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Abstract

Cold surges is one of the main natural disasters causing rice production loss in Taiwan. This low
temperature stress usually happens at the seedling stage of the first cropping season, which severely
decreases seedling vigor by causing slow growth, leaf yellowing, or even wilting. To avoid the yield
loss caused by cold surges, breeding for a cold tolerant rice variety is an efficient way to tackle the
problem. In this study, we carried out a quantitative trait loci (QTL) mapping of low temperature
tolerance at seedling stage (LTT-S) and analyzed the genetic mechanisms in an F,.; population derived
from the cross between Miyamanishiki (Mi), a highly low temperature tolerant Japanese sake-brewing
cultivar, and Tainan 16 (TN16), a Taiwanese japonica rice variety. The result shows that there are four
QTL associated with LTT-S, and the tolerant alleles are all from Mi. gLTT-2 and gLTT-7 are minor QTL
and their phenotypes of LTT-S are persumed as the recessive genetic mechanism; gL77-5 and gLTT-6
are the major QTL and their phenotypes of LTT-S are persumed as the additive genetic mechanism. We
also carried out DNA sequencing on annotated cold tolerance relating genes within QTL intervals of
our study, but we did not detect any difference between DNA sequences of Mi and TN 16, indicating
that those genes are not related to QTL associated with LTT-S in this study. Furthermore, we used two
SSR markers (RM17764 and CH0629) which are closely linked with gLT7-5 and gLTT-6 to select low
temperature tolerant lines. By using these two markers, we obtained 100 % accuracy, suggesting that
these markers can be applied to the selection of LTT-S. The results of QTL mapping and genetic
analysis could provide useful information for future genetic studies and breeding programs on LTT-S of

rice.
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Z— ~ Najeeb et al. (2021) 55 /KAF s HAMTZEMEAHRA QTL W7E45 513
Table 1. Research results for rice low temperature tolerance at seedling stage related QTL in Najeeb et al. (2021)

Mapping QTL no. Chromosome PVE (%) Reference
population

RILs 15 1,3,4,6,8,10, 11,12 8.7-41.7 (Andaya and Mackill, 2003b)
Fy.3 6 6,8,11,12 7.2-14.9 (Biswas et al., 2007)
ILs 3 1,7,11 6.5-9.5 (Cheng et al., 2012)
RILs 12 4,6,9 9.1-37.1 (Wang et al., 2009)
Fy.s 12 1,2,3,5,7,9, 11, 12 5.6-42.9 (Han et al., 2004)
DHs 5 1,2,4,10,11 11.8-21.5 (Jietal., 2010)
RILs 3 1,5,6 9.1-24.1 (Jiang et al., 2008)
RILs 6 1,2,4,10,11 6.1-16.5 (Kim et al., 2004)
Fy.s 7 1,2,5,6,7,10 8.0-20.0 (Liu et al., 2013)
DHs 6 1,2,8 6.4-27.4 (Lou et al., 2007)
RILs 2 1,4 7.5-16.0 (Park et al., 2013)
RILs 9 2,5,6,7,8 5.8-35.6 (Ranawake et al., 2014)
RILs 5 3,8,11, 12 5.5-22.4 (Wang et al., 2011)
F, 7 1,2,5,8,10 - (Yang et al., 2013Db)
RILs 36 2,3,6,7,9,10 45-354 (Yang et al., 2018)
BILs 5 4,8,12 8.8-60.9 (Yuetal., 2018)
RILs 15 1,6,7,8,09,11, 12 5.0-23.1 (Zhang et al., 2014b)
RILs 5 3,7,11 5.5-29.8 (Zhang et al., 2005)
GWAS 67 1-11 3.8-8.2 (Wang et al., 2016)
GWAS 23 1-6, 10-12 3.1-13.2 (Zhang et al., 2018b)

RIL: Recombinant Inbred Line; IL: Introgression Lines; BIL: Backcross Inbred Line; DH: Double Haploid,;
GWAS: Genome-Wide Association Study
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P ~ 7K SIS AR B AR R S B (TR A

Najeeb et al. (2021) %% OGRO database 45 SR 3870 » A T 28 19 7KAG i HAM £
QTL (249 {lH) > #% B AIEAIHKAEE B = AR AAAE R 35 (=) » A
10 {E XA (OsCOIN -~ OsGSK1 » OsGH3-2 » OsMYB3R-2 - OsTPP1 - ZFP182 -
OsCAF1B - OsiSAP8 - OshZIP52 z OsAsrl)[mli il sk 2 HA S i ARV = MEAHRE - 5t
FNTHREIM S > PLEER N F 2RO fE (ABA) EHStEE ~ §5l Talat@E - 21EH

EiE BRI DhAEAHRR - DU iAo B0 K e M e M 5
PR HEL T o0 2 -

(—) ABA FREREE

PR e E/KTETE RN ABA BRI AR R > (254 ABA-responsive element
(ABRE)HY NAC EAFHGRIL « ABRE Jy—EfIL B ARLE) 1Y G-box fF5]
(CACGTG) (Kim etal., 2004) - fif NAC (NAM-ATAF1,2-CUC2)EKHIIZ C I35
ERAGAVERERINT - a1 NACRS (NAC recognition site) BN Z AL » & EIT 1%
il COR (cold-responsive) B[N » DAFHER /KREaHiM#&rE (Hu etal., 2008) -

() ST EE

TEYIAAERA B BRI G5 11878 (Finkaetal., 2012) » FEME B A RIRI &2
5 LM A8 AMAA - ETHENS% 5528 CDPKs (calcium-dependent protein
kinase)#23 (Saijo et al., 2000) » #E[MEAZE MYB FjR ZEgkA TR - 8% NF
DREBs-CRT/DRE (dehydration-responsive element-binding proteins-C-
repeat/dehydration-responsive elements) - [iif 3€ 52 fE#& 1K - DREBs-CRT/DRE Il & 5% &
FhFER M I A FEZRTE (Su et al., 2010) - E.fr DREBs &Y AP2/EREBP
(APETALAZ2/ethylene response factor)& kR 15215 » /KfgH 37 7 {# DREBs &K -

1% OsDREB1A/CBF3 - OsDREB1B/CBF1  OsDREB1C/CBF2 - OsDREB1D -
10
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OsDREB1F - OsDREB2A [ & OsDREB2B 4 Ed[fif3€ 7 EAHREE (CBF: C-repeat/
dehydration-responsive element-binding factor) - DREBs ## K T-& i1 GCC-box K
CRT/DRE (C-repeat/dehydration-responsive elements) %54 » 3f#2% Niif COR LR
B SCEMRREEN: - RRESEREYE - JEETE RS ROERELENE o [y
KA e (Zhang et al., 2013) -

(=) EEEHRERS S

(R G B 2K E RIS L RRN BRI - #E (M R®) MAPK (mitogen-
activated protein kinase) &l S - IHE&RIH S e F — (ERC R > 73751 R MAPK ~
MAPKK (MAPK kinase) &, MAPKKK (MAPKK kinase) - i #£ MAPK 4557 g -
MAPK4 £ MAPKG 16 T B /I fed e S0 L8 =5 20 e A SR P2 AR (Kumar et al,

2008) - MAPK &Rl S E & 528 1) COR ENFRIR - FEi s e /KA &

11
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F2 .~ KhEH AT EMEAR R R VIR (B2 Najeeb et al. (2021))

Table 2. Rice cold tolerance at seedling stage related genes modified from Najeeb et al. (2021)

Chromosome Gene Expression location Gene function Reference
01 OsCOIN FRED ~ ZEHL ~ TR R ACHE ORFEFIRED - IRITIE ~ IE -~ 5 (Liu etal., 2007)
01 OsGSK1 AR~ HEE R Al AT S & R R - R S FEAERA (Koh et al., 2007)
01 OsaMIR319b  #IBE MEHIEER B (Yang et al., 2013a)
01 OsMKK®6 ¥R KA AU E E S 6 - TeT Tl - i (Kumar et al., 2008)
01 OsaMIR319a  #IBE PETIEER B (Yang et al., 2013b)
01 OsGH3-2 R & BRACHECGRI RN SRR - A RFKHER IR - #2528 100458 (Greco et al., 2012)
01 OsMYB3R-2 1 ~ %Efi ~ BER ~ fLRfET $271 G2/M phase #5% & tHRRE SR A (Maetal., 2009)
01 SNAC2 MR~ B REER - B B BINEMHE ZEE-ERCERAEN - IR R E SR (Hu et al., 2008)
% - it
01 OsNAC6 R NAM-ATAF-CUC ZJEHEFEA T » $eS i€ ~ M8 - (Nakashima et al., 2007)
it 52 R AE R LM
01 OsDREB1F 1R ~ HER ~ e B  #25 REERIN T 1F (Wang et al., 2008)
02 ASR3 R o N TERE B RIAHRA R T - SPERTESE ~ MEER (Joo et al., 2013)

See ) Hi e i 5

M
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€1

02

03

03

03

03

04

04

05

05

05

05

06

06

06

OsTPP1

Osvl

OsHOS1

ZFP182

OsCIPKO03

OsCAF1B

COLD1

OsWRKY45

OsLti6b

OsTPS1

OsRAN2

OsDREB1C

OsSPX1

OsiSAP8

6-Witli e MR R 1 o G IE T PR IS 5 ~ i

FEARAEEE 0 NUSL - SRS RNA A2 B UEH
E3 )7 2 - S HLEE AR RGAE BRI 2SS e
TFIIA BUFHETE M 182 - BLSIATIENYEHRE
SSRGS B B - MAPHRNE - AMENE B
KR R 4

S8

B fE i R (R

HKEH

VRN - PR BRI

GTP iy - BA4HAEEER T RNA ~ EWEAR
7 RS EESR AT 1C

sl SN (A R

SAP KA - JRIREY I MRED - 22RO =

BRE

(Ge et al., 2008)

(Zhang et al., 2011)
(Lourenco et al., 2013)
(Huang et al., 2012)
(Xiang et al., 2007)
(Chou et al., 2014)
(Ma et al., 2015)
(Tao et al., 2011)
(Jiang et al., 2008 )
(Lietal., 2011)
(Chenetal., 2011)
(Ito et al., 2006)
(Wang et al., 2013)

(Kanneganti and Gupta,
2008)
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Vi

06

06

07

08

08

09

09

09

10

11

11

OVP1

OshZ1P52

CRTintP1

OsDEG10

Oscrr6

OsWRKY76

OsDREBI1A

OsPIP2

MYBS3

OsAsrl

ASR1

10 KR 4hEs

WA 38 R 47 B B

ES
17 RRAe
=R
REEERNAILE]
17 RR4e
R~ 3R
— KAL)
EhH >~ 1E%

R~ R

1
3

4
+

By

%N‘

e

IR RERERERS - feT T B - RS E
HIREREFI PR 52 - N5 ~ MfFEE SERZEDIRE
SHEEH - SEETEE

RNA S & EH

W

£ NDH {2 =& 7SR Sk AH R
M€ ~ HAEER

§Z 5 RN T 1C
YHFRRE SR EE (T  BL/K Sy i AE
MYB #5H A T

HZ TS E C-repeat #5A T 1

BE DD S e e R R A R R

(Zhanget al., 2011)
(Liu etal., 2012)
(Komatsu et al., 2007)
(Park et al., 2009)
(Yamori et al., 2011)
(Yokotani et al., 2013)
(Ito et al., 2006)

(Li et al., 2008)
(Suetal., 2010)

(Kim et al., 2009)

(Joo et al., 2013)

COIN: cold-inducible; GSK: glycogen synthase kinase; MIR: micro RNA; MKK: mitogen-activated protein kinase; GH: glycosyl hydrolase; MYB: myelobastosis; SNAC: stress-

responsive NAC; ASR: ABA stress ripening; TPP: tripeptidyl peptidase; v: virescent; HOS: high expression of osmotically responsive; ZFP: zinc finger; CIPK: calcineurin B-like

protein interacting protein kinase; CAF: carbon catabolic repressor 4-associated factor; COLD: chilling-tolerance divergence; TPS: trehalose-6-phosphate synthase; RAN: RAS-

related nuclear protein GTPase; SPX: SYG1/PHO81/XPR1 domain; SAP: stress associated protein; VP: vacuolor H*-pyrophosphatase; ZIP: basic leucine zipper; CRTinP:

calreticulin interacting protein; DEG: differentially expressed gene; crr: chlororespiratory reduction; PIP: plasma membrane instrinsic protein
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MRHERTT A
— ~ BRI

AHWTFERTEE A Z /KRRt R RS RE RS e GRS 1A Z FosJREE (EEEGE - 2019)
BEA Ry R anfdiEz g 16 5% (Tainan No.16 > fijfE TN16) » SCAC Sy HASS MK fh

fEZE ST (Miyamanishiki - f&fE Mi) o

AbtFeStiEtE 104 (#F a0 % (lines) - FHAMEO R ERISATZE RG] - PEEAEPR)Y 2021
8 H 17 Hita it E e Ea R e - E AR e Rl AR MR A R B R R
anfE 5 A 10 SR1E R MRS A A I -

= BETRER

BT Z ERAE R BT R R S E ST ATEE - DL 110 4 SSR 7y T
AT 248 {5 F, HAERS 2 BLNEL (FEEE - 2019) » HNF R, s R S ERHE
IR > BURPTTEE AR, R TIEEE AN B R AT &= - AFFELR
G Rigt EFREEARITERIE A > S5PL est.rf()f5 515 oy 71850 /i /i ] A 5 -
PEEROE RN AR 0.35 ~ fi/]N LOD {H 3 RyfifF:PA formLinkageGroups()f5 < #)2 &
SraEgHEE - DL window=8, use.ripple=TRUE, map.function = "kosambi" Z &4 » 1 DL
orderMarkers()f§ ¥ HEY 170 THEEEIRE - BEl& DA TS VR ERE BB S
B o (£ ASMap Ef: breakCross()5 < Joift Bl & A [FIs CAGHYESHEE T 5E - FF
LA mergeCross()45 <K [ —fbrAL G HY AR [FE HAT SR - REEF LUHE R T HY
orderMarkers()f§ < BT HEY |25 = sHEE BV T TAESEIERE » WLL switch.order()Jf5<1F
[EELE  mARSEIEA 12 FREEHEFIV AR E R (CM) - oA A ERKRERY 12 R
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Fetufie - Hoy T ARstHRy IHFr B B (IRGSP-1L.OMHRF & - AERRSHRE T I > A
TAZE(E R R 058 & R AR E FI AP A (B S e & 40 0 TEEsE 2 BRI R BT & Fy
HRE T - RITEEERE TS 2 st 8 R g RIE AR S (E 2~ R 7288 - 6]
HUHETEE R ST SRR 21 - T ESAE D FRESEERE 2 R E &R

- HFYETT 110 i e A B — g8 3R (a)BZARTSTE - &f# M Bonferroni #Z1E -
PLUT a e, AR a - B B RAR -

=~ TRMSNREEE

AWFEMNFRIMES R & £ 2255 IRRI (2002) ~ #FE A (2019) ~ Kim and Tai
(2011) ~ Suhetal. (2011) & Wang et al. (2016). 2 J57% - fralBatfstiv i =L R 2 33
HEHG - FRZ AP 4°COKFE TP ECRIEEE 7 K o (CRRIRAS SRR RS 2200
= o {714 RIS TSRS MRS - MMM R E LAt e 2 S 2
s FERBOER - EREMHESE - FERMERSE - WA EAYFHR
AL FIRIHMEN: > 0 /A EFEREEZ) -

R KR A EEM AR H MRS R

Table 3. Visual scores for phenotypes of rice low temperature tolerance at seedling stage

Level Description
1 TEMRERGE SRR gRE
2 HLMIFEMAREL - 55 1 LA
3 HIFE-F2EEEL HASLEC2EE
4 B 1HEEEEE - HMECRLE)FELREL - mARFEREAGH] 3 ~ &)
71l 5 TER
5  BITNI6 M¥FEMEARML - 56 1 gl > HAER - LEE T =E
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Vg ~ QTL mapping

ABFE(K A Guide to QTL Mapping with R/qtl —&E £ R 2GRS 2 riqtl E(FLIZE
& 2 A (multiple interval mapping, MIM)#:7T QTL #Y5E{iz(Broman and Sen, 2009;
Broman et al., 2003) - H[I5t2A read.cross()f5 <A 77§ Frae ik AR K i =BV MR AT E
> 1% 2L calc.genoprob()f5< 32 EAE step = 1 k{4 MbEHE > FIEsEHEE 1 cM [EFEHY
FIREFARNAY © BEE 550 scanone()f5 < £ Haley & Knott JEIER 775 /AT 8 — QTL f5
BN QTL BYRIRENLE - MZLA LOD {E KL 2.5 {F RyfEE - Jefmiset QTL L& - H
IEmEEL Y QTL (& LL makeqtl )45 ~ fitqtl )45 <122 (H QTL HYFEAY » i LA
addint()#5< - addqtl)f5 St & A CRER » DURIE S A HER B T4y AR -
A SRS QTL AU ~ SMRAVERRAZIE ~ It 5 1A BB M A 5
{E - M QTL ZEEffhzt LA lodint()f5 < (£ F LOD fEkZE 1.5 Z JA#EITEE -

R~ BRI

(—) fEfR DNA ZR

B 5LE#EE DNA ZZHUR » JefF 114 mg #Y sodium bisulfate 754774/~ 12.5 ml 7 DNA
LR ENR TP (FEI) - RPN 12.5 ml AURZ G A fE4E @R (2 71) 52 5 ml 5%y
Sarkosyl solution JE& 5194 - FEEHL 2-3 | (R €9 1T Am)EmER B 1.5 ml iy
et CE 0 SAA 0.2 ml iy DNA Z2H0K fe LT EAE 3 mm BYgiER - (H S mELH
GROF R DURES) 30 7D - B 2-4 X - EEER AL - TR EWZ 0 A 0.5 ml
fy DNA ZZHURID R &9 5)1% » B 65 CC/AGBIE IR E 30 70f# - ACGEERIZ » o
SR JEE g R A 0.6 ml fNE {5 R & (chloroform : isoamylalcohol = 24:1) »
A FBEas BTN EZLY 100 ZKi% - BL 10000 rpm @0y 5 538 - B L& it RS

17
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JRVHERE_E e (%9 0.6 mil) > SlfE AZERS R (XY 0.6 mi) IR HY isopropanol » (I E & &

AARER% > LA 10000 rpm g0y 5 738 o HEOREREIREEEIRR - (0] RAEITI

B A LB TS © ZAR A 0.2 ml 75%HY ethanol - FLL 10000 rpm &y 5 47

i o B OREIFRAR > AT EEFTE R ERFREE A ethanol > #5#4F ethanol 5¢ =18

BRI E TE buffer » BFEL 4°C/KFE—K > (£ DNA [E[55¢ %

(Fulton et al.,

1995) - [EIAE5ERIE [ F TR 77 e EET (Nanodrop) LIRS MO EE (O.DAE) E &
DNA - 3EHUEEALE 260nm ~ 280nm J 230nm =fE £ T O.D.fH - B alfEsZ DNA

B 0 P Ry DNAERE » (IHREFIH -

Z2VU ~ DNA ZEHUSRTENR 2 Fic 5=
Table 4. Formula of DNA extraction buffer
DNA extraction buffer (500 ml)

Sorbitol 31.885 ¢

Tris base 6.055¢g

EDTA (ethylenediaminetetraacetic acid) 0.931 g

pH & 8.26 (UL HCI FH%%)
dd H,0 % 500 ml

T AR EIR Z o )Tk
Table 5. Formula of nuclei lysis buffer
Nuclei lysis buffer (500 ml)

IM Tris (121.1 g/L) 100 ml
0.25M EDTA (84.05 g/L) 100 ml
5M NaCl (292.2 g/L) 200 ml
CTAB 10g
pH & 7.5 (DL HCI Fi%%)
dd H,O 100 ml
18
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(Z) ERZ DNA FFI5 [T

e L S R R B Ry AT ZE o L KR i S SR A [ < B A =i SNP I8 -
GRFE N BG (IRGSP-1.0) i H ARl i s H_EMijF 200 - 500 bp 2 F51]i5 A NCBI

Primer 514815 (https://www.ncbi.nlm.nih.gov/tools/primer-blast/) » {Xi#EZLE BB

— > BERER PCR 5[50 -

(2) FEREEE N E R E X

AT §H 7 FE R E1FE Fy 2.0 mM foward primer Ei reverse primer £% 1.5 uLL ~ 20 ng/uL
DNA £ 2 uL & 2X PCR Polymerase Master Mix (AMPLIQON) 5 uL » H£ficgk 10
ul - ZIERE &A% E A PCR 2 FEIEIRZS (MJ Research PTC-200 Thermal
Cycler)iE{T i ELAby - SR ERDRE MR K DL 94°CRFE 5 3§ - FLL 94°CRE
30 Fb ~ 50~60°C (fKiEA[E5 [+~ C+G EEBIMTFHEE) S HE 30 #0 k2 72°CRZfE 1 43 fy—
{lE[fEEs - HAEER 35 2K » fEERSERTE - Bef& L. 72°CRE 10 o3 - S5 AE
& RS EEPIORIFHS 4°CUKAE -

SRS K T RIE SR 4 uL PCR ZEY)F A 1.5%3EREF  (Agarose SFR) » LA
80V ~ 120 432 78 1X TBE buffer BYEE A8 7 TRk - BERGERIBFIBH B
0.5 uL /mL 8{EZ.4E (ethidium bromide, EtBr)znk HEE vt 5~10 474% » B LE

KBS 3~5 71 - RIRHE R A2 2 S MNER T BN e LICeRaE R

19
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https://www.ncbi.nlm.nih.gov/tools/primer-blast/

(I9) PCR EVIEF

PCR EVIEERHE (Applied Biosystems 3730xI, AiHE>K5eHr) LA Sanger JAH#ETIE
F7 > AL FinchTV #k#e (Geospiza, Inc. )i & & SR S AEGENSE > DAHECREL E - in
Bi% > HETREFYIEB T

20

doi:10.6342/NTU202201346



—+
&

— EHEERIET

AWTFEE 2 5 TSN A E R s SR R P A GHEEE - 2019) > St E s
110 2H B ZHIPERY SSR 73 T136E » & tulie By TIESEZ BEAIRAHTR - A

Bt 110 817y Aty A 15 (BEREE - SRS A A 2 12 Beepa i = A

» NEEAWTFE 2% %07 THEseH IRGSP-1.0 P/ [ERE F(rE - L R/qtl ~ ASMap %

R ERAGE (TR 110 $Hor TEREEMIB YR ERE > Al B A 12 (#E5HEE - ke TPRsE
N SR E R AR T & > SN 2T 12 (B AR - SRR 2264.71 M KV
B R 24.24 M HYAEESHIEIRE (B —)  {£ 12 (BT - o TIRE Z B R ZHVES 5
HAEEG (A 13 [0 T160) s/ VRVESS 12 Hktla (B 6 (o T1560) » et
RIERTHIES 3 HHEAGHY 247.20 M > SAGHVES 9 HALEAGHY 107.60 cM

TG PR RAESE | HAYEAGHY 34.63 cM > fAGHVESS 9 BIALOHAGHY 13.45

cM o
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TN~ PR B R B S A (e o TR C 8 H SRR R
Table 6. The number of molecular markers and the genetic distance of each

chromosome on the linkage map constructed by the F, population

Chromosome Number of markers Total distance Average interval

(cM) (cM)

1 7 207.78 34.63

2 11 242.39 24.24

3 11 247.20 24.72

4 7 178.72 29.79

5 13 170.85 14.24

6 12 217.34 19.76
7 10 187.65 20.85

8 8 238.24 34.03

9 9 107.60 13.45
10 7 191.55 31.93
11 9 158.21 19.78
12 6 117.17 23.43
Total 110 2264.71 24.24

22
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Figure 1. Linkage map used in this study
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=~ EREEBIAR

KRG T 03§ Rt AR AT SRR s SRR < F TR - H87A 110 4HE S AU
P2 SSR 43 THEEE » HorhAg 39 d oy TRt D EE G B E R At IR A & 2 A
KA (FRt) > BRELfr B G FTA RN AR 2 0.99% - Lt ¥ RS HT R
Rt{E © FERTA T - (23R RM222 RyBartorTiEas - INHE SRR A N AU el
REEGAENUEEESY © Bk 109 80 Tt E BIHENE 2 0 TE8E  ERGER AL
K FAE G AR =g n] R 77 o 1 F, AR 218 R R R S AR R AL 0 AT By
1:2:1 (B TARSER R 3:1) - B AT RIF, REF RN AR 5 S o3 Af - A
Bonferroni fIEHIRITE S EARNES T TS > &ERBURATA 110 80 TR ST

EEEmENIIEE G AR - NIRRT E R G s A > IR REZ 1 -
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Table 7. The number of extra genotypes of each molecular markers

Marker Number of Marker Number of
extra genotype extra genotype

RM10900 1 RM2593 1
CHO142 3 RM26513 2
CHO0317 1 RM26785 1
CHO0510 4 RM28621 1
CHO0648 1 RM333 2
CHO0701 2 RM3455 3
CHO0868 8 RM3702 4
CH1205 1 RM3865 4
RGNMS2176 1 RM4154 3
RM1017 1 RM4455 7
RM13076 2 RM5651 1
RM153 3 RMS5907 5
RM17764 5 RM6704 4
RM187 2 RM6740 1
RM18971 5 RM6832 5
RM20072 1 RM7472 1
RM204 1 RMS8020 6
RM20837 6 RMS8120 2
RM2326 4 RMS8131 6

RM23386 4 Total 116
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Figure 2. Distribution of genotypic frequency of molecular markers in the F, population
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& e MR A e Sk 2 © TN16 AISE —HEse 2l ~ a1t - B e el
5 (=) - b 7 ¥R BHESL > TN16 tEBR MO D5 N RARE SfEER

i ~ 3R Bk (chlorosis)#EEAEZE ([EIY) : Mi AT IRES Y, - & 2 FA0E
ik o FEMNFEERHERBERRAREERFER - SROELATR - Mi BIPRS RE
BORN TN16 - HEANEOR PR B IR AR ROIRREREEE - ATRE B A RLEEMS =M - N AR ILHED
YRR IR E -

il

(Z) FIREIEBI AR

ATFE A 104 {E Mi x TN16 FEAHR(CF, 3 F Z E N ZEM: - (5 HIEE &5
% BIAEC R A REBE R FIEHERE - IRISEMEAE S Ry 1~ 2~ 3~ 4 ke 5 F1ufd]
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15 68% ° MFEFLR Sy 2 Z A HE H e R ARSHIELEE Mi - i FEER R 5
i B L R S A RS AV EEBIA B TN16 - B FE M A FE R AR ) Mi A eI Ed

SRR -

g N
B

27

doi:10.6342/NTU202201346



&= ~ SRR R I e SR A
(Z£: Mi ~ £5: TN16)

Figure 3. Phenotypes of Mi (left) and TN16 (right) seedlings after low temperature

treatment

EIEI + TNT6 FRE EOR R B & i 2l
PEREH b ERwEAL A

Flgure 4. Symptoms of TN16 seedlings after low temperature treatment (left: leaf curling ;
middle: leaf yellowing; right: tip wilting)
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[ 71~ = AnfREEEOR R B 1R 2 PR KRR ELHL

(A:Mi ~ B: ZHfl 10 5% ~ C: TN16)

Figure 5. Comparison of plant height and root length among three varieties after low
temperature treatment. ( A: Mi ; B: Taichung Sen No. 10 ; C: TN16)

Low Temperature Tolerance

35 37 < TN16

30 - & Mi 32

25

individual

10

Visual Score

(&7 ~ Foalfalf < b BAMSE M MR ALY 73 15 TP (B W AY)
Figure 6. Distribution of visual score for low temperature tolerance at seedling stage in the

F,.; population (2 parental line within)
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g~ ARy QTL AL BB T

(—) EBEHmEMERY QTL EfL

{58 PR o3 Tt AR B B R FE MR AR » AWFSE L (i E] 4 (EELKRS
e BT SEMEAHRARY QTL (R /\ ~ 1) - PU{E QTL 73 HIALhEE 2 ~ 5 ~ 6 Bl 7 $3ue
B L QA 2 B ERY QTL (088 B gLTT-2 (gLTT 345 QTL for low temperature
tolerance) » HAMESKEE A7 RM6375 - RM13076 2 S » £ LOD {8 5 2.65 » T fiftfe
10.89 %HYINERIEEER ; fiTjAE 5 WYLEASHY QTL (5E R gLTT-5 » FAESHERE FAr
¥ RM17764 - RM18068 7 fii] » H: LOD {& /5 3.09 » HJfiff# 12.55 %4 NEAISRE 5 fif
Y55 6 B EEGHY QTL (UBR Ry qLTT-6 » HYiEgHlE R LAY CHO0629 - P17G10-24 2
[ > H LOD B 5 3.36 » A]fifkE 13.59 %ISMREISE S 5 firfres 7 By ERSHT QTL X
ek qLTT-7 > HAHISAERE i RM1364 - RM1306 2[5 » H LOD B % 2.63 » A[fi#
T2 10.76 %lyy i Em o LOD (HigmE B gLTT-6 » gLTT-5 7 > fi# LOD (B &k
1A 3 HAMNREISE BRI S S I HART QTL » BIEAHKHIRUE - 1 PU(E
QTL FrEITAY 2, QTL MR AT R 32.34% Y5 MR

() AR E

[ /\ E B 7 BBV {E QTL SARASHY 7y F IS sE LA R AV NRIUR AR BT - B
qLTT-2 ~ qLTT-5 ~ qLTT-6 K qLTT-7 {RF7 ¥ FEHY 7 FHE5E fy RM6375 ~ RM17764
CH0629 J; RM1364 » 3% QTL B4 F- sk s EiEEES> 3k 11.02 ¢cM ~ 15.13 ¢cM ~ 5.16
cM LR 0.03 ¢M (F2/0) © 537 RM6375 ~ RM1364 (qLTT-2 ~ gLTT-7) Ry ezt
TUEANERL - il /(AT RLEA AA (Mi ERRZY)E R B A RRAY EDHEHEES - BIE
FELEERIINFENE § 1 AB (545 E) Jz BB (TN16 ZRRAY) & BA# & 1Y H HIEHE S
RUEHECRECEUR - B ARA SR R MDA 5 RIEEHEORIEE et
1Y QTL RlgMiE® » FEARS S AA (Mi BNE)A EHEIRMEN - 5/ AB (R4
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)= BB (TN16 FLREDAIFER R M FRAY IR - gk HHEHE AR S - BIE AA<
AB = BB ° 737 5 R {E 7358 RM17764 81 CH0629 (gLTT-5 ~ qLTT-6) R RPIELS|
=AU e/ (A A AA (Mi BERAY)E BARYERY HHRFEEAR - BB AR
FEME 5 AB (B4EE)E HINEHEESE R AA - BB (TN16 ZRRE)E H HERE S5 A
=i AB o AB B BB B BHMEORECEURL - (HRIER AR SR R P22 52 - AB B¢
BB B BiiifoE - NEEHENEE i1 QTL R hotE M - AKE Mi #UERES A
HRNM &M - AKE TN16 BYERAY B RIS Bttt - 5t B REHE 2B S HLE AA<
AB<BB -

FHABEVY(E QTL 7 ffE S RU/EH » LAETLZ 26 QTL A (Y~QI+Q2+Q3+Q4)iE—
BAdET HANMER B © SEREURGEIL) » qLTT-5 K qLTT-6 RIS

= 0 BEEME R AE - FFERT LOD (B SHIAER - DU & s a5
qLTT-2 Jr qLTT-7 (INIPERERNE - H B AT HIBIERIE » IR & Ry &S 5
P (A -

PRI KR qLTT-5 Jo qLTT-6 15 Ry aflEl 2% QTL » i fEas bt et itens i fhm 24
FEHEE T QTL FrfZdl - HIWNEAIE > &y TN, (HREHEES 2) ~ " i
(HHEHESEAR 3 ~ 4) ~ T ARINZE | (HARHESER 5) =4 o =540 IRIH A%
ELA By 27 < 46 ¢ 31 > BilF, s EREFR SR 45 BEEL 21 : 22 : 21 (AAAA ~ AAAB - ABAA :
ABAB -~ AABB  BBAA : ABBB * BBAB * BBBB)L K HHEEGEMER @ BN &I

B ST E 2 BRI B BB 5 s B AT &
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T\~ FosREF e M SRR B E M IR AN B R Y MR AT H R E
Table 8. QTL and their phenotypic contribution for rice low temperature tolerance at

seedling stage in the F,.; population

QTL Chromosome Distance to the Interval LOD PVE
closest marker (cM) (%)

qLTT-2 2 11.02 RM6375 - RM13076  2.65 10.89

qLTT-5 5 15.13 RM17764 - RM18068  3.09 12.55

qLTT-6 6 5.16 CHO0629 - P17G10-24  3.36 13.59

qLTT-7 7 0.03 RM1364 - RM1306 2.63 10.76

4 QTL model - - - 8.99 32.34

Low temperature tolerance

25

lod

1.5

1.0

Al L

1 2 3 4 5 i) 7 8 9 10 11 12

Chromosome

[~ o g b en B SR MY B MR N AR ZE 1L
Figure 7. QTL mapping for rice low temperature tolerance at seedling stage in the F,.;
population
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qLTT-2 (RM6375) qLTT-5 (RM17764)

50 Gl ) @ 50 RG] Eor A
4.5 4.5
++] [+ ]
g 4[] — o IR o g 4[] — o Lo ] o {
3 g5 E3 + £ 15 +
e e
|: 30 — forae % OO L |: 3[] — L el % OOOBC L)
25 25 -
2.0 W T D 20 .50 D &0
A AB BB AA AB BB
Genotype Genotype
qLTT-6 (CH0629) gLTT-7 (RM1364)
50 ) T = 50 o o @
4.5 45
g 4.0 o o -I— % 404 o oo _I_ ol
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g I e’ T
I: 3_0 — Loy % R Lo l: 3_[] — T % Q00D OO
25 4 25
20 o -5 kel 20 WO O O
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&l /\ ~ PO SEAT QTL By 3T IEsE AL N R B NRIL L F1 {ffi

Figure 8. Phenotypic distribution of low temperature tolerance at seedling stage for

genotypes of markers closest to each four QTL

T E AR MAERE QTL Z i s e B M e
Table 9. Additive and dominant effects of 4 QTL related to low temperature tolerance at

seedling stage

QTL  Chromosome Additive effect Dominant effect
qLTT-2 2 0.28 0.64
qLTT-5 5 0.51 -0.14
qLTT-6 6 0.46 -0.18
qLTT-7 7 0.12 0.55

Intercept 3.41
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i~ HEHETEEMAER QTL 2Bt

(—) FEHHNERMEAER QTL EF I E

REAUTZEE AL EIVUME QTL WY (5T - FEH BN ST oy Tt H P R s (i B F
FsltVd QTL VJERERE FATRTREIER » WAz A AR ZE1E M & i 2 A A 7K A e AT
FEVEMHRARVELINEC DNA PRI (Rt » SERBUR qLTT-5 K qLTT-6 W QTL HYl&
[EEETN 3 BIA OsLti6b ki OsbZIP52 WifiE /KA e i ZE MEAH B AR R (Jiang et al., 2008;
Liu etal., 2012) ; fifE gLTT-2 ~ qLTT-5 K7 qLTT-7 \& RS A By 7 A B v BHTT & M AR R Y
SNP {i7ff (Wang et al., 2016) ; 11 55— /KAgEta 5 i BAMTEEMERT GWAS BHFEAE R P35
H— SNP (LB gLTT-5 E[E]A (Zhang et al., 2018b) » BEIEAN B A EREFIIER
HERDIBEHT AT E - BUKRE S AT EREAHRE © GWAS FiTfS2 SNP firEh
AR —E LM TP - HEEE AL B AR 2 2 B LRI (R B EEUK
Terer PR S M A E IR - VARG IS E - AR UES AR (BRF
HIBLELE -5 1) SNP iz Btk 8 (B - HHAE F4EFAT 50 bp SRS EAE - L
TR 200 bp Sy#iEfiz%ET PCR 5+ » HISE R REHIAR 2 Lo 24 ALK 2 DNA
FPAER (Rt -

() LTT-2 BFF53H

Wang et al. (2016)7K et [ e M SE LT GWAS 4551 - 7 — i MEAHRR SNP (%
qCTS2-3 IR 5R 2 iR Eahig iy 15096404 bp (L' E - FAEAWIFTE LY gLTT-2 [ [H]
A o DIEZ iz BT 200 bp #EERGET T —4H PCR 5[ F#E(TH BN ET » EF4EHE
HUREAAHE [ TR0 2 7 BLAEROEIAR R 3% SNP i Bft 2 52 » FonA9T 2 i FE LB
BEAEAE SR -
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(2) qLTT-5 ERF53HT

R4 Jiang et al. (2008)H7E KA Ee HAMY & MEAHRR QTL Z&55R » A —MiZEALA OsLti6h
L5 S FRALEAGHY 2219670 -2220840 bp {irE (#+ 1171 bp) > FEAEAWTFLELE]
i qLTT-5 GBI © [ CARZAS N BT 200 bp SR MEkET 1 WIS THEAHRIE S B A
5 F#47 PCR 3T BUER » EFF &S RBURRTRA Z 854 7 (3 1468 bp) ity 3%
5 QAT 2 MZEMEEL OsLtiob BRIfERE -

TERETE WA OsLtiob FRRYIMNE BN & 1Y DNA Fprlfi2 5% » AiH7eE—
RS LB AT BN T &I - 72 OsLeioh FLRIFT 1000 bp # E 15 R B+ i -
et T W AH TH R A B R T #iE RS [ T4 T PCR TREST » P& SRR R
AN 7 BL (3L 1469 bp)[Eifik DNA oI5 » RIATHZE Z Mif &ML OsLti6b FERIEL
By R -

4% Wang et al. (2016)Z GWAS THZE&EIR » 2FHA = (87K g BT ZEMHAERE SNP i
B gCTS5-1 ~ qCTS5-2 Fr qCTS3-3 43 RN 5 (AL RERY 1970193 ~ 6171822 K
8040996 bp fir'E » SEAFAWFICERIFNN gLTT-5 R » KL Eilk =8k BT 200
bp #i[E%agat T4 PCR 5T H BRRISIRER - ERF&REIRRTR A =41
BaF B% (165 bp ~ 195 bp ~ 178 bp)[Eifik DNA [FHI75 » RIAIHTE Z MY ZE Bl =
SNP {i Bl -

[M#% Zhang et al. (2018b) GWAS BHFE4ER - SFA—(E/KigE HAMTZEEAHRE SNP
{irkh gCTSDS-1 fiLiReh S (FRALEAGHY 2498170 bp {ILE > SEAEANTFEEALEINY LTT-5
B[ o DLZALRG BT 200 bp #iE &35t T —4H5 [F#E1T PCR 3R EF? @ 455558
TR TEY 5 B (336 bp)flfit DNA 5172 5 - RIAHHTE Z TS MEEL L SNP fi7 %6
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() gLTT-6 EFF53HT

fRI% Liu et al. (2012) QTL Z3#&5R - A —/Kigs BAMSEMEAIRIEL A OsbZIP52 (i1 f255
6 [PRALELAGHY 27299966 -27302123 bp {iL E (48 2158 bp) » SEIEAIHTLEALEIHY
qLTT-6 EEfE]A - DAZASA BT 200 bp FEE ST 1 R TH I R LR N AT 5 [ HE (T
PCR S3HTRIES > &ERBURHIAIRE A Bz(Ft 1672 bp)filfi DNA FPAlEE - HIA
W5 Z SR OsbZIPS2 FLNERE -

FEMEE REA OsbZIPS2 FNANET BN ST DNA [FHIH5E % - AbtseiE—D 5K
5 % AN EE T8 FYERF OsbZIPS2 BN 500 bp SEET R RE 1@k - LA
H B 200 bp #EEeaT 17— 4H ARG B B BB 1 BRIy 5 [ T-H#ETT PCR 3HT1&E
7o SEFPAERBURRIE AR 7 EL (812 bp)fElfi DNA FPyllz252 - BIAWTIE Z N7
B OsbZIP52 FINRIEI 5 Fr 3 IR -

(f) ¢LTT-7 BFF53H

5 Wang et al. (2016) GWAS WIFE45ER: » 435 — KRG M FEM: SNP i85 gCTS7-4
RURAES 7 (G (i) 23783174 bp (i » SELEATIIEE RIS gLTT-7 BRI - LI
fir85_E T 200 bp B T 415 THE(T POR SHFR TR - SRR » AORIAY
F £5(335 bp)[E14E DNA 51132 5 » BIARTZE 2 i SEMEEE SNP i BER -
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T - EEIMEMEFTELHY QTL AL E - fhatE i K ir EA BRI AT

Table 10. Mapped position, estimated interval, and previous studies with overlapping QTL intervals

QTL  Chromosome Position Estimated interval Physical map Previous studies
(cM) (cM) (Mb)
qLTT-2 2 82 59 -117 6.74 - 19.18 (Han et al., 2004; Kim et
(RM12729 - CH0226) al., 2014; Wang et al.,

2016; Yang et al., 2018;
Yang et al., 2013b)

qLTT-5 5 25 0-58 0.18-12.78 (Jiang et al., 2008; Kim et
(RM153 - RM18302) al., 2007; Wang et al.,

2016; Zhang et al., 2018b)

qLTT-6 6 206 180 —217 26.55-30.97 (Liuetal., 2012; Liu et al.,

(RM528 - P17G10-24) 2013; Zhang et al., 2014b)

qLTT-7 7 169 154 -179 22.55-28.95  (Han et al., 2004; Wang et

(RM1017 - RM1306) al., 2016; Yang et al., 2018;

Zhang et al., 2014b)

37

doi:10.6342/NTU202201346



Tt~ AW5E QTL &R T /KREE M S EAH R 2 EAIZEN L SNP ir#h 7 Beliid 2 515513
Table 11. List of primers used for the amplification of previously studied genes and SNPs in 4 QTL intervals

QTL Previous studies Primer Primer G| 4'm
5 - 3 (%) (C)

qLTT-2  gCTS2-3 IF TCGACGTTTCTTCGACTGAT 45 59
(Wang et al., 2016) IR TTAGAAGGGCAAGGAGCAAA 45 59

qLTT-5  OsLti6b 1IF GATCATTTCGACGCGAAGGC 55 60
(Jiang et al., 2008) IR TCGATTTCACTACTTCACCTTGAG 42 58

2F  TTCCTCAAGTTCGGATGCGG 55 60

2R TATGATCCAAGTTGATGCTCCTT 39 58

3F ACTTGCTTCCCTGTCTGTCTG 52 60

3R CTGTCCATAGCGTAGTGCGT 55 60

4F  GCTTGAGACTTGCTTCCCTG 55 59

4R TGTCCATAGCGTAGTGCGTG 55 60

qCTS5-1 1F AGTTGTTCCAGAGTCTATTCCGT 43 59

(Wang et al., 2016) IR TTGGCTGCGATTTCATAGCTG 48 59

qCTS5-2 1F TACAGGAACAACGTTGGCGA 50 60

(Wang et al., 2016) IR TACCATGCACTTGCCCTACC 55 60

qCTS5-3 IF CCGTTCCCCTCTCAAATTGC 55 59

(Wang et al., 2016) IR ATGAAGAACCAAGTGGGCAGT 48 60

qCTSDS5-1 1IF ATGCCACTCTCCATTCAAGTAAA 39 58

(Zhang et al., 2018) IR CACTGTGTCACCTGTCTTTCC 52 59

qgLTT-6  OsbZIP52 1IF TTTGGTTGCAGATGACCCCA 50 60
(Liu et al., 2012) IR GGCTGAAGGAGAGTTTGGTTTC 50 59

2F  AGAAACCAAACTCTCCTTCAGC 45 59

2R AGTGGCACATTTCACACCGA 50 60

3F TGTTGGACGTAGGTTGGAGC 55 60

3R GTTCTTGGCGTAGCTCTGGT 55 60

qLTT-7  qCTS7-4 1IF TGGCCGTCTGATCTTGGATG 55 60
(Wang et al., 2016) IR TTAGTGATGGAACACCCGCC 55 60
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(A) gCTS2-3 in gLTT-2 interval

(B) gCTS5-1 in gLTT-5 interval

qCT52-3 gCTS5-1
\ \J
ch2: 150962461 115096581 ch5:1970118 [ 11970282
1F 1R 1F 1R
m——————— - S=——

(C) OsLti6b in gLTT-5 interval

ch5: 2218570 | | 2220940
Exon 1 Exon 2 Exon 3
3F 3R 1F 1R
e ———————— - S —————— -
4F 4R 2F 2R
e ————————— -- e ————————— °
(D) gCTS5-2 in gLTT-5 interval (E) ¢CTS5-3 in gLTT-5 interval
qCTS5-2 qCTS5-3
y \d
ch5: 6171761 6171955 ch5: 8040863 8041040
1F 1R 1F 1R
& ————9 C————
(F) gCTSD5-1 in gLTT-5 interval (G) gCTS7-4 in qLTT-7 interval
qCTSD5-1 qCTS7-4
\d \4
ch5: 2498042 2498274 ch7: 23782995 23783329
1F 1R 1F 1R
————— - Cm——————— -
(H) OsZIP52 in gLTT-6 interval
127302323

ch6: 27299166 |

Exon 1 2 3 4 Exon 5
1F 1R
@ B --
3F 3R 2F 2R
O e e -- O L]

B L ~ ABH7E QTL W& s /KA s HAMT S AE R < ELRIEL R SNP fir 65 BeAly 2~ 5 [l BnEE -
HORITIZETR exon » HRFTR intron » N ITRERTRS [T Ry s -

Figure 9. Locations of primers used to amplify previously studied genes and SNPs in 4 QTL intervals.
Shaded boxes represent exons and solid lines represent introns. Dotted lines below represent the

regions amplified with primers used to confirm the sequences
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— EHEER I

A PHE R R EEEMEIREN B E L (QTL mapping) AYEZTAE » H oy T8y

BH ~ WEROMERNZR GRS QTL EfL B TR A s & - A5t 2 HaH[E

S 110 45 SSR 73 TARSE AT HEAC & (UF, AU 2 AN AV B R AT > R4k
2264.71 M » 3 TEESE PRI Ry 24.24 oM > Horpg 8 {EFHES TGS REIRR AL S50
M FE > R 1~ 2347 8 R 10 HHLEES o AHFTHEREREA 8 2
IR AT 50 M » ANAEAHHFEEN Z 4 7K e BRI FEERY QTL $53EALRNIE 8 it
PRIEE A 2 B E (LAY ZERESE © MEE 8 FRARMD T T IEEE B HEEHE AL 50 cM - AJgEIE R
KR eI M QTL » (E4h » HFR R HARE R Genotyping-By-Sequencing (GBS) f%
AR BB R o tBigigdic i » (5 P A 23y s i 2 7 T1556E (40 SNP ~ GBS
%) AR B R e iz QTL - TR H il /KA bt 5 &8s Y504 - Bl
Baltazar et al. (2019) 1 IR64 x Kharsu 80 fJF, 5317 217 {iE SNP marker B4
1553.5 cM FLSPH1EI6G 7.6 oM Y EE44[E S 5 Satrio et al. (2021) L) IR64 x Hawara
Bunar {7422 90 {lE RILs fn# {5 GBS £efiofiizE] 36661 {[E SNPs - 749 873
{l&l BIN marker » ZfHH 2R F 1980 cM HAPESRENE 2.27 oM 1Y BEEIRS - 43 EAT
At - P s R E R IS E S AR A E R A E EE R - AFEFIR QTL Efir
FIRERESS » RACH HE—DHEHE (LA 75 2 KRS HAMT R ME QTL » I RHE SRR
RNPAR oy T REEE R A Ry A - H S 8 A FREARY 7 TS &4t A
5@l SSR 7 FEEE KRS AL tle i 2 A5 -
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= EARHVE IR

ATFE(E RS NRELSHEATEL Ry Mi x TN16 FEIR UF, o EAUREE - RIEA B R ey
onfl o Mi {55 1972 SELL y A TAF K > B0 B KB BAVIMSERE: - HEHA
TAEFE RS = SR E - HAE 2021 SRR 5710 t > EEFEIE N RE R EPH
Fa—7r > U104 36 °N -39 °N GifE (HARMOKE®R - 2021) - TN16 HHAITHEEE
B AR AR SN & AR e (23 b)) REBERE 67 9R R A
122012 SRR - HBA 95%BOE K S%ER: 67 siRVEEHE RERF A - 2019) « #O
FEAAEZEENZ LIRS > Y/RI04E 36 °N -38 °N #ilE] (HARMKE
A 0 2021) - Mi BFERY HASEOE Bt 0 BN & Z i - HAlge
W AR W SRR B RO > M FERK AR Ry S H BRI » T AARELY
F£ 10°C 2 15°C » “P54Y 12°C © BOCERTRREIIH R 5 Hp A2 6 H LA) - A
JEAIAE 12°CE 21°C > 358 17°C (Weather Spark, 2022)  #0'6 fy H AV E Bz =i
fesnfE - A5 BTN (FTEBRZ » 2018) » (HEZ SRR HINESE - Mi
OO AR M RN > HOREE I AR RN RO AE - 17 TNT6 Hy55
—HARER 67 SEZMFEMEALZ R (BRFEA - 2004) - AT Bl infley S &k
A Mi fz TN16 m]RE B AR - WAETRAEUREEE Mi 8 TN16 5 SiifsE - H
AN MR AR > BRI AR R SR (UREE I Ry SN 2= 2 QTL &
(WRZE SR

TN16 Effi 95%MOCHYE E R 5 - A —ERREHIINTEN: - NI SR E R A GET
i MR AS e A SR M A RO R B B R PR B R E S » A Ealid 4°Cra B 3~ 5~ 7
K9 R MEWIE 7 RIGEE > SR EREH 3 K 5 K - RIREAINRE
PIRERI RS NRAY » HARIHEEE S ((ORMREE 7 R F 9 R - RIRSHR A B o=
AR > A8 7 REL 9 RWEFRARFHBZER > NILRR B 4°Cia i 7 K
Ry A TR R PR B PR -
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BrRILZAN > TERGRAYNRRR B 2830 WA 2R RN EA A28 > HEH
TREHIR M ERIAE AR - IR EMEFIR g (e Kash iR & (Park and
Back, 2012) » th & G BRFE ARV IEME (Byeon et al., 2013; Kang et al., 2010) » {H{/}

HFPE— VAR -
=~ IRERE

T MR Z S NRAR AR T - B8 TSR RE ~ BUaH B H 2RO E
BRI AR IE NS - H AT RE RN RSS2 I RE s B LA T 434

B AWM R 2019 55— E AR P, tCBER H S AL A Fa 3 im
FHET > MORHERZE 6 H AR BRZIR(R - B0 dn SN E AT IE R & L B IR
MR ZERERARAR - HERER T EFFIEROIRAE - BRF T I BE AL 4°CUKAE - A
BFFESNRBIEFALERY 2021 4F 8-10 H > fET- (R S 2 4 > fEEFERE PR
ROKIRREEE R RS AR T R R > EEREI MR Z R 0% © [EEIR
REGE AV RS SR AN - HonTREpk R oy L R R B R ~ APt -
M /K& ~ PHREEE R GAROIRAE S T (AT Tt o - R PRI T5Y 4°CE{RIR
U RO ERY 15°C > RERE USRIk /F LRI e V2R 2R 1l
PRSI E Eer S - R L BRET#r s E R EE
ESiimp BRI SIMPS ER S R N R e IS e S e | e g ]
VA SERGSCHARY TRE - (EAREUSESAIEIRE - 11 AR A T8k © fERaEea K
B HEEE DT - T R AT AE 2R R B - (B 4°CoKRE R R A R - KA
AL GEE Y R KGR s B AR HY AT A - A EdiE ok AR -
ARG /R BT AR AT RE © SRR LR RGINRRIN = > B ThnE M EERKH
SRIERBREFEEEAL > AERHRERE S 0 Ryl B 25 B HHE AR - MERARRE R B R =Ry
RERERT R L BR - AEMH EIEERRIT T B S A M GRS - RS RBoRREHEOR B
J& KAREF > (HESNRBERER RS /KR A L - SR i G - BEEs
(2018) B3 FRAVERE — 2 - FEAWIFET - SEEFPREURGS 5 PREVE ZSTHERR - Bk
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WAITHY 104 (Ein 2 B B S RDLESEEF H SR E =g - F5 RS
TranZ bR o HEA 2 B TR E QTL Er&a R - [Haf R (EILIGHEE - H
e A SR PR B R M R MR AR A R - (E A A TB e VU 2 QTL Y HIRE © fi
[Fl—dh S B VIR BUR Al REAE U R S - 2B NRAIRFAVEER -

B VBRI B AT Y 4°COKRE Z Refi — IO HRE B — BB &L - R 2
RES NI AR 24 - PRSI FHRYRTRI A S & oAl 10 5% > FXEERES HAER
HL 21 {Elia % - BRICZIN - Nt s AR LR T B A/ MRS R REIESTE - K
i PR 749 2.5 (E A > BN ECREEE R B R il RE A A [RIH R =5
BRI -

BEST > ARFEAES MRS AL T B 55— (BN EEER R = RSRATARE - sl
BT T AERE=E ) DU TEOREEIRIER ) R A SR iRt
BEREE PR EN - (HRREARA AR ~ B RO - INIIEt B
B AR E R R FTA A ERREEGRT - B3 iR 2 =ikt e st
MRHEITESE - HRFERAA BT 7SR - AR R HE R K ERINZS 25T
AR - B BTFT ARG R - AW etk 9 AR > 25 1 HERFRHR
2021/9/17 #E ARIRBRFRIRWRAEI - mef& — AR 2021/12/01 $5 R R P B R KR
W > sy 2.5 (B H o I i R B E BRSO R (R D tati SRt
PSR BE B R AL WA R SRGR ¥ i = B B TR 56 1 ARy

29.79°C » FARHYESS 8 AR 20.07°C 5 P H Elmm s HHL IO 1 AR
34.29°C - H(RAYZSE 8 fitAFRIY 22.11°C © P HECR RS AVHEIORES 2 #EATRHY
26.83°C > BfAVESE 8 ALMIRLTY 17.97°C CCBE P IRRF » 2021) » AIRIfERABRE
2 TSRO e HL BRI A BRI S - 156 4 MATRHER B R KRR
LR 25-30°C - BESRIEIM B AERFAE 20°CLLE > SR ILRERERESCREE A 2 AP
faE - (HA] R RHAEMEIR A R - WEAFHEOR IR M IRRIR AR E -
PrTRCREASN - BBt SR BHERAEREE - hR+2 - P HIRREES 1 &5
2 UM RS > 3 hlFs 7.86 Kz 8.8 /NEF - 1& 7 HEMPRIAITEERL 3.21 /N > R fH
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B 4 IRPRINT 0.29 /NI 5 TTPAS I IRRAEES | RS 2 AHRIIBRRE S » 2 AE
65.25% 55 75.04% > 1% 7 HEBPRHIEER 29.6% » B{EH B2 4 HAPRL (54
2.56% - A 5E T F RIS FEE - (Ea PR A TS 2 » B bl
125 2 HEAPRIDA A BN ERDIRE 1% - MR (SN A R - A SIS
SELPRTE e MR FEF BT -

AT BB 55 12+ 3 RS 5 HAPRIE TR/ S B AR 7
B IR TINERISER © 5 4 JAPRHENE 7 R4S NTA S A
TR > (LEEH S LR 3 U R DI > ST ARG » BN 7
KEFTINAIRTLG - (LA RPRETEN - SRS EEES L E - [
SR - RILIEE 6 7~ 9 HEAPRISBIRE 7 RIATIBIAS SIS » IR
HRMEINE 9 K RIEIAS MR R AR M TR 48 8 Hbhhl e
TEEMIEIZE 14 KA BT S -

G5 R » TS AR R R ey 7 A P B P SR R B S R - Sk
ISR - RACE TR ERN -+ M B IR IR - DIl
IR BUARISNRAI S - SO RS R T e - 2 B LR AR R (4

Wte > mlE RSB AL PR R -
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T2 BAAPRHE R B R IR B IR B R AN

Table 12. Days of recovery after low temperature treatment and weather in the duration of each batch of treatment

Batch Average Average daily Average daily Average Average  Average Recovery
number  temperature maximum minimum sunshine hours insolation  cloudage period
(°C) temperature temperature (hour) (%) (0~10) (day)
(°C) (°C)

1 29.79 34.29 26.78 7.86 65.25 5.09 7

2 29.26 32.99 26.83 8.80 75.04 3.69 7

3 25.86 28.39 23.67 2.63 23.01 8.16 7

4 21.64 23.13 20.23 0.29 2.56 9.23 7

5 23.00 25.16 21.69 1.47 13.23 8.83 7

6 20.64 23.24 18.23 3.21 29.60 7.03 9

7 20.50 22.74 18.24 1.14 10.63 8.87 9

8 20.07 22.11 17.97 1.19 11.13 8.71 14

9 20.29 22.43 18.11 1.16 10.88 8.79 9
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g~ SREIRYEEBI BB AR

AWFIENE] gLTT-2 ~ gLTT-5 ~ qLTT-6 ¢ qLTT-7 VU{l s BAMr S MEARRREY QTL » H
11 gLTT-5 k. qLTT-6 HAWKHTEE - A48 gLTT-2 J gLTT-7 1Y) LOD {E /R[]

{8 > FEs\BRIRE T MM — e 8 - ATREN R [FIR E (L B UEEARHY LTT-5 &
qLTT-6 [ HAEAT T - e E A SRR ORI B R (T T > gLTT-2 J¢
qLTT-7 $Hif M ATRE A EORHYRIE - B4 Han et al. (2004)5% gLTT-2 fr E{HHEZ
QTL RsZ it AUER A S > Yang etal. (2018) [t qLTT-7 iU E(HMIS 2 QTL Ry i/t
Ferp e R A E » NI qLTT-2 Je qLTT-7 {3 B HAL /KA S SR M B ERI(E(E -
fRIZE R > qLTT-2 K qLTT-7 fElaME i - BIER Mi [F&EE &5 RN (2L
MM R ) IRpBERMMSRAVINETL > Z51E TN16 RS &R NEL (DL TT o) MBS
FNEL (LAMT FoR) BB AN INFERVSNRAL © gLTT-5 K qLTT-6 Rl TS 15
20 Y MM AR B Sl 5 > A2 MT BRI B 2% - 0 TT BN TR REER A
MNFEHTINRAY o Fps AR EHUE SRS 1 gLTT-2 Fz qLTT-7 1 Tiii5E ; B T At
58 J7EEEE (MM TT K MT) By 3:5 0 qLTT-5 Ko qLTT-6 ] TIN5 | ~ " T WIS |
B UORMNZE ) o3t (MM 2 MT @ TT) B 3:2:3 - VU{lE QTL 4 36 AN E - 2
BB AR RN S B S - R E o By T iSE ) (2/VRI(E QTL & MM
FERBIH gLTT-5 Jo qLTT-6 AiFF TT BERAL) ~ TA%E ) (£ )0 qLTT-2 5 qLTT-7 H
—Fs MM A8 > FLM e B TT 8¢ MT ERRL) DUR T epfaisd ) (CHERE ) =%
i CREE s A TN SRR S AR Ry 31.54 1 37.55 :34.91 -

AbFE 2 HMEHE AR KR e I M ol 1-5 FuEFh (R=)  HEHE T 104 (&
Fos Uit % AREFRBRGE AT i s - RINFEEEAR 2-5 ZEEBlorAm Ry 27 : 37
9:31> HWPEEHFRIR 27 : 46 : 31 - BRI EEAVS MR R 1 31.54
37.55:34.91 RTE SR ERBUN I EIEE 2R > SCRPAHTZEHIU(E QTL Fr
FR 2 B EH - 47 ERTCACHHSEE (i 2 VU {E /KR eI S AR QTL » IS E AL

46

doi:10.6342/NTU202201346



JERRZ QTL gLTT-2 o qLTT-7 ks SR - o N2 QTL gLTT-5 2 qLTT-6
JE MR S A AEVUE QTL ARA /KR s FAM SR M EAVIEH -

A~ KEEHNEEZ QTL EAr

AW T2 QTL mapping A Mi x TN16 FEAZ1&UBERE Rk » Hrh DLR AT
O FAEEE > FERRY > VA EFTITAE 2 By s i M FEMEIR » /KRR B3R -
Fo 81, o A [F)4E & B R AU A S i A E BRI - A9 TSR MT ERRAY TREE
A2 o P RS & BB B EE EHER N P A 1/4 €2 MM AERES S
G TT BLEEL 5 172 4R MT B #UARTTSE MT BRATE R 1A S0%E1E
PEELNAAE A5 - L5/ QTL mapping HI4ER 22 8H — » BN B MT
TR & MM Je TT ZRRAY - Gl QTL (=HIFYAEREM: - AR IWER MY QTL
AYATRE » NI ZECHENEZ QTL - 5% @ B &2 MT EREIH /A
SEIERETE  HEI AT e B B ET - REB/KRE R E EY) - BREESCHS
I R B SRR B S E R ES S BN 4 2l - RETE B Dt 0E
RTEER BB HE BN S EN 25 EE - piARE
AZFEHIL 775 QTL mapping HY455 (Jahan et al., 2021; Liu et al., 2018;

Solis et al., 2017) °
(—) qLTT-2

AFEIEN F] 4 (B KR BAMT SRR QTL » Eorfr gLTT-2 fir i/KAEE6 2 Bt
B8 > {EIESHIEIRYE 82 cM I > /1{E RM6375 ~ RM13076 Fi5r st~ [ » &9 R 7B
ElEE 9.55 - 12.68 Mb iz 5 i EIEM (51 - RIZY/ELEEE 6.74 - 19.18 Mb 2 il » Bl
AINZ R E S (KT =) qLTT-2 H. LOD {E5 2.65 » fEAWIFTELF]
AYPU{E QTL HhHELEE = » 2 fE#/\ o Yang et al. (2013b) ~ Kim et al. (2014) ~ Wang et
al. (2016) =RBIHFTIA L ¢LTT-2 i BFTEN 2 QTL HfifSE AR A 2K A f e i fe > B
AWHFEEEFAEIE - Han et al. 2004)2LEE EN7 2 QTL FeZif5EH LOD {H i mHyBE
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QTL » BLARFZEARRS » TESCREA ~ MERREEHGHA B R PR FE RO A P2z 52 - HEHIm]
RETERZeABaRET ~ BXS R IRIE(17C A/ BERE - Ih QTL ¥R eI S AR A
AYEER - RAERZ E ML 455+ LOD (B © 1fi Yang et al. (2018)EA7RHHIE [ LARS
TR AR ASTREE R DRt - (HECLAEH ~ B R HER S RAR R Rt EA5 1 » (EEAL
# 1 {E QTL LA qLTT-2 i E - SRS R B H R e R SRR R A 2 52
I HERR F BUATT ST A RIS MNRAER B 7702 - (ELEIE R F W R R A S IR B A (L 5
MENLE - BT 2o FE MG (R [E] A4 SR vl 7 > BRH gLTT-2 1F i
HAMY 21 R E

FHIATE qLTT-2 %0 N T /KRS i RAT ZE M A B ER R P 51 S0 b7 o A 38 B AR A ]
WIFP5I 725 » IRIFEHERIE QTL HSRAYINY 214 o] fE B ELA BRI AHRA - SURBHIEAR S
NCBI database #—PRET qLTT-2 & N EAL A sE R R M 2 BEA » FE8 gLTT-2
FEATAT RN 73 T-Z5E RM6375 £ RM13076 [ » BI4//ERE 5447 9.55 - 12.68 Mb [& A
S 233 (EEHSRAS o R T B BRI 75 (EHEERA SN - AR 158 (EiEeRE ks
HINREM SR Sk R B A VTN S8 M R AR (MR —) - 45580R - 158 (EEskAg
A 63 {lEl i AR F HThEE EE YRR S FEAH AR SRR - ERIELHE NS Sl o A8 Bl i 2 14
BRI © T EER 95 (EH TR BUE VMR K FEFHRAR VSRS A 14 (EEEek
#FZAERE (Capovilla et al., 2015; Luo et al., 2021; Qian et al., 2021; Wang et al., 2003;
Wang et al., 2021b; Yang et al., 2012) > 13 {EELFE Y[ FEFHRE (Cao et al., 2005; Kim
etal., 2017; Xiong and Yang, 2003; Yokotani et al., 2013b) » 7 11 {EHE1 ABA :f%E (524
[ (Qin et al., 2019; Sebastian et al., 2020; Venkatesh et al., 2020; Yan et al., 2011; Zhang
etal., 2008) » 14 {[EEL3 % 7 FEARRE - 5 (EEYKES FEAHRE (Gu et al., 2008; He et al.,
2019; Kong et al., 2015; SmolehAska-Sym and Kacperska, 1994) » 10 {[&E24H RS 54 B
(Dametto et al., 2015; Oliveira et al., 1990; Guo et al., 2002; Zhao et al., 2020) » 5 {EEiH5
B S K VB (R (Lv et al., 2021; Mao et al., 2009; Wang et al., 2018a) -

13 {EELL A FEFHR(Cao et al., 2017; Chen et al., 2018; Modareszadeh et al., 2021;

Wang et al., 2018b) » 5 {EEL4:F47{EAHEE (Ahlfors et al., 2004; Koiwa et al., 2003;
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Meng et al., 2020) » 3 {E£1 Zinc finger FHBH (Kim et al., 2001; Kim et al., 2005; Liu et al.,
2007) - 2 {EEIEELRAGAHRE (Koehler et al., 2012) o _EACEEERAG (Y qLTT-2 L fEi A L2
TEYNER S ME SO 20 5 TEARRE » 2 qLTT-2 VETERVIREEEALA -

TAE ek BG h7A 0 ELDIRE s B B KA SR B ARRE » 0t - A 2 {F
fi#:% BURP domain-containing protein FY# (G LOC4329048 Fz LOC4329050 > F£/KHE
M FEELR] SNAC2 Wt 5% PRI &2 BRI » AT BUKAEMZEMAERA(Hu et al,,
2008) - [ EREG LOC107275860 BT HIHY/KAGEMTFER A OsCAF1B & s CCR4-NOT
PSRN T LT REELIN ZE AR RE (Fang et al., 2021) - #i3%#G LOC4329010 EL/KFeH
FEHEN OsLRR2 1] leucine-rich repeat receptor-like protein #H[EH - FTAE &2 /KRR &M
(Liao et al., 2017) © [fE§EEE LOC107276173 K LOC107276277 Fif#s2Hy calcineurin
B-like protein #56 8 BL/KANZIE W FAHRE (Gu etal., 2008) - 15 LG C A ZKAEHY
M ZEMERRBATE VRS » B8 I REAY B BN

(Z) qLTT-5

qLTT-5 RIFA/KAGES 5 S ads  HasEss 25 cM 1'% » /)7F RM17764 £1 RM18068
W5 FREEEZ [ &R WIPEERS 0.58 — 6.13 Mb j 5 SEHERIEET » AR B E Y
0.18 - 12.78 Mb 2 il - HA BRI A R KA QTL mapping 45 @ (£
=) qLTT-5 £ LOD {E 5% 3.09 - {EE (i EIHIVU(E QTL hHEAE — > B UEREH
FEHIW QTL 2 — - {HJ2 Jiang et al. (2008) FAILEREMLZ QTL KyaZ b FE iz /N
F o HEHLZH R B R RIRE R SCRET - 105 | ¥vEie | 7.48 - 10.49 Mb &2
TEMLE—BERARY QTL » {151t gLTT-5 fir BAT /34 5 T BB N T AH
FeH Mi fe TN16 Ryt - aTRees 1| Bvmfs ez QTL (i B2 » ik
qLTT-5 it ZEMESUEAEATAZE P - Zhang et al. (2018) Sy AlfER s A 2 1
MM » tAE gLTT-5 LB EDRIE QTL » BEmHH (i B ELRUAS AR ~ Rl S R
e LTRSS ME B AE R - PRESTEABE SN » JRATRE R RIS A AR A 2L
PP R - TSR FRRIRAY 5 - Wang et al. (2016) ] GWAS JRIEERELZ
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QTL Hifi AR A B2 [R5 2K B AEAG L © Jiang et al. (2006) JRUL gLTT-5 {IrE
FEfr 2 QTL Fyazbitoe HUEm R - MYFEE R BB A 79 AH [F] K H A de - B
L ZE LLUKAE A ZF B SE M R RaT EARE - IRIL gLTT-5 W] REAE /KA 2 B B e B i
SEMEECAFTERL - A E R BRI B b
FHTAE qLTT-5 fir B B A0AY 7K e B S 1 AR R AR R 91 o o R S R R R AN R
Feyl7E 5 - RIHERIEE QTL HRRAYIT M v] 55 B H At ELRIFHRR - BCAH IR
NCBI database #— €5 qLTT-5 SR N HA 0T sE H R 31 2 B A » 7E8L gLTT-5
HEABEIRT 73 FFEsE RM17764 B2 RM18068 2 ftff » B3 85547 0.58 — 6.13 Mb [&fi
NFH 549 (EEEEEES - bR T E = EsaER0Y 167 (EEERES S0 - HEk 382 (Eiskag B
IEEIhRE I TR (e S AN ZEMAERE (B —) - &ERETR - 382 (EFEsAS
A 196 {EEESEAS i R 58 3 H DI REBA Y)ROR S TEARRRY SRR » FHHI L i o 58 L i
FEMEAHRAMERE » M ECER 186 {EE AR EE YIEIR SUBAE BRI SRAG - - 7 47 (85
8% BT FHRA (Choder and Young, 1993; Mao et al., 2009; Qin et al., 2015; Wang et al.,
2003; Yang et al., 2012; Yang et al., 2017; Zhang et al., 2021) » 19 {HEEL%% g H B
(Chen et al., 2018; Gothandam et al., 2009; Hu et al., 2019; Sun et al., 2013) » 15 1
ABA 3H9EHEAHRS (Li et al., 2017b; Lim and Lee, 2014; Venkatesh et al., 2020; Yan et
al.,, 2011) » 16 {EEYEREHEASEMHRE (Gao et al., 2017; Luo et al., 2021; Mufioz-
Amatriain et al., 2020; Stanca et al., 1996) » 14 {EELZ Z R (Kurepa et al., 2003) » 10
S5 ERE (Llorente et al., 2002; Niu et al., 2021) » 9 {EE2 Zinc Finger fH}
(Huang et al., 2012; Kim et al., 2001; Kim et al., 2005; Liu et al., 2007) » 9 {EE15E (/&%
TeCAHRR » 8 (EELE R FEAHRE (Cao etal., 2019; Das et al., 2019; Melencion et al.,
2017) > 7 {EELFSHSRE (C3AHRE (Pinhero et al., 1998; Sui et al., 2007; Zhang et al.,
2018a) » 6 {HELZ A% FHETFHRE (Catala et al., 2014; Licausi et al., 2013) » 5 {#Ei4:
E4MEARRE (L etal., 2021; Meng et al., 2020) » 5 {EE1H4% 8 fH2 (Begara-Morales et
al., 2019; Lin et al., 2020; Yu et al., 2021) » 3 {EEIA5HE S FHETHRE (Kim et al.,

2017) > 2 {E 81 H ZFNITHRETHE (Thomas etal., 1999) > 2 {[EE1 DNA HIE(EATRE
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(Pan et al., 2011) » 2 {E B[S HEAERE (Wang et al., 2019; Xiong and Yang, 2003) > 2
{EELRr &R AGHHEE (Luo et al., 2021) - 2 {HELGHANAEEAHRS (Gothandam et al., 2009) - 1
{E B FEAHRA (Bond etal., 2011) - 1 {EBLEHAEAHAHRE (Wang et al.,, 2021a) - 1
(B BG5St ENHR (Jing etal,, 2016) > 1 {EHELIEMAAFEMHE (Lugassi et al,
2019) - 1 {ESEHFEEMHE (Goulas etal,, 2007) o iZLEEERAG (L Y gLTT-5 A H
PG PR R TS8R S TERERE » PRI HE I A 7K A i BT 2 M v RE A R 2

& qLTT-5 TEERIEEEAL A -

TAE b i g e o 7 00 7 HL DR L as B B /KA SR B ARRE - o R
LOC107277971 BAE A1/KFETHFERLR OsPRP3 [EIRE#HER 4 proline-rich protein » T §EE
FKAGiMiTEMEAHRE (Gothandam et al., 2009) « LOC4337852 Fir#Es%1) GATA #EEEN T4
H] WRKY Sk R 1T 52 B KRBT S MERY AT RE (Zhang et al., 2021) -
LOC4337815 ##E5%H4Y SRC2 FERFIR EH/KAGMTFEM: 2 & fHRE (Rativa et al.,

2020) - LOC4337718 ~ LOC9271771 ~ LOC4337756 ] LOC4338039 2 MYB 57 lf54:
KT BLKAEM M2 T REARE (Suetal, 2010; Yang et al., 2012) -

SR RS TIRE A /KIS S AR RR AT e (58 - HEMH S R R AT 22 2 5
AV RTREMEIER 5 S gLTT-5 Ry ARWF5¢ PR IERCRHY QTL - BRI ARBFTfcHE: b itig s s
17> NCBI database HH/JER ElFE L B R H P - $HEIMNETFAIRGT PCR 5[F (&1
Iy~ [ o MERHER R EOETERT - MR AR G B AR - MEFsS
SREUT WA RN R BEZ Py (JERFE 13777 bp) WifeA252 - HERIRTIRATY
FEMEFE B AT REFAE Y MEF PP A DL » SR AE MR « ABFFEHEAR IS TR
[EFPF 228 > (H LA SR o AR AOE 4 E (I B A (2 B R 275 > H el g s o)

BE B BUK ARSI MEAERE - Frasat 2 5 [ FIR T (R AOKAGM & T 2 2% -
(=) qLTT-6

qLTT-6 > 7KREEE 6 e tafs - fFEEHERRE 206 cM {15 » /11F CH0629 B P17G10-

24 W TS Z M -« R ERE 28.30 - 30.97 Mb g 5 s A& fEETT S > AlE
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VIEL Y 26.55 - 30.97 Mb ik - BAZERIAATTASRE S (RT=) 2 qLTT-6 &
LOD 1{E % 3.36 » fEENr FIHIVU{E QTL HhHE#4E— » WEHK - Liu et al. (2013) JALE
qLTT-6 firEFEAr > QTL H LOD {HEH 2.0 » EsZiize iR/ Ng - ol B
Z M DARIRE AR Ryal B it - IR ELE] 7 8 QTL HiNE 2 HERSE
L EPERE - NIAEEML oI FRE T 5% QTL Z 3% - Zhang et al. (2014b) fr[HE
qLTT-6 (I EFEfr2 QTL H LOD {H 5 3.1 » IR 5 P RS NE » HERZER 5
{SE FHRIREREASS IR Rt > A58 9 Je5B 12 WL B S AITS M S e R Y QTL » (AL
TETEAL P THFFARE 154 QTL 23U - FHAMHITEAE FAHEN » gLTT-6 F]AE S R FE R i
FIEAC IR R LM SR M0 T RE R A -

HRAE gLTT-6 (i B TR 7K e e A S8 P AH BRI R IR P F1 ATy o S AR 2 B R AN Y
HIFES > NLHEAE QTL HRAAYIlYZE M nl g B H A B AAERE - #CAIHFTARE NCBI
database #E—ERET gLTT-6 &R HAM AT RE B RRIT M 2 B - 1EE8L qLTT-6 FHATHY
W4y T-1E5E CHO629 Bl P17G10-24 i » B[I4//ERE =54 28.30 — 30.97 Mb &N 34
352 {JElfEgRAG o bR T N ER = SRS R 113 (R eRAcsl - Hobk 239 (EfgRAc BRI
HBIpete ez ek ac B V)M P 2 S AERE (R —) - SERETR » 239 (EfEERAG
A 119 {8 & R 2 T D RE BUEYMEOR S EAH BT SURR - PRIELHE A LG EE i 5 AG Bl i 5
PEFERA MR - FLER 120 (& H I As BEYEOR S ERHBHAVERERAG T - A 16 {[HH
ABA E[SESHETHHRE (Aarati et al,, 2003; Byeon et al., 2013; Chen et al., 2015; Venkatesh
etal., 2020; Yan et al., 2011; Zhao et al., 2014) » 15 {FELEEEEEFZHIR (Chen et al.,
2019; Kang et al., 2016; Qian et al., 2021; Zhang et al., 2021; Zheng et al., 2009) » 10 {Fg1
PSR ERERA (Cao et al., 2019; Cao et al., 2005; Xiong and Yang, 2003; Yokotani et al.,
2013) » 10 {EENHERE SR (Beine-Golovchuk et al., 2018; Dametto et al., 2015;
Takahashi et al., 2021) » 9 {li BUEIHEAERGEAHRE (Luo etal., 2021) » 7 {EEBIE (LEF
R (Llorente et al., 2002; Prasad, 1997) » 7 {EHL:2 % @l HR (Mao et al., 2009) » 5
{E8355 ZAHR/ (Wang et al., 2019; Xu and Xue, 2019; Yan et al., 2003) » 5 {[ELi 155 57 &

fHEE (Jung et al., 2013; Song et al., 2016; Vashisht and Tuteja, 2006) > 3 & EARE 7 IE (35
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FERE (Sui et al., 2007; Zhang et al., 2018a) » 5 {HEL$EEE T-2RSESEETIEIRE (Saijo et al.,
2000; Yamazaki et al., 2008) » 5 {HELE#/E MR (Li et al., 2017a; Lugassi et al.,
2019) » 4 {#EEd Zinc Finger fH[ZH (Huang et al., 2012; Kim et al., 2001; Kim et al., 2005;
Liu et al., 2007) » 5 {HELE B4 MR (Lv et al., 2021; Shou et al., 2004) » 4 {[HBi#45
HEAHREE (Lin et al., 2020; Shirasawa et al., 2006) - 2 {2 IAA {57 FEE14HE (Chen et
al,, 2014; Li et al.,, 2015) » 2 {EEDEE/EFAAHER (Tang et al,, 2013) - 2 {EELAHAE CHIH
B (Wang et al., 2012) » 2 &% 5 B BN (LAHRER (Huetal, 2010) > 1 {EHEL JA FHEE
EfifHRA (Zheng et al., 2018) » 1 {EEL 2 FEASRFHEIHEA (Zhang et al., 2016) -

Hrfr LOCY272377 W5 HIHY choline monooxygenase £ 7KAE A8 8 FFH & 5 B i
AyEs - s
IKAEIMFEEEA] OsbZIP23 81 OsbZIPS2 [F]J& bZIP BN F-5¢0 - $H /KRSt 7l 5k
HH22 (Liu et al., 2012; Xiang et al., 2008) - [##EEEEE LOC4342059 7 THAEEEL/KFE
M5 OsCDPK MHRR - ZE0FI$5HEF1 2 A - BlifSES R REARE (Saijo et
al., 2000) - LOC4341953 FIl/Z# % GATA #§RA 1 » A [RHIH WRKY S5 3k A
o M ZUKAENMT3ENE (Zhang et al., 2021) o - UEEEERE( 1 LTT-6 &N > HEME
PRI FESG2 W S N AR - DRI POk e i = M rT R A s & > 2
qLTT-6 JEAE AR e R A -

bR AG ThRE T K RAMT SE AR BRI TR 56 - SRS sl MR AT A2 72 5
AV ATREMEEN 5 S gLTT-6 R AT P BEORHY QTL - RIEAZE(R S Ll sk AG
[ NCBI database $ ¥ B B R H P31 - $t¥SMETFPYIEGT PCR 511 (R
Y~ ) o SRHERS R BT E R - MBI Y IR S B A5 - MEFP4S
REUR > WORATEY R B2 Pyl (B8R 11924 bp) WifEA=5E - HEHIRSH AT
MEAZ S A REFAETINE T FPRILISL » SR AR HAMARIA o A RER IS R R A
Feol7E 5 - H R4S SR AT R AR A i (i B A BE (e B LRI 275 - H IHhEeiE SR AS UIRE
& B KR S MEAERE » 8%t 2 5 [ IR AT R AOK A i 75 2 275 -

S

ZHMTFEME (Shirasawa et al., 2006) - EEHEEEE LOC4342078 BLEHIHY

N
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(I¥) gLTT-7

gLTT-7 RrHA/KFEES 7 SPe B8 » mglERYy 169 cM fir'E - /1{F RM1364 B2 RM1306 [
e LM o S RYIERERE 26.77 - 28.95 Mb iz 5 ptHIEHE GRS - REYEE
i 22.55-28.95 Mb il > EAZIRAT AW SEEE (KT =) - ¢LTT-7 . LOD {H /%
2.63 » HEENFIWYVU(E QTL shHEfi % - BAUER/NE - Zhang et al. (2014b) K
Wang et al. (2016) FIWFFEHAL LTT-7 fir B AT EfL 2 QTL HiFEE AR B AT 7% [F] ik
AREFEfG LT - Han et al. (2004) FRELEETE(L 2 QTL fEZHFTENFIHY 5 {E QTL o
e 3 0 FARRBURAERN AR B RIAG ALt » S0 LTT-7 AR R AR B B 17

£ > HAGnfEEE SR R M E RS —AYE B ZEME - Yang et al. (2018) ELACHHFEE LA
W TS R SRR Ry b} > BARHFEDAEE R B - ARR AR F RS A5 A -
FEALE] 1 {E QTL ALAIL gLTT-7 LB » BLAHHIT EIR B AR A e ] i e P B A 722
5 {Hax QTL Foaz 7 L &S R B A » FRAT R e PR R R ek BB e B
PROFEARTE - TSR B QTL R4 72BN - (BAEAHTFT AR N - (1]
R EEEHE S RILENMFIRIE QTL 2 HlE AT Z gLTT-2 F qLTT-7 {iI

B BAHIFEHEEE A EIRYSNRILEHE 7724 BRI RRE i £1AH [E]
irE - A RS A FE AR vl 1T > thBUR qLTT-2 e qLTT-7 W
QTL £ m B = IR AR E

HIRAE gLTT-7 (i & R 7K e e B 52 P A R AR IR 1 A o S AR 2 B R AR T Y
Frolz=5 » INIEHERIEE QTL HJRRAYIY &M 1] g B HA BLINAHRE » SCAHFEiRE
NCBI database #—FHEET ¢LTT-7 [ PN HAN 0T sE BRI 31 2 LA » 7E8L gLTT-7
HEABEIRT 73 FFEsE RM1364 81 RM1306 2 [ » RIPJER B[R4 22.55 — 28.95 Mb &Y
A5 271 (EfEERAG - bR T R = EEREsiRny 107 (EiEsRaesh - HEk 164 (EiEris
BRI H DN RE AR BE YISV 2 O HEE (F&—) - S5REUR - 164 (EEsRie T A
68 {[E A I EL T RE BE YRR S MEARBR Y SRR > PRIIEE PR b S G By S AR A 14
K o 1 EER 96 (& HDhAEBUE YRR K EMAHRAAVESRES T - A 12 (EEEstEiE g

54

doi:10.6342/NTU202201346



# (Hemsley et al., 2014; Liu et al., 2012; Xiang et al., 2008; Yang et al., 2012; Yokotani et
al., 2013; Zhang et al., 2021) » 14 {EEL/KfG2E 2R R R & EAHREE (Fujino and Matsuda,
2009) - 8 {[EEL2 7 HElnfHE] (Mao et al., 2009; Wang et al., 2014) » 10 {EEL{ R EEN
5%fHRE (Dharshini et al., 2020; Kim et al., 2016; Luo et al., 2021; Rativa et al., 2020) > 4
{E ELkEAE(E FIfHREE (Hashempour et al., 2019; Li et al., 2017a; Lugassi et al., 2019) » 6 {f
B ABA E\5EAEHREE (Pelagio-Flores et al., 2019; Venkatesh et al., 2020; Yan et al.,
2011; Zhao et al., 2014) - 8 {EEL %7 FEAHREE (Ciuzan et al., 2015; He et al., 2019; Liu
et al., 2016; Vashisht and Tuteja, 2006) > 6 {#EEL) > ZfHEE (Kurepa et al., 2003; Wang et
al., 2019; Xu and Xue, 2019; Yan et al., 2003) - 5 {HEL&E(LE 7 HEE (Che et al., 2020;
Ik et al., 2015; Llorente et al., 2002) » 4 {EELg5HE 215 E14HE (Jing et al., 2016;
Komatsu et al., 2007; Saijo et al., 2000; Yamazaki et al., 2008) - 3 {[E2 Zinc Finger fH g
(Huang et al., 2012; Kim et al., 2001; Kim et al., 2005; Liu et al., 2007) » 3 {E&EE/EH
HEE (Pandian et al., 2020) - 2 {#Ed & H B #RE(EAHED (Hu etal, 2010) > 2 {EELZEER
FEEAENITHEE (Zhang et al., 2016) » 2 {HELA £ {EFHREA (Lv et al., 2021; Sasaki et al.,
2008) - 2 {iEEATELKEGHHEE (Lin etal., 2020) > 2 {IEEAF;ELE fEAHRE (Xiong and Yang,
2003) - 2 {EELLHAR A AHE (Wang et al., 2021a) - 1 {HEZLHARAEEAHEE (Zhou et al,
2021) - EAESRASIOLN qLTT-7 &P > HEMEY) R K IESG2 B0 R e

B - DRILHEMIES S KR e M =V E T RE A 8 » /2 qLTT-7 BAERIIREE R -

ITAE i gk G -7 07 H DD RE B 4ae B B KRR FRRIRAHRE - Hoh LOC4344296
EERHS Ky WRKY FRIGHEGEA T B /KAEIEME T sEA T2 2 (Yokotani et al,
2013; Zhang et al., 2021) - LOC4344240 §E5#RERY SRC2 FLRHFR I & B /KIEMIEMEE
EfHRE (Rativa et al., 2020) - #HEEE LOC4344086 Fy bZIP FIFEIESHN T - BLEAIMY
KA FEAE N BAAEDITIRE » rIRERZ M FERI (Liv et al., 2012; Xiang et al.,

2008) - 7= ELHERAS A /KERIMSEHBI FE (S - n]2 A E S ErRERAN -
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9§

F+= Bl gLTT:2 ~ gLTT-5 ~ qLTT-6 J& qLTT-7 fir B B4 B \ 5%
Table 13. Summary of previuos reports overlapped with locations of gLTT-2, gLTT-5, gLTT-6, and qLTT-7

Reference

Mapping population

Low temperature

treatment

Phenotype evluation

QTL position

qLTT-2
Han et al. (2004)

Yang et al. (2013)

Kim et al. (2014)

Wang et al. (2016)

Yang et al. (2018)

gLTT-5

Jiang et al. (2008)

Wang et al. (2016)

Milyang 23 x Jileng 1 F,;tHf¢ HREEERE&Y 170)

(200 il 1 %)

Nipponbare x LPBG F;tHAt;
(10800 fEl i %)

Jinbu x BR29 RIL J&EEf
(123 {Elan2)

295 {E/KfegspiE e

Dongnong 422 x Kongyu 131
RIL J5Ef (190 i %)

Asominori x IR24 RIL jEEf
(71 &5 %)
295 {E7KFER S e

ArEARER(14 2 10C)

A RFE(H/OR 18/8°C)
FEdE 18 K

A FFE 8CHEHE 3 R
(NN

AR 10CHEHE 10 K

AERFE 6 CHgs 7 Killz
Wig 4 K
A RAE 8 CEHEE 3 Rl
WAg 7 K

H A

HAHEE

H A

H AR

HOEE D ~ S5 HEEHERE

ZEFER

HHEE

RM324 ~ RM29 [i]

(11.39 — 10.28 Mb)
9.63 - 13.61 Mb }
13.61 — 19.27 Mb
RMI1211 ~ RM2634 ]
(18.45 — 20.50 Mb)
15096404 bp &

RM13216 ~ RM561 [i4
(16.91 — 19.37 Mb)

R569 ~ G1458 4
(6.70 — 17.57 Mb)
1970193 ~ 6171822

8040996 bp
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LS

(ERT=)
Jiang et al. (2006)

Zhang et al. (2018)

qLTT-6
Liu et al. (2013)

Zhang et al. (2014)

qLTT-7
Han et al. (2004)

Zhang et al. (2014)

Wang et al. (2016)

Yang et al. (2018)

N22 x USRRS5 F,JEEf
(148 {EH %)
249 {EFlfERESE

IL112 x GC2 F,,ttft
(85 {5 %)

Lijiangxintuanheigu X

Sanhuangzhan-2 RIL JEEE

(204 {[E5n %)

Milyang 23 x Jileng 1 F, 5 tH{{

(200 {FE5m %)

Lijiangxintuanheigu X

Sanhuangzhan-2 (204 {1 %)

295 {[E/K Rk s i

Dongnong 422 x Kongyu 131

RIL J5EE (190 i %)

ISCRIREEHE 7-15 K

ARA ST 5 K

AR ASCREI KR

T’ 7K
9.1CR/KERI K

FHfE 17°C R

FEFITCEET X

A fFE 8 C e 3 Kl

W8 7 K
HHEFE 10CHEME 10 X

e

FIFR

H HRF AL R A E

Affymetrix rice whole-genome

array hybridization

H R R AR

EPIE A

L IE 0 R R

EPE S

ERBEYE - IREMMRE

0.18 —7.39 Mb

0.18 - 7.39 Mb

RM162 ~ RM340 fi
(24.04 — 28.60 Mb)
RM30 + RM400
(28.43 — 28.67 Mb)

RM429 ~ RM172 [
(26.80 — 29.56 Mb)
RM429 « RM172 [

(26.80 — 29.56 Mb)
23783174 bp &

RM1306 ~ RM70 f&]
(28.17-28.95 Mb)
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FAWU ~ gLTT-5 o qLTT-6 &R A /KREMSEHBRER aRAG F B fietl 25 151%%

Table 14. Primers used for the amplification of rice cold tolerance relating transcriptomes located in gL77-5 and gLTT-6 intervals

8S

Transcriptome  Primer Primer G+C Tm Transcriptome Primer Primer G+C Tm
¢ = 3) (o) (O G = 3) (n) (O
(A) IF  AGCCCGATTATTCCATCGTCC 52 60 (D) IF AACACACCCCACAGCTACAG 55 60
LOC107277971 1R CCAATTACGCTGCATTACACA 43 57 LOC4337718 IR GCAAGCCAAATAGGCAACACA 48 60
2F  GTTGCCTATTTGGCTTGCTCC 52 60
(B) IF  CACTCCTACTGCTGCTGGAT 55 59 2R GTGCTTTTGCACTCTGGTCC 55 60
LOC4337852 IR GCCGATCACCCACCTTCTGA 60 62 3F CTTCAGTCCTTTCCAGGGACC 57 60
2F  CGCAGTGATCGTCTCTGTTCT 52 60 3R AGCCAAATGTCCTCAAGGCT 50 60
2R GAAATGTTCCACAGGGCAGC 55 60 4F  ATTAGCAGCATCCATCCGCA 50 60
3F  ACTAAGCCTCTGGATGAGCACT 50 el 4R CTGTAGCTGTGGGGTGTGTT 55 60
3R GGGACCAGCTTCTTACCCTC 60 59 5F  AGCCTTGAGGACATTTGGCT 50 60
4F  GAGGGTAAGAAGCTGGTCCC 60 59 SR ACTTGAGGATGCCGGACAAG 55 60
4R CCCATCTGATTGGCACAAGA 50 58
© IF  ACATTGCCACAGCAATGGAG 50 59 (E) IF  GCGCACTGATGATGTGAGATG 52 60
LOC4337815 IR TAAGGAAGGACGATGCACGC 55 60 LOC9271771 IR GAGGACAAGCAGACATGGACA 52 60
2F  ACGTGAACACTTGCGAGAGAA 48 60 2F  TGCCAATTGTCCATGTCTGC 50 60
2R GCAATGCCCATTGTGACACC 55 60 2R GCACGAACCATACCAGTTGGA 52 61
3F  ATGGGCATTGCACTGTTTGG 50 60 3F  AACTTCTGGCGAACCCACAT 50 60
3R GTTAAGCGATAAATTCAAGGCGA 39 58 3R CACAGAAGGCCGGTTTTTACG 52 60
4F  GGGAGCCCTTTCTTTGTTGG 55 60 4F  CGGTGTTGCATGATCGAAGT 50 59
4R TGCTGTGGCAATGTGACTGG 55 6l 4R GATCTTGCGCATGTGGGTTC 55 60
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6§

(F)
LOC4337756

(H)
LOCY9272377

IF
IR
2F
2R
3F
3R
4F
4R
SF
SR
6F
6R

IF
IR
OF
2R
3F
3R
4F
4R
5R
6F
6R

ATACATACAGACACCGGCGAT
CGTGCATGTGCACCTCATTT
CTGGTGAATTGTTGCAGGGC
TCAAAGTGTTGCCTTGCAGTT
ACACCCCGTTCTACTGGGAT
AAACTGGAAAGGGAGAGGAGG
ACATCAACTAACACAGCCCTTCTA
AGGGCTGATGGTGAAACTGG
ACACCCCGTTCTACTGGGAT
AAACTGGAAAGGGAGAGGAGG
GCAGGGAAAAGGATTGGTCG
AGCATATCTTGAGTGCCCGC

AATGGCTGGGTAGTGCTTCG
TACCAACCCCATATGATGGCA
TGCCATCATATGGGGTTGGTAG
GCATGGCCATCTCCACTGAT
CATCGAACAGAGCCAAACCAA
GGTTGGGAGTGTGCGAAATC
TCCACTGCCAGAACTCATGC
ACTCAGCAGATCCGAAGCAC
GTTCTGGCAGTGGAATCAGGA
TGGTTGTTTTCCAGGCCACA
GGCGACACACGTTGTGAAAA

55
48
50
55
48
55
55
55
52
50
50

59
60
60
59
60
59
60
60
60
59
59
61

60
59
60
60
59
59
60
60
60
60
60

Q)
LOC4338039

M
LOC4342078

IF

2F
2R
3F
3R
4F
4R
SF
SR
6F
6R

IF

2F
2R
3F
3R
4F
4R

ACATCTTGTGGCTTACCAAGAA
CCGTTTGGGAATGGGTGAGA
TGCTTGAGGGCACAGCAATA
CACAAGCTGATGTTTATTCAGGCT
TTGCTTGGCATTTCAACAAGTG
GTCCGGGTAGTGACGAAGTG
ACTTCGTCACTACCCGGACT
ATTGAGCTGAGTCATGTACCACA
TGACCACCCTGTCATGTGC
CAAACCAGCAACCACCCTTG
GGGTGGTTGCTGGTTTGGAT
CATGTGTAATGACAAAACATGGGG

ACATGACACGACTGCTTCCG
CGCAAATCCAAGCAGCGAAG
GCTGCTTGGATTTGCGAACG
CATCGTACCCATAGCCCCAC
GTGGGGCTATGGGTACGATG
AGAAGCAGTACATGAAATTGGC
CCCCATCGCCAAGACTTCAA
CCTGGCTCAAACTGATGCTC

41
55
50
42
41
60
55
43
58
55
55
42

55
55
55
60
60
41
55
55

58
60
60
60
59
60
60
60
60
60
61
59

61
61
61
60
60
57
60
59
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09

(H)
LOC9272377

(X)
LOC4341953

TF
TR
8F
8R
OF
9R

IF
IR
2F
2R
3F
3R
4F
4R
SF
SR
6F
6R
TF
7R

TGTCGGGATGCAAATGGAGA
TACTGCACAGGACAATGAGGAC
AGGGGCATGTTTAGCGTCAA
TGAATCCTCTGATTTTCAAGCAGG
GAGATGGCCATGCACCACTT
CCTGGTGCTTCCATCTGCAT

TACCCACCCCGCATCCC
AAACGACCTTGTCAGGGGAG
AGCAGTGCTCTTGCTACTCG
AGACAGTTCACCATCACCCG
GGTTGAATTTTCCACACCGGG
CCAATGCTAAGCTAGCACCA
TGTGTAGGATGCAGCGCAAT
TGGGATTTTTCTCTACTTACTCAGC
CTACACCTATGATGCGTCGTG
TTTATAGGTACCTTGTTTGCCCA
CACCTTACCTCATAAATGTGGAATC
TGAATAGGTGTGGGAGGTGC
CCTCCACAGAATGGAAGTGCT
TGGCCAGCAAAACGGTAAC

50
50
50
42
55
55

71
55
55
55
52
50
50
40
52
39
40
55
52
53

59 ()
59 LOC4342059
60
59
61
60

61
60
60
60
60
58
60
59
59
58
58
59
60
59

IF

2F
2R
3F
3R
4F
4R
SF
SR
6F
6R
TF
TR
8F
8R
OF
9R
9R

CTGACACCACAGCTGCCTTA
ACCAGAGGGATAGGAGCAGG
GGTAACGAACGCCATTTCCG
GCGAGCTCTGACCTTAGCTT
TGGCAGATGACAACGGCAAT
TTGCATGCGTGTCAAGTAATCT
CTTCAGGGGGTAGTGCATCG
CCACAAGCCATACCTAATACGGA
CCGTATTAGGTATGGCTTGTGG
AGTGCTTGAACAGCGGTCAT
TGAAGAGGCGGGAGATACAC
ATTTCAAAGCACACCTCTGGCT
TCTCAGATTACTTGACACGCA
CTAGCAATTCTCCTCCCTCACA
AGCTCATCCTTGGTTGCGAG
TATGGTAAACTCACCGTCCGAAA
TTTGAAGAGTTCTGTGCCGC
GGTGTCAGATGGGATCATGGA
GGTGTCAGATGGGATCATGGA

55
60
55
55
50
41
60
48
50
50
55
45
43
50
55
43
50
52
52

60
60
60
60
61
59
60
60
59
60
59
61
57
59
60
60
59
59
59
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(A) LOC107277971

ch5: 909610 |

(C) LOC4337815

| 910221

ch5: 2807594 |

4F 4R 2F
-——-e ———
1F 1R
e ———— .
(E) LOC9271771

12806085

2R
———

3F 3R

—————

(B) LOC4337852

ch5: 3247700/ | 3245442
Exon1l Exon 2 Exon 3
1F 1R 3F 3R
————— - e ——————— (]
2F 2R 4F 4R
O e e - O e
(D) LOC4337718
ch5: 1909462 | | 1907602
Exon 1 Exon 2 Exon 3
4F 4R 2F 2R 5F 5R
*=——=9 e ————————— - G —————— °
1F 1R 3F 3R
e ————— - e —————— °
| 803371

ch5: 801030

Exon 1
2F 2R
——————————— -
1F 1R

B ~ gLTT-5 K qLTT-6 W&fE /KRG St R s % B o > 8 [ Far B i@~ Figure 10. Primers used to amplify rice cold tolerance transcriptomes
FLEHFOR exon » ELRFOR intron » [ HREGFORS | FE R iE  located in gLTT-5 and gLTT-6 intervals
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9

(F) LOC4337756

ch5: 2311548 | 2315818
Exon 1 Exon 2 Exon 3
1F 1R 3F 3R 5F 5R
o e e e L] O e - ————y
2F 2R 4F 4R
O ———— ] O - - -
(G) LOC4338039
ch5: 5873981 | | 5870199
Exon 1 Exon 2 Exon 3
1F 1R 3F 3R &5F 5R
e m e e — e ——————— - e ——— e ————— -2
2F 2R 4F 4R 6F 6R
s — e ————— - *===-9 mmm—————— -
(H) LOC9272377
ch6: 29347730] ] 29353404
Exon 1 2 3 4 5 6 7 8 9 Exon 10
1F 1R 3F 3R 5F  5R 7F 7R 9F 9R
------------ -———-8 -——— ——— o e .
2F 2R 4F 4R 6F 6R 8F 8R
————————— . - - - - ——————— --

(4ELEl 1)
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€9

(I) LOC4342078

| 30452428

ch6: 30456214 [
Exon 3

Exon 1 Exon 2
s 3 -t
2F 2R aF 4R
(J) LOC4342059
130308400

ch6: 30301728

?

Exon 1 2 3 4 5 6 8 Exon9
3F 3R 7F 7R 1F 1R 9F 9R
O o -- *-——8 P ————— - *--o
S5F5R 2F 2R 8F B8R
- S m———————— - -———9
6F 6R 4F 4R
-—— -——e
(K) LOC4341953

129365980

chb: 29370499/
5 6 Exon 7

2F 2R 4F 4R 6F 6R
-——e -——-e --—e

(& -F— ~ qLTT-5 Kz qLTT-6 WfE /KRS FEAH R RAG 7 Bt 2 5 [ U B ElE -

HORITIZERIR exon » HERFER intron > N ERFRS [T g iE -

Figure 10. Primers used to amplify rice cold tolerance transcriptomes located in gLT7-5 and gLT7-6 intervals.

Shaded boxes represent exons and solid lines represent introns. Dotted lines below represent the regions amplified with primers used to confirm the

sequences
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F

N~ EEB BN R M A RNR L S TSR

N

IS EEUE E S TE i EsE R A O - fedE R ACE A Eii
2 EMTINE SRR - AUTFTLIR s A Rtk - SRIRRELR HMEHE MR

R I A BV {E S KA SR AR 2 QTL » Hirp gLTT-5 k2 qLTT-6 {§ QTL A
WeiE Z NP - HET eI AR & - NI R d L (# QTL Y
RS/ KM S TEAEATE - B (8 QTL 73 Bl EAlATHy 77 Tt
(RM17764 k. CH0629) Z BNRILLRFEINEAL - DUTEGREEIRIER 2 73 T1F
it © SERAUR > B RM17764 K CH0629 W 7> Tt AN 2K E Mi i > Zini
MFEERE & 2 - B Mi B[EISFMFEN: - DULTEREE R st B i h e T AR - AniEL
MZEER S 2 HybnZ (3L 5 (Eah 2 o (GREE 4.8 %) HIEHER Ky 100 % > REEAHTFEH#HE
B RM17764 J CH0629 [{i5y-fat » PRI ] e AR A S8 /KR B ST = A AP
RBE

T BERRESERREE

P I % B A BRI R TR A A LIPS /KRBTSR 7 2 SRRk 4
VBB BRI VA A S U - MR KRS L B - QTL
fir ~ EPHEEE R (LR T B S0 BRSPS IR (8RR
B KIS E SRR AR - T BRI S = » DRl S
o

(—) KR FEME 5 DR 1 P R A S ME A2 o (5 T
FIPUTELL_E T EPRIBE AT - 2 QTL E RIS SR e R K Rt B et o B s fir
115 (KA SEMARRANY QTL - sk A BT 2 - SR R R B — (LA
P o TR 2 (R F 9 A L B P2 » BT 55 SR e B S A
& - i B A C A K AR AL H TR - bR E#RE QTL %
H o LUEERAS Ty IEA R T RIS (LR (Najecb, 2021) o [RIEE » B 47KFR
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MR SEPERY & T S (S SR 2 RS > HJRFR AR i S S e A A ARy 2
figt » IARZR e S AR -

(Z) HHREERSE RO A A At 2 /KR SE MR S 1 i RE A PR o M 5e & T
AERR HPVREE R - SRR IR B I AR R - (HAE B MR MEOREE T E
B (IR FH W P Y SR B e bt s f - RS B R R AR B B DATEOH] > H.
BFEEFE K > BHAEHH HEERAEREHE AR (Blum, 2018) © NIL » /KAl
FEVEMHBAIT T EADRE - AR KRS S R Z MR - MR
(RORDRE R Fp IR > (BB LEG PR Spa BRATE IR AR TR - IR 1 Stbaie et
ZRAN > AEEE B RER R ASAE MRS - i s a4 (Snell etal.,
2008)  FREL 24D - HEIRAE B 28 H & B R ORISR S B 2 R S B R LA
REORIREE A BN AT REA TR - NS MR AR AR AR - A
BT SR A FHEE A PSR 2 7/KEBE 2 ITe057% » MERE ERE S D T S PR
Bl ABETTARARE S - HASLIAREHIREI 2R (Han et al., 2004; Zhang et
al., 2014a) ° &¢ LATAL - ATRUEIDKAEMFRIERV I NRIUBEIERR N TA » AIRERE S
xS S R|ESE

(=) 7Kg 558 4 5 e o T P A T —— (i S el A i SRR R S AR T 2 B s R A ] 1Y
7= (Bierlenetal., 1997) o N AN FAR IR & B i RERIREE » /AT Z RlAETE
JF o BRI el 2 SRS TRA R AR  #EZR T DU B RIAE AR AR I 5
N ARIRE AR > (BRIFERS Z B A RESCNERALZ BT - BH G2 R Rl
TEFSEHIE BIEIR - MR AN E AR ERAEE (Khush, 2005) - [N - FIFERE
T SR R ] A R BTN R R T /KR SR M R 4R/ K R B AT AR T S AR EEK,
e 2R 7K R S A A (i B 2 DB - AR NRERF SR £ - e
EEPTESREAHIEES - KREHERERTERRR - a5 ast
REF R NALAT I FR(F (Bandyopadhyay and Sanyal, 2011) o 41 (X741 S -
REFAPRES A [E) /KRS AR TE Y FH R EOR SOE N A B RAy =5 - o] DU R R /KRt
FEMERY QTL srift e ST b (Pati et al., 2021) © 5581 (RGP RY ST T&T TR REHE
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RGPS - BT BSR4 S & A /KRS e S FE A (LA - DARIRZ S 1A
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Table S1. List of plant cold tolerance relating transcriptomes in gLT71-2, gLTT-5, qLTT-6, and gLTT-7 intervals

06

Transcriptome Description Function Transcriptome Description Function
qLTT-2
LOC4328967  expansin-Al4-like AR S LOC107276277 calcineurin B-like protein 7 KRR i
LOC107276428 expansin-A24-like i LOC107276173 calcineurin B-like protein 8 KRR I
LOC107276661 expansin-A23 A S LOC4329062  GDSL esterase/lipase At1g71691 B RN
LOC107276660 expansin-A23 A S LOC9272069  GDSL esterase/lipase At5g22810 B RN
LOC4328971  expansin-A22-like i LOC4329063  GDSL esterase/lipase At5g55050 B AR
LOC4328975  dynein light chain LC6, B AER LOC4329065  factor of DNA methylation 1 LR

flagellar outer arm
LOC4328985  transcription factor MYB64 REGEIA LOC4329066  E3 ubiquitin-protein ligase SINATS E LB R
LOC4328990  disease resistance protein PR e LOC112937882  zinc finger protein ZAT3-like Zinc finger

RGAS5-like
LOC4328991 uridine kinase-like protein 3 il LOC9266581 WD repeat-containing protein 26 it

homolog

LOC4328993  TOMI-like protein 9 2= LOC4329076  protein PAT1 homolog SRR
LOC4328996  RNA-binding protein Raly L LOC9270665  protein PAT1 homolog SRR
LOC9268112  receptor-like protein EIX2 PR fiE LOC4329079  cell differentiation protein rcdl A Tran (e
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16

LOC4329007

LOC4329008

LOC4329010

LOC107275555

LOC112938038

LOC112938040
LOC4329018

LOC4329019

LOC4329021

LOC4329023

probable tocopherol cyclase,
chloroplastic
transcription factor bHLH133

probable leucine-rich repeat
receptor-like protein kinase
At1g35710

cysteine proteinase inhibitor 1

small nucleolar RNA U61

small nucleolar RNA snoR 14
probable xyloglucan
endotransglucosylase/hydrolase
protein 26

probable xyloglucan
endotransglucosylase/hydrolase
protein 26

probable lactoylglutathione
lyase, chloroplastic

protein phosphatase 2C and
cyclic nucleotide-
binding/kinase domain-

containing protein

OsLRR?

ABA
LS5

{EOR
illialeyi

iilialeyis

Wit

LOC112938017

LOC107280155

LOC4329084

LOC107278249

LOC4329087

LOC107276063
LOC4329092

LOC4329093

LOC4329094

LOC4329095

small nucleolar RNA 7247

L-type lectin-domain containing
receptor kinase V.1
L-type lectin-domain containing

receptor kinase V.1

L-type lectin-domain containing
receptor kinase V.1

protein IQ-DOMAIN 1

disease resistance protein Pik-2

zinc finger CCCH domain-containing

protein 15-like

bidirectional sugar transporter
SWEET4-like

zinc finger MY M-type protein 1

probable pre-mRNA-splicing factor
ATP-dependent RNA helicase DEAHS

ABA
ABA
ABA
PR IE
PR IE

Zinc finger

Zinc finger

LS
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6

LOC9267245

LOC4329024

LOC4329026

LOC4329027

LOC4329029

LOC4329031

LOC4329032

LOC4329033

LOC4329034
LOC4329035

LOC4329036

LOC107279944

F-box protein At3g58530

disease resistance protein
RGA2

putative disease resistance
protein RGALI
putative disease resistance
protein RGAL1
putative disease resistance
protein RGA4

ABC transporter E family
member 2

LRR receptor kinase SERK2-
like

protein FAR1-RELATED
SEQUENCE 5

60S ribosomal protein L27-3

nucleolin

salt stress root protein RS1-like

serine/threonine-protein kinase
RHS3

ABA

PR e

PR e

PR e

PR e

LOC107275860

LOC4329096

LOC4329098

LOC4329105

LOC107278170

LOC4329106

LOC4329107

LOC4329108

LOC4329116

LOC107277623

LOC4329118

LOC107277613

CCR4-NOT transcription complex
subunit 9

disease resistance protein RGAS5-like

tyrosine aminotransferase

glycine-rich cell wall structural
protein 1

probable serine/threonine-protein
kinase At1g09600

putative pentatricopeptide repeat-
containing protein At5g43820

protein DEHYDRATION-INDUCED
19 homolog 4-like

putative disease resistance protein
RGA4

dnaJ homolog subfamily B member 4
putative disease resistance protein
RGAI

WD repeat-containing protein ATCSA-
1

putative disease resistance protein
RGA4

OsCAF1B

Fr&L e

FRpuit A ERACH

AMpERELE

EHEH

ORI

N
=ty

g

h={{{3
IH

B

PR e

PR e
PR e
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€6

LOC4329037  putative elongation factor LOC4329121 fasciclin-like arabinogalactan protein 6 A RIEH
TypA-like SVR3

LOC4329038 GDSL esterase/lipase LOC9271858  fasciclin-like arabinogalactan protein A &#EH
At4g10955 13

LOC107278236 non-specific lipid transfer LOC107276493 BTB/POZ and MATH domain- AR R
protein-like 1 containing protein 2-like

LOC4329040  disease resistance protein LOC107276162 BTB/POZ and MATH domain- peeyiE
RGAS5-like containing protein 2-like

LOC4329047  ABC transporter C family B LOC107276058 BTB/POZ and MATH domain- A AHRH
member 3 containing protein 1

LOC4329048 BURP domain-containing SNAC2 LOC4329137 C2 domain-containing protein ABA
protein 4-like Atl1g53590

LOC9272039  ABC transporter C family B LOC9269067 vacuolar cation/proton exchanger lc- 37 JHEf
member 3-like like

LOC4329050 BURP domain-containing SNAC2 LOC4329142 aspartyl protease family protein 2 ABA
protein 4-like

LOC4329053  putative pentatricopeptide IR E LOC4329143  oligosaccharyltransferase complex 4HAE > 24
repeat-containing protein subunit ostc
At5g08490

LOC4329057  ribosomal RNA small subunit Bk LOC4329144  transcription factor bHLH144 RE RN
methyltransferase nep-1

LOC4329058  phosphatidylinositol 4-kinase #1157 LOC4329145  F-box/kelch-repeat protein OR23 ABA
gamma 4

LOC9271527 GDSL esterase/lipase 7 B LOC4329151  putative F-box/LRR-repeat protein 23 ~ ABA
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V6

LOC4329157

LOC4329158

qLTT-5
LOC9271541

LOC4337596

LOC107276386

LOC4337598

LOC4337599

LOC4337600

LOC4337601

LOC4337605

LOC4337607

pre-mRNA-splicing factor
CcwC22
ABC transporter G family

member 40

mitochondrial import inner
membrane translocase subunit
Tim9-like

metallothionein-like protein 2C
putative protein phosphatase 2C
46

E3 ubiquitin-protein ligase
XB3-like

dof zinc finger protein DOF3.6

cysteine-rich repeat secretory
protein 55

pentatricopeptide repeat-
containing protein At2g35030,
mitochondrial
actin-depolymerizing factor 7-
like

probable histone H2A.6

BB

ixa

Bl

={{]4
&H

ABA

LOC4329153

LOC112939172

LOC112939124

LOC112939147

LOC4337836

LOC107277097

LOC4337838

LOC4337840

LOC4337844

LOC4337845

putative F-box/LRR-repeat protein 23

small nucleolar RNA snoR109

small nucleolar RNA snoR118
small nucleolar RNA R66

E3 ubiquitin-protein ligase SINA-like
10

probable ubiquitin-conjugating enzyme
E223

factor of DNA methylation 1

pentatricopeptide repeat-containing
protein At2g13600

E3 ubiquitin-protein ligase RFI2

kinesin-like protein KIN-13A

ABA

2R

22

HEAL

22

IR
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S6

LOC4337609 zinc finger protein ZAT12 Zinc Finger LOC4337847 mediator of RNA polymerase 11 RERT

transcription subunit 28

LOC4337610  RNA-binding protein 34 LG LOC4337848  glyoxysomal fatty acid beta-oxidation  HSHfl&
multifunctional protein MFP-a

LOC9271771 transcription factor MYB48 RN T LOC112939117 small nucleolar RNA snoR53Y RETT

LOC4337622  probable glutathione S- LB LOC112939159 small nucleolar RNA SNORD29 RETT
transferase DHARI, cytosolic

LOC107278455 putative F-box protein ABA LOC112939148 small nucleolar RNA SNORD29 RETF
At2g02030

LOC4337624 putative F-box/kelch-repeat ABA LOC4337850 probable ethylene response sensor 2 L
protein Atlg12870

LOC107277971 acidic proline-rich protein 12175 1 g LOC4337852  GATA transcription factor 23 LGk
PRP25

LOC9266232  E3 UFMI-protein ligase 1 TE LOC4337853  importin subunit alpha-1b-like 12175 1R
homolog

LOC9268593  kinesin-like protein KIN-5A IR ERE LOC4337860  dnal protein ERDJ3B-like RIR S

LOC4337643  ABC transporter G family V55 175 ML LOC4337863  serine/threonine-protein phosphatase 4 Tz 1k
member 16 regulatory subunit 3

LOC4337645  ABC transporter G family V217 i LOC4337874  gibberellin 2-beta-dioxygenase 1-like ~ GA
member 16

LOC4337647  calcium-transporting ATPase 4, /237 1 LOC4337876  E3 ubiquitin-protein ligase UPL6 2R
endoplasmic reticulum-type

LOC4337653 508 ribosomal protein L10, BE LOC4337878  GDSL esterase/lipase At1g09390 E&Mb
chloroplastic
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96

LOC4337654  AP2-like ethylene-responsive . J%& LOC4337879  GDSL esterase/lipase At1g09390 G
transcription factor TOE3

LOC4337658 E3 ubiquitin-protein ligase 2R LOC107275915 fasciclin-like arabinogalactan protein 8 AR #HE
UPL4

LOC4337661  low temperature-induced RO E LOC4337883  ubiquitin-40S ribosomal protein S27a- ;22
protein 1t101.2 2-like

LOC4337662 tetraspanin-3 IR E LOC4337884  non-specific lipid-transfer protein =]

LOC107278669 LOB domain-containing protein & {ZE LOC4337892  peroxidase 5 E=y mi=)
1

LOC4337665  probable IR LOC4337896  receptor-like protein kinase HERK 1 PR e
glucuronosyltransferase
0s05g0123100

LOC4337666  protein IQ-DOMAIN 1 SA LOC4337901  fasciclin-like arabinogalactan protein A R#EH

11

LOC4337672  E3 SUMO-protein ligase SIZ1- 2% LOC4337902  probable E3 ubiquitin-protein ligase ZE
like RHGIA

LOC4337673  L-type lectin-domain containing ABA LOC107277361 G-type lectin S-receptor-like B 7
receptor kinase VIII.2 serine/threonine-protein kinase

At2g19130

LOC4337675  probable serine/threonine- i LOC4337904  acyl-coenzyme A oxidase 4, RSB e
protein kinase PBL26 peroxisomal

LOC4337679  tetraspanin-6 RO FE LOC4337905  putative transcription factor bHLH107  #E§%
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L6

LOC9266041

LOC9268635

LOC4337689

LOC4337692

LOC107280899

LOC9270274

LOC4337703

LOC4337704

LOC4337711

putative serine/threonine-
protein kinase-like protein
CCR3

dnaJ homolog subfamily B
member 1

probable 2-oxoglutarate-
dependent dioxygenase
At5g05600

zinc finger CCCH domain-
containing protein 33-like
ETHYLENE INSENSITIVE 3-

like 1 protein

probable WRKY transcription
factor 69

RNA polymerase I1-associated

protein 3

cysteine-rich receptor-like

protein kinase 2

beta-carotene isomerase D27,

chloroplastic

bl b

Zinc Finger

2N

ABA

LOC9269942

LOC4337908

LOC107280904

LOC9268007

LOC4337915

LOC4337918

LOC4337919

LOC107281036

LOC4337928

E3 ubiquitin-protein ligase ATL41

zinc transporter 6-like

mitochondrial import inner membrane
translocase subunit TIM17-2-like

LOB domain-containing protein 15

G-type lectin S-receptor-like
serine/threonine-protein kinase
At2g19130

G-type lectin S-receptor-like
serine/threonine-protein kinase
At2g19130

G-type lectin S-receptor-like
serine/threonine-protein kinase
At2g19130

G-type lectin S-receptor-like
serine/threonine-protein kinase
At2g19130

60S ribosomal protein L10-2-like

ZER

Zinc Finger

LS R

N
~

N

2 E
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LOC9267549

LOC4337713

LOC4337714

LOC4337718

LOC9270563

LOC4337723

LOC4337725

LOC4337726

LOC4337727

LOC4337728

LOC4337730

LOC4337731

LOC4337732

LOC4337733

LOC112939126

beta-carotene isomerase D27,
chloroplastic-like
pentatricopeptide repeat-
containing protein At3g48810
long chain acyl-CoA synthetase
1

transcription factor MYB2-like

GDSL esterase/lipase
At1g09390

probable protein phosphatase
2C 47

peroxidase 2

peroxidase 2

peroxidase 2

peroxidase 2

peroxidase 5

peroxidase 5

peroxidase 5

S-adenosylmethionine synthase
1-like
small nucleolar RNA U3

{EOR S

AEHBZ

TSR

ARk

bl b

fbER
= |wi=gid
= |wi=gid
= |wi=git
= |wi=git
= |wi=git
= |wi=git

ABA/{EE
B
HsH

LOC4337929

LOC4337932

LOC4337936

LOC4337937

LOC4337942

LOC4337945

LOC107281092

LOC4337950

LOC112939128

LOC9270454

LOC112939168

LOC112939169

LOC4337958

LOC4337959

LOC4337963

autophagy-related protein 18d

LRR receptor-like serine/threonine-
protein kinase

universal stress protein PHOS32

LRR receptor-like serine/threonine-
protein kinase GSO1
phospholipase D alpha 1-like

adenine nucleotide transporter BT1,
chloroplastic/mitochondrial
putative F-box protein At3g52320
F-box protein At5g07610

small nucleolar RNA R71

F-box protein At5g07610-like

small nucleolar RNA snoR60

small nucleolar RNA snoR60

probable cellulose synthase A catalytic

subunit 1 [UDP-forming]

zinc finger CCCH domain-containing

protein 34-like

putative boron transporter 5

AHAE G

b

=

1t

i

Bl {

T

HER R

ABA
ABA
LS
ABA
LS
LS
gl

Zinc Finger

>

B

\
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LOC4337736

LOC4337739
LOC4337742

LOC107276141

LOC4337749
LOC4337753
LOC4337754

LOC4337756
LOC4337757

LOC107275839

LOC9267958

LOC4337778
LOC4337784

LOC4337785

CBL-interacting protein kinase
17-like

acyl transferase 4-like

ABC transporter B family
member 21

probable WRKY transcription
factor 47

chitinase 10-like

F-box protein At5g07610
putative F-box protein
At3g10240

transcription factor MYB61
RNA-binding protein Y 14A-
like

S-adenosylmethionine
decarboxylase proenzyme 4
mitogen-activated protein
kinase 14-like

salt stress-induced protein-like
probable ATP-dependent DNA
helicase CHR12
serine/threonine-protein

phosphatase BSL1 homolog

ABA #5547

prye
ABA
ABA

TSR
LS

HEAL

&
55

o N

=
B
%y
e

LOC4337964

LOC4337966
LOC4337968

LOC4337970

LOC4337972

LOC4337973

LOC4337975

LOC4337976
LOC4337982

LOC4337984

LOC9270086

LOC112939145

LOC4337993

LOC4337998

F-box protein At5g07610

F-box protein At5g07610

gibberellin 3-beta-dioxygenase 2-2

serine/threonine protein phosphatase

2A 57 kDa regulatory subunit B' kappa

isoform

pre-mRNA splicing factor SR-like 1
E3 ubiquitin-protein ligase At1g63170

acyl transferase 7-like

stress response protein NST1

phosphatidylinositol 3-kinase, root

1soform
heat shock 70 kDa protein 15

60S ribosomal protein L18a-like
protein
small nucleolar RNA Z159/U59

ubiquitin-conjugating enzyme E2 2

probable WRKY transcription factor 50

ABA
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0ot

LOC4337790
LOC4337793
LOC4337794

LOC112939496

LOC107276351

LOC4337804

LOC4337814

LOC4337816
LOC4337817

LOC4337818

LOC4337819

LOC112939116

LOC4337825

E3 ubiquitin-protein ligase SIS3
VIN3-like protein 1
pentatricopeptide repeat-
containing protein At4g35850,
mitochondrial

small nucleolar RNA 7247

probable calcium-binding
protein CML22
pentatricopeptide repeat-
containing protein At3g05340
probable glutathione S-
transferase GSTF1
proline-rich protein 36
1-aminocyclopropane-1-
carboxylate oxidase-like
l-aminocyclopropane-1-
carboxylate oxidase

protein O-glucosyltransferase 1
small nucleolar RNA snoR104

probable chromatin-remodeling

complex ATPase chain

ZER
=1k
{EOR S

illialess
s

—
R

Hr BN
|
oA

3
5

LOC4337999

LOC4338003

LOC4338005

LOC4338006

LOC4338007

LOC4338010

LOC4338011

LOC107280912
LOC112939163

LOC4338032

LOC107281070

LOC4338037

LOC4338039

MLO-like protein 9
pseudouridine kinase
308 ribosomal protein S31,

chloroplastic

pseudo histidine-containing
phosphotransfer protein 2-like
NADP-dependent malic enzyme,
chloroplastic-like

hexokinase-7-like

protein [Q-DOMAIN 14

vegetative storage protein 1-like
small nucleolar RNA 7247

NAC domain-containing protein 75

zinc finger MY M-type protein 1-like

zinc finger CCCH domain-containing

protein 35-like
transcription factor MYBS3-like

ABA
[RESHIV)
A

SA

BEES
5%

LS

Zinc Finger

Zinc Finger

HEERIN T

doi:10.6342/NTU202201346



10T

LOC4337828
LOC107280902
LOC112939125
LOC112939173
LOC112939123
LOC112939146
qLTT-6
LOC112939496
LOC9272521
LOCY9266154
LOC4342096
LOC4342079

LOC4342097
LOC9272377

ATP-dependent DNA helicase
Q-like SIM

zinc finger protein 4-like

small nucleolar RNA snoR118
small nucleolar RNA snoR109
small nucleolar RNA snoR118
small nucleolar RNA R66

small nucleolar RNA 7247
ABSCISIC ACID-
INSENSITIVE 5-like protein 2
ABSCISIC ACID-
INSENSITIVE 5-like protein 2
ABSCISIC ACID-
INSENSITIVE 5-like protein 2
protein EARLY-RESPONSIVE
TO DEHYDRATION 7,
chloroplastic

protein FREE1

choline monooxygenase,

chloroplastic

Zinc Finger

ik
ik

ik

ABA

ABA

ABA

{EOR S

LOC4338040

LOC107275928

LOC112938980

LOC4338047
LOC4338051

LOC112939157

LOC4342107
LOC4342108

LOC4341860

LOC4342059

LOC4341932

LOC4341933
LOC4341935

ABC transporter C family member 8

I-aminocyclopropane-1-carboxylate
synthase 7

germin-like protein 5-1

IQ domain-containing protein IQM1
zinc transporter 7-like

small nucleolar RNA 7247

GDSL esterase/lipase At5g55050

GDSL esterase/lipase At5g55050

polyubiquitin

CDPK-related kinase 3

peroxidase 16

peroxidase 16

peroxidase 16

Zinc Finger

ARk
ARk

22
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LOC4341917

LOC4342103

LOC4341982

LOC4342066

LOC4342105

LOC4342126

LOC107276211

LOC4342089

LOC9270284

probable receptor-like
serine/threonine-protein kinase
At5g57670
serine/threonine-protein kinase
ATR-like

probable serine/threonine-
protein kinase PBL17

probable serine/threonine-
protein kinase PBL19
serine/threonine-protein kinase
STY46

probable serine/threonine-
protein kinase PIX13
homeobox-leucine zipper
protein HOX18

homeobox-leucine zipper
protein HOX29-like

homeobox-leucine zipper
protein HOX29-like

ABA

ABA

LOC4341861

LOC4341934

LOC4342003

LOC4341969

LOC4341987

LOC4341960

LOC4341941

LOC4341940

LOC4341942

peroxidase 3

peroxidase 45

non-specific lipid-transfer protein 2P

60S acidic ribosomal protein P3-like

26S proteasome non-ATPase regulatory
subunit 14 homolog

26S proteasome non-ATPase regulatory
subunit 2 homolog A

probable xyloglucan
endotransglucosylase/hydrolase protein
23

xyloglucan
endotransglucosylase/hydrolase protein
22

xyloglucan
endotransglucosylase/hydrolase protein
24

S(LER

2R

2R

gl

gl

gl
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LOC9271485

LOC107277851

LOC4341951

LOC4342015

LOC9271614

LOC107278751

LOC4341916

LOC107277356

LOC9266824

LOC4341880
LOC4342124
LOC4342122

homeobox-leucine zipper
protein HOX29-like

homeobox-leucine zipper
protein HOX29-like
protein ENHANCED
DISEASE RESISTANCE 2
putative disease resistance
protein RGAL1

disease resistance protein
RPMI

disease resistance protein
RPM1-like

putative disease resistance
protein RGA3

putative disease resistance
protein RGA3

putative disease resistance
protein RGA3
synaptotagmin-3

catalase isozyme B-like
U-box domain-containing

protein 15

ABA

&5
= |wi=g
2R

LOC4341944

LOC9267681

LOC4341856

LOC4341953

LOC4341907

LOC9267986

LOC4341869

LOC4341939

LOC4342024

LOC4342115

LOC4342114
LOC4341855

probable xyloglucan
endotransglucosylase/hydrolase protein
25

glycosyltransferase family 64 protein
C4

probable glycosyltransferase
At5g20260

GATA transcription factor 20-like

[AA-amino acid hydrolase ILR1-like 6
novel plant SNARE 11

508 ribosomal protein L24,
chloroplastic

RING-H2 finger protein ATL43

WAT 1-related protein At3g45870
chitinase 1-like

chitinase 3-like
cytochrome P450 77A3

illiat g

b
K

eEEM

doi:10.6342/NTU202201346



70T

LOC4342078

LOC9272421

LOC4341920

LOC107277228

LOC112939458

LOC112939450

LOC112939453

LOC112939499

LOC112939498

LOC112939488

LOC4342019

basic leucine zipper 19

protein FARI-RELATED
SEQUENCE 9

cytoplasmic 60S subunit
biogenesis factor REI1
homolog 1

cytoplasmic 60S subunit
biogenesis factor REI1
homolog 1

small nucleolar RNA snoR128

small nucleolar RNA snoR20a

small nucleolar RNA snoR80

small nucleolar RNA
Z157/R69/R10

small nucleolar RNA
Z157/R69/R10

small nucleolar RNA R38

type 2 DNA topoisomerase 6
subunit B-like

TSR

St fEA

illiale i

illialeyi

LOC4342002

LOC4341929

LOC4341962

LOC112936035

LOC9268482

LOC4341926

LOC107275629

LOC4341903

LOC4342039

LOC4342081

LOC4341905

pentatricopeptide repeat-containing
protein At3g03580
pentatricopeptide repeat-containing
protein At3g61360
pentatricopeptide repeat-containing
protein At4g14820-like

pentatricopeptide repeat-containing
protein At4g21065-like

pentatricopeptide repeat-containing
protein At5g42310, chloroplastic
pentatricopeptide repeat-containing
protein At5g44230
pentatricopeptide repeat-containing
protein At5g48910
pentatricopeptide repeat-containing
protein At5g65560
F-box/kelch-repeat protein SKIP25

RNA pseudouridine synthase 2,

chloroplastic-like

ethylene-responsive transcription factor

3

EOR e

{BOR S

{BOR S

{BOR S

{EOR

{EOR

ABA

2N
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LOC4342082

LOC4341897

LOC9271931

LOC4341913

LOC4341994

LOC4342123
LOC4341865

LOC107278272
LOC107276335

LOC4341900

LOC4341898

LOC4342050

LOC4341948
LOC4341947

LOC112939464

LOC4341871

NEPI-interacting protein-like 1

RNA polymerase I-specific
transcription initiation factor
RRN3

transcription factor bHLH93

receptor-like protein 2

zinc finger CCCH domain-
containing protein 46-like
zinc finger protein ZAT2

zinc finger CCCH domain-
containing protein 13-like
acyl transferase 15-like
vegetative cell wall protein gpl
cysteine-rich receptor-like
protein kinase 10
cysteine-rich receptor-like
protein kinase 5

B-box zinc finger protein 20
AAA-ATPase At3g28580
AAA-ATPase At3g50940

U6 spliceosomal RNA
calcium-binding protein KRP1

ABA

TSR

bk
Zinc Finger

Zinc Finger

Zinc Finger

ai=talit
illialeyis
ABA

ABA

Zinc Finger
il Bipvei]
il Bipvei]
Wik

#5

LOC4342017

LOC4341956

LOC107281441

LOC4341945

LOC4342116

LOC4341854
LOC4342040

LOC4342086
LOC4342109
LOC4341868

LOC4341908

LOC4342047
LOC4342085
LOC4341949
LOC4342084
LOC4341858

mitogen-activated protein kinase 12-
like

mitogen-activated protein kinase 4-like

nucleolin-like

DEAD-box ATP-dependent RNA
helicase 35B

NAC domain-containing protein 22-
like

glutamate receptor 3.4

21 kDa protein

expansin-A29-like
expansin-like A4

putative anthocyanidin reductase

probable calcium-binding protein
CML29

MADS-box transcription factor 16-like
aspartyl protease family protein 1
probable protein phosphatase 2C 59
probable protein phosphatase 2C 60

early nodulin-like protein 1

ERIME

Rk

illialeyi
Wit

JA
ABA

gl
gl
SLER
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LOC9266375

LOC4342125

LOC4341895

LOC4341870

qLTT-7

LOC4344217
LOC4344265
LOC4344255

LOC9270916

LOC4344182

LOC4344218
LOC4344299

calcium homeostasis
endoplasmic reticulum protein
probable
galacturonosyltransferase 3
probable
glucuronosyltransferase
0s06g0687900
beta-glucosidase 25-like

sodium/hydrogen exchanger 2
60S ribosomal protein L18-3
universal stress protein
PHOS34

protein SRC2

protein EARLY RESPONSIVE
TO DEHYDRATION 15
tubby-like F-box protein 11
serine/threonine-protein kinase
AtPK2/AtPK19

LOC4341972

LOC4342027

LOC112939371

LOC4342053

LOC4342044

LOC4344146

LOC4344225

LOC4344141

LOC4344243

LOC4344282

LOC4344277
LOC4344276

auxin-induced protein 10A5

F-box protein SKIP31

putative F-box/LRR-repeat protein
At3g18150

putative F-box/LRR-repeat protein
At3g59230

ubiquitin carboxyl-terminal hydrolase
MINDY-1

beta-glucosidase 26-like
GDSL esterase/lipase At2g23540
protein HUA2-LIKE 3

flowering-promoting factor 1-like
protein 5

cationic peroxidase 1

peroxidase 2-like

peroxidase 70

IAA

ABA

ABA

ABA

2R

T fiz
7K fie

SLER

Gy
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LOC4344222

LOC4344229

LOC107281649

LOC112939688

LOC4344298

LOC4344116

LOC4344305

LOC4344292

LOC4344294

LOC107276052

LOC112939772

LOCI107281654

LOCI112939689

probable serine/threonine-
protein kinase At1g54610
probable serine/threonine-
protein kinase PBL7
serine/threonine-protein
phosphatase 7 long form
homolog

homeobox-leucine zipper
protein ROC8-like

protein ENHANCED
DISEASE RESISTANCE 4
mediator of RNA polymerase 11
transcription subunit 12
mediator of RNA polymerase 11
transcription subunit 33A
transcription factor RF2b-like
vacuolar-sorting receptor 1
annexin D3

small nucleolar RNA
SNORD34

autophagy-related protein 18a

autophagy-related protein 18a-
like

prye
%
%
%
S
4R
%
G e

il Bipvei]

LOC4344109

LOC4344194

LOC4344166

LOC4344143

LOC4344147

LOC4344261

LOC4344184

LOC4344172

LOC4344297

LOC4344112

LOC4344254

LOC4344139

LOC4344228

BSD domain-containing protein 1-like

RNA-binding protein BRN1

phosphatidylinositol 4-phosphate 5-

kinase 6

aspartate and glycine-rich protein

probable glycosyltransferase
STELLO1
60S ribosomal protein L.22-2

E3 ubiquitin-protein ligase AIRP2

E3 ubiquitin-protein ligase DIS1-like
E3 ubiquitin-protein ligase SHPRH
E3 ubiquitin-protein ligase SP1
probable E3 ubiquitin-protein ligase
BAHI-like 2

BTB/POZ and MATH domain-
containing protein 1

BTB/POZ domain-containing protein
At3g05675

22

22
22
22
22

doi:10.6342/NTU202201346



80T

LOC4344178

LOC4344312

LOC4344220

LOC4344226

LOC107277921

LOC4344285

LOC4344287

LOC4344293

LOC4344202

LOC4344196

LOC4344197

LOC4344198

WD repeat-containing protein
55

zinc finger CCCH domain-
containing protein 53-like

zinc finger protein
CONSTANS-LIKE 13

zinc finger CCCH domain-
containing protein 10-like
cysteine-rich receptor-like
protein kinase 15
CBL-interacting protein kinase
29-like

CBL-interacting protein kinase
2-like

B3 domain-containing protein
0Os07g0679700-like

momilactone A synthase

momilactone A synthase-like

momilactone A synthase-like

momilactone A synthase-like

Wi

Zinc Finger
Zinc Finger
Zinc Finger
ABA

5

5

it

IKREEE SRR
[ I

IKREEE SRR
[ I
N3 R i
[ iE

NSy i
e

LOC4344303

LOC4344089

LOC4344107

LOC4344187

LOC4344190

LOC4344245

LOC4344262

LOC4344238

LOC4344258

LOC112936104

LOC4344233

LOC4344266

cytochrome P450 714B1

probable cytochrome P450 313a3

cytochrome P450 734A5-like

pentatricopeptide repeat-containing
protein At1g01970

putative pentatricopeptide repeat-
containing protein At5g40405
pentatricopeptide repeat-containing
protein At2g32630
pentatricopeptide repeat-containing
protein At3g18020
pentatricopeptide repeat-containing
protein At4g32430, mitochondrial
F-box/kelch-repeat protein SKIP6

RNA pseudouridine synthase 6,
chloroplastic
ethylene-responsive transcription
factor FZP-like
ethylene-responsive transcription
factor RAP2-3

YCE(EA

eETEM

eEER

{BOR S

{BOR S

{BOR S

{BOR S

{EOR

ABA

2N

2N
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LOC4344199

LOC107277777

LOC4344201

LOC4344203

LOC4344204

LOC4344205

LOC4344206

LOC4344207

LOC107278232

LOC4344208

LOCI112939758

LOC4344106

momilactone A synthase-like

momilactone A synthase-like

momilactone A synthase-like

momilactone A synthase-like

momilactone A synthase-like

momilactone A synthase-like

momilactone A synthase-like

momilactone A synthase-like

momilactone A synthase-like

momilactone A synthase-like

U2 spliceosomal RNA

calcium-binding protein 39

KRS R
[ fE

KRS R
[ fE
KRS R
[ fE
L S i
2 fE
L S i
2 fE
UL S i
2 fE
UL S i
[ fE
UL S i
[ fE

AN LS i
[ fE

AN LS i
[ fE

LS

5

LOC107275674

LOC4344113

LOC4344296

LOC4344309

LOC107281693

LOC4344084

LOC4344304

LOC4344165

LOC4344100

LOC4344240

LOC4344210
LOC4344148

DEAD-box ATP-dependent RNA
helicase 10-like

DEAD-box ATP-dependent RNA
helicase 57-like

probable WRKY transcription factor
70

protein PYRICULARIA ORYZAE
RESISTANCE 21-like

dirigent protein 5

dirigent protein 5-like

probable calcium-binding protein
CML24

aspartyl protease 25-like

probable protein phosphatase 2C 65
protein SRC2

superoxide dismutase [Cu-Zn] 2-like

magnesium-chelatase subunit ChlH,

chloroplastic

it

R

b

{BOR S

{BOR S

5

= ovi=/
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LOC4344307  probable i LOC107278765 SACS3 family protein B BT
galacturonosyltransferase 7

LOC4344105  probable i LOC4344086 bZIP transcription factor 60-like BT
galacturonosyltransferase-like 4

LOC112936082 protein trichome birefringence- B 2 & LOC4344306 probable ATP-dependent DNA E
like 10 helicase RecQ

LOC107275922 protein trichome birefringence- {5 7 & LOC4344171 F-box protein SKIP5 ABA
like 11

LOC4344181 ubiquitin carboxyl-terminal hydrolase 2%
24

OTT
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