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Abstract: [Objective] Soil salinization is an important abiotic factor affecting agricultural production in China, and the
identification of salt tolerance-related genes/QTLs in rice is crucial for ensuring stable rice production in saline-alkali soils.
[Method] Aigela and Xudao 10, which exhibit significant differences in salt tolerance related traits, were used as parent
plants to create a doubled haploid (DH) population. Salt tolerance was identified under field and hydroponic conditions.
Genotyping of the targeted population was performed using the rice I K mGPS SNP chip. Phenotypic data combined with
genotype data of DH population were used for QTL mapping with the QTL IciMapping 4.2 software. [Result] Through
QTL mapping analysis, a total of 22 salt tolerance related QTLs were detected, including 10 QTLs for grain yield per plant,
4 for grains per panicle, 2 for root length, and 6 for root dry weight. These QTLs are located on chromosomes 1, 6, 8, 10,
11, and 12, explaining phenotypic variation of 3.37%—15.52% with LOD values ranging from 4.04 to 9.65. Based on the
gene annotation, Arabidopsis homologous gene comparison, spatiotemporal expression analysis and sequence comparison
within the mapping interval of ¢ST11, a candidate gene (LOC Os11g30560) encoding a hydroxysteroid dehydrogenase
(OsHSDI) was identified. [Conclusion] Among the 22 QTLs detected in this study, 11 were known genes or loci related
to salt tolerance, and the remaining 11 were newly identified. Meanwhile, the candidate gene analysis was conducted on
the newly identified salt tolerance QTL (¢ST171), laying a foundation for cloning of salt-tolerance related genes and
deciphering their genetic regulatory networks.
Key words: salt tolerance-related trait; doubled haploid population; QTL mapping; candidate gene

W . [HN] B2 — ANk E R AR E A MHE R R, 248 /KRS Eh A MR I K/QTL
FoH R R A KRB R A E Fr B E T, (5 iR ] DA 2 PE 2 B K AR M H A AR RS 10°5 s AS ¥y 3 s T BE AR
) FH D) 0 2 P K B AT 1 4 5, FIFHZKFE1 K mGPS SNP#s o) 8 (S BER AT LR 4 ), 454 3 0 e A
FRBEE, FIFIQTL IciMapping 4 23K HFiHE4TQTLE M. [45R ) B QTLEAL /M, &L 5E 22N Eh A 9%
QTL, HAEBEHEQTL 104, A LQTL 44, MKQTL 24>, WFFEQTL 61, XLLQTLAL T7KFEL. 6.
8. 10, 11AN25 Ytk I, LODE A4.04~9.65, FKIMTTHRZF N3.37%~15.52%. MRIEHT KIMQTL(gSTI1)5E {7 X [A]
W FEENERE . SR T R VB IE R B o B S 3R 0 M AR 1 20 M, 227 34 381 1A 2 ) 20 ek 4 7 1 i, S )
EHREKLOC Os11g30560 (OsHSDI). L4581 TEAHRE A 2I224QTLH, 114N Ny At MR FE A, 114
RS e S . RN, AR B N ERQTL(gSTI )itk AT T ik 3E R 40, SAidk— 25 T R £k 35 DX 1) v e A st
FERTE HIRIT B 52 T SEh

KA M ERAHOCHRIR; WAAFATER; QTLEN; REEA

TR FACR BN AR A R EZA L FEPE X 52 BA R B2 3R s i 031, /K Fg e —
Ve —, ERIFEHXOKBEVRFEFERNE  FhEhBUEREY, R EEHKARE A L5 R oK 73 Al
B, E, B TEBAHERA S, SRR IR, R E ARG R E S R A SR
iS HEA: 2025-06-10; f&2FsUa@I HEA: 2025-12-15.

EemE: EFRMARLWWEARERTE (CARS-01-97) ; AWEME LI ETH (ZSBBL-KY2024-01) ; VLIE HARIEEET LIH
(BK20221276) ; YLHEFNVIRMIFEEHIMIBE (JBGS (2021) 043) ; EZHEMIFELH (QNIR2411) .




352

M, &= ERRE, TSR AR
WhnSER R sz, ISR R AT, 3%
BN ST A A PRI £ 22 4 (1) B B

H& MR 5T (Quantitative trait locus, QTL)E
RMHEHARCEH T FERREIL, (FAGIKE Y5
Mrogid, TEMERT KRG SRt AL JLait A 5 7 B 2R
FH o KB TR B 7K R 35 4 — AN e ) A 2
R, FEFENLRT- 208, Hir, FIH QTL &
R 771 OV B VF 2K FEimY #h4H5¢ QTL, "EATTAHXY
WS AR KR 12 ik b, X4 QTL K
Z B AL QTL, T HASE F i 2 Hi it #h o A H# 2&
BAHAIE ST REZARKRZMWRC"EIL 5
fRIAR . LA SR BRI BT BER, IR LeIER/QTL 7E
B MR ISR R 0120, geAh, A QTL w5
% B TR AZ 38 AL AR B4 5k (R 2 OGB4
Z B T R AE T i BB (A A K, 1R/ [F] i) 5
Joi 8y e AN AR R HRAUS-190, - S B QIR A SR A3 B H A DA
HIENHT M, SR SHKEE iR+
L

K HIN V% e BAERAER R 5 TS
Mo, AHR T e 3R R A AN I — DL IR BE AR XS
RS S RANERMEm, KHM S e Ay
—PEIbR . EAKEE S BA PR, 5T
RS i, ABAERX PR RAE T, 28B4 UK,
ToFEARR IR, Ft, BPES SRS a0
WEGER A, AL A TR A SRS A o
P A R S5 i SRATAR R ARAE 10 SORSEAR, Bigh/
%H5 10 S XK (Doubled Haploid, DH)ER AAF
FORPRL, AT 1 HE DD R 1 A e RN S = 1 A R
PR E, MR R RN, R T E
17 QTL faill, FHRIH Z M AT x ke e Rk
) QTL(gST11)it AT 5% FE R, DA At — 2
5 DA e P A PR FH B4 A

1 MRS T

1.1 REHR

AHIE FOAE AN S B /AR TS 10 5 (%) DH B
i, o, B T AURERE R T R, BT
PUEMR. /7 BERE Sk TSRO ERAE A, TRFE 10 52
AR T AR B 22 B i B ) MU R, B s
P MRS DU SRR . TEVIRARAS G, Xt Fy
RACLTIAT B R ¥R I, BEJE R Qe i i BoR 3R
2169 NMEEZR R BRE 10 5 HEMNi AR
BE K FE B A PR, ARkl % = H A0l

rF [E K FERL 22 (Chin J Rice Sci) 55 40 58 3 ¥ (2026 4E 5 H)

BE2E KRG B M B At o
1.2 MEREEN
121 @RX%XZ

SENHEA L AEET 2023 4 5-10 H [AlFE T
T AR B 2R A7 RIS T M (ER 2 : 0.0%, pH
(BN 7.2)8015 1 #3756 S (B 0.3~0.5%, pH {E
N 8.1)e IEH HANSEERH -3 g+, [EHH
PHEEANI . 2% A RIS i & & 508
28.2 g/kg. 1.45 g/kg. 41.3 mgkg F1321.8 mgkg.
TRHEBHEZ AN 2% ARG &85
AN 36.4 g/kg. 1.81 g/kg. 29.7 mg/kg F1 393.9 mg/kg.
FTRRERN 26.65 cmx16.65 cm, Y EAAFRE T [6]—i4
H, fpME 3 ES, FHIKER. ER ik
Hyea(a) 10 #Ror RO T A T, 7E 55°C MiAa
E 5 d, FREIFFTHEAARNAL, TSR B
A AR R RER BOR A T 251
122 TAKELER

WX K DH BEARIFTF B SR AT, 78 55°C Mt
FEBCE 5 d FTRERAR . 2RI 1% IR IR NI R
Y7 10 min, Ji5 FJCH 2538 F/K R IHE 3 1R,
7E 30°C G T ZAM/KRE 3d. MFEKAT
BEE TR0, K 60 NEATHE R I Fh
T NSy BB S FEFRE—AS 96 LR,
LM KMy, B TFE T REEERENR
28/21°C FIMISHELE T0%MIRF:4 . FhFoefE &
KR 7R 4d, JEHF A Yoshida & 771K 46824
£, AKZE = — O HIE 2 5 2 TC NaCl( i)
FIEA 0.5% NaCl(EEHE) B 72+, & 2d ik
1R, shabd 7d 5, &EF 15 BRAEK—EUN%)
B, W R A SR M 4T K AR, B KA
WRIBTA R R 8, 7E 100°C 2614 F LT H AR E
T I T SRR AR A ARG 5 R VPN I R %, BT
HRMBEL 3 K.
1.3 EPIEEMERQTLA

K CTAB iEFRIUUEE K A5 DH & IR R 20
DNA, ZefaillJii & 54% J5 , i FH7K# 1 K mGPS SNP
O AT SR 3 2 . BRI ) AR e AR AR R
B IRA T 5ER, BARA 5391 AN Ef & SNP f7 4,
f#F QTL IciMapping 4.2 ¥ A1) Bin MjgEEAT 73
H, A 2H R R S D R BN AR IS e
THogEB A, XA ¥ Kosambi BT T &g
X o AR ICHEAT S AR, 48 IR B 40 e
R gtk b, s T — M 5954 Bin
Fric I8 A% B . R 58 4 X TR B #EAT QTL &
£, LOD fHBE®A 2.5,



KIH % RS R/ 10 5 DH B4 1 SNP F7c B i 2 A i £h QTL 5 47 43 #7 353

1.4 (RiEEETHIE

% 25 RGAP $ 5 [ (http://rice.uga.edu) X} gST11
JE o7 X ] P 1) FF 758 15 132 4E (open reading frames,
ORFs) K H D ReEAT 4047, i 100 F S+ TAIR K o
(https://www .arabidopsis.org) 73 T 1X & ORF [A] I 7>
IR ThEE, HE—b & W MBKBASE 3 4% 7 (https://
www.mbkbase.org/), R HUF G JE K 7 KRG i A H A
BRI Ok B W B S Rk 1%,  ARAP-DB
B FE (https://rapdb.dna.affrc) T 2 % i 3 K 7 771,
{8 FPrimer Premier 5.0W 11T 5|94 38 k4% i A
105 IR R ZUDNA, FHPCR&=Y) EENF &
PHERIE RN . PCRIK R E450.1 pg DNAK
MR, 10 puL TaqZR & HE(FE L vaMERE LR A PR
2~Al)s 1pmol FIEMAS A 514, $MddH0%220 pL.
PCRYHFET: 95C RS min; 94CF15s, S8CF
15s, 72°C'F30s, HL36MEH; 72°C F10 min.
1.5 RNARREUFIqRT-PCR

PUERS R ARFE 10 5 96kE, 20 0.5%
NaCl &b# 3 d FtE AR 353, %M RNAprep Pure
Y RNA B &R AR PR A |
VLI THEEUS RNA, [l 5 ) B %% 22 4% (Promega)
o8 A ) iR B GoScript™(GoScript™ Reverse

R BERAYAFEI0SEHARM AR X MR ER M Gt 247

Transcription System) ¥ RNA & i cDNA, 7t
qTower3G 52t PCR R4+ #E1T qRT-PCR 43 #7,
BT H R & R % R A P (TSINGKE) 7 2 X
TSINGKE® ¢t 5% & PCR TR SYBR Green I (2
X TSINGKE®Master qPCR Mix with SYBR Green I),
BT 5148 OsHSDI-RT-F (5-TCAGCAAGAAGA
TCCTCGAG-3") 1 OsHSDI-RT-R (5’-CATGGCTG
CGGATGGTCTTG-3"), W 3 kAW EL, FH
27 TR TR RIETE DL .
1.6 BUBSHFIERLH

B s N5 = 28 3R 2 #1148 F Microsoft Excel
20105 5%; GraphPad Prism 8.3.0%04 F T2 AR
Bl SR E T A R PAT ARG T
& B B s B 7E 2k T H MapGene2Chromosome v2.0
(http://mg2c.iask.in/mg2c_v2.0)2E ik, & KWk &
Adobe Ilustrator CS6LAL 583 «

2SR5
21 FASEHFHRABTR

XF XSRS DH FERLEXS TEAN ER Jihae R i £hAH 5<
PEREAT T GR 1), KIAER A N RTE 10 5

Table 1. Descriptive statistical analysis of salt tolerance-related traits of Aigela/Xudao 10

" . o 4K Population
b3 T ) BHRG 10 5
S e ifffja" BEO S ez 5l R RH i i i
Mean + SD Range CV (%) Kurtosis Skewness
%ol B8 CENY Y 24.38%* 36.90 21.19+7.46 0.00~43.76 3521 0.46 0.13
CK GYPP(g)
R 138.20 144.01 166.80+37.95 70.39~268.70 22.75 -0.32 -0.13
NGPP
RE 81.02 89.65 89.67+18.82 30.46~134.50 20.98 0.14 -0.42
RL(mm)
R & 0.07* 0.08 0.07+0.07 0.01~0.94 95.98 142.00 11.41
RDW(g)
EhHiE CENY Y 22.82% 18.92 7.77£5.07 1.50~34.56 65.25 5.42 1.76
Salt stress GYPP(g)
R 125.91 120.50 99.04+41.17 29.05~218.30 4157 -0.67 0.42
NGPP
RE 102.83%* 82.43 91.16+18.35 38.21~148.00 20.13 0.33 -0.17
RL(mm)
T 0.04* 0.06 0.060.02 0.02~0.12 34.34 0.26 0.36
RDW(g)
&Iz HpRr R 0.94%* 0.51 0.33+0.24 0.00~1.23 72.36 1.01 1.02
Ratio GYPP
R 0.91* 0.84 0.61£0.24 0.20~1.32 39.81 0.23 0.73
NGPP
RE 1.27* 0.92 1.03+0.18 0.64~1.71 16.95 244 0.87
RL
W& 0.60* 0.75 0.89+0.50 0.07~4.73 56.17 20.28 3.25
RDW

GYPP: Hibfj"E; NGPP: HpEEAI: RL: MUK RDW: IRTHIE. *FIRTE 0.05 KTPEREH; *ForfE 001 KTEREYE.
GYPP, Grain yield per plant; NGPP, Number of grains per panicle; RL, Root length; RDW, Root dry weight. * Significant at P<0.05; ** Significant at

P<0.01.
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Fig. 1. Histogram distribution of salt tolerance-related traits in the DH population derived from Aigela and Xudao 10

(AR B RRRER A AR AR & LA R 20
57 33.93%- 4.03%- 9.63%F1 12.50%, Hr, fEH
PR B AR T & B SEAR 2 (AR B B35 2 (P <
0.05). TEERMMA A NRFE 10 SRR R,
LR A LG AR A% 7 43 I 20.61% « 4.49% Fl1
24.75%, RTFE B 33.33%, HH, fE5
e, IRKAR TR & LA 2 6 2 RiA 2|
B IKF(P<0.05). AR e /2t B LA AR N Taor »
AR B P B AR AL . A AR K AAR AR T
JRBRAEPSEAR Z AR E 22 57 . REEEYEIRTE
ERE T R I ZE FROK, DH #EA R S HR AR 5
RBEK, 22 R, HAFERE S S
R, RIVHEEMIRFEAEREGER 1 AE 1),

22 EHIEIERE

I RS AT L R 4 B, 223 0 ik e 3R
3 5391 4~ SNP #4567 £(, #4f& QTL IciMapping 4.2
WA Bin ThREHET 45, 595 A Bin fric
SYECE| T YAk b, PR AR Y R R 49.58
A, BREBE L IAMC R E A B AR B L
SR B — 80, ESEE SN 4202.55
cM, “FHEIFRicEFEH 7.06 <M.
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KMRIAT QTL &L, FEARWF AR 22
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Table 2. QTLs for salt tolerance-related traits detected in DH population from Aigela/Xudao 10
S0 Itk
yosdil LN PEIRBL AL PSRN FRic X [8] VAR LOD f& P R ERITDASY
Treatment Trait Trait locus Chr. Marker interval Physical position (bp) LOD score P)\}E %) Additive Known loci
effect
FH 1] PR gGYPPI 1 Binl-12-Binl-14 9298140-9492186 4.44 3.79 -0.25
Field GYPP (g) qGYPP6-1 6 Bin6-12-Bin6-15 7458474-7668549 6.64 7.43 021  ¢SIS6.7 13
qGYPP6-2 6 Bin6-29-Bin6-30 8234582-8374658 8.21 3.86 0.24
qGYPP6-3 6 Bin6-36—Bin6-40 17802740—-18211466 5.87 5.12 023 gDSW6.1114
qGYPPI10-1 10 Bin10-14-Bin10-19  3582800-3974958 4.99 434 0.18
qGYPP10-2 10 Bin10-30-Bin10-31  4667214-5334672 6.73 9.57 -0.25
qGYPPI1-1 11 Binl1-2-Binl1-3 6034232-6542007 5.96 6.29 023  gRWCsIl1.1U3)
qGYPPI1-2 11 Binl1-26-Binl1-27  6544143-6946407 7.92 7.11 024  gW2SES11.100
qGYPPI1-3 11 Binl1-38-Binl1-41 17699906—18106609 6.95 15.52 0.17
qGYPPI2 12 Binl2-18-Binl2-19  2398764-2967519 6.21 6.44 —0.15  CYP94C2b 20
AFREREL gNGPP6 6 Bin6-12-Bin6-15 7458474-7668549 5.02 12.94 022  ¢SIS6.7 113
NGPP gNGPP8 8 Bin8-14-Bin8&-15 15795996—-16513772 4.71 5.43 —-0.07
gNGPP11 11 Bin11-38—Binl1-41 17699906—18106609 7.07 14.51 0.20
gNGPP12 12 Binl2-18-Binl2-19  2398764-2967519 5.41 7.25 —0.19  CYP94C2b 201
EH LSS qRCI 1 Binl-12-Binl-14 9298140-9492186 4.83 12.35 -0.25
Green- RL (mm) qRCS 8 Bin8-22-Bin8-24 19682575-20333667 491 8.00 —0.23  gRTLS.19 13
house R & qRDW1 1 Binl-12-Binl-14 9298140-9492186 5.51 337 —0.82
RDW (g) qRDW6 6 Bin6-12-Bin6-15 7458474-7668549 4.86 6.86 0.63  ¢SIS6.7 1131
qRDWS-1 8 Bin8-14-Bin8-15 15795996—16513772 4.04 10.63 0.68
qRDWS-2 8 Bin8-16—Bin8-20 16513924—-17029875 4.90 8.74 0.65  OsELF4c 2]
qRDW10-1 10 Bin10-14-Bin10-19  3582800-3974958 4.95 5.12 0.70
qRDW10-2 10 Binl0-67-Bin10-68  11325178-11843441 9.65 7.99 0.19 GHS5BG 22
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Fig. 2. Salt-tolerance-related QTLs detected in Aigela/Xudao 10 DH population
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