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Introduction

Rice has shaped the culture, diets and ecenemic of theusands
of milliens of peeples. f'or mere than half ef the humanity “rice is
life”. Bangladesh has ajundant diversified rice landraces frem time
immemerial, sincerice plays an impertant rele in theliveliheed, cultures
and secie-ecenemic aspects of the peeple, and is alse the main cereal
feed in Bangladesh [1]. Tt has een cultivated in Asia since ancient times
and fer generatiens farmers have maintained theusands ef different
landraces [2]. ow, 90% of werld rice is preduced in Asia en an area
of almest 15N millien hectares. Rice acceunts fer 50% ef agricultural
inceme in Asia and supplies almest 80% ef the regien’s nutritien. n
Bangladesh rice engages mere than 70% ef the rural pepulatien and
is central te agriculture and the natienal ecenemy [3].Due te great
significance and intimate asseciatien of rice in feed security and le<al
ways of life and culture, Asian farmers have selected and maintained
a vast array ef ever theusands ef years. Scientists estimate that mere
than 1,40,000 rice varieties have peen developed/selected/iselated in
Asia |4].V*lol'e than 1,32,000 rice accessions and wild relatives <an be
feund in the werld’s largest’®eneyank fer rice at TRRY (Internatienal
Rice Research Tnstitute) le<ated in the hilippines (https://www.irti.
org/international-1'i':e-gene[,ank)[.-J ntil nef, Bangladesh Rice Research

M.delecular markers are the pewerful teels te detect genetic variatien
and genetic relatienship within and ameng species. ® A markers
are used fer unmasking new genes and fer the impro\?ymenf of crep
varieties |5]. The use of B A markers has ) een suggested fer precise
and reliayle chalacterizaﬁ‘on and discriminatien of rice genetypes [6].
Fer genetic variayility assessment, B A matkers are extensively used
pecause they are net affected ,y enNrenmental facters Mdicresatellites
(SSRs) are the maiker of cheice,ecause of their advantages ever ether
markers. These matkers are pelymeiphic, apundant in eukaryetic
erganisms, and well distri,, uted threugheut the geneme [7,81. The SSRs
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Assessment of genetic diversity is very impertant in plant  reeding
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Data analysis

The pand-size fer each ef the maikers was scered using the
AlphaFaseFC 4.0 seftware. sing _ewebdarker versien 3.25 [35],
summary statistics includepfhe follzwing: the numy, et of alleles, the
majer allele size and its frequency, gene diversity, and the pelymerphism
infermatien <entent (_ 1C) value. For the unreeted phylegenic tree, the
genetic distance was Bleulated using ME%A 6pased en ei’s unyiased
pairwise [36,37]. Binary ferm fer allele frequency was'prepared using

owetMdarker seffware and used fer dendregram censtructien py
-»c seftware [38]. The unweighted pair greuping methed using
. . ine a similarity matrix

fellewing the Wice olfficient with the SA sup, pregram. _epulatien
STR CT RE fer landraces was defeﬁ’h‘ined using STR CT RE,
(velmjsionl&.3.4) 139, 40]. The numy er of <lusters () invesfiggfed,Qn this
study, ranged frem ene te fifteen, with five replicatiens fer analysis
of each K value. The medel following admixture and cerrelated allele
frequency with a 5,000 ,urn peried and a run length ef 50,000 were
used for cenducting medel-;,ased structure analysis. _utput ef analysis
was cellected using the STR CT  RE harvester [41] agd identified 4 as
thepest € value ased en I-ljle 19 (W) and Evanne’s AX [42]. rincipal
cempenents analysis (_ CA) an%lysis was cenducted alse I;sing the

TS _S-pc seftware. |
a g

Results and Discussion

SSR marker-based diversity and molecular characterization

All the 48Bere rice landraces distri,uted everall 12 chremesemes
of rice were genetyped with 55 simple sequence repeat (SSR) markers.
All 55 markers exhiy iting pelymerphism.

A tetal of 228 alleles were identified at 55 SSR markers ever 48 Bere
landraces (Taple 2). Ri4484 (2961, p) preduced the maximum amplicen
size and 289 (88, p) was the minimum. 'n the <ase of Ri4472 (286-
306,p), @ maximum range ef band sizes was feund and succeeded
by RA484 (289-296,p) and RM591 (247-279 p), respectively. The
average numyer of alleles per lecus was 4.15, ranged frem 2 (M4133,
RA145, RA212, RAB16, RA320, RA338, 411, RA452, RA455
and RA4484) te 10 (R4206). The pelymerphism infermatien centent
(_TC) fer the SSR leci ranged frem 0.04 (R*4455) te 0.78 (R4206) with
5;1 average of 0.36.%darker R4206 had the highest 1C value (0.78)
and the highest numyer of alleles (10). SSRs which Rave higher C
values have a higher numy, er of alleles. dewer _'C value shews that the
landraces under study are <lesely allied, wheleas the higher value of
PYC stipulates the higher airay ef materials which is the utmest need

fer parents selection fer hy, ridizatien as well as for the new impreved
variety develepment, accerdingly. Therefere, RA206 was detected as
the highest level of pelymerphism and RA4206 is suppesed tep e thep est
marker fer characterizing the 48 Bere rice landraces. The gene diversity
ranged frem 0.04 te 0.81, with an average of 0.39.The frequency eof the
mest cemmen allele at each lecus ranged frem 29.17% (R4206) te
97.92% (RA\455). n average, 73.83% eof the 48 rice landraces shared a
cemmen majer allele at any given lecus. The ® A prefiles of 43 Bere
rice landraces with R&4536 are shewn in (Figlﬁ‘e 1).

n recent past, melecular characterizatien, genetic diversity and
pepulatien structure of Bangladeshi rice landraces have j,een studied
by using melecular (SSR) markers [1, 36, 34, 43].

Frem eur present study, the genetic diversity is similar te earlier
studies [29], they identified 4.18 alleles per lecus and an average C
value of 0.488 ameng 21 rice landraces (T3 le 3). Alse, the average P
value 0.44 was e} served ameng 43 Thai and 57 TRRlandraces of rick bY
Chakhenkaen et al. [45]. But, Ahmed et al. |1]| feund 350 alleles frem
similarly named rice landraces using 45 SSR markers and several alleles
per lecus ranged frem 3 te 14 with an average of 7.8 which was higher
than eur present study. 1 the ether hand, a lewer genetic diversity
was disclesed ameng 50 Bangladeshi red rice varieties were cellected
frem different agre-climatic regions of Bangladesh having 3.24 alleles
per lecus with mean _'C value of 0.32, alse repeited ,y 'slam et al.
134]. Alse, a marginal@ lewer genetic diversity was disclesed ameng 28
resterer lines of hyy rid rice with an average of 2.67 alleles per lecus and
an average PYC value of 0.29 [46].

Legend: 1. M- ajang, 2. Bheli Bere, 3. Kumri Bere, 4. Bairagi Sail
5. Tepi herch 6. PankaiCh, 7. BereWeshi, Sfiopal Beshi, 9. Berail, 10.
Bere 6/2, 11. KaliPBolo, 12. Sonal'ieye, 13. eya Bere, 14. Am},ere2
{%elden), 15. Batti Bere, 16.V‘ladhabsail, 17.)‘ agli, 18. agli, 19. Jecal
Bere, 20. Saita, 21.Dud Saita, 22. Begra Bere,)23. Deshi Bere, 24. agli
(WeshiBere), 25. Bere Bhan, 26.Bere agli, 27, agli, 28. Beshi Bere, 29.
BerePhan, 30.Bere (Sunga), 31., ala) Bere, 32. Kali Bere 2/2, 33. Kali
Bere 4/1, 34. K ali Bere 26, 35. ali Bere 41/1, 36. Kali Bere 48/1, 37.
Kali Bere 80/3, 38. Kali Bere 80/5, 39. Kali Bere 109/4, 40. K ali Bere
138/2, 41. Kali Bere 139/2, 42. Kali Bere 200, 43. Kali Bere 208, 44.
K ali Bere 259, 45. K ali Bere 266, 46. K ali Bere 576, 47. X ali Bere 600,
48. X ali Bere 704, 3= Iy, plus dadder.

Unique Alleles

A tetal of 39 unique alleles were detected at 25 micresatellite
leci. ineteen (19) of the rice landraces had unique alleles for at least
ene' micresatellite lecus. — etayly, seven (7) SSR markers Riq144

B2 101112 1314151617 18102021 22 3334 25 2627

Figure 1: DNA profle of 48 Boro rice landraces with SSR marker RM536.
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chremeseme 11, 220bp), RA205 (chremeseme 9, 117bp), RA4206
chremeseme 11, 152bp), R4277 (chremeseme 12, 138bp), RA4342
chremeseme 8, 152bp), RAG515 (chremeseme 8, 211bp) and RA307
chremeseme 4, 125, p) amplified specific alleles enly in a slender
grain rice landrace ala Bere (Acc. -1866). Similatly, six (6) SSR
markers RAM19 (chremeseme 12,%3919), RA4224 (chremeseme 11,
138bp), R262 (chremeseme 2, 167bp), Ri455 (chremeseme 7,
125, p), R44125 (chremeseme 7, 152, p) and RA4510 (chremeseme 6,
113y p) amplified specific alleles enly in rice landracebdi-_ajang (A<
0-149). Alse, Tepi Cherch (Acc. -931) shewed uniqtfe alleles in 4
markers and Bairagi Sail (Acc. %—261), ankaich (Acc. -937) and
_ eya Bere (Ac;.‘ e-1051) shovﬁd unique alleles in 3 mark%‘rs (Taple 4).
)

(
(
(
(

nique alleles are precieus as they, uney e effectively indicater of
pauicular landraces and alse for a )1éeding purpese.’®enerally, the
higher numy er of unique alleles in landraces specifies as a seurces of
nevel alleles. The unique alleles for melecular characterizatien were
alse detected (,y Siwach et al. [47], Was et al. [48] and Tslam et al. [34].
Siwach et al. |47] identified seven SSR markers (R41, RA421, RAA3S,

4170, Riq 210, Riq 226, and R 229) that shewed unique alleles
which ceuld distinguish )asmati rice varieties frem nen-asmati rice
varieties. Alse, Saini et al. [49] neticed 58 unique alleles ameng Basmati
and nen-Basmati rice varieties.

Genetic distance-based analysis

The genetic distance-,ased results seen in the unreeted neighy e1-
jeining () tree revealed that the 48 Bere rice landraces were greuped
inte felr Majer <lusters (Figure 2). The highest numy ers of landraces
(37) were feund in <luster ' followed },y <lusters 1 (4), 111 (4) and the
lewest in cluster\} 3).

*Renetic distance is useful for assessing the diversity, etween species
and pepulatiens within a species. The highest numyer of germplasm
(37) was feund in cluster 1. Again, <luster 1 was further divided inte
2 sup <lusters (A and B). Sup, cluster-A, centains 30 landraces and
Sup, <luster-B censisted of 7 landraces. Cluster 1! centains 4 landraces
(decal Bere, Kali Bere 2/2, Kali Bere 4/1 and K ali Bere266) and <luster
W alse centains 4 ,ere landraces (K ali Bere 26, ali Bere 80/5, Kali

Table 4: List of identifed unique alleles along with markers for 19 Boro rice landraces.

SL. No. Marker Chromosome No.
1 RM16 3
2 RM12 12
3 RM12 12
4 RM19 12
5 RM19 12
6 RM19 12
7 RM19 12
8 RM144 11
9 RM201 9

10 RM205 9
11 RM206 11
12 RM206 11
13 RM206 11
14 RM206 11
15 RM207 2
16 RM209 11
17 RM209 11
18 RM223 8
19 RM224 11
20 RM224 11
21 RM252 4
22 RM253 6
23 RM262 2
24 RM262 2
25 RM277 12
26 RM342 8
27 RM342 8
28 RM342 8
29 RM447 8
30 RM447 8
31 RM455 7
32 RM515 8
33 RM591 10
34 RM303 4
35 RM307 4
36 RM307 4
37 RM334 5
38 RM125 7
39 RM510 6

Unique Allele (bp) Landraces
184 G 30 (Boro (sunga))
183 G 6(Pankaich)
208 G 15(Batti Boro)
204 G 9 (Borail)
216 G 4 (Bairagi Sail)
227 G 2 (Dholi Boro)
239 G 1 (Mi-Pajang)
220 G 31(Jala Boro)
188 G 40 (Kali Boro 138/2)
117 G 31 (Jala Boro)
152 G 31 (Jala Boro)
171 G 32 (Kali Boro 2/2)
192 G 28 (Deshi Boro)
198 G 7 (Boro Deshi)
148 G 5 (Tepi Khorch)
134 G 13 (Joya Boro)
176 G 4 (Bairagi Sail)
172 G 5 (Tepi Khorch)
138 G 1 (Mi-Pajang)
143 G 5 (Tepi Khorch)
230 G 16 (Madhabsail)
160 G 5 (Tepi Khorch)
161 G 13 (Joya Boro)
167 G 1 (Mi-Pajang)
138 G 31 (Jala Boro)
146 G 14 (Amboro 2 (golden))
152 G 31 (Jala Boro)
169 G 6 (Pankaich)
121 G 13 (Joya Boro)
145 G 18 (Jagli)
125 G 1 (Mi-Pajang)
211 G 31 (Jala Boro)
266 G 4 (Bairagi Sail)
107 G 21 (Dud Saita)
125 G 31 (Jala Boro)
147 G 6 (Pankaich)
172 G 12 (Sonar Geye)
152 G 1 (Mi-Pajang)
113 G 1 (Mi-Pajang)
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Bere 259 and Kali Bere 576). The lewest numper (3) of pere rice
landraces was feund in <luster 1 (X ali Bere41/1, Kali Bere 48/1 and
Kali Bere 80/3). In previeus shldies, Tslam et al. |[34] and Yslam et al.
[43],oth feund three (3) majer clusters and few sup, -clusters threugh
the unreeted neighy, or—joinin% . ) tree ameng 50 Bangladeshi red rice
varieties and 113 arematic riclahdraces, respectively.

Population structure based on Model
V‘lodel-based pregram 51‘5 C{lj' RE 2.3.4 was used te find eut

Cluster-lll Cluster-1V

Cluster-Il

Cluster-|

Figure 2: An unrooted neighbor-joining tree showing the genetic relationships
among 48 Boro rice landraces.

Deltak = mean(|L"(K)|) 7 sd(L(K))
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250
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L
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2 3 4 5 6 7 8 9
K

Figure 3: Estimation of population using LnP(D) derived AK for K from 1 to 10.

100
080
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040
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the genetic relatienship ameng individual Bere rice landraces. By the
admixture medel, simulatiens were executed with &, range frem 2
te 10 with 5 repetitions empleying 48 landraces and the pepulatien
structure analysis declared the leg-likeliheed value (AX) maximized te
the highest value of at K= 2 (Figure 3), demenstrating a sharp peak
expressing the classification of entire landiaces inte twe specific sup,-
greups, here deneted as’®reup A and’®reup B, respectively. T'e find
eut the numyer of pure and admixed individuals, pepulatiens were
studied. The pepulatien’®1eup A (red <elour, Figure 4) and"&®reup B
(green celeur, Figure 4) representing 75% (36) and 25% (12) of Bere
landraces used in structure analysis, respectively. verall, 11 (22.92%)
admixed landraces were feund at ¥ = 2. It uney ¢ neted that'&reup
A had 36 Bere rice landraces with 28 pureand 08 admixed landraces
and’®1eup B had 12 ere rice landraces with 09 pure and 03 admixed
landraces. A similar pepulatien structure of twe greups was ey served
in previeus research jy _athaichindachete et al. [50] in a cellection of
167 Thai and exetic ricd accessions in Thailand. Tslam et al. [43] have
successfully <lassified three greups as indica arematic rice landraces
in Bangladesh and again, slam et al. [34] e} served four greups in a
cellection of 50 red rice landraces in Bangladesh, which were higher
than eur present study. The pepulatien structure analysis of different
rice diversity panels has indicated different numyers of suy-greups,
frem 2 te 8 |48, 51, 52].

epulatien structure analysis frem the SSR markers greuped all
the findraces inte 2 greups. Besides, feur greups were alse censtructed
using SSR markers data clustering analysis. Se, the mest dissimilar
landraces epserved frem this study <an e used in rice preeding
pregram. Ydercever, frem this study, Zl'ds/genes mapping can be
assemy led )y utilize the diverse landraces and highly pelymerphic
SSR markers that have jeen determined fer different physicechemical
quality characters.

Principal Coordinate Analysis

The _rincipal Ceerdinate Analysis ( CeA) displayed twe and three
dimensienal graphical views of the spafﬂil distrip utien ef the landraces
aleng the twe principal axes (Figures 5 and 6). The landrace namelyMdi-

ajang T® 1, Acc. 149);"®epal Beshi {® 8, Acc. 939), Berail T# 9, Acc,

540),V‘ladhabsail {® 16, Acc. 1651), Bere (sunga) T® 30, Acc. 1861)

and, ala Bere {® 31, Acc. 1866) were feund far away frem the <entreid
of the cluster and the rest of the genetypes were located mere o1 less
areund the centreid. The present study shewed that the landraces that
were lecated far away frem the centreid were mere genetically diverse,
while the genetypes that were sited <lese te the centreid designated
mere o1 less similar geneticpackgreund. Cemparay le results were alse
stated bY ether authers |4, 53, 54].

Conclusion

The present study was <enducted te make ® A fingerprinting
and te assess the genetic relatienship ameng these¥endraces using SSR
markers and micresatellite markers are censidered apprepriate for

Figure 4: Assignment of 48 boro rice landraces into two populations (A and B) using STRUCTURE 2.3.4 software.
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