ERMEYEIM 2026,46(1) .58 —67
Journal of Triticeae Crops doi: 10.7606/j.issn.1009-1041.2026.01.07

[ £t bl B () < 2025-12-18
[ 24 1 Rk < hetps: //link. enki. net/urlid/61. 1359, S. 20251217, 1153. 005

222 RIL BRI 4y BEFH S PEIR QTL

FANAE R EARED,EF W A B KR E R E
CL. BT ARl K 24 4R 2 e /B S AR sl K 4 0 4 1 22 25 TR 4 AR W 9 Pt B 3 1% 5 K 5% 8300525
2. AR Bl 2 B A B A2 B0, B iE AT B B 8318005 3. /A TR G B i A AR 7 4 [ T R S IR & L L T AT BE X 100193)

H OE.A#—FHBIESEMAEROBLETREREL(QTL) WA ERRZI M BEMEXE, AN
BEME IR 2 B R A ) SB A Apache o7 % 36 5 M 269 255 I T4 A R A AR (RIL) AMA, 430l 2 £ £
ANTETHLATNOER SR ER PHRAL S ER B BRA LS EHR . 5 E A E RAFERBME, F
T RIL BHR 69 R ALK LN B BB AT 5 AR Mk QTL &4, £ R AW .tk 1D.2D.3B.4D.7A #= 7B %
G, AR 15 S E R LM E) 53 Ay BErakAE ke QTL, &3 13 A4 2 884 QTL.10 A~ # 4%
2 M QTLSAEMAK» HEH QTLULALEBRALY EH QTLAASEAE QTL.2 ARAEFE
QTL #= 5 A—H % 2ty QTL, £/ QTL #9 R A MHE A 2.66%~28.76% ., £ F,QTn. xjau-1B #£ 3 N3R
BT AN, STERA A ERRBTRES 28.76%, A E £ QTL. AMLAE REZIEE,E4T
AR ERMRER G E T L,

KR D& o R RAREEN A QTL 447

FE 4 FES:S512.1;S330 XHkARIRAD : A XEHS:1009-1041(2026)01-0058-10

QTL Mapping and Candidate Gene Screening of Tillering-Related
Traits in RIL Populations of Winter Wheat

GUO Xiaoling'®, YU Tiansheng’ . WANG Yongfa®, CHENG Yiikun',
REN Yi', ZHANG Xiaoyu’ . GENG Hongwei'

(1. College of Agronomy/ Special High Quality Triticeae Crops Engineering and Technology Research Center, Xinjiang Agricultural
University, Urumgqi, Xinjiang 830052, China; 2. Qitai Wheat Experimental Station, Xinjiang Academy of Agricultural Sciences, Qitai,
Xinjiang 831800, China; 3. National Key Laboratory of Efficient Production of Wheat and Maize, Haidian District, Beijing 100193, China)

Abstract:In order to further explore the quantitative trait locus (QTL) for tillering-related traits in
wheat, and to explore the genetic relationship between tillering traits, we used 255 recombinant in-
bred lines(RIL) populations, constructed from Apache and Xindong 36, as research materials to de-
termine several key metrics. These included the number of pre-winter tillers, the number of single
tillers, the number of effective tillers, the effective tillers per unit area, and the tiller angle. The phe-
notypic values of spike rate were determined in four environments. The QTL controlling tillering-re-
lated traits was carried out based on the ultra-low depth sequencing data of the RIL populations. The
results showed that a total of 53 QTLs for tillering traits were detected on 15 chromosomes, including
13 QTLs for pre-winter tiller number, 10 QTLs for single-plant tiller number, 8 QTLs for effective
tiller number per plant, 11 QTLs for effective tiller number per unit area, 4 QTLs for tiller angle, 2
QTLs for spike-forming rate, and 5 pleiotropism QTLs. The phenotypic interpretation rates of indi-
vidual QTLs ranged from 2. 66% to 28.76%. Among them, QTn. xjau-4B was detected in all three
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environments, with a phenotypic contribution rate of 28. 76 % to the effective number of tillers of a

single plant. This stable QTL is a major effective and R-E-Z locus, which can be used as an important

locus for the study of tillering and plant type.

Keywords: Wheat; Tillering traits; Ultra-low depth sequencing; QTL analysis
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Table 1 Analysis of tillering-related traits in RIL population and parents
. S5/ Parent RIL #4& RIL population
e e e ERRH " o
Trait nment Apache ﬁé‘( 36 % Ilzii]{ﬁiﬁijfﬁﬁ Coefficient of T . i B2 l[l%]ﬁ' mféj]
Xindong 36 Mean =+ SD variation/ % Range Skewness Kurtosis H?
TNPW E1l 3.50 2.60 2.42+0.61 25.21 1.03~4.22 —0.11 —0.43
E2 4.20 2.10" 2.71£0.80 29.52 1.16~4. 30 —0.16 —0.87
E3 4. 30 2.50" 2.58+0.59 22.87 2.01~4.11 0.12 —0.43 087
E4 3.60 1.50~ 2.540.84 33.60 1.06~4.20 0.10 —0.94
""""" ™ Bl 9.20  3.30°° 9.11+1.76  19.31 4.53~12.84  —0.08 —0.78
E2 10. 30 5.70" 7.81+2.28 29.19 3.09~12. 66 —0. 20 —0.69
E3 12.70 5.30" 9.724+2.35 24.18 3.20~13.00 —0.03 —0.56 078
E4 16.70 5.70" 9.51+2.24 23.55 4.00~13.90 0.21 —0.52
""""" ETN Bl 7.64  1.60°° 5.2241.71  32.76  2.06~7.21 0.51 —0.76
E2 6.40 2.50" 4,80+2.12 44,16 2.06~9.09 0.15 —0.56
E3 7.80 3.70 5.77+1.82 31. 54 2.00~9.67 0.68 —0.87 0.8
E4 10. 50 2.50* " 5.95+2.25 37.81 1.80~10. 40 0.67 —0.93
E5 23.50 9.50" 13.18+£3.51 26.63 5.83~24.33 0. 65 —0.55
""" ETNPUA  El 424,88  280.22  365.25+66.13  18.10  164.88~483.24 —0.06 —0.39
E2 408. 00 251.55 366.09+67.05 18.32 164.88~529.04 —.0.55 —0.39
E3 398. 86 221.11 370.71459.17 15. 96 174.26~486. 46 —0.49 0.15 07
E4 589.72 310. 66 379.37+62.25 16.41 282.57~531.48 0.58 —0. 36
"""" SR/%  El 063 048  0.56+£0.11  19.64  0.20~0.79 0.22 —0.55
E2 0.70 0.43 0.60+£0.15 25.00 0.19~0. 84 —0.52 —0.40
E3 0.83 0.69 0.6040.13 21.67 0.26~0.85 —0.13 0. 60 -8t
E4 0. 81 0.44" 0.6240.16 25.81 0.21~0.85 —0.56 —0.61
Ctar Bl 1670 1843 20.1744.33 247 11.31~33.69  —0.48 —0.59
E2 13. 38 7.53 21.2044.92 23.21 11.31~33.69 0.19 —0.05
E3 24.45 15.82 23.9546.08 25.39 10.40~37.99 0.14 —0.06 081
E4 20. 39 11.31 17.02+5.63 33.08 6.15~33.65 0.47 —0.51

E1:2022—2023 4EJ§ 4 6 s E2:2023— 2024 4EJE4F 6 E3:2022— 2023 4FJE Rl s s £4.2023— 2024 4F JE B s £5.2023— 2024 4 JE IR
M, TNPW : &5 43 BEEL; TN Bk 73 BES ETN: B R A7 2% 43 BE S0 ETNPUA : B 1] FRAT 2053 BE R SR OB 4 TA bk 4 BE Ay
w Fll o« A RIF R FEAEE 0,05 A1 0,01 K FZEFBE. FERMA.

El: 2022—2023 Qitai; E2: 2023—2024 Qitai; E3: 2022—2023 Lugang; E4: 2023—2024 Lugang; E5: 2023—2024 Handan.
TNPW . Tillering number pre-winter; TN: Tiller number per plant; ETN: Effective tiller number per plant; ETNPUA: Effective tiller
number per unit area; TA: Tiller angle; SR: Spike rate.
els, respectively. The same in tables 2—4.

% and * * indicate significant difference between parents at 0. 05 and 0. 01 lev-
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Table 2 Relationship among tillering-related traits in RIL populations
’rl‘irijlqt Enviﬁwnt TNPW TN ETN ETNPUA SR TA
TNPW El 1
E2 1
E3 1
E4 1
TN E1 —0.681" 1
E2 —0.362" 1
E3 —0.515" 1
E4 —0.561" 1
ETN El —0.460" 0.722" 1
E2 —0.298" " 0.883" 1
E3 —0.384" " 0.581" 1
E4 —0.282"" 0. 745 1
ETNPUA El —0.028 0.112 0.049 1
E2 —0.316" " 0.7477 " 0.823" 1
E3 —0.361"" 0. 060 —0.066 1
E4 —0.676" " 0.696" " 0.882" 1
SR El —0.090 0. 057 0. 640 0. 049 1
E2 —0.106 0.445" " 0.799 0. 647 1
E3 —0.030 0.348" 0.532 0. 007 1
E4 —0.433" 0.146" 0.757 0.633 1
TA E1l —0.049 0.037 —0.004 —0.015 —0.034 1
E2 0.073 0.023 0.001 0. 054 —0.006 1
E3 —0.101 0.168* —0.051 —0.033 —0.122 1
E4 0. 004 —0. 046 —0.057 —0.076 —0.086 1

* :P<C0.05; * »x .P<C0.01,
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416.25~416. 75 Mb X [a] 7775 [ B $2 1 & 71 43 BE
BB BRI AR A A BEEY QTL, SR AU BT
Bk 4. 7490 ~4.87% ., £ E2 E3 ¥ 3E T . 4B 4%
ik 25 26, 75~28. 25 Mb [X ] ££ 15 [7] i 45 )
A4 BERRL BB A R0 BERL QTL, 3R A 5Tk
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5130 SR/NFE A &N RIL BEM 2R BEAH G MR QTL E A7 © 63 .
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Table 3 Location and effects of tillering-related QTLs in the RIL population

interval/cM effect
TNPW El QTNPW. xjau-2A chr2A_685. 25 ~chr2A_686. 75 83.61 2.58 —0.24 4.24
TNPW El QTNPW. xjau-3D chr3D 24. 25 ~chr3D 24. 75 23.51 2.93 —0.26 4.68
TNPW E3 QTNPW. xjau-4A chrdA_639. 75 ~chriA_685. 75 138. 61 2.57 0.30 4.20
TNPW El QTNPW. xjau-5B chr5B_490. 75 ~chr5B_491. 25 64.01 2.68 0.24 4.18
TNPW El QTNPW. xjau-5D-1 chr5D_30. 75 ~chr5D _32. 25 31.01 3.18 —0.26 4.94
TNPW El QTNPW. xjau-5D-2 chr5D _369. 75 ~chr5D_370. 75 81. 31 3.28 0.31 5.24
TNPW E3 QTNPW. xjau-5D-3 chr5D 385, 75 ~chr5D _387. 75 90.01 2.71 0.31 4.44
TNPW E3 QTNPW. xjau-6B chr6B_ 661 ~chr6B_662 87.81 3. 20 0. 31 4.78
TNPW E3 QTNPW. xjau-6D-1 chr6D _223. 75 ~chr6D_225. 75 124. 31 4.15 0. 85 6. 86
TNPW E3 QTNPW. xjau-6D-2 chr6D 195, 75 ~chr6D_196. 75 131. 31 5.98 0.92 9.52
TNPW E3 QTNPW. xjau-6D-3 chr6D_228. 25 ~chr6D_228. 75 139.91 3.83 0.78 6.51
TNPW E3 QTNPW. xjau-6D-4 chr6D_296. 25 ~chr6D_296. 75 151. 21 3.25 —0.67 4.97
TNPW E3 QTNPW. xjau-7D Chr7D_446. 25 ~chr7D_453. 25 217.01 3.30 0.32 4. 80
TN E1l QTN. xjau-1A chrlA_28. 75 ~chrlA_29. 25 37.31 2.82 -0. 31 4.28
TN El QTN. xjau-1B-1 chriB 122, 25 ~chrlB_132. 75 46. 31 3.00 -0.32 4.55
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Fig. 1 Chromosome distribution of tillering-related QTLs in wheat
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Table 4 Location and effects of two or more QTLs related to tillering-related traits

AR b fivied 1 1o SExE IERUE gemprgese  VRAE
Trait Environment Marker interval woniidence - caitive R*/% ySIea
interval/cM effect location/Mb
I\IPW“IN‘hIN‘ E2.E3.E4.E5 chrdB 29. 75 ~chriB_33. 75 37.51 3.01~22.26 —1.99~—0.37 4.55~28.76 29.75~33.75
ETNPUA
TNPW.TN.ETN E2.E4.E5 chrdB 416. 25 ~chrdB 416. 75 46.91 3.04~3.93 —0.42~—0.30 4.74~4.87 416.25~416.75
TNPW.ETN E2.E3.E5  chr4B 26. 75 ~chriB_28. 25 34.61 4.38~4.51 —0.40~—0.34 7.12~7.50 26.75~28.25
TNPW.TN E2 chr5D 370. 75 ~chr5D_371. 25 81.41 3.42~4.02 0.35~0. 39 5.25~6.06 370.75~371.25
ETN, ETNPUA E1.E3 chr7A_25. 75 ~chr7A_26. 25 8.41 2.53~2.65 —0.29~0.97 4.00~4.33 25.75~26.25
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