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INZEHFTRITE 11003 JEFFHE PR )RS 41 for

%J\ %1,2.3 ,ﬁ ;‘(J:ﬁl,S , é}fﬂzglﬁt , E ;ﬂllﬂil,.% ’é % %1.3 , ffi ;‘(J:&l,S y l’%:\ H]%;fEI,S
QL ZRAAA R BEAE YOI AT . 2 BUA AL 230031 2. R0 4 Al BT A8 5 328 % e R 1L 20 o m SR 30 2 1AL I 4300645
3. ARAEY T T BB AR LA T 2300315 4. 10 AL BE 2 B A B VR WS BT, WAL BRI 430064)

H E. %A E 44 (reduced height, Rht ) A H S %5 & A{CKH V4 8 A T F A, 3238 T A A o9 37 4
REARMAZT G S BED ARG TR AR, AL FEAFDEZHAR 11003 A AT, 5Kz b T
HEIRBAAHE 0 MRMAETL 2 BEHR. SR SERAFEEIN., SERENA. 11003 9 £F R G 1 2
Faobk £ 2K W42 H), R o B0 B o H (BSA-seq) ¥ L4 4F L B £ 42 T 4D 4 &4k 16. 64~25. 97 Mb &) 4 22
X & A .4 % A QPh. aaas-4D , i@ it KASP #7386 R B im % , ¥ QPh. aaas-1D ¥ % 12 £ 18.95~21. 62 Mb #
2.67 Mb 2t R |l i, 244 L BIRht2 7 48 4732 KP-Rht2 # 3, #e M QPh. aaas-4D B #9 L B T h iz 2 f
BAFARE, AT ERAR, DA 11003 4B THTHE AD FEK LB FRZ KARAA X AEEFR
EL, TR R D RHREH R,

KEBIF: D E KRS EFEAR;QTL 242

FE 4 FES:S512.1;S330 SCERARIRAD : A XEHES:1009-1041(2025)12-1613-07

Fine Mapping of the Dwarf Gene in a Novel Wheat Germplasm 11003

SUN Hao'**, ZHAO Bin'**, PENG Yanchun’*, WANG Rui'**, JI Changhao'*®, ZHU Bin'*’, CHEN Xiaodong'*
(1. Crop Research Institute, Anhui Academy of Agricultural Sciences, Hefei, Anhui 230031, China; 2. Hubei Key Laboratory
of Food Crop Germplasm and Genetic Improvement, Wuhan, Hubei 430064, China; 3. Anhui Provincial Key Laboratory of
Crop Quality Improvement, Hefei, Anhui 230031, China; 4. Institute of Food Crops, Hubei Academy of Agricultural Sciences,
Wuhan, Hubei 430064, China)

Abstrat: Multiple reduced height(RhAr ) genes in wheat had been identified but only a few were applied
in breeding programs. Therefore, identifying and utilizing new Rht genes remains a prerequisite for
breeding high-yield and stable wheat varieties. In this study, we constructed an F, mapping popula-
tion by crossing an elite dwarf wheat germplasm 11003 with Yangmai 20, a leading variety in the mid-
dle and lower reaches of the Yangtze River. Genetic analysis indicated that the lower plant height of
11003 was controlled by a pair of recessive major alleles. The Rht gene, designated as QPh. aaas-4D ,
was mapped to a physical interval of 16. 64—25. 97 Mb on chromosome 4D by using bulked-segregant
analysis sequencing ( BSA-Seq). Subsequently, high-density KASP makers were developed and
mapped the QPh. aaas-4D to a 2. 67 Mb candidate interval (18, 95— 21. 62 Mb). Then we used the
functional marker KP-Rht2 to test individuals of the F, population and assumed the candidate gene un-
derlying QPh. aaas-4D was the classical Rht gene, Rht2. Based on this study, reduced height of the
novel wheat germplasm 11003 is likely related to the Rht2 gene located on chromosome 4D, which can
be used in wheat breeding.

Keywords: Wheat; Plant height; Reduced-height(Rht ) gene; QTL mapping
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INEAE IR SRR B Z — TE 2B
BRAEET N REEERERMEHY . tRE 2/
22 KR I AR VIR R AR e LA
SEAEARPUEARGE 1 ) 2 24 4 /N A2 Bl itk R bk
R EEHR .

ke v T 52 A B MR L e o AR DR A i
PRI [ 4 o, 90 2 5 7 3 A9 42 R S 1Y QTL i
FoNAER) 21 Fege Rl g @A Lok,
1 B #T (reduced height, Rht ) KR IR B A /N 2
AT R AR KR F TN R R A, B
A BB M A IRAe JERAT 27 A1 {HAT
A BORTI R T E R AL F/ANE 4B 4D
Yot fA J B A RAeI FRAe2 &N, 3 i 4 1 671
4 A R 2R AR T A A0 e AR K ) DEL-
LA A bk FRE BT 2 0B R
AIREAE AR — S R L, BEATEF A B A
RREM PR i nT R) A R R L AT  A
JR/NE R R EE T EZ —,

bifi % 557 — 1% Ml ¥ (next-generation sequen-
cing, NGS)H A B P & & , 4545 Ge IR 1t 43 25 43
Bri% (bulked-segregant analysis, BSA) 5 NGS
FAEE 5T WA TR W 43 25 W ¥ 43§17 (bulked-seg-
regant analysis sequencing, BSA-seq), E.] iZ
TR & PO DTS5 B 2R e QTL/ %
PR R A AR A LRI 04 O S S N 2
BT 11003 X &, 5K VL T i 22 X F 4 5
s 20 HICADHE F, MEEIFEAK, SR ] BSA-seq
J5 ¥R /INZZ BRI 11003 1) %8 FF 35 R 3E 47 5 A7
DU Ry /)N 22 ke st A ok IR B A PR AR A0

1 MBS &*

1.1 K+ 5 HEEET

IS AERE 11003 2 22 B ARl B2 B A Wy i
G T 42 25 3 A% v R AT BA T 4% 38 5 AR B AR e B
FI SR 988 AR L 28 22 4F Ui 98 6 o R A5 A g 8% 1Y
WERT/INZZ BT R BE, oMk 65 em 247, B £ 4%
BE KRR SR 5 B 42 20 VL8 BT I A Rt
JITBE B I /N ZE SRR R 95 em A2 AT R KT
PR X S AR, L 11003 GEFF L BEAS) Fi
W 20 (EAF XA F AR A4 Fy AR
SYEREA L TREEN . T 20232024 4F K
EAE, MF, B T 2 BUE RO B B ik 5 5
HL AT 2 mL ATFE 0. 25 m, AT SR A G 20 Kr
Fif B F, or BEREIRAON , EAR S F) & FhAE 5 47,

AR T ] 45 2
1.2 MRUESSHH

TR I A R R R )R Y ) A
PEIR . JEA S F A 10 BREEAT I E s F, AR08
HEUA X B AR AT I SE . SR T Excel #FXHEAR
YR HAT 81T Hr . R A Graph-Pad Prism 8 % {4
2ol 25 5 LR A AR A

BT ORA F, o F, BEARR &l 45251 . 421t
F, 3 B B R b R 0 FF 8 ARUAT AR 00, 22 T bk
1o YB3 A TR 2R TR T 0 6 4 5 v A AR AT 43
B BB RART Fy Mk i R A HEAT 8% ST .
1.3 B ENF D (BSA-seq)

WOEA JF, B AR k4 ot R, >R ] CTAB
AR DNASY L AE Fy 23 B 1A b 23 531 2 BB i
e AF FUEFEAE bR DNA LK LSS s 1 &, 70 0 i
A AR M Ctall pool, TP) F1%% #T 1R b (dwarf
pool, DP), [R5 A4 & 11003 A4 % 20 B4
A KR R TR A R e R AT e T
Xt AR G s CTP A1 DP)#EAT 30 X F I, 15 4
SEAHL (11003 4% &2 200 #E4T 15 X TP, &
JeXt DNA 747 Pair-Ended (PE) 3C %4 L 8%
JETEAE K DNBSEQ-T7 il 7 {X L #E45 PE150 il
¥ B r B JE R BB (Raw data) 38 3o T 45 45 21 &
J57 & 48 (Clean data) , #| 4] BWA A4 o x) 2) rp
EH v2. 1 A 2% 3 H 4 Chttps://www.
wheatgenome. org/) I, F-F| H GATK #{F it 17
AR SR KR R A A A v X B e AT
U8 KBRS G AR o 0 5L T 51 (reads) s I X
IR 4T SNP 4 % (SNP-index) 22 5 43 #7 , #R 4%
BEE B R A% A4 X o0 Ar 445 SR E 47 0 1 L B )5 DA
g HHE ACSNP-index) » 75 21 g 1 X ] , I ik
fresEee
1.4 KASP #RIZF & 5HEHE L

AR A 00 5 SR, T O o AR [R) 25 25 5 1Y SNP
P AP E T v2. 1 L4 25, 78 WheatOmics
1.0 W ¥k I+ Chttp://wheatomics. sdau. edu. cn/)
A4 SNP fi7 s _E T ilF 100 bp B %751, 4 SNP {2
S BT BN FE 8 AL & PolyMarker Mk I
(https://www. polymarker. info/) , % 3 KASP %F
SPERIYY . KASP S ik & K R P 5 7% %
12 72 /v 7] 2 X FASA Genotyping Master Mix
(Standard ROX) 3 (5% %5 : RK30136) $t W] 43 . %
W51 W) o A SR A YRR R A IR A W AT S
B 9 R R OG R Y i 3% DX [R) R ) KASP
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PRICK Fy BEORIEAT 55 B AG I , 25 45 3R B0 E0H AV IB) . AE R 1) BRI B L L, 11003
K UE BSA-seq W12 ML 4R IR IE X B NI Fidp 2 20 AR B A MR 5 A5 1E] . {H 11003 18
S TRRCTIT R A E AL, & 2 BTl KASP AR MR T KEYBZE/DNTHZ 20, R8Ok & 2

SIYIFEANUE 1 R, FZFBE 1C. K 1D, st KI5, 11003 N
H 2 Ju

Mmoo WERKTHE 20K 1E), 11003 5 # 20 2¢

2 BRI ZF, ek R (81,2043, 10) em. A~ F W E A
2.1 EAXRF %REHNERSW Z 8], H A5 5 W B A A I 3 2% 55 (P <<0. 001)
IR AT /N F RN T 11003 K iR (66. 13 (B 1B, ZAaFEAKF, @ EME 1B, #
+3.3Dcem,#FE 20 Bk N (96.95+5.55)cm, T /NZE B AP T 11003 B BB FF 2 8 P 32 sl

2 IR B 22 ik A B 35 K (P <<0. 001) (A 1 ESEEE

R 1 FEHENMFT A KASP #Ri2
Table 1 KASP markers used for fine mapping

¥ %] Primer sequence(5'—3")

b i 44 #k
Marker name 1E 1] Forward 11 Reverse

KP21 GAGATGCGACCTTCAAGCC[LC/A] ACCTCGTCGTGTCGTAGAGA
KP204 GCTCGTGGGTCTCCTGGA[C/T] CCTAACGTGCACCCTGTGAA
KP102 TGATTATGGGGTGGTTAGAGCLC/T] TCGTCGCCATCGTCTAACC
KP248 CTAGTCTCTGTGCGAGCGGLG/A] GCCTCGCAAAAGGAACGAAA

KP-Rht2 CATGGCCATCTCGAGCTGCT[C/A] CGGGTACAAGGTGCGCGCC
KP130 TGTTGAATCGGTAAAAGGGC[G/A] GGGTTTAGCTACAAGGCATGG
KP275 TTCAACAAACATACCAAGCTTCTLC/T] CAAGCTTGGACGCGAACTTC
KP72 CTCCCAATATGCATAAATGTCTTCLG/A] GCCTGCACCTTCTTTGTTCG
KP320 AAAGGCGCTCCTCACCGLC/T] GAGACGAATCCTCCTGCTCG
KP167 CAAAGATCAGTCGCAGAACCLC/T] TGCAGCAATCGACAAGCTTG
KP364 GCTGCACTCCAACGACTTC[C/A] TAAGCTTCGAGAAGTCCGGC

33 RS P R R R R R SRR 22 5 SNP L Y 2 R

Different bases in square brackets represent the SNPs of the parents.

A B E
1201 Kk 15
g g sokk
2 2
= =
) B 10 .
o 7]
<= —
g =
= & 3
I N
® 0 " 0
11003 F, #%20 11003 320
Yangmai 20 Yangmai 20
# ¥l Material #1# Material
501 == 11003
C ) D KKk .
' 711003 Left: 11003 g 40r T = $% 20 Yangmai 20
FnFE20 =
Right: Yangmai 20 é‘) 301 jolul
320t *Ak
Y Rk Ll
K 10T - —
0

1 st 2nd 3 rd 4th Sth
&) Internode

A BUAIAE AR R Y Bk i 5 C o9 () 3 280 (BB — 19 () &5 ) D19 B 25 55 (B — 1 i) & 8D s EL BB, % %+ . P<C0. 001,
A: Mature plant phenotype; B: Plant height; C: Internode phenotype, with the first internode including the spike; D: Differences
in internode length, with the first internode including the spike; E: Spike length. * % % . P<C0.001.
B 1 EA 11003 FFHE 20 REMF HMERESR
Fig.1 Differences in plant traits of 11003, Yangmai 20 and the hybrid F,
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2.2 HERBEESHN

DL 11003 N BEA 45 % 20 NACAZ AL 7 4
320 N F, 4 B bR X Fo BEAR A A 5 R B 0
MATG i (- 2>, ZERERWLF, B EA
bk s B /ME N 51,0 em, Br KAE M 111, 3 em, £
BRI bR S 24 T 67.0~87.0 cm X i,

AR TN 7 BIES R 3 iaa, 110033 %

BT MRS B AR L7100 em R F, i AR,
KRR M <<71. 0 cm N EEFF

#;>71.0 cm N EFF

KA 229 £k

5 RS AT AR RR B L AT S 103

2), GEEEARAREF, thEm BRI (E 1B, nl #EM /N EZ
AT 11003 BYEEAF R AR 1 XF B bk Tk

Pl

2.3 BFEEELL
MNCF, o3 B R A 23 0l i B 23 R A i v AT R

23 WA S o FT AR AR 4G 5 AR IR M (TP) AU FT IR
i (DP) I 247 1R 43 25 I 7 43 AT (BSA-seq) , 3

R, A 91 60
. 2RI E
SrE (R & 40}
E
g
Z 201
%
®
0 1

20, TP A1 DP /354531 1 425 908 254.1 744 605 248,
3805 991 034 H1 3 381 364 766 K= 5t B4
(Clean reads) , e Xt 2| h [EF v2. 1 %I F 4 I
BYFR FE 17 51 (reads) LI 48 3 99 % , BT A5 R A% N
JF B4 BT B . Q20 2>98. 14 % . Q30==95. 51 %,

R2 F BAEKSRESTHTUIRE

L 1 L 1 L 1 L 1 L 1 L 1 L 1 1
55 63 71 79 87 95 103 111
# & Plant height/cm
B2 F, BEKSRESH
Fig.2 Frequency distribution of plant
height in the F, population

Table 2 Chi-square analysis of plant height in the F, population

R 15 WL {E W W L ) P 1H
Plant height Observed value Expected value Expected ratio X P value
BEFF A Dwarf type 91 80
N 1:3 2.02 0.16
= FFZEA Tall type 229 240
#1 Total 320 320
=3 NEFEHERIT
Table 3 Statistical analysis of the sequence data
Y . . . o , . . S 347301 I3 BE o+ |§
peR BIRRIY SIS GC AR n o Wpmagg T JWERE assy
Sample Clean reads GC/ % Q20/% Q30/% Coverage/ % Average B DR 1 7 471
=amp ’ ; T/ ge/ /o sequencing depth Mapped reads/ %
11003 1425 908 254 44. 39 98. 20 95.72 96. 48 14.07 99. 88
% 2.0 1 744 605 248 44, 27 98.92 96. 78 96. 60 16. 84 99.92
Yangmai 20
TP 3 805 991 034 43. 96 98. 23 95. 74 96. 97 37.04 99. 88
DP 3 381 364 766 44,01 98. 14 95.51 96. 49 32.42 99. 89

i it e TP 1 DP B4R b i SNP i %
(SNP-index) 2% 5, 118 A (SNP-index) {H (i [
KN 100 kb, 2K K/ 10 kb, BL 99, 9% & A5 /K
S 0 e B L S E A v2. 1 B IR AT
XF WG B A L R E 6 F 4D YL e ik 16. 64 ~
25.97 Mb 9 B IX 8] N, € 28 X (8] K /Nl 9. 33
Mb., #i% QTL i & fi 4 HQPh. aaas-1D (&l 3) .
2.4 ENERBHEEN

BT B FF I K Y BSA-seq W1 5E o 45 B 1
QPh. aaas-4D X [0 % 11 KASP #5ic KP21 i

KP364, %t F, FEMARN) 320 4~ bk k47 3 H 49 700,
WFFRiC KP21 il KP364 X 3 — Bk A6l , [7] A
A 11003 54 & 20 B fh Fy AP AL, 3%
BARR G I () FE BB 43 51 N QPh. aaas-1D M Bk,
QPh. aaas-4D Y™ 2 5f QPh, aaas-4]D 11003/ Yensmai 20
ARSI N 5] A FE SR AR B By AR SR AL, ) o o 4 A
Bk, 45 BN, QPh. aaas-4D "%  QPh. aaas-

4D 11003/ Yangmai 20 *ﬂ QP]’I 8335741) Yangmai 20 % [ﬁ Eﬁ %ﬁ%

SrOlAT 53,155 A 68 A AR I Bk R 24 1R 2 S
(62.79+4.94),(75. 79£6. 38) Al (93. 87 +7. 03)
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em , AN ) 3 PR A4 0] fk v 2 I 2 22 5% (P <<0. 001)
(E 4A 1 4B) i —F 5 UE T BSA-seq & i 45
YR EEdk, F, BEAR TR I 2 44 4> 5 4 ARk, 1

KP21 #1 KP364 X[ N AWl KASP Fric , 45

G 2 PRORR R DN R b bR R R, B &K% QPA.
aaas-4D 45 5 & KP248 Fll KP72 2 [a] , f& % [X [&]
K/NHK 2,67 Mb, Xt R 4 B IX [E] 4 18. 95~21. 62
Mb(F 40,

A(SNP-index)
=)

1A 1B 1D 2A 2B 2D 3A

3B 3D 4A 4B |4D|5A 5B 5D 6A 6B 6D 7A 7B 7D

Yefa ik Chromosome
LRER LLLR U 2R 4 BIARHE 9590.,99 Y0 F 99. 9 06 B AF KT B Lk
The green, red, and blue lines represent the threshold lines of 95%, 99% , and 99. 9% confidence levels, respectively.
B3 BitsENF S (BSA-seq) ¥ E L4 R
Fig.3 QTL mapping by bulked-segregant analysis sequencing(BSA-seq)

) Chromosome 4D

—_——
———

e e
. ——

——

4 KP102

OPh.aaas-4D"™ I S S -
OPh. aqas-4 D" e D ————

+ KP72
=+ KP320

| — 1%

OPh.aaas-4D"™ = |

&— 2.6TMb —

0 40 80 120
¥k Plant height/cm

A:QPh. aaas-4D i T/N# AD YL 4K 508 ; B: QPh. aaas-4D %% \QPh. aaas-4D 11003/ Yangmai 20 HI QP aaas-4D Yensmai 20 3 ] 91 ] bk 125 25

S CH A EA AR (RL-1~RL-10) R F R RR, % % » . P<0.001,
A:QPh. aaas-4D on the short arm of wheat chromosome 4D; B: Differences in plant height among genotypes QPh. aaas-4D 1°%%,

QPh. aaas-4D 11003/ Yanemai 20 - and QPh, aaas-4D Y*#m@20 . C, Plant height genotype and phenotype of partial recombinant individuals(RL-

1—RL-10). * * % ;P<{0.001.

4 QPh. aaas-4D WIF5 4 7E {iL
Fig. 4 Fine mapping of QPh. aaas-4D

3 it

AT RE A 5 A B e 2 8 35 R 1 Ry FH K e
T T NG R, HATE v 2B FF L/ QTL,
{EAYAH Rht1 JRht2 . Rht8 FIRht24 %5 /D EUEF FE K
N R AL E A A5 R ] BSA-seq 7
2, 456 KASP FRic AW &5 ¥ /N2 B fh it 11003

BRI AT 6 DR K 4 5 A 7E 4D e (i fk 18, 95~21. 62
Mb 5 % X 8] N (QPh. aaas-4D ). 5 Z K /NZF
s QTL Y58 r 45 WA — 5 e T
Xu ZPRGE /N 4D Yefafk 15.2~37.1 Mb
DX ) AT B A A7 45 i MR = 1 QTL B AR R aX — WA,
M /N2 AD Ye ik b Y 28 MU FF 2 [N Rhe2 (Rht-
DIb)WFRA & 19 189 459~19 191 979 bp(H#%
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% XK Y

2 45 %

HEE v2. 1 FEE LD, A7 T AW 58 % € 19 QPh.
aaas-4DEVE X [8] N, LLRAt2 B KASP #rid KP-
Rhe2"" Kl F, 2 S #EAR . & B KP-Rht2 50k &
2R AE B A, B I HE I QPA. aaas-4D B )3
AJRENRAt2, YEHIE IERhe-DI K [H b 5 B 4
RIZEAN B I RAht-D1a F1 H 8K 25 5 45 {7 3L I Rht2
(Rht-D1b )b, ik % 58 3 HAh 8 A~ 45 1 5 K (Rht-
Dlc ~Rht-D1j)"™, B, J& 22 vl 3l a8 %t /N2 B
Fh B 11003 HIQPA. aaas-4D B H)H: K #E47 75 & 1
Bl 3% 77 57 0 M7, B8 B 9 3% R & S RAe2, DL K 2
15 BT A A5 o A8 S 2R, itk — 2B E E Rhe2 3R K

BRAF /N B AT 11003 BA KA IOk, £ 0>
BEAR A, VHON B TR AN AL 6 B M 0 /N 22 397
RAEAR = AR R B4 AR . {H 11003 8RRk
BN L BRI S50 3 T B SR AR E T R, ]
AB 5 K 1o [ AU (e A5 A A e 3 X328 ' P ik 55 A )
T SRR 1 BB R R AT O, 7E FORDY A 3
I IE . HeAb, B FF AR B 25 77 A — 26 7 T
R 5 i RAhe2 (Rht-D1b ) K% T BF A= BIRht-
DIa 4N T #BE XTI 85 905 19 G &AL ] B
R AT 17 U 2 8 RAR 25 1 B S DT 5 | b 99
TRESS L B R HIINZE BT RN BT 11003 R 30 R Bk
e B AT 5 B R AR AT 45 L RS L B A A
T-h i il Bl R R e AL T M O 3k S R B, R T R
FI 0 3 AT 5 A R R D) ) 3 L 7 AR A B BR =
(18 ] B e B 7 1 5 B e %) B (] 92 T

YRR T /N2 T S 1 s A R R ok R A
N R A B R ) 0 R R IR
ANEE M TR BRI (R he24 B FJG 7= 30
FIRAt26 ) kg /N Bk e 5t A% o R 4 4 T 380 1 B A
TR . AN R AT PR A A I L 3 A% R AR L
il 1) A AT R ) BE AR OC 19 T & = RO AR S B AT I
2 B Pl I TAE
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