIC: polymorphic information content.
dissimilarity was observed between RPCAU/BB/2023/15 and Discussion

RPCAU/BB/2023/04 with a 0.05 value.
Polymorphism information content

The PIC values range from 0.24 (M17) to 0.84 (M16 and M25). The
highest PIC was recorded in primer M16 and M25 (0.84), followed
by M14 (0.82) and M48 (0.81).

Cluster formation based on markers

A total of 2 clusters were formed (Fig. 1) and these clusters were
sub-grouped into 2 clusters. Cluster IA consists of Cluster RPCAU/
BB/2023/04, RPCAU/BB/2023/05, RPCAU/BB/2023/06, RPCAU/
BB/2023/07, RPCAU/BB/2023/08, RPCAU/BB/2023/09, RPCAU/
BB/2023/10, RPCAU/BB/2023/11 and RPCAU/BB/2023/12.
Cluster IB consists of RPCAU/BB/2023/01, RPCAU/BB/2023/02
and RPCAU/BB/2023/03. Cluster IIA includes RPCAU/BB/2023/13,
RPCAU/BB/2023/14, RPCAU/BB/2023/15 and finally, Cluster IIB
RPCAU/BB/2023/16, RPCAU/BB/2023/17, RPCAU/BB/2023/18,
RPCAU/BB/2023/19, RPCAU/BB/2023/20, RPCAU/BB/2023/21
and RPCAU/BB/2023/22, Pusa Sumeet and Pusa Udit.

Altogether, 8 qualitative traits were studied in 22 genotypes and
significant variation was observed in all the traits among the
genotypes collected from various regions. The analysis of variance
showed significant variation among the 22 genotypes studied (1,
14-16). The best-performing and promising genotypes were
determined by comparing them with the checks. The minimum
number of days taken for germination was observed in the
genotype RPCAU/BB/2023/07, whereas the maximum number of
days was taken by RPCAU/BB/2023/11 and RPCAU/BB/2023/18,
which was in agreement with previous observations (1, 14). The
tallest plant among the tested genotypes was recorded in RPCAU/
BB/2023/11, followed by RPCAU/BB/2023/10, while the shortest
plants were observed in RPCAU/BB/2023/15. The increase in
height might be due to the genotype's superior genetic capacity
for internodal elongation and vegetative vigour and similar
findings were also reported in previous study (1). The minimum
stems per plant was recorded in RPCAU/BB/2023/03, while the
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Fig. 1. Clustering pattern of 22 genotypes of broad bean along with checks.
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maximum was recorded in RPCAU/BB/2023/07. The results
obtained were consistent with previous findings (14, 17). The
highest number of leaflets per leaf was recorded in RPCAU/
BB/2023/13, whereas the lowest number of leaflets per leaf was
observed in RPCAU/BB/2023/21. The maximum number of leaflets
is primarily attributed to the genotype's inherent genetic
architecture and prolonged vegetative growth phase and is in
agreement with previous findings (14, 17).

The minimum node to first flowering was recorded in the
line RPCAU/BB/2023/17, followed by RPCAU/BB/2023/16, while
the maximum was observed in RPCAU/BB/2023/15, which was
similar to previous findings (18). The minimum number of days
taken for first flowering was recorded in RPCAU/BB/2023/13,
followed by RPCAU/BB/2023/18, whereas the maximum number
of days taken by RPCAU/BB/2023/17, which conformed with
previous reports (14, 19, 20). The minimum number of days taken
for 50 % flowering was recorded in RPCAU/BB/2023/13, followed
by RPCAU/BB/2023/12, while the maximum was observed in
RPCAU/BB/2023/20. These findings were similar to previous
reports (14, 19, 20). The minimum number of days taken for first
pod formation was recorded in RPCAU/BB/2023/13, followed by
RPCAU/BB/2023/04, which was comparable to previous findings
(14,17).

The longest pod length was observed in the line RPCAU/
BB/2023/12, followed by RPCAU/BB/2023/02, whereas the
shortest pod length was recorded in RPCAU/BB/2023/18. The
results were supported by previous findings (1, 14, 21, 22). The
shortest pod width was recorded in RPCAU/BB/2023/22, while the
longest was observed in RPCAU/BB/2023/02 and similar trends
were reported previously (1, 14, 22). The highest pod of weight was
recorded in the line RPCAU/BB/2023/13, whereas the lowest were
observed in RPCAU/BB/2023/17. The results agreed with the
findings (16, 22). The highest numbers of pods per plant were
recorded in the genotype RPCAU/BB/2023/19 and the results were
similar to previous findings (1, 14, 22). The minimum number of
days to full pod formation is an ideal criterion for vegetable
consumption; the least number of days was recorded in RPCAU/
BB/2023/09, followed by RPCAU/BB/2023/01, which was in
agreement with previous reports (15, 22).

The highest number of seeds per pod were recorded in
RPCAU/BB/2023/08, whereas the minimum number of seeds was
recorded in RPCAU/BB/2023/03. The findings were in line with
previous reports (1, 14, 22). The highest seed weight was observed
in RPCAU/BB/2023/02, followed by RPCAU/BB/2023/03, whereas
the lowest seed weight was recorded in RPCAU/BB/2023/18
(22.50), with an average performance of 58.84. Similar findings
were also reported previously (14, 21, 22). The fresh pod yield per
plant was minimum in the line RPCAU/BB/2023/18, while the
maximum yield was observed in RPCAU/BB/2023/11 and similar
outcomes were also reported previously (1, 14,22).

Atotal of 82 alleles were obtained, of which 72 were shared
alleles and 10 unique allelic variants generated as amplified PCR
products using 18 primers. The highest number of shared alleles
per locus was recorded in primer M16, whereas the highest
number of unique alleles was observed with primer M58. The PIC
values ranged from 0.24 (M17) to 0.84 (M16 and M25). Two major
clusters were obtained, which were further divided into 2 sub-
clusters each. The results obtained were similar to previous
findings (4,7, 23, 24).

Conclusion

The analysis of variance showed significant differences among the
22 genotypes that were studied during the research program,
indicating that there is a wide variation of desirable traits.
Therefore, attention should be concentrated on traits that
contribute to yield when selecting enhanced yield per plant, as
well as in identifying suitable parental genotypes for breeding. The
mean performance for the 16 traits revealed that, in comparison
with the check variety, the genotypes RPCAU/BB/2023/11 and
RPCAU/BB/2023/13 were found to be better in terms of yields and
their associated traits, which can be determined for further use in
crop improvement. The genomic DNA was extracted through the
cetyl trimethyl ammonium bromide (CTAB) method and was
amplified with 18 simple sequence repeat (SSR) markers using the
polymerase chain reaction (PCR). The polymorphic information
content (PIC) lies between 0.24 (M17) to 0.84 (M16 and M25). So,
this will help the breeders identify and conserve diverse genetic
resources that may be crucial for future breeding programs. The
SSR markers such as M16, M25, M41 and M58 obtained high PIC
values, indicating an elevated level of polymorphism, suggesting
that these markers are highly informative for differentiating broad
bean genotypes. Prioritising genotypes such as RPCAU/
BB/2023/11 and RPCAU/BB/2023/13 provides a tangible benefit to
farmers owing to their vigourous growth and consistent yield
performance. Replacing lower-yielding local landraces with these
high-potential lines establishes a direct route to improving farm-
level profitability while securing a reliable source of vegetable
protein for the region.
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