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Figure 1. Temperature diagram related to the growth period of rice plant in the 2019 crop year

Tablel. List of primers used in this research

55 oyl 5 odliul 3y90 (sla)SHIET o b =) g

t?mnggsal{ﬂ?e Backw?\[d sequ?nce Forwar.d seqL{ence Ch&lounr:;)bsgrme Prirﬂel"g

Jlail gled Sy Iy <6 P93979)5 oslesd i
56 ggctaggagttaacctcgeg gcgggagagggatctect 2 RM279
56 ctectecegatcccaate caagaaacctcaatccgage 2 RM341
56 tectgtacgccgacgaggtegag tcgaagccatccaccaacgaag 2 RM110
56 aacgttggtcatatcggtgg cagggacccacctgtcatac 2 RM29
56 tctttgacaagaggaaagaggc ttttccttctcacccacttca 2 RM27
56 tccacgtcgatcgacacgacgg agcgacgccaagacaagtcggg 2 RM174
56 gggatcaaaccacgtttctg ctgatcgagagcgttaaggg 2 RM452
56 catcttcctctcttcggeac cacactttccagtcctctce 2 RM485
56 cctttttcagtagccctcee agcacccatgccttatgttg 2 RM423
56 cagcattgtggcatggatac ttggatcagccaaaggagac 2 RM555
56 acggtgggattagactgtgc cctcacgattttcctccaac 2 RM475
56 gccactattcctgeatgtgtttge aaattcacgacagagtccacaactgc 2 RM12371
56 cgtacgacgaaagccctaactcg acaccatcaagcgcctetge 2 RM12373
56 ctgcaaattggtgggtgattge actgacgattgggcacattattcc 2 RM12676

05 Sy by TGMS s > TEGMS Cio o oy g W

.(Yi‘\d)‘\‘\‘\"\) .))l.) LS"‘?M )iﬁ.)
SIS

9 Ml g paiges)S i VY hb @y Sl 4 25 L
O&o] Mos ‘o.\g.b)f abql W 4J¢w5 4 TGMS u)
Vb laania Wb 4 o slapgiges)S (ooles adlllas
oon b des pholSal imgky ol Sl wg
05 29z cYlde w81 A Wb sdalie i oYlie
TGMS 45 b (Siusod Coglgl o a5 ,Slis VY «Ylds
P Sl ol el wad Gl adlles (gly g
Cawl 0ads 031> L Y Jgd>

> saj 2l erdie 9 450k sladig S (hjlad L

L)l (2) yo8l B @pe ) ookl b (adie bl )
oY S0l ol Fo o9y WY 5l ggemme ) 38
Gl g £5 i b b TGMS caxs TGMS
L35 yo)k g gl )03 gl AF g Lene Gudgid
TGMS 3% j| Jols BC1 cbadigy oy o (Y JS3)
Lo 5 g eubs Coigd gl wg & (BCF1) F1 b cuows
Canl 03l ¥ Jgan )3 4 ol ol g 595k cuigid (clyls
VY g F2 o (M—f— :)s)lg) RS LA.\.«.o u_i“)) sbaaw b
= oh cils p= 0.01 Jhisl xlew 3 BCp
Q,{‘ )isl.u u.;? & BCF; 9 F, F Jw.u PR o lio



\EY

25025 s g )5BS JlaS S (65l oo (ISl 00 Ao dozxo
VEY e /50 0jlouis w33l o [ ely; lalS oMol dolicags

(B) y,b olS Lilde )3 (A) pusic oLS ¢ d/tIMScans F2 cumes 3 03,5 4ild (659,b Camsdy o)l -V JSK
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Table 2. Sterility dispersion pattern in F2 and BCF1 populations based on phenotypic evaluation
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RM29 5 RM110 (o, Silis & Jglo 4 4o L
WY 5 0IVY Cuipa) aash swb oS5 Syl
s RM29 5 RML10 (gl SiLi5 S35 dhols (20
Sl lg o cwl oas 850 Sl VV/EY
sl oxel ¥ IS5 3 RM29
Oher 5 Sipa(Y0) (e 5 S350 ls (lel
P9i529,5 > (V) ohler 5 63, 5 () hen 5 55 (F)
ptgms2-1 4 tms9 4dms5 dmsd a5 s 4 b Y
s o (F) oylSan g (Sig> sl odid (S ai iy
Al o dumen RM27 L tmsd 5 a5 ws,8 i)l58
LT el s (Yo o)) o)) Ko 9 VU bawgs  oliie dogis
Sl o Koy o TOMS-1 Y (goy » oo b
(V) oylSan 5 Lot oo sosdis o b diusods RM27
b dta |, RM174 55 dMS5 55 (59 52 adllas L
e 5 Sily adllas ;5 &S ol o 3 ol Atzals ]
6 RMA92 5 RM279 (cla Silts o 55 ol (V)
IS gy p adllae L (17) plilsen 5 )5bLbL .cutly
Y cpl 93 s o5 45 13,5 bl TGMS sloyY
olos 48l Sz RM300 4 RM154 (cla Sl |
S9) ¢ Cawload SIS (i (] bawg &5 oSOl
Ol 3 B CasBee 3 J3 Y poiees)S ol ool
el odel ¥ S 0 Y pgieeg)S 59y p Sl

sy 90 s Hisusls &S (ol ) SSLtS 5 SIye sl ]
OF o el ly ey ol Gy e >
Sl (V) sad eolitsl Cglie Cume> 3 TGMS
Gl bl 5l a8 wms plis cpally cpo 0 ) po Al
Cumaz 0 TGMS 5 L diiend (o) Slis ool
odlizwl b (1) Syig (Slolyd .o oolaiw] Coglie WwMS
19) 25 a5 Jgop
r=(2N1+N2)/2N )
oL (S 59 SlglS Ml e D99 (slayl b e
4 & cwl TGMS 5 5l Sl (Soj alold onmd
g0 Slolp (V1) 3580 ple (€M) 5905k 50
G, Sl sl 22 osejl 9 0l saaline Jlglys o]
5 TOMS (5 (o (S5 4l (o 553) ) Szl S
Cuol odol ¥ Jgas 0 LOD 5 oolaiwl 350 (slo S0l
c8)S sl 5 Jeyd il edlaiwl L LOD duwls

_ (1—T)NR x R
LOD =log ~~rm

M= S5y Sl
NR = o 55 (s e 331 s
R= S 5s sl puie o]yl slass



252005 dmas 9 )15 bl a8t ()l o (LS i o 2 A v

\FA Cuax Cilige o8y gy )0 (TGMS) Lod &y (wlus gonis 5 (5 (01,5 il

sbie g 3 il 350 (1513 L SSR (e S5 (5955 Jls)y8 dalio jokatons Sl (S ppgeil = Jsuo
Table 3. Chi-squareltest to compare the genotypic frequency of SSR markers with the expected frequency in the
recessive class

N No. expected plants with sterile band No. plants with sterile band Primers
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Critical x2 with 2 degree of freedom in 5 and 1 percent levels are 5.99 and 9.21, respectively.
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Table 4. Percentage of recombination, genetic distance between marker and TGMS gene and LOD scale

LoD Genetic distance based on Kosambi Recombination percent Primers
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Figure 3. Band pattern of male sterile (MS) and fertile (F) genotypes
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Extended Abstract

Introduction and Obijective: In rice, the use of male sterility is a prerequisite for the
commercial exploitation of heterosis. Two well established male sterility systems in rice are
cytoplasmic genetic male sterility (CMS), a three-line system, and environmentally sensitive
genic male sterility (EGMS). EGMS has two types of mechanisms: PGMS and TGMS. TGMS
lines are sterilized when they are at a temperature above 25-30°C during the cluster and
flowering stages. In order to accelerate the development of TGMS lines in various genetic
fields, marker-assisted selection (MAS) can increase the speed and accuracy of this
transmission. The aim of this study was to identify the chromosomal location of the gene
controlling the sterility trait TGMS and the SSR marker associated with this gene in Nemat
TGMS cultivar.

Material and Methods: For this study, Nemat TGMS cultivar was crossed with Fajr cultivar
to obtain F, and BC; populations for genetic studies. After DNA extraction from 142 genotypes
and PCR, the results observed in F1, F; and BCF; generations clearly indicated that the TGMS
trait in TGMS is controlled by a recessive gene. For this study 14 SSR markers were used to
determine the marker correlated with TGMS gene. The frequency of recombination between
markers and TGMS locus was estimated using maximum likelihood, assuming that all
individuals were completely sterile in terms of TGMS homozygous location. Linkage between
marker loci and TGMS QTL was tested by chi square () test and LOD score.

Results: Among the markers, RM110 and RM29 primers had a high correlation with TGMS
gene (5.74 and 11.63 cM, respectively). Various markers have been reported by researchers for
the TGMS gene on chromosome 2.

Conclusion: The use of mutation in sterilization (TGMS) and variation in cultivar genotype has
led to different markers being reported even for a particular gene. The use of markers that have
a high correlation with this trait (MAS) can facilitate the transfer of TGMS gene to other
cultivars.

Keywords: Molecular Marker, Rice, Segregating Populations, Temperature Sensitive Genic
Male Sterility



