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ABSTRACT

Morphological and molecular characterization of e six landraces rice and four high yielding riaecessions
were studied to observe genetic diversity assedsamehidentification of superior genotypes for ciiagprovement
program. Fourteen morphological and twenty severAllddsed molecular markers, simple sequence ref%&R),
were used extensively to carry out this study. dewange of morphological diversity was found amdmeg rice
accessions tested and it was grouped into 4 clsigtased on morphological markers using Unweightaid Group
Method with Arithmetic Means (UPGMA) cluster tragabysis at a cut-off similarity coefficient 0.98¥%andraces
accession, Kaliboro, found significantly differentnumber total tiller, number effective tiller, @panicle length.
On the other hand, high yielding rice varieties wied maximum number spikelet per spike in BR 11lnamdber
grain filled in BRRI Dhan 34. Khirshapati, TulshifagKatijul and BR11 showed significant differenttivo or
more morphological traits. Genetic diversity wasabhssessed using a set of 27 SSR markers whiehatgoh 321
polymorphic alleles. Polymorphism information camtéPIC) values ranged betwe@6806 (RM 11) and 0.9416
(RM 474) with an average of 0.8414. Dendrogram w@sstructed based on the Nei's genetic distanceutated
from 27 SSR markers generated from the 30 ricesatmas. Genetic similarity analysis using UPGMA, 20
accessions were grouped into 6 clusters based &r8@8kers’ data at a cut-off similarity coefficieltLl7%. This
morphological and SSR marker based genetical diyeamalysis could be useful for cultivar/accessibgenotype
identification and parental selection for breedipgpgram.

Keywords: Diversity, morphology, rice, SSR, UPGM, dendrogréngeding program
Abbreviations: SSR-simple sequence repeat, UPGMA- unweightedgrairp method with arithmetic means, PIC-polymorphisformation
content, BRRI-Bangladesh Rice Research Institute

INTRODUCTION

Rice Oryza satival.) is believed to have evolved around 130 milligrars ago [1]. It is the seed of the monocot
plants, have two domesticated speci®syza sativa the most common, grown throughout Asia, Austratiee
Americas and Africa; an@ryza glaberrimagrown on a small scale in western Africa. As eeakgrain, it is the
most widely consumed staple food for more thaf dfathe world population and is one of the mospartant food
crops grown worldwide [2]. It is the grain with teecond-highest worldwide production, after magzer) [3]. It is
also grown over 10.37 million hectares under therdie eco-systems subject to irrigated, rainfexthae and deep
water conditions in three distinct seasons [4].

Rice is becoming more and more important to feedeber increasing world population necessitatingtinaed
improvement in terms of yield, grain quality andess resistance. Continuous study on genetic diyassvery
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crucial for such improvement as yield and grainligpalecreases gradually due to both biotic and@bistresses
and also ensures long term genetic gain throughatienal use of diverse germplasms [5, 6].

Traditional landraces offer the useful genetic ity which is also important reservoirs of valualfaits hence
need special attention for future conservatior8]7Bangladesh is a rich source of rice landracekthey have been
adapted in different parts of Bangladesh [9]. Tfaree identification of genetic diversity with godield crop traits
is essential for future study. A sustainable birmggrogram could be achieved through precise kadge of
genetic divergence for yield components [10]. Hgltmation between diverse parents maximizes the ashar
higher heterosis as it will give wide range of sggtion which will promote chance of selection [11]

Genetic diversity in plants has been tradilhn assessed using morphological or physiclalgiraits which
may not be a reliable as gene expressions areeimdd by environmerjtl2], although it is essential in plant
breeding as it reveals important traits to plargeiers [13]. Molecular markers could be a betttar@tive
revealing diversity among cultivars of rice [8, 14], sweet sorghum [16Monascuq17], radish [18], chilli [19]
and vetiver grass [20]. It is also an important precise technique for parent selection as welliaic and abiotic
resistance variety and/ or line selection for \grtievelopment of different species [6, 21, 22,. 28jth the recent
development in the field of molecular analysigsinow possible to analyze both the simple inhdritaits as well
as the quantitative traits, and then to identifg thdividual genes controlling the traits of inreSSR (Simple
sequence repeats) markers could be a better chbicl are co-dominant and highly polymorphic [18, 25]. The
SSR technique is simple, required small amount MACaNnd relatively cost effective [26, 27They have become
important molecular markers for a broad range giliagtions, such as genome mapping and charadieriza
phenotype mapping, marker assisted selection @f plants and a range of molecular ecology and dlityestudies
[8, 16].

Therefore, the present study was conducted withaihe of DNA fingerprinting of rice accessions usi8$R
markers and genetic diversity analysis using mdggical and SSR markers to get top yielders as a®ldiverse
accessions.

MATERIALS AND METHODS

Plant material:

A total of 30 rice accessions were used for theegrpent. Among these 26 were landraces and foue \wegh
yielding varieties, developed by Bangladesh Ricsdaech Institute (BRRI), Gazipur. The Landracesevemilected
from different places of Tangail region of Banglade.g. Gopalpur, Madhupur, Bhuapur and Tangdarsa

Morphological Marker:

Thirty rice accessions with diversified genetic kground, grown in BRRI glass house, were used Hir $tudy.
The experiment was conducted in a Completely Rambmn Design (CRD) with 3 replications for each
morphological marker. Rice yield and yield compdsewere recorded in time with extensive care. Data
morphological characters vijzplant height (cm), days to maturity, number totééns/plant, number of effective
tillers/plant, number of filled grains, number sgliét/spike, panicle length, yield/plant (gm), 1G@ig weight (gm),
length of seed (mm), seed length-breadth ratiosaed size and shape were recorded.

DNA extraction and SSR marker analysis:

Fresh, young and green leaf samples were colloted 25 day old seedlings, grown in BRRI glass leofs
isolation of genomic DNA and stored at -20°C unsk. DNA was extracted according to CTAtocol [28] and
guantification was done usinga Nano Drop spectopheter (Thermo Scientific Nano Drop ™ 1000
Spectrophotometer). In this study primers werecsetefrom gramene data base (www.gramene.org)tah ob 27
SSR primer pairs (markers) were used for analyfsienetic diversity covering all the 12 chromosoraeailable in
rice plant cells.

Two different PCR cocktails were prepared for 2pety of primers/markers and these were amplified
by a thermal cycler (Gtorm/Bio-red) with the following programs: 94°Cr fémin (initial denaturation) followed
by 35 cycles of 94°C for 30 seconds (denaturati@8,C for 30 seconds (annealing), 72°C for 30 sdson
(extension) with a final extension for 7 min afC2or RM5, RM452, RM564, RM565, RM124, RM273, R\ 1
RM178, RM133, RM11, RM118, RM284, RM205, RM171, RM4and 94°C for 5 min (initial denaturation)
followed by 35 cycles of 94°C for 1 minute (demation), 55°C for 1 minute (annealing), 72°C fomnutes
(extension) with a final extension for 7min at 728 RM536, RM17, RM312, RM162, RM1287, RM174, R84
RM25, RM152, RM1026, RM229, RM277 Primers. Aftergification, PCR products were mixed with gel loagli
dye (bromophenol blue, xylene cyanol and Glycemnty] electrophoresed using polyacrylamide gels ¢&8¥%atured
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poly-acrylamide) for manual genotypingul5of the amplification products were resolved byming the gel in
1xTBE bufferfor 1 to 2 hrs (depending on the allele size) at arc@dd/olts. The gels were stained in ethidium
bromide and documented using ultraviolet light paka-imager) of gel documentation unit.

Band scoring:

The image of gel was saved as JPEG format and teghoo Alpha-Ease FC 5.0 software (Alpha InnotédBA).
The allele size was measured compared to DNA ladde absent and present of bands were scoredinaay
model with 0 and 1, respectively. The clear andaepcible bands those are >50 bp were used for beorihg.

Data analysis:

Morphological marker

The analysis of variance (ANOVA) was done using BRENOVA of the Statistical Analysis System (SAS pfdr

all morphological quantitative characters. The st-tavas performed for mean comparison when accession
differences were significant. Relationship of 3€cessions was analyzed based on Euclidean coeffitig
NTSYS-PC software, Version 2.1a [29]. This similarmatrix was used to generate a dendrogram ugieg t
Unweighted Pair Group Method with Arithmetic MegdhB?GMA) method of SHAN.

Molecular markers

Data from the primers were analyzed to obtain tifermation on genetic diversity of the rice accessi The
summary statistics including the number of allgdes locus, major allele frequency, gene diverstglymorphism
Information Content (PIC) values were determineidgi®ower Marker V3.25 [30]. The allele frequen@talfrom
Power Marker Version-3.25 was used to export tha ohabinary format (allele presence =1 and alédlsence =0)
for further analysis with NTSYS-PC Version 2.5 [28]TSYS-PC data were further used to construct &MR
(unweighted pair group method with arithmetic mé¢ahsndrogram showing the distance-based interogistip
among the accessions by using the software TREEVIEW genetic distance value obtained based or{19&12)
[31] procedure was computed using the formula asrilee in the POPGENE (version-1.31) software usamnual.

RESULTS

Table 1: Diversity of different morphological traits observed in different landraces and high yieldin®RRI rice varieties

Varietes | PH(m)[ NTT | NET [ PL(cm)|] SPS | FG |
Laldhepa 119.58% 11.97° 10.57%°¢ 2523* 10.7f 80.28
Khirshapati 122,08 973" g9 2414  g73 98.57
Tulshimala 135.08% 12.04°% 11.3%* 21780 7.7¢ 58.53

Katijul 121.00"  5.8C 5.67™  19.7F"k  g8.4(¢ 76.73
Chiyattar 105.2F  6.13° 6.0  19.29¢ 7.96' 51.77
Naizarshail 123.7¢ 1393 1270 2463  9.0% 83.53
Begunbichi 11859 1252  11.48° 2370 931 80.72
Vaturi 112,060  9.17%  g7e"k 21.9g°th  gog 53.73
Kalijira 136.67> 11.30%% 10.97°* 22.20¢%0"  g15 76.87
Amei 115.84™ 6,74  533¢ 225 g g 40.00
Kaliboro 114.08™ 2223  21.83 16.9% 6.10' 38.89
Diga 140.86 7.42¢™  736m  18.7F 9.5 34.47
Vawyaila 136.7%¢ 9.0k 9.0% 21249 g2 24.00
Katarivog 105.10 11.31%¢ 10.73% 21289 764 52.06
Patjak 129.7%  11.40%% 10.33%0" 20.86"  9.2¢ 67.87
Shamrash 131.6% 12.3%° 11.17° 21279  gs51 60.30
Puitadhepa 109.8% 7.50™ 6.92™ 1954 7.74 34.72
Gainja 124.3%" 11.33%% 10.57%%  17.3F 9.31 64.18
Aloi 124.08" 10.00°"  8.84M 18.8% 8.23 45.08

Athabinni(B)  139.0% 8.20Y™  7.93Y 23.80"" 11.19  71.7f
Athabinni(R) ~ 137.3% 10.1F9" 9.63°W" 2534 8.94 59.9F

kaika 129.7% 963" 893N 21 5gelhi g3y 37.7
Hashim 133.4%° 10.06" 9279 19.67%  10.87  86.0F
Paijam 111.000  9.07% 797  20.8%" 1058  92.2f
Savaraj 132.32 7.89™ 787K  ppgpeeet g g0 63.10
Torag 115.08™ 6.51™¢ 5.00 25.68 10.4F  86.89
BR11 12238 1277 11.80° 21.406™" 2067.33 1368.00

BRRI Dhan 34 125.06% 10.43°%" 10.00%% 2520™ 1580.33 1388.67
BRRIDhan 37 103.67 12.60° 11.80° 23.960°%* 1587.33 1190.00
BRRI Dhan 49 118.00 873"  g.57 25.63° 1810.33 1298.3%
Mean 123.0781 10.26011 9.575444 21.90589 242.5012 228.8284
CV 3.32 12.06 12.01 8.78 31.18 31.92
Means are the result of three replications. Meaith the same letter (superscript) within the samleimn is not significantly different (p<0.05).
CV- Coefficient Variance.
PH-plant height; NTT-no of total tiller; NET-no effective tiller; PL- panicle length; SPS- spikget spike; FG- filled grain.
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Diversity Analysis by Morphological markers:

Morphological traits of each accession wereasured on five randomly chosen plants in eeplication. A
wide range of morphological diversity in fourteeffatent traits was found significant in the ricecassions, both
landraces and high yielding varieties (Table 1)e Phant height (PH) varied significantly from 103.6m (BRRI
Dhan 37) to 140.86cm (Diga) and panicle length (Ringed from 16.99 cm in Kaliboro to 25.68 cm indgfound
significantly different. On the other hand, maximumamber of total tiller (NTT) in Kaliboro (22.23)find
significantly different in Katijul with minimum nubrer (5.80). Significant number of effective tilMET) found in
Kaliboro (21.83) maximum compare to Torag (5.0)emsion (Table 1). Two most important morpholabic
traits, spikelet per spike (SPS) and filled grd&is), on the other hand, significantly observed mmaxn in two high
yielding rice varieties e.g. BR 11 and BRRI Dhan&3# minimum in landraces rice accessions e.gbKedi and
Vawyaila, respectively (Table 1).

Another important morphological trait e.g. hundrgdain weight (HGW) significantly observed lowest in
Khirshapati (0.83gm) and highest in Katijul (2.67g@Mable 2). Both seed length and seed length-bhegdion
also observed lowest in landrace accession, elghifala and highest in Athabinni (B). On the othand, yield
per plant, an important quantitative trait foundximaum in BRRI Dhan 34 and minimum in Vawyaila. Méty
date found higher in high yielding rice varietyg.eBR11, however, lower in Khirshapati (Table 2).

Six different types of grain size and shape werenébin diversity analysis study of 30 rice accessi¢Table 2).
Medium-medium seed size and shape found in maximumber of rice accession (thirteen) including BRit
BRRI Dhan 49. On the other hand, short-medium founeleven including two high yielding rice access e.qg.
BRRI Dhan 34 and BRRI Dhan 37. Short-slender aradtdtold shape and size observed in two accessaock.
Katarivog and Athabinni (B) landraces showed medsl@emder and long-slender shape and size, resphctivable
2).

Table 2: Diversity of different morphological traits observed in different landraces and high yieldin@RRI rice varieties

Varieties | HGW (gm)] YPP (gm) SL (cm)] LBR [ MD (days)] SSand S

Laldhepa 2.50 16.68° 5.66 5.99¢ 120 MM
Khirshapati 0.83 5344 4.4m 4. 4Fm 109 SM
Tulshimala 0.98" 4.58™ 41 411 116 SM
Katijul 2.67 11.40°%  6.24 6.24 114 MM
Chiyattar 2.08¢ 6.64K™ 5@t 5 5@t 110 MM
Naizarshail 1.6% 12.98¢ 55g°t 5 5get 122 MM
Begunbichi 0.98"  7.1fMm™ 440 440" 122 SM
Vaturi 2.54* 9.23°lh 5 5get 5 sgelt 113 MM
Kalijira 0.90™ 7.24Kmn g 04" 4.24 114 SM
Amei 1.86" 4.35™ 438" 438" 112 Ss
Kaliboro 1.9%" 9.06™"  51goni 5 doni 113 SM
Diga 2.1f 5.12¢™ 560t 560" 115 MM
Vawyaila 1.8% 3.40 5320 5 320U 115 SM
Katarivog 1.7% 7.34Km g 13¢ 6.13" 122 MS
Patjak 2.1% 10.60°%" 557t 557t 115 MM
Shamrash 2.07 11.84°" 5500t 5 5l 122 SM
Puitadhepa 2.19 448™  568* 5eg% 122 MM
Ganja 1.6% 8.ogunikm 5 g7del 5 g7del 121 MM
Aloi 20F0  ge3™  peret 5 et 127 MM
Athabinni(B) 2.27 8.94MMk 680  6.8G" 119 LS
Athabinni(R) 1.86 7.130mn 4 ggd 4.89* 127 SSs
Kaika 2.4% 9.7@¢°M" 5 7gcc g5 7ge 126 MM
Hashim 1.54 8.31"M 502 5.02" 124 SM
Paijam 1.48 9.6gendn 5 4glt 5 4g0r 123 SM
Shavaraj 2.39 12.56¢ 514" 514N 116 SB
Torag 207" 7.54Mm  480¢ 4.8¢¢ 113 SB
BR11 2.38 11.8F" 5759 5 7gc 142.67 MM
BRRIDhan34  1.08" 21.63  4.49™ 449 136.33 SM
BRRIDhan37  1.39 19.3%"  54gelr 5 ggielor 120 SM
BRRIDhan49 1.79 19.38' 569° 569% 142 MM
Mean 1.840911| 9.6028895.336822 2.590574

CcV 6.55 24.71 5.81 35.03

Means are the result of three replications. Meaith the same letter (superscript) within the samleimn is not significantly different (p<0.05).
CV- Coefficient Variance
HGW- hundred grain weight; YPP-yield per plant-Sked length; LBR-length breadth ratio; MD- mitjudate; SS and S- seed size and
shape.

Clustering of Genotypes using UPGMA methods:
Cluster analysis, based on fourteen morphologieébktfound in 30 rice accessions, revealed a agndm obtained
through UPGMA cluster tree analysis. It led to ¢ineuping of the 30 rice accessions into four majosters at a
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cut-off similarity coefficient 0.98% (Fig. 1). Thanalysis revealed significant differences agndhe accessions
studied. Clustering pattern showed that clusterdomposed of the highest number of accessionsr@@ying
Laldhepa, Naizarshail, Hashim, Paijam, Katij@hiyattar, Gainja, Athabinni red, Patjak, MMedium-
medium; SM- short-medium; SS- short-slender; MSdim@-slender; LS-long-slender; SB-short-bold.

Kalijira, Athabinni black, Vaturi, Shamrash, Sajakéaliboro, Katarivog, Puitadhepa, Kaika and Alail these 19
rice accessions belong to the cluster-1 also dividéo three sub clusters (Fig. 1). These are Sudtar 1 consists of
Laldhepa, Naizarshail, Hashim, Paijam, Katijul; Silister 2 having Chiyattar, Gainja, Athabinni rdehtjak,
Kalijira, Athabinni Black, Vaturi, Shamrash anB8avaraj and Sub-cluster-3 containing the reimgifive
accessiongiz. Kaliboro, Katarivog, Puitadhepa, Kaika and Albhe Cluster Il consists of Tulshimala, Amei, Diga,
Vawyaila and the Cluster Il consisted of Khirshtiyp®8egunbichi and Torag. On the other hand, Clu$te
consisted of all BRRI varieties e.g. BR11, BRRIaDI87, BRRI Dhan 34 and BRRI Dhan 49 (Fig. 1).

 Laidhep
Naizars

Has him
Paigm

Katjul

Chiyatt

Gaing
AthabR
Patak

| e
AthabB
Vaturi

Shamr
Saanaj
Kalibor

Katari

P uitadh

kaika

L__ Aloi

Tushm ——___

Amei
1_.'”_,‘3:_
Kh‘rsh—|

a1 Begubi——— |
Toag

BR1
afmh

IV B4 |
e —

[ T - . -
0 14 285 1% 527
Coefficient

Fig. 1: Morphological dendrogram showing the similaity among 30 rice varieties revealed by UPGMA clster analysis.

Diversity Analysis by SSR Markers:

A total of 27 polymorphic markers (primers) weredisovering all the 12 chromosomes of rice foirthmlecular
characterization and discrimination of 30 landraaed high yielding varieties. After analysis thdajagenerated
from 27 microsatellite markers (SSR), a total of 2®eles were detected in 30 rice accessionslahadmosomes
(Table 3). The number of alleles per locus gendrate each marker varied from 6 to 21 alleles withaaerage
number of polymorphic alleles per marker 11.89. Agdhese 27 primer pairs, RM11 amplified 6 allelles
chromosome 7; 4 primers e.g. RM1287, RM452, RM1IT@ RM162 generated 8 alleles each in chromosorge 1,
5, and 6, respectively; Markers like RM312, RM4R3\1133, RM536 and RM277 produced 9 alleles each on
chromosome no. 1, 5, 6, 11 and 12, respectivelyti@nother hand, two SSR markers e.g. RM273 and §&aM2
produced 10 alleles each on 4 and 8 chromosonmsgsctvely. RM5, RM565, and RM118 gives 11 alledash on

1, 3 and 7 chromosomes, three primers e.g. RM1KR3R and RM229 gave 12 alleles each on chromosarnge 2
and 11 (Table 3). Primer RM124 and RM152 producédalleles each on chromosome 4 and 8, respectively.
Furthermore, RM564 and RM1026 gave 15 alleles emcbhromosome 3 and 9; only RM585 produced 16eallel
on chromosome 6, three markeizsRM205, RM171 and RM17 generated 18 alleles on @rid12 chromosomes
and the only primer RM474 provides 21 alleles oronfosome number 10. Maximum 21 number alleles pbthi
with the marker RM474, where the minimum numbeg alleles was found from RM11 (Table 3).

On average, 23% of the 30 rice accessions shamanaon major allele at any given locus ranging frb@%6
(RM564, RM171, and RM474) to 43% (RM11) common lellat each locus (Table 3). A moderate level ofegen
diversity exists among 27 loci studied across 88 &ccessions, ranged from 0.72 to 0.94 with arageeof 0.85. A
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gel image of amplified fragments produced by prenBM229, RM277, RM1026, and RM162 showed multiple
alleles in Figs. 2, 3, 4 and 5, respectively.

Table 3: Number of alleles, allele size, major alle frequency and Polymorphism Information Content PIC) found among 30 rice
varieties using 27 microsatellite markers.

Marker | Chromosome Noj| Allele No| Allele size Major Allele Major Allele Gene PIC
(Mbp) (Mbp) Frequency | Diversity
RM5 1 11 73-89 74,75, 80 0.1667 0.8822 0.8709
RM1287 1 8 121-133 133 0.2333 0.8222 0.7985
RM312 1 9 111-123 115 0.3667 0.7889 0.7644
RM452 2 8 189-204 193-200 0.2000 0.8400 0.8195
RM174 2 12 164-181 172 0.3000 0.8289 0.8108
RM564 3 15 163179 164,166,170,172,174 0.1000 0.9222 0.9168
RM565 3 11 117-138 133 0.2000 0.8756 0.8631
RM124 4 14 237-276 273 0.4000 0.8067 0.7951
RM273 4 10 143-157 144 0.2000 0.8689  0.8549
RM413 5 9 86-106 87,99 0.2667 0.8022 0.7749
RM178 5 8 100-106 102 0.2333 0.8467 0.8282
RM133 6 9 133-141 138 0.2333 0.8644  0.8501
RM585 6 16 135-159 148 0.1667 0.9156  0.9096
RM11 7 6 88-116 92 0.4333 0.7200 0.6806
RM118 7 11 113-132 122,123 0.1667 0.8822 0.8707
RM25 8 12 136-155 153 0.2000 0.8800 0.8685
RM152 8 14 142-167 154 0.1667 0.8956 0.8865
RM284 8 10 117-143 118 0.2333 0.8533  0.8368
RM205 9 18 90-145 90,102,119,137,145 0.2667 0.8933 0.8871
RM1026 9 15 128-144 137 0.1833 0.9033 0.8957
RM171 10 18 228-274 235,248,253 0.1000 0.9333  0.9293
RM474 10 21 141-206 150 0.1000 0.9444  0.9416
RM536 11 9 152-159 155,158 0.3667 0.7911 0.7672
RM229 11 12 85-99 93 0.2333 0.8622 0.8483
RM277 12 9 99-109 106 0.3667 0.7911 0.7675
RM17 12 18 107-153 138 0.1333 0.9311 0.9269
RM162 6 8 145-170 146 0.3167 0.7822  0.7532
[ Mean | | 11.8889] | | 0.2346 | 0.8566 0.8414

PIC Value:

The level of polymorphism among 30 rice accessisas evaluated using 27 microsatellite loci. Theyparphism
information content (PIC) values varied greatly agndoci and ranged from 0.6806 to 0.9416 with aerage of
0.8414. The highest PIC value (0.9416) was obtafoedRM474 followed by RM171 (0.9293), RM564 (0.®)6
RM17 (0.9269), RM1026 (0.89570), RM205 (0.8871), F82 (0.8865) and lowest value from RM11 (0.6806).

Genetic Distance Based Analysis:

The means of genetic distance values found in V@@ accessions (accession pairs) used for tidy show the
evaluation of genetic diversity (Table 4). The s wf pair-wise comparisons of Nei's (1972) genéistance (GD)
between varieties were computed from combined datathe 27 primers, ranged from 0.5741 td®000.
Comparatively, higher

-
~T 200bp
150bp
25bp 100bp
ladder
—— 5Cph

Fig. 2: Separation of alleles and its variation in 30 germasm using RM229 SSR Marker.
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Fig. 3: Separation of alleles and its variation irB0 germplasm using RM277 SSR Marker.
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Fig. 4: Separation of alleles and its variation irB0 germplasm using RM1026 SSR Marker.
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Fig. 5: Separation of alleles and its variation in 30 germasm using RM162 SSR Marker.

L= Ladder 1. Laldhepa 2. Khirshapati 3. Tulshimél&atijul 5. Chiyattar 6. Naizarshail 7. Begunhigh Vaturi 9.
Kalijira 10. Amei 11. Kaliboro 12. Diga 13. Vawyaill4. Katarivog 15. Patjak 16. Shamrash 17. PugaaHL8.
Gainja 19. Aloi 20. Athabinni Black 21. Athabinne& 22. Kaika 23. Hashim 24. Paijam 25. Savarajla8ag 27.
BRRI Dhan 49 28. BRRI Dhanl1l 29. BRRI Dhan37 30RBRhan34.

genetic distance (1.0000) was observed between BRRh 37 vs. Athabinni red; Chiyattar vs. Athabimed;
BRRI Dhan 37 vs. Begunbichi; BRRI Dhan 49 vs. Bdgahi; Chiyatta vs. BRRI Dhan 49; Chiyattar vs. BRR
Dhan 37; katijul vs. BRRI Dhan 34; katijul vs. BRRhan 37; Khirshapati vs. BRRI Dhan 37; LaldhepaBRRI
Dhan 37; Puitadhepa vs. BRRI Dhan 37; Vaturi vsRBRhan 37; Naizarshil vs. BRRI Dhan 49; Naizalrsisi
Kaliboro; Katarivog vs. Katijul; Khirshapati vs. §ak; Naizarshail vs. Patjak; Naizarshail vs. Torabhe lowest
genetic distance (0.5741) was found Gainja vs..Albie nearest value (0.9815) to higher value olesdretween
Chiyattar vs. Torag; Torag vs. Katijul; Patjak izaldhepa; Naizarshail vs. Vawyaila; Tulshimala Savaraj (Table
4).
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Table 4: Summary of Nei's (1972) genetic distancelues for different accession pairs (30) of twentyix landraces and four high yielding indica rice.

Accessions Aloi Amei| Atha | Atha Begun| BR11| BR34| BR37| BR49 Chiya Diga | Gainjg Has kaika | Kali |Kali Katari| Kati Khirsha| Lal Naizar| Paijam| Patjak| Puita | Sava | Sham| Torag| Tulshi| Vaturi| Vaw
binni B| binni R bichi ttar him boro |jira vog jul pati dhepa| shail dhepa| raj rash mala yaila

Aloi 0.000q

Amei 0.9074 0.000Q

Athabinni B| 0.7963 0.8889 0.0000

Athabinni R 0.6111 0.9074 0.7222| 0.0000|

Begunbichi | 0.7963 0.8519 0.8519| 0.7593] 0.0000

BR11 0.8704 0.9630 0.8889| 0.9630| 1.00000.000(Q

BR34 0.963Q 0.9259 0.8889| 0.8148| 0.96300.7407 0.000(

BR37 0.9630Q 0.9630Q 0.9630| 1.0000] 1.00000.8519 0.777§ 0.000(

BR49 0.8519 0.963Q 0.9630| 0.8889| 1.00000.592§ 0.777§ 0.8519 0.000(

Chiyattar 0.963Q 0.814§ 0.9259| 1.0000[ 0.74(70.9259 1.000q 1.000¢ 0.963Q 0.000(

Diga 0.8519 0.629§ 0.9259| 0.8148| 0.96301.000Q 0.9259 0.9259 0.963Q 0.9074 0.000(

Gainja 0.5741 0.8889 0.8889| 0.8148 0.92%90.8889 0.8889 1.000¢ 0.963(Q 0.8889 0.8889 0.0000

Hashim 0.8704 0.9444 0.8333| 0.8889| 0.90740.8889 0.8889 0.8889 0.9259 0.8889 0.9259 0.7037 0.000(

kaika 0.8148 0.8889 0.7778| 0.7778] 0.88$90.963Q 0.8519 0.8519 0.9259 0.9259 0.8889 0.7407 0.8144 0.000(

Kaliboro 0.7963 0.6111 0.8704| 0.8333| 0.90740.9630 0.9259 0.963Q 0.963Q 0.9259 0.592§ 0.7407 0.7963 0.777§ 0.000(

Kalijira 0.6667 0.8889 0.9259| 0.7778] 0.88890.8704 0.9259 0.8519 0.9259 0.9259 0.7037 0.7963 0.8889 0.8148 0.7593 0.000(Q

Katarivog 0.8889 0.814§ 0.9259| 0.8519| 0.96300.9444 0.9074 0.8889 0.8889 0.963(Q 0.7407 0.8889 0.9259 0.9444 0.7774 0.777§ 0.000(

Katijul 0.8148 0.8889 0.9259| 0.9074| 0.88$90.8704 1.000Q 1.000Q 0.8519 0.814§ 0.963Q 0.9444 0.9074 0.8889 0.9259 0.8704 1.000Q 0.000(

Khirshapati [ 0.9074 0.8889 0.9630| 0.8889| 0.92%90.9444 0.9259 1.000Q 0.9259 0.963( 0.9259 0.8704 0.8519 0.9259 0.8889 0.8519 0.9259 0.7037 0.0000

Laldhepa 0.7963 0.8704 0.8704| 0.8519| 0.87(040.8889 0.9259 1.000Q 0.963Q 0.9259 0.9259 0.8519 0.9259 0.8519 0.8333 0.9259 0.9259 0.7223 0.7778 | 0.000D

Naizarshail | 0.8519 0.9259 0.8519| 0.8889| 0.66670.963Q 0.963Q 0.9259 1.000Q 0.7963 0.9074 0.9259 0.963¢ 0.9259 1.000Q0 0.8889 0.963Q 0.8889 0.9259 [ 0.925Pp 0.000(

Paijam 0.7963 0.7593 0.7963| 0.7593| 0.72220.777§ 0.7407 0.9259 0.8889 0.9259 0.8889 0.8519 0.7593 0.7407 0.8333 0.8889 0.8889 0.8519 0.8889 | 0.870# 0.8889 0.0000]

Patjak 0.9444 0.814§ 0.8519| 0.9074| 0.88$90.8704 0.8889 0.8704 0.8704 0.8889 0.8519 0.8519 0.8704 0.9259 0.9074 0.963Q 0.8519 0.9259 1.0000 | 0.981p 1.000q 0.8704] 0.000(

Puitadhepa | 0.6111 0.8333 0.7593| 0.6667| 0.83330.9259 0.8889 1.000Q 0.963Q 0.8889 0.777§ 0.7774 0.8144 0.7407 0.7223 0.777§ 0.963Q 0.8333 0.8519 | 0.740[ 0.8889 0.7222| 0.7963 0.000(

Savaraj 0.8519 0.9259 0.9630| 0.8519 0.85]90.814§ 0.8519 0.8519 0.9259 0.8889 0.9630 0.8519 0.8144 0.8148 0.9259 0.8889 0.8704 0.9259 0.9074 | 0.925P 0.8519 0.7037| 0.8889 0.8519 0.000(

Shamrash | 0.7593 0.8889 0.8519| 0.8148| 0.85190.9444 0.9444 0.8704 0.9074 0.814§ 0.814§4 0.7963 0.777§ 0.7963 0.7774 0.7774 0.8704 0.9259 0.8704 [ 0.925P 0.9259 0.8889 0.8889 0.629§ 0.9259 0.000(

Torag 0.8889 0.8704 0.9630| 0.9074| 0.94440.8333 0.777§ 0.8704 0.7963 0.981§ 0.9074 0.814§ 0.8704 0.777§ 0.9074 0.9074 0.9444 0.9814 0.9259 [ 0.796B 1.000¢ 0.8333 0.963Q 0.9074 0.8704 0.7963 0.000(

Tulshimala | 0.963Q 0.8519 0.8889| 0.9259| 1.00000.963Q 0.8704 0.9444 0.9074 0.963Q 0.8889 0.8889 0.9259 0.8704 0.9259 0.8889 0.9259 0.814§4 0.6667 | 0.963D 0.9259 0.9630| 0.8889 0.8889 0.981F 0.9074 0.9074 0.000(Q

Vaturi 0.9259 0.7407 0.9630| 0.8519| 0.74070.9259 0.8519 1.000q 0.9259 0.814§ 0.8519 0.8148 0.963(Q 0.8519 0.8519 0.814§ 0.8889 0.9259 0.8333 | 0.888P 0.8519 0.7407| 0.8889 0.8519 0.8704 0.9259 0.9444 0.8889 0.000(

Vawyaila 0.8519 0.7407 0.9630| 0.9259 0.92%90.9259 0.9259 0.963¢ 0.8889 0.8704 0.5926 0.8889 0.9259 0.8889 0.6667 0.777§ 0.814§ 0.963Q 0.9259 [ 0.925P 0.9814 0.8519 0.8889 0.8519 0.9259 0.8889 0.9444 0.9259 0.7407 0.000(
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Genetic Similarity Analysis using UPGMA:

A total of six distinct groups resulted at a cut-similarity coefficient of 0.17 among the 30 rieecessions,
revealed by UPGMA cluster analysis based on Nei%72) genetic distance using the 27 SSR markers. Th
UPGMA dendrogram shows a clear separation of tteeaccessions into six groups (Fig. 6). The acoesghat are
derivatives of genetically similar dropped in onlester. The cluster | has maximum accessions (e)eead
consisted of Aloi, Gainja, Puitadhepa, Shamraéhljjira, Kaika, Athabinni Red, Athabinni BlecHashim,

Paijam and Savaraj. Amei, Kaliboro, Diga, VawyaWfaturi and katarivog were grouped in cluster-lluger 11l has
only one variety which is Patjak. On the other ha®elgunbichi, Naizarshail and Chiyattar were gralijpecluster-

IV. Cluster-V includes Katijul, laldhepa, Khirshaparulshimala. All BRRI varieties were grouped dtuster VI
with a landrace Torag indicating there genetic krity (Fig. 6).

pr— g

1 G
—

| StanTa

13'!

Ceefficent

Fig. 6. UPGMA dendrogram based on Nei's (1972) getie distance summarizing the data on differentiatio between 30 rice germplasm,
according to SSR analysis.

DISCUSSION

This present study assessed the morphological 8fRdrBarker based characterization of twenty sixraces rice
and four high vyielding rice accession®ryza satival.). The fourteen (14) morphological traits sigo#itly
(p<0.05 showed the variations in all accessions indicates diversity. Similar significant differences in
morphological traits among the different rice vaeie was observed in different Malaysian uplané germplasms
[32], dominant species of rice in Mongolia [33],9E&rn Himalayan indigenous rice varieties of INdid], lowland
and upland rice accessions of China [8], ancedimak of Philippine rice cultivars [34] and even diifferent
Bangladeshi aromatic landraces rice genotypes [3%§ analysis of diversity revealed that thera gossibility for
selecting the mentioned accessions using the 1éhotogical traits, especially plant height, numbéreffective
tiller, filled grain, yield per plant, flowering ¢k maturity date, seed size and shape and thadd be used
particularly for source of parent(s) selection fime variety improvement through the applicationhgbridization
technique. These morphological traits might bednsideration for variety development when geogregdHocation
comes vital.

Similarity based cluster analysis based on 14 naggical markers all landraces rice accessiongidiviinto three
groups and all high yielding accessions come ime group. It indicates that morphologically simikrcessions
were dropped in one group i.e. cluster | or Illbol IV and morphologically dissimilar accessicar® grouped into
distantly related clusters using UPGMA cluster gsial at a cut-off similarity co-efficient 0.98%. iEhdissimilar
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grouping or distant clusters is so important beeatisielps the breeders to select the accessiaviffs)important

dissimilar morphological traits from the studieccessions for hybridization to get the higher hedtermesponses.
Similar result was reported in different Malaysigsiand rice germplasms by Sohrabial. (2012) [32], in different
Bangladeshi aromatic rice genotypes by Sejibl (2012) [35], in different soybean accessions lpy & al (2012)

[10], in oil palm parental genotypes by Abdullahal (2011) [36] and in different chilli germplasms Bipssainet

al. (2014) [19].

A total of 321 alleles were detected from 30 lacdsaand high yielding varieties on all 12 chromossmsing 27
SSR markers (primers). The number of alleles pemdaenerated by each marker varied from 6 to Blealwith

an average number of polymorphic alleles per matke89. Among these 27 primer pairs, some amplified 10
alleles in different chromosomes e.g. RM11, RM1BVA452, RM178, RM162, RM312, RM413, RM133, RM536,
RM277, RM273 and RM284, however, other primer pdRd5, RM565, RM118, RM174, RM25, RM229,
RM124, RM152, RM564, RM1026, RM585, RM205, RM17ME and RM474) generated 11 to 21 alleles. These
variations in multiple allele level indicate thaSB marker is crucial for identification of rice assions at
molecular level. Similar results were observed iavpus fingerprinting and diversity studies havibx alleles
with an average of 4.58 alleles for various claggewicrosatellite [37] and also 3 to 9 allelesthwan average of
4.53 alleles per locus for 30 microsatellite mas&s].

Our study confirms that the mentioned microsatehitarkers are able to generate higher numberedéaler locus.
The markers those produced higher number of alkxakl have better application to find out the padyphisms in

heritability of rice accessions. Separation anéc@n of accessions based on heritability traterie of the most
important factors for breeders for variety improwsrm[32].

Gel image of present study showed production otiplalalleles in 30 rice accessions. This productd multiple
alleles suggested that these markers could be t@dtgrused for molecular characterization of diffat rice
accessions. Despite of the production of multipleles they were robust enough to distinguish dmedly diverse
genotypes or different accessions of the same gpest Nine different markers (RM) also showed midtialleles
in 12 aromatic rice genotypes studied by Safibl (2012) [35].

On average, 23% of the 30 rice accessions shacethenon major allele at any given locus ranging frbdfo to
43% common allele at each locus. A higher percBf®4) common major allele was observed in aromatie r
genotypes reported by Sapibal (2012) [35]. On the other hand, a moderate leféiversity exists among 27 loci
studied across 30 rice accessions, ranged fromt6.024 with an average of 0.86. Similar resulswaserved in
12 aromatic rice genotypes with an average of [(B5}

The polymorphism information content (PIC) valueaismeasure of polymorphism among the accessions for
marker locus used in linkage analysis [35]. The Pdlies found in this study varied greatly amorgy tésted loci
and observed ranged from 0.6806 to 0.9416 with\amage of 0.8414, indicating the presence of highetjc
diversity among the rice accessions studied. Thbdst PIC value (0.9416) was obtained from RM4Tibiieed by
RM171 (0.9293), RM564 (0.9168), RM17 (0.9269), Ri26(0.89570), RM205 (0.8871), RM152 (0.8865) proved
that these are the best markers for identificatiod diversity estimation of rice accessions. Tingeaof PIC values
observed to several previous estimates of micrhisatenalysis in rice such as, 0.34-0.88 [39],97-0.838 with an
average of 0.488 [14] and 0.20-0.90 with an avermig@.56 [40]. There is a co-relation also foundour study
between higher number of alleles and PIC valuaaditates that the SSR markers those generatetigimber of
alleles and having higher PIC values could be @eseflture rice diversity analysis.

From the summary of Nei's (1972) [31] genetic dis&values it was found that the differences batvtikee highest
(1.0000) and the lowest (0.5741) genetic distaradaevrevealed the wide variability among the 3@ @ccessions.
High genetic variability within accessions and #figant difference between accessions indicate giehetic material
of a species. This investigation addresses ttasaons those showed the highest genetic distacée used as
parental source for breeding line to improve riegiaties. Similar result was obtained in Bangladehiili varieties
reported by Hossaiet al (2014) [19].

The cluster analysis based on UPGMA dendrograngu8i SSR markers summarized the data on diffetentia
between 30 rice accessions. It exposed that thessions that are derivatives of genetically sintijgoe formed
cluster together. This analysis also provides tlo&iging pattern of the diverse accessions, suggjestearallelism
between the different clusters (I to VI). Our finds are similar to the results obtained from fedybean accessions
[10], twenty two chilli germplasms [19], twelve anatic rice genotypes [35] and twenty one rice Vigsd14].
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Molecular marker based analysis divided all acoessinto 6 cluster, and the accessions were nwibdited in same
pattern when morphological marker based analystsomasidered. It specifies that morphological amdegular level
diversity are little bit different except some wigs. In morphological analysis all BRRI variet@astered in an
individual group and in molecular analysis theydlistered together along with one landraces ‘Totagtates that
this polymorphic nature of clustering obtained gsBSR markers is more informative, specific anctipeethan the
one obtained from the morphological markers.

CONCLUSION

It is well reported that identification and evaloatof high heritability in accession alone is ewmiough for variety
development, both high heritability and significanbrphological traits are crucial in this regardhefefore, our
study was implicated in both morphological and roolar levels of 30 rice accessions and found ekterdiversity

based on morphological markers, UPGMA cluster aislymolecular markers, allele number, allele festy,

gene diversity, PIC values, Nei's genetic distanatues and genetic similarity analysis using UPGMHAis

extensive diversity at both molecular and morphigiaiglevels of accessions will help the rice breede find out
suitable parent(s) containing economically imparfaid crop traits for future hybridization.
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