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ABSTRACT

Low-temperature germinability (LTG) is an important trait for the direct seeding of
rice in temperate and high altitudes regions. Water temperature of rice fields at sowing
season is frequently under 15C in Korea, resulting in poor seedlings establishment.
The objective of this study was to phenotypically and genetically evaluate 600 rice
germplasm composed of six rice subpopulations. In the phenotypic evaluation, aus
(AUS) showed the highest visual rating (VR) and germination rate (GR) of 5 and 83.1%,
respectively, than other subpopulations. The lowest value of VR (7.1) and GR (53.1%)
was observed in aromatic (ARO) subpopulation. Association of the phenotype for LTG
with the genotype for qLTG3-1, a major QTL for LTG, and other three SNP markers
(LTG_8, qLTG4b-1, qLTG2-6) was conducted. The results suggested that the allele
distribution of two markers, qLTG3-1 and qLTG2-6, affects the difference in VR and
GR between subpopulations. qLTG4b-1 and LTG_8 were also highly significant with
LTG in all subpopulations except that qLTG4b-1 did now show significance in AUS.
Therefore, the combination use of these four markers might be effective for evaluation
of LTG in rice germplasm.

Key Words : Rice subpopulation, Germplasm, Low temperature germinbility
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FAA| o] WA E2E 01310 (Jiang et al., 2006) A& Ho}o
HEHR] qLTG3-1& BI535td qCTP11, qCTPI12(Baruah
et al., 2009), LTGI1(Lu et al., 2014), qLTGS, qLTG12(Lee
and Kwon, 2015) 59 Ao} &3 QTLe] EILE Tt
qLTG3-1(Fujino et al., 2008)2 A2 drolAdof o #2{Ql
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Table 1. Rice subpopulations used in this study

ESH S0HA fAoA T7F AZ M-S ¥ qLTG3-1
FARE & 3719 HFRHAF ] Ao ol wild
type, A9q, DAdAF7|Ho|F2 ZH2F A2 ol 7, o,
3 94 A= d#S BYH(Fujino et al., 2008;
Fujino and Sekiguchi, 2011). T3t ¥ S-A4xH49] 84
A A4S B0l AL oot DA At dd A7t
H(Single nucleotide polymorphism, SNP) u}# 7}
W=D o] F o83 FHAY B AP EUAHHyun
et al., 2015a; Hyun et al., 2015b).

2 At o ¥ ARl A AL ol AP
FAES AH P E= 4510 o 59 ATTHAIE AN
A2 dobd B7HE gt 712AEE AlFotal e At
Ao FE S92 AT £4 A9 584 ol&Z St
WS A AR =3 = et

Q.
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B A& dobd A4S s 2o AL UZHTE), 4 A2
Y7KTR]), AHZHIND), aus (AUS), oF=u1HE] (ARO), &
(MIX) 5 4= & 600AH4S o &5ttt B Al Al E=
2L A7}t A9 AGLANE] o A Bopukoron 27|
gkl e, vlw FAATE SolA 71 d+E Sl
AEigo] o] BeXl AhdE dVd o= skt Al ol-8-H
B 7ol e @ E A= Table 13 2t

Subpop® IND TEJ TRJ

AUS ARO MIX Unknown

No. of accessions 237 161 86

68 18 28 2

*Subpopulations: IND, indica; TEJ, temperate japonica; TRJ, tropical japonica; AUS, aus; ARO, aromatic; MIX, mix population

A& dold A= flol A8 A 3 34 20% = 10%
sodium hypochlorite &-2Hof 1587+ HX|5to] E£H
FHE 33 AlFst HEZHH(9cm)el Z]”'O}Oq‘ﬂr
A4 & 10mle] 755 737}5]'3’— gzA0R 13C9 14
%17]' FAISHATE. A4 25 & WokgS FA 5o Hot

1 2% Aol £doto] AU Aol g &

Sttt XE A¥E growth chamber(M|A1}s}, VS-
5GC) HiellA 2 \:]-4 3o 2 sttt A2 Holg
(%) (Zot AAG/F A WAS) x 10022 A4kekl AL
A2 Wotlo] gt %%5%8 %9 Zol& o]-&sto] th3t
L7802 1,3,5,7,9 =& FHE} Hyun et al.,
2015a).

g5 (Visual rating, VR) @ 1(Z9 ) 1.5cm), 3(1-
1.5cm), 5(0.5-1cm), 7(0.2-0.5cm), 9(£0.2cm)
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Fig. 1. Band patterns of strong (Tolerant) and weak (Sensitive) accessions for low-temperature germination
A: LTG-8, B: qLTG4b-1, C: qLTG2-6, M: 100bp DNA Ladder
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Rom, aus AAY> AAAAY 85%7F Wol& 91% °l4
O 2 HA Y F ol A9 HlEo] 7MY =9k
Hrolgo] 10% ol5tQl A2 glith. of2nte Ao A=
Hohe-4= ZHH 9] HEo] Wokom HA Ao & Holgol
IEA EESIT. AHFE B A2 Worg2 ol
A9 vlgo] 7MY wU4H aus’t 83.1%= 7 w4
Ao A2z Y7L, AY7E, 2 Ax2Yrks 22 79.4, 78,
70.5%9] Ha+ A2 WolES B HHTable 2).

dutd o 2 W= A0 ot Ao R dHA AT 74
Aoy FF Ttoll A2 tigk W42 tt=rk(Shakiba
etal, 2017). o] A=0lA e 1t A2 AEH A0fA

oo} 5o gt A= o Aa=o] ASoY HA=
AZU7H2d, G, of=utE) A Fol AY7HlH7t,
aus) AGET A0 gt Ao LA th(Cruz and
Milach, 2004; Shakiba et al., 2017). 2184 B2 A=
L5719t A7) cold stressol et ATLEE 7+ A
3y HE A9 "ot A7)0 A2o] A= JFts tha
A7t Aot wEbA & Aol A2 dokg Ayt AJH
g H AL doto] gt 7|2 JEE ATT ¢+ US A=
A= FE FF 20| o] &5tr] YsiAl= FHA
A9 5 E0|1L &F0] o8 5 Q= 5T sHFES

Zt= Aol dist st {77 28 Aot

Table 2. Distribution of germination rate under low—-temperature in rice subpopulations

Germination rate Subpopulation
(%) IND TEJ TRJ AUS ARO MIX  Unknown Total
10 5 10 1 3 19
11-30 8 12 2 3 4 32
31-50 11 1 3 2 36
51-70 36 27 18 5 3 1 93
71-90 104 60 25 29 4 10 1 233
» 91 73 41 35 29 3 187
Total 237 161 86 68 18 28 2 600
Ave. GR (%) 78 70.5 79.4 831 531 65.2 70 71.3
B MEfY 8 =g Zo| #H P B3 MY 3L 7.1 71258191 th(Table 4).

=9 do] HA Ay @#/5Fol 7P £2 1(1.5cm 23
7 3(1-1.5cm)9] ZolE Holx A A A9
9.3%%1 563F€o| o x4 Ao|7k 73t 7(0.2-0.5cm)
7} 9(0.2cm TITH] AL 20%<1 122AH4 0 2 FAFE I
I 9 42279 29 dol7t 28539 5 534
5(0.5-1cm)& ZAME U tH(Table 3). 24 Zo] A=
drolg Ao} A2 LA|oHe TS Yo AL dop
oA ol A9 HE(85%)°] 7H &9k ausollAl
29 4ol7t 7MY 2 A9 vl E3 20.5%= 7MY
E=A Vepsdtt Y7kt Ao AE st g2 A2 ot
& A B (Q1Y7F 31%, QHHAEYZF 40%)0
H|g] ¢ Zol9] gi5Ho] 1, 3% A9 v &2
o 7247 9.7%%} 9.3%S AA|stAch dH5HC
2 aus AHQo] 5& 7P £ o AE Y7t QY
, 2] AAZY7} 2pho] 242} 5.4, 5.4, 5.7 YERR L

2 okg Hato] 7MY R8I aromatic AES S5+
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o] A2 diolA(low-temperature germinability,
LTG) B7HE A= A2oA9] dok&at oA 249
Aol mEEojof StcHHyun et al., 2015a). 915 &
wolg 100%, 29 Z°] 1mm<e A3 HokE 90%,
=9 4ol lem?l Aol It ofd Zo] £2 AAUA|
Tetsfol & Holtt, ©hs] Wokgyt gt ARt
-k Aol AT 2 7] AAo] wi2 1l whEha] 327G A
Hop wiE g3 Bt A7 o 9423 Apolzt
3t 4= QJt}. Peyman and Hashem(2010)2 AJeq B2
doba7] Aol tigt HrtE APt A7 H8 2=t
wollo] et 24 Zol7t AAaths Hiskelal oheet
A F A7t} ot=ute A %<9l Taichung¥t SadriZt
g 4ol 7PF U2 Bl 1%EE ¥ {4
Aol AL WoldS HAAFY o 24 4ol SHAES
E= 9ol BtEA] 2 Eojof ot FHP HE A2
dobgat 2¢ Zol9 AaTACl tet H=Sls A7t
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Table 3. Distribution of coleoptile length under low-temperature in rice subpopulations

Subpopulation
Visual rating

IND TEJ TRJ AUS ARO MIX Unknown Total

1,3 23 11 8 14 56

5 177 110 64 46 6 17 2 422

7,9 37 40 14 8 12 11 122
Total 237 161 86 68 18 28 2 600
Ave. VR 5.4 5.7 5.4 5 7.1 6.2 5.7 5.8

=Xt 0H 0|8 /Y B3

BHFE AL orde 6004+ & 483449

t)3 SNP UlAZS o|&3te] SARL AT 2+ YE|F
HE 7P REs7t 22 34382 st tH(Table 4).

A7} 200342 qLTG3-1 utAA tEE IL alleleS
HR{319IL qLTG2-6 v A= thEE alternative(ALT)
allele, qLTG4b-1 u}A0A= ALTS} reference(REF)
alleleo] H]=3H H| &2 ZA S ¥, qLTGS8 TtAN A=
i 2 o5 REF allele® Aot HlE=47F 714

Be 279 SHYNN SREFT AL Wotge 77

5.5, 5.4% 76.9%, 75.8%= A9| B3t FFE Ho
qLTG4b-1 allele®] Aol= 2 FFol 8le= & = AU

(Table 4).

2o ZEY7}F 934LL qLTG3-1 ukA o)A IL, NB, HY
37K alleleo] Z¥z} 47, 37, 9 Aol A A= AL qLTG2-6,
qLTG4b-1, qLTGS8 u}A A= ALT allele®} REF allele®]
H|5E B2 2 2RI qLTG3-19] 370 alleleoA
7HE RE7t 22 439 efsF AL HWorg2
IL, NB, HYOIA ZZ+ 4.7, 7.7, 6.5% 81.0%, 71.9%,
56.4%% 53] A& TobgolA HEgt Zo|7t U
& 5= AU e E dokzo] 7MY £2 1L allelex
2t= A9 YA 371 uhA 9] 492 ALT-REF-ALT=
ZAFEo] NB2F HY allele 2t AH9E9] REF-ALT-
REF2b= ARt 9] A2 HtH(Table 4).

o]A AFo|A qLTG3-19] IL allele2 NB2} HY alleleo
s /ol A2 Wopgo] A3 AogE HIErt
(Fujino et al., 2008; Fujino and Sekiguchi, 2011;
Hyun et al., 2015a). W&tA qLTG3-19] IL alleled] W&
A2 Wolg9] A= ol AT Aot AsHA T HhE
3719] FAAte gt ARte] f4% A= ol §4A
ES A2 dolgo] AtEo] F5A 2t Eolst

[ ReXe)
AT =

A= HY allele2 o2 AeigolAe YeptA] ka2
A Y7ol Aut g4 E Q=] B o] o8- 4719 B}
A= 5 20 AxY7to A dE kA o= (Hyun et
al., 2015a), webA] T2 F8 AP Erh= 20 AZY7to|
A3t A g o 4= Quok. H2 AP E 2 A2y
747} opd B opAi oA M2 dopAo] tigt 22 tiE
FAAE Basto] A2 Wobyd Hrks gk ohaket ubA
7Nte] " 3 A2 AAISFHTHShim et al., 2020).

Ao AL Y7E 87AHES] S, qLTG3-1 uFANA HEE
IL alleleo] ¥ =YL qLTG2-6, qLTG4b-1, qLTGS8
upA A= 2o AFZY7Fel o] ALT-REF-ALT allele®]
H|&o] =9It aus 574 F 5624 qLTG3-19] IL
alleleo] 1L, qLTG2-600A4= & ALT allelec| 0.
qLTG8 Ao A& REF alleleo] tiF-E-S X}A|5}Ht}.
aus AHR9 949 T 7 B2 W= E Hol= 27HA] 982
A7tollA Yebd §48 3 22 IL-ALT-REF-REF, IL-
ALT-ALT-REFE o] F A& &2 A7t 159
I 5= AATH2 o A= Y7} o Y7L of2ahE
IL-ALT-REF-ALT7} 7 &2 W=49 §49). aus
SAY = 2171 Ado] 1 Q= IL-ALT-ALT-REFO)A]
4.89] 9I5FI 86.7%2] AL WobgS Hol H|w A AL
HolAgo] 52 AL RIS 99Ut ofZutE 14219

2o, g AZY7A 7 Eol vt |4
I FAYA T SR FH AL Wokgo] HA| HHE F
g o 7.29 50.5%2 Bt PR =L 9nsdE
(4.3)7} A& Wor&(91.7%)& Hole 482 MIX 159
NB-ALT-REF-ALT@ 2™ Eo|stAE qLTG3-19] NB
allelee ESAA T [LS HE5F AR T AL WolAfo]
=9 H(Table 4). oI& & W qLTG3-10] A2 Toldo|
ootz F8 FAR 07 kAR 2 {FHAY] A5
£, 32 AL dotAo] dAfE ohE FHAS dTe
23} 4= ItH(Shim et al., 2020).
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Table 4. Genotype patterns of rice subpopulations using four markers related to low temperature germinability

Subpop Frequency qLTG3-1 qLTG2-6 qLTG4b-1 qLTG8 VR GR(%)
IND 95 IL ALT ALT REF 5.5 76.9
90 IL ALT REF REF 5.4 75.8
TEJ 24 IL ALT REF ALT 4.7 81.0
13 NB REF ALT REF 7.7 71.9
6 HY REF ALT REF 6.5 56.4
TRJ 61 IL ALT REF ALT 5.3 75.9
9 IL ALT ALT ALT 5.3 79.4
AUS 29 IL ALT REF REF 5.3 78.6
21 IL ALT ALT REF 4.8 86.7
ARO 14 IL ALT REF ALT 7.2 50.5
MIX 13 IL ALT REF ALT 6.1 59.1
12 NB ALT REF ALT 4.3 91.7
Holgl-qMd qLTG3-19] IL allele¥} qLTG2-69] ALT allele 2%o] utA

o5 "HAY} A2 Wold o ALTAE A E7] Y]
x’-testS $HT A3 qITG3-1 vhAE AUz} 2o Zk2
Uz}t 1:0] §o4o] 1AL, qLTG2-6% Qlt7}, &1
ZAEUZY, aus?}, qLTG4b-1E auss A Qs & e}
F94E B} qLTG8= ZE Aedy 129 948
HAHp(0.05) (Table 5). ol o w9 x3o] A
Hobd & Brtsk=t 0|82 & &S AlARITH

olE ZIE Tt T wf AL Topd o] FrtofA

ol& Bt FET Zor YZEH 74 HHF E FUHE
AslAs e b Q] 23 ARgo] 8 Aot} £ o]
AHEE 4709 B mAES 2 AUt AhE ol &
sto] ZgElon g o] FefF o] A2 wotd Aol 53
88 Aotk U] Yego] 288 & A= AL EoHd
oA Q) F7h I 7)) ATE gt B4 ubA
Zgo] Brt Ut £9Y A4 AT dor vt
AEE A A2 Hobd 9 FF L] U dEE 5
o.2]at Yzt

Table 5. Association of genotype with LTG of six rice subpopulations

Subpopulation
Marker Allele
IND TEJ TRJ AUS ARO MIX
LTG3-1 IL 197 47 83 56 15 26
NB 3 37 4 1 1 4
HY - 9 - - - -
x? 21.481 122.999 4.979 5.843 0.623 0.821
P 1.40E-04 1.95E-27 0.187 0.092 0.850 0.877
qlLTG2-6 Ref. 3 46 7 1 - 4
Alt 197 47 80 56 16 26
x? 22.450 114.343 1.656 6.109 2.313 0.013
P 2.16E-06 1.10E-26 0.198 0.013 0.589 0.908
gLTG4b-1 Ref. 99 52 72 35 16 20
Alt 101 41 15 22 - 10
x? 99.880 39.200 17.501 0.007 10.286 9.634
P 1.62E-23 3.83E-10 2.87E-05 0.934 0.045 0.002
LTG8 Ref. 188 38 10 51 2 9
Alt 12 55 77 6 14 20
x? 87.722 17.320 93.381 18.461 16.494 11.650
P 7.53E-21 3.16E-05 4.31E-22 1.73E-05 4.88E-05 6.42E-04
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