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harvest sprouting (PHS) , this study analyzed the phenotypic characteristics of LTG and PHS in 29 rice varieties (lines) ,

and classified these varieties (lines) using K-means clustering analysis. Based on a 71 bp deletion in the coding region of

the major LTG-related gene ¢LTG3-1, a specific molecular marker was developed, and the accuracy of the marker was vali-

dated through phenotype-genotype association analysis. The developed specific molecular marker was applied to screen 646

rice varieties (lines) , including 557 parental varieties (lines) and 89 late-maturing medium japonica varieties (lines) from

Jiangsu province, for resistance. The clustering analysis results showed that 48% of the rice varieties (lines) belonged to
the LTG-tolerant/ PHS-susceptible type ( Cluster 1), and 52% belonged to the LTG-susceptible/PHS-tolerant type ( Cluster
2). After phenotype-genotype association validation, it was found that the discrimination accuracy of marker ¢qLTG3-1

reached 75% —86%. The screening results of 646 rice varieties (lines) showed that 85.5% were LTG-tolerant/PHS-

susceptible, and 14. 5% were LTG-susceptible/PHS-tolerant. The molecular marker developed in this study can

simultaneously screen for LTG and PHS characteristics in rice, thus providing a technical reference for breeding resistant

rice varieties (lines).
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Table 1 Basic information of the 29 tested rice varieties ( lines)
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Table 2 qLTG3-1 gene molecular marker information
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Fig.1 Phenotypic analysis of pre-harvest sprouting and low-

temperature germination in rice
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Fig.2 Cluster analysis results of low-temperature germination index (L7GI) and pre-harvest sprouting rate in different rice varieties ( lines)
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Table 3 Cluster analysis of low-temperature germination index (LTGI) and pre-harvest sprouting rate in different rice varieties ( lines)

AN TATH#

{77 3 A

. JrfEJE 35 d B L
P Z Ky YA i
RK it (1 5% ) 2175 il IR LTGI ) LTGI TR R (%) RESS
1 HERIBBEIS HEE 15 mE FHE 0.045 0.118 0.663 48 (RN
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Fig.3 Sequencing peak diagrams of gLTG3-1 gene in some identified rice varieties ( lines)
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Fig.4 Polymorphism analysis of functional markers for the
insertion/deletion (Indel) in the gLTG3-1 of eight rice

varieties (lines)
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(MR HATERIE , G5 R R, 7E 29 b (A &R ) H,
IRIA 8 i Fh (5 R ) [RIZ K 7 5 RIH 53013,
7575 10 5 9108/ /1 5 P/ NJ4SHR (F9) Faf 12055,
FIBE 12056 JCAR 194 SEHE 9108 | 934 Hh 1 4541,
K/INA 140 bp 28K 71 bp BOLEA4 AR (i
) Bl /N 211 bp B BHARSHF (I 5) , 45
B 29 ORI K 2F R ER A R4 FvT 0,
TEP IS 71 bp 2019 14 3K REM A (R &R )
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T A 12 fdh A (R ) i TR A 28 LR 26
SRS, et b (i 3R ) BEHY 86% , M E 8 13 fifi
BE R 71 bp A BUKREMA (AR ) LA 6 R
TR Tt e A 2R AN TR A 2 3R ok 05 2 o (i

F) BB 75%, LR g R R AR S IT K
qLTG3-1 FER 73 F-HRic n] LATR] i 1 H iR I 24
HEA AR PR R RS R (R o

500 bp —

250 bp —~
P ~—211bp

100 bp — ~— 140 bp

M 1 2 3 4 5

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

M ; Marker; 1 ~29 235Xt iz 4 7 5 mA 53013, 7755 10 5 .9108// #fE 5 Pt / NJASHR (F9) .FFHH 12055 Bifd 12056, %7K 194 Fgid
9108 , HASHE M 1 5 HIFH 99 Mkl 40 #hKE 9 5 s 1 5 RIKE 49 WA 4 5 K 823 WNE M 3 5 ERT 10 5 ol 18,
Kasalath MRS 5 5 (FEHKHL) H R 118 HIKE 5055 RS 5 5 WER 9 5 H9HE 03075 4% 93093 RIFE 5 S 9108/ [ #ERT 5 S () ) /NJ45
[HR](BCIF8),

B 5 KigMm#(MER)gLTG3-1 EEEN/ELK (Indel) IEEFRICHI SR ED T

Fig.5 Polymorphism analysis of functional markers for the insertion/deletion (Indel) in the gLTG3-1 of rice varieties ( lines)

2.4 JK¥E qLTG3-1 M5 FHrid B9 R A

FIFAF 28 IF & 1 gLTG3-1 4 T Hric ¥ 2024
AEFAE e 5 646 KRS AN (R ) BEAT R
Z5RWIR 557 1y SR A v B ATt I A 2 (H it 7
BB AN (A R ) A 81 10, 5 14.5% ; IR
T & ZEART R R 2 BB B R AR A (i R ) A 476

T4 646 BKTBERM(MER)gLTG3-1 BEFE BN S 1t

173,15 85.5% ., £ 2024 AEVTIRAE IR 2 rboRE i Tt iy
Rl (o 22) R, 8RR 71 bp B AR R (AR ) B
14.6% , 230 Jg AN Tl AR st 4 2 (EL T A 4 28 5 #2171
bp (A5 RR (R ) o5 R 85.4% , RN TR A&
SRR U (3R 4) A U

Table 4 Statistical analysis of gLTG3-1 genotyping in 646 rice varieties ( lines)

R ORE) JER T;ﬂﬁiﬂ&?ﬁ%%ﬁﬁ%&% ﬁﬁif&%ﬂlﬁ;ﬂﬂxﬂ%&%ﬁmﬂz
(1) A (B 71 bp) B (H)) AL (AETE T1 bp) E ()
RS A (T R) 89 13 76
P NTYUIETES) 557 81 476
At 646 94 552
3 it ik AR RIRE P AT R R N R 2R AR

R TR e R R 2R R IR K R 2 T R B i v 3
BB EZMRAR P SRR A 2 ) A 2
Mif 220, 2 S BOUKRRIN & 2858 & 3 TR, MY
SIRE KRR I SEAR T T, 17 L2352 DR A /K R 1)
FE KRS = 5 AT A AN R, A0F
FELL 29 /KRS A (i 2R ) I BEFE AR 8 i 3 B i
VAR & ZE et SRR 2RI 00, 45 & AT PR
qLTG3-1 FEPR G X 1R St o F-Fric, /T LAR) B A
RIX A3 KARB IR IRLR ZE R R R R

IR A & B ZE AR Ah - 0 R, F i
S T2/ 22 B DR PR 45 1 TR B i 114 42 2 1

SEE R — 32 i QTL A7 5 [ 845 1 s AL otk
TEHAERRARA S Ff b B 2F AR & 2 T RE R B
AR HER B 2 B, 20 22 50 ARk, %k
FEMp ORI B & ZE P M 58 A 52 1L, [ P9 Mt
RHECEMERZ 5 Z MKW QTL, ) 2o T 12
Zefa ik 1 B G K B, OsNCED3 , OsVPI
OsSdr4 T 0sSd6 =55 K 34 5 Fh R IR S A & 2 hidk
WY R 0B gLTG3-1, 0sSAP16 | LTG5 . OsbZ-
IP73 F1 OsUBCI2 %5 3L R ¥ SRR 8 & J1 45 BT
AMHFTREE TR I, PRBIR 23532 e 7K B R & 2ok, i
PRHR S Fh (5 2R) TG AR 9108 ELA B AR & itk
SM R, 5N THTBARIRAL BRAR HE , A SR 1% bR IR AR
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PIASTR] R (O R ) BRI & 2R 3 25 S I I B )
TFHER XA K ARE IR 2R (B RRRR AR T-IRAR)
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PRIRCPR A 2 A 2 e K R AR TR & 2R AR MR I T B2, A
AR R BRI IR & 2 ) R 2
ot 2 P AR A RUIAR A (R ) 1
TE IV ABE A A A SR AN [ SR [ st 2
HH e B B IR 2R P PR & 2F 2 R bE gk
FEHT AN (i 2R ) SR — KAk

KRG gLTG3-1 W LIf#RE LTG 1) {2 A8 5 fE A
SRR v HC S 407 5 PR AR 53 L e gt ) T, 0 B K A
qLTG3-1 JE45 i K R KR & 2F J1 i 2 QTL! P>
Fujino 25 " WF 58 &k B, gLTG3-1 164wt X A9 45 1 4
SN TR 46 bp ALE A | DINREMERAF IR Z B
DL AT 1 ASRENDIRE R B 15T, T BE3E L 14 9 iR
FLIE A AH OC 1 A9 T35 MR A2 IR R B A 8 R
Hori %5 P58 R 1L, B 28 B0 B 55 0 & A 2%
FEH gLTG3-1 £ T [Fl— Y R IX B, LTG S5 HE K 2F
PEZ BRIV BB AR BV R , AW RARYE ¢LTG3-1
St X e X I T & 19 Indel #R1IC, REA 00 1% Y
LTG PHS MYEEPRIAY 538 2 A T2 0 G e 15 21 (14 1%
MR ZE BERZFAS R B AR — 3k, FFE i
I, TCIRTEAR IR A 2 78 = i = i i 251 T, KA
RHIE A2 2 A EG W ECEER, CMm
qLTG3-1 TAEE F 5 (T 0 A8 5, HoAh AR S A it
AT RERTIREN A, ASHIFFE I 1) HLAT B AR & 2F
FetER KRS SRR (3R P9 S H AR IS AR A, B
TCEGRIR A& 2257 Hayamasari B9 71 bp $#5¢ S 4245
1R/ 21 R R PR R e, th 0 5 B (s IR & 28
2 Ttalica Livorno FHELAYF51 , J& T+ SRR & %
ZRA . R, R T E M — L2 £ 5 LTG |
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