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Abstract: Landrace are important germplasm resources for wheat breeding. In order to uncover the
distribution of dwarfing genes in landraces, we detected the allelic variation types of dwarfing genes and their
distribution frequencies in different wheat regions of Gansu province. The results showed that: (1) the frequency
of Rht-B1b and Rht-D1b in landraces was extremely low. 41.4% of landraces carried RAt8, with higher frequency
in spring wheat regions than in winter wheat regions. 46.7% of landraces contained Rht24b, with lower
frequency in spring wheat regions than in winter wheat regions. The frequency of Ppd-Dla was only 17.8%,
with lower frequency in spring wheat regions than in winter wheat regions. In addition, only three combinations
(Rht-D1b/Rht8, Rht-DI1b/Rht24b, and Rht8/Rht24b) were detected, with frequencies of 0.2%, 0.5%, and
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12.8%, respectively. (2) The frequency and combination distribution of dwarfing genes carried by landraces
were lower than those of cultivars, and the differences were significant. Different sources of cultivars carried the
different dominant dwarfing allelic variations and frequencies. Cultivars Qingshui test station mainly carried Rht-
DI1b, Rht8, and Rht24b, cultivars from Huangyang test station mainly carried Rht-B1b, Rht-D1b, Rht8, and
Rht24b, and cultivars from Gangu test station mainly carried RAtS and Rht24b. Cultivars from Qingshui and
Huangyang test station had dwarf stature and high yield potential, suitable for wheat breeding in Hexi and
Yellow River irrigation areas, Longnan and Longdong. Cultivars from Gangu test station had higher plant height
and better disease resistance, suitable for disease improvement in dryland wheat in Dingxi, Tianshui, Longnan,
and Longdong, etc. (3) Based on the molecular marker results, 15 landraces and 31 cultivars were selected with

two or more dwarfing genes (including dwarfing genes or Ppd-DIa) , which can provide parental materials for

wheat breeding in different wheat areas of Gansu.

Key words: Gansu;landrace ; dwarf genes; molecular marker; distribution frequency
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Table 1 Primer sequence and related information for dwarf gene used in this study

BEH Fric F1W7E (5-3") SR 5 S5 30k
Gene Marker Primer sequence (5'-3") Allelic variation Reference
Rht-Bl Rht-BI_SNP-A GAAGGTGACCAAGTTCATGCTCCCATGGCCATCTCCAGCTG FAM/G, Rht-Bla [15]
Rht-B1_SNP-B GAAGGTCGGAGTCAACGGATTCCCATGGCCATCTCCAGCTA HEX/A, Rht-B1b
Rht-B1_SNP-C TCGGGTACAAGGTGCGGGCG
Rht-D1 Rht-DI_SNP-A GAAGGTGACCAAGTTCATGCTCATGGCCATCTCGAGCTGCTC FAM/C, Rht-Dla [15]
Rht-DI1_SNP-B GAAGGTCGGAGTCAACGGATTCATGGCCATCTCGAGCTGCTA HEX/A, Rht-D1b
Rht-D1_SNP-C CGGGTACAAGGTGCGCGCC
Rht8 DG273-Fw CTTGACGAGCTTGGAAATGG 391 bp rht8,421 bp Rht8 [16]
DG273-Rv GCAACAAGTGCTTCTGTCGT
Rht24 81066954-A4 GAAGGTGACCAAGTTCATGCTAGTGTCGGCATGACTGATTCTCC FAM/C, Rht24a (5]
S1066954-B GAAGGTCGGAGTCAACGGATTAGTGTCGGCATGACTGATTCTCA HEX/A, Rht24b

S1066954-common
S§983322-4
S§983322-B

§983322-common

GAAGGTGACCAAGTTCATGCTCCCAGCGCAGTCTGTCCTG

GAAGGTCGGAGTCAACGGATTAGCCCAGCGCAGTCTGTCCTA

CCAATCATCAAGGTGACTGTCATCA

FAM/G, Rht24b [5]

HEX/A, Rht24a

ACGCCATGGAAATTCTCGAGAT

Ppd-DI  TaPpd-DI-FI ACGCCTCCCACTACACTG 288 bp Ppd-Dla [21]
TuPpd-DI-R1 TGTTGGTTCAAACAGAGAGC 414 bp Ppd-DIb [15]
TaPpd-D1-R2 CACTGGTGGTAGCTGAGATT

1.2.2 PCR#&MFAE KASPHRCHIEI RGP A,
B A C, i CHILHBIY, bric Rht-B1 . Rht-D1 J%
S1066954 111 A 5191317 FAM % GHE A 0% 1 6  Arl
SR B HEX DGEEHT , L 2150, Kl 582828
AL, T S983322 4R A G111 FAM SRR Uk i
RS AR RS, By HEX ORI UL 210 A i
HH . Rht-B1b Rht-D1b Fl Rht-24b SEFF L 4G
Bk ABRMER) KASP A ZR - 25147 (100 pmmol/L)
40 pL, B4 45 191 (100 pmol/L) 4 12 L, JZ 5|
#1(100 pmol/L)30 uL, KASPHRCAKIAE R KR
35 :2.5 uL 2x KASP master Mix(LGC, 3£ ),0.06 pL
KASP 5| ¥ Wil 7% , DNA #5541 L (30~ 50 ng/uL),
ddH,0 #7851 5 uL, PCR W FEFUTR 5595 CHIAR
P 5 min, $UT 10 MEFR ) touchdown T2 5 (94 °C 7%
P£20's,65 CiR K25 s, BATEAFE0.8 °C) , FEHUT T
30 MR (95 CAEPE20 5,57 CCIR K 60 s),4 CLAF
PCR 7). PCR 58 J8 5 JECTE Bl A3 Hh 32 B2 g ¢
B, b5 S5 A Kluster Caller #4347 3L R 43 A1,
DG273 bRic 4 1 45717 391 bp M = AT rhe8 K [H 257
421 bp NIEFTF Rht8 28R, Ppd-DI1 7 55 3 AShRic &
HZ# PCR, 288 bp /1 Bt h Ppd-DiaZ5#4 414 bp v

B Ppd-D1b 2551
2 FHERESH

21 IEMFHIAERAMEFEREMTRE

JITAG A6 0 B4 Rk (3t ol RN 75 B i) FR AL 7 40
(1.4% ) #5447 SEAT & 01 A8 5 Rht-B1b, 270 Wb
FirCZR) s M FhBR 5 b REAS B 43 78 12 1 4 4 L
NEAIETUAN  HAy 439 0y 4B iRl o FF S5 01 A8 5+
Rht-Bla. %1%F Rht-D1 3 15,30 177 (5.8%) b L 447
TEFTFEE AR S Rhe-D 1D, 1 J7 F A 4453 (0.9% ) F1 R
WIZEE , BITC T2 K 22 (B ES 5 0599) , SR/
77(0894), —#R72(0917), 57 39(0876) , Hax ¥y
AT EEN AR St Rhe-Dla, [ DG273 9 ¥4 4G w1k,
220 153 (42.6% ) #5415 BEAT S50 78 5 Rhe8, Horp 184 43
(41.4%) #1 J5 # A RS, 1 Rht24 () KASP #3 ic
S1066954 15983322 4 A W BT G 44 %}, 239 43 4%
WHIBRFT S A8 55 Rhe24b , Forh b 75 Fl 208 143 (46.7%)
PEAF %SNS 5 5 ] TuPpd-DI-F1 , TaPpd-D1-R1 Fl
TaPpd-D1-R2 1] % T PCR ¥ I T A5 S8 b4 K}, 147
Py #5t O AR AR U E S50 28 5 Ppd-Dla, HoHt 79
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Dy 1o 5 Fh (17.8%) A A AS 5 o #5737 Rht8/Rhi24
Rht-D1b/Rht8 .Rht-D1b/Rht24b 41-E B 7 #4351
5745(12.8%) . 143(0.2%) T2 173 (0.5%) o & HLAHF
W5 Rht-B1b \Rht-D1b ,RhtS \Rht24b . Rht8/Rht24
Rht-BIb/Rht8 . Rht-B1b/Rht24b. Rht-DIb/RhtS8. Rht-
DIb/Rht24b . Rht-D1b/Rht24b/Rht8 1 Ppd-Dla 4y 4ii
Wy 5 M 9.9% . 36.6% . 50.7% . 43.7% . 19.7% .
1.4% .5.6% .5.6% . 1.4% . 5.6% F1 95.8% . %5 I fr
R, XF Rht-BIb Fl RheS T 7 , 8 8l Bl 2 K] 43 A
3T 22 255 Tl )y P RS I 9.9% F119.3% , Rhe24b 1E Wi 25
an AR ) H I 43 A SR B 42 30 11T Rhe8/Rhi24 41
B FE TRt A 43 A1 A 25 85 by A e 1S
7% , Rht-B1b . Rht-D1b % % & (Rht-B1b/RhtS . Rht-
BIb/Rht24b . Rht-D1b/Rht24b . Rht-D1b/Rht24b/Rht8)
1 Ppd-D1a 5 Wb A (R ) H 4 A2 i 5 = T 1l
D7 A, Rht-B1b 5 RheS %5 Wi R B R b A
PG AT 8350 (3R 2) o T HB IX /N2 1l A
B R R S R S5 AR S B FLAl A (R AR 4y
2K
2.2 EHEEREASHEHREATRZEXMS IR
HlE I E 2%, AR, e ks A 25 m]
93 R A ZE DK (L5 ] PUVE IR 27 X PhIR = FE R 22
DX P R A A X)) FIAC A X (4 3 B VL i 4%
2 DX THIT B X AR R IRAZZ X ) . Rht-B1b
H1 Rht-D1b 73 J5 i ep 43 A B AR, 43500 2 0 F1 4 5y
(0.9%) (F3) , Hor #7447 Rhe-D1b Hu )5 & FP , 1403

TEHIR R A X, 55 3 Oy AAR i FoR X, G
2] 184 3 i FhHEMF RIS (41.4%) , Horby ] PU HE I 45
A2 X PRI = FEF 4 X P R A A2 X F BRI L
W22 X T 1A 22 DRI B AR SR 05 4 22 IX 0l
I35 5943 (50.4% ) (1913 (48.7%) 19173 (40.4%) .17
$y (34.0%) . 11 17 (23.9%) F1 7 1y (15.6%) . 208 1y
(46.7%) 1 )5 FhHEHS Rhe24b , TEAARF K IH 434
b, o7 PG AR 27 DX KR R FE AR 27 X R
i 2 X0 0 49 14y (41.9%) 14453 (35.9%) .7 14y
(14.9%) ; 72 B2 VT b 222 X BT B4 22 X Al
IR AT X5 54 393 (78.0%) .34 443 (73.9%) .
36 17 (80.0%) , HEAZ XL T4 4 X, Ppd-DlafE
o R AR 79 153 (17.8%) , HEF KK T4
FIX o WPUHE G X PRIR S FE A X AR S
B3 XYY Ppd-D1a 556 78 510 fb R4y 34 11 45y
(9.4%) 203 (5.1%) 16 13 (12.8%) , 3B 1T L liF44 57
DX TE ] b A 22 DX Bl AR S0 A4 22 X430 16
(32.0%) .10(21.7%) F1 1647 (35.6%) (F3) . HuJ7 b
Fofr o A A6 ) 2| Rhe-D1b/Rht8 .. Rht-D1b/Rht-24b Fil
Rht8/Rht-24b 3 MV EFT S A2 R AL A . Hirb #47
Rht-D1b/Rht8 IR BHL 1453 (0.30%) , > F H i 52 il
H K P4 Rht-D1b/Rht-24b IR RHAT 2453(0.5%) 5
H54T RhtS/Rht-24b (AR 5705 (12.8%) o o]
PUREME A A2 X WRIR  JE 22 M i R R 2 X 4y
SA 1743 (14.5%) .6 03 (15.4%) Rl 1453 (2.1%) , 55 5%
VL B A2 X TET] R A X P AR PR A2 X O

®2 HRNEHAHNERRAHEFERSMTSRREHA S HME

Table 2 The frequency distribution of dwarf gene and their combination in landrace and cultivars from different wheat

regions in Gansu

Loallllsyr et HITF RN ()
T Total varieties Landrace Cultivar(line)
Combination K B (%) (iR Wi (%) (G B (%)
Number Frequency Number Frequency Number Frequency
Rht-B1b 7 1.4 0 0 7 9.9
Rht-D1b 30 5.8 4 0.9 26 36.6
Rht8 220 42.6 184 414 36 50.7
Rht24b 239 46.3 208 46.7 31 43.7
Rht8/Rht24b 71 13.8 57 12.8 14 19.7
Rht-B1b/Rht8 1 0.2 0 0 1 1.4
Rht-B1b/Rht24b 4 0.8 0 0 4 5.6
Rht-D1b/Rht8 5 1.0 1 0.2 4 5.6
Rht-D1b/Rht24b 3 0.6 2 0.5 1 1.4
Ppd-Dla 147 28.5 79 17.8 68 95.8
Rht-D1b/Rht24b/Rht8 4 0.8 0 0 4 5.6

WA ARG BB AN R A P R AR 37 G AR SR ) SRS e f1

The frequency is the proportion of detected materials to the number of varieties of different origins (all the accessions, landraces and cultivars)
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BIA 1205 (24.0%) 563 (10.9%) 443 (8.9%) . Hift
B TEARRZZ X EFFIL N Ppd-D1a A
PP AR ZE R AR = 2381
ANFVEATHE R S0 A8 555 Ppd-D1a W U4
4 (Rht-D1b/Ppd-Dla . Rht8/Ppd-Dla . Rht-24b/Ppd-
Dla . Rht-D1b/Rht-24b/Ppd-Dla F! Rhi8/Rht-24b/
Ppd-Dla) WFFM 22K . 2 M RHENS Rhe-D1b/
Ppd-Dla, b 1 433k A Hh 2 M 22 X5 & RheS/
Ppd-DIa 415 WM B 21 63 (4.7%) , Horpr ] V5 3 %
FAEZIX PRI FERF XA P R AR 22 X A
305(2.6%) 01 A1 2145 (4.3%) , 3BT FIFAFE X
B b i A 2 KRBl 7R SR 00 44 32 K4y Sl S iy
(10.0%) 313 (6.5%) F 1453 (2.2%) . ¥4 Rht-24b/
Ppd-D1a A G 0IREE69 17 (15.5%) , o, nl 75 %
FAEZ X PRI TR FER XA P R AR 22 (X A
T4y (6.0%) 215 (5.1%) F1 443 (8.5%) 5 3 5 1T, |3i%
RFZ X TH] 1432 X P AR S5 & 32 X 4 A
15453 (30.0%) 1043 (21.7%) F 16 453 (35.6%) ., HE4fF
Rht8/Rht-24b/Ppd-D1a WM K} 14 43 (3.2%) . HHr,
T POV A A2 X Wk = FE A 22 X R S o 2
X5 145 (0.9%) (0103 1 0 403 5 3 B2 VL1 g 4 52
DX VB VAT A 22 X R AR SR 05 A 22 IX 43l A 4 45

(8.0%) 313 (6.5%) F1 1173 (2.2%) (£ 3) . #5741 Rhe-
D1b/Rht-24b/Ppd-D1a (¥ K} 2 6y, RN SR/ N Fl 5
39, DI ESEIRERI, HoR A AR 22 X/INAZ oy
PEHF RS RAT L R A 5 Ppd-D1aH A 895)
AT 2 S AR AN RV T 2 R i S5 AR S e 2
FEPE A B30T Hl/ N o Rk s i 2750k

A I B AS [ T8 %) 7 Bt A 485 i 1 A A 35
R A AN, HLSF AR 528 T HA A g 2
SRR (Fe4) . TR Sl b AL (0 R AT S DH L
Rht-D1b . Rht8 . Rht24b } ., 43 A 5 2R 43 5l K
66.7%.26.7% .30.0% ; ¥ -1 56 sl M4 B HE A 1) SR FT
LI LA Rht-BIb \Rht-D1b .Rht8 .Rht24b }y & , S A4
KN 41.7% .50.0% . 25.0% F1 41.7% ; H 45156 38 #4
BELL RhtS . Rht24b K ., 43 A7 451 % N 86.2%
58.6%. B B ¥ K 50 sl b4 R 5 AT 1Y Rhe-B1b/
Rhi24b (16.7%) Fll Rhi24b/Rhi-D1b/Rht8 (16.7%) ¢H
B B H A B0 sl ARG A1 1) RhtS/Rhi24(48.3% ) 4
B A AR B R4 & (U0 Rhe-D1b/
Rht24b .Rht-D1b/Rht8 55 ) FERERT I A B L Al (R )
AR INRIR (R 4) . DL 25 R IH/ N BT
AT EMORIEAREREG T 2B BT/
R R EE o

R3 NEMFHETHEFERREASERAREZEXPS AR
Table 3 Distribution frequency of dwarf genes and their combinations carried by landrace in different wheat regions
" (VB (%)

L RE Number/ Frequency
%[k[ﬂ (%) > S R [, > N ¥ o —
Combination Total o WTGHEC  BRRESE PURSUE BBELE WIRN BRASSE AR

varieties . eney PR BEK BEK WAEK  AEX AR HIKHE

HEXISW TMGHSW ZHBUSW JLJISYWW WHSYWW LDHYWW UM

Rht-D1b 4 0.90 0/0 0/0 1/2.3 0/0 0/0 0/0 3123
Rht8 184 41.40 59/50.4 19/48.7 19/40.4 17/34.0 11/23.9 7/15.6 52/51.5
Rht-24b 208 46.70 49/41.9 14/35.9 7/14.9 39/78.0 34/73.9 36/80.0 29/28.7
Ppd-Dla 79 17.80 11/9.4 2/5.1 6/12.8 16/32.0 10/21.7 16/35.6 18/17.8
Rht-D1b/Rht-24b 2 0.50 0/0 0/0 0/0 0/0 0/0 0/0 2/19.8
Rht8/Rht-24b 57 12.80 17/14.5 6/15.4 1/2.1 12/24.0 5/10.9 4/8.9 12/11.9
Rht-D1b/Ppd-D1a 2 0.50 0/0 0/0 1/2.1 0/0 0/0 0/0 1/1.0
Rht-D1b/Rht8 1 0.30 0/0 0/0 1/2.1 0/0 0/0 0/0 0/0
Rht8/Ppd-Dla 21 4.70 3/2.6 0/0 2/4.3 5/10.0 3/6.5 122 7/6.9
Rht-24b/Ppd-Dla 69 15.50 7/6.0 2/5.1 4/8.5 15/30.0 10/21.7 16/35.6 15/14.9
Rht-D1b/Rht-24b/Ppd-D1a 2 0.50 0/0 0/0 0/0 0/0 0/0 0/0 2/19.8
Rht8/Rht-24b/Ppd-D1a 14 3.20 1/0.9 0/0 0/0 4/8.0 3/6.5 1/2.2 5/5.0

HEXISW : Hexi irrigation spring wheat region; TMGHSW : High and cold Taomin spring wheat region; ZHBUSW : Central dry spring wheat region;
JLISYWW: : Upper Jialing River winter wheat region; WHSYWW : Wei River winter wheat region; LDHYWW : Longdong winter drought tableland

wheat area; UM : Unmarked
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Table 4 Distribution frequency of dwarf genes and their combinations carried by wheat varieties in breeding and application
areas
BB (%)
o J=R e Number/ Frequency
p3l -
- Total Rht24b/
Origin e Rht-B1b/  Rht-D1b/  Rht-D1b/ Rht8/
variees  Rpt-Blb Rht-DIb  Rht8 Rht24b  Ppd-Dla Rht-D1b/
Rht24b Rht24b Rht8 Rht24b
Rht8
I K 30 1/3.3 20/66.7 8/26.7 9/30.0 29/96.7 1/3.3 1/3.3 3/10.0 2/6.7 0/0
Qingshui test station
EEAR L] 29 13.5 0/0 25/86.2 17/58.6 28/96.6  1/3.5 0/0 0/0 0/0 14/48.3
Gangu test station
eSS 12 5/41.7 6/50.0 3/25.0 5/41.7  11/91.7 2/16.7 0/0 1/8.3 2/16.7 0/0

Huangyang test station

2.3 SRR )ETHETERSRERN

445 {5y b 5 Fh kR 5 95 FLAE 57.0 ~ 171.5 cm, H
H190.7% B A1 FHEE 3 90 em. 4 (0, Ay AT AL A
Rht-B1b Fll Rht-D1b 1) 53 A1 B 2 43 531 24 0 11 0.9%
Rht8 F1 Rht-24b 153 A W3 43 51| R 41.4% F1 46.7%
B R DL b A A A 7 A3 A 53 00 R 9.9%
36.6%.50.7% F1 43.7% , % B & B & F Rhe-B1b F11
Rht-D1b 4y A1 §il 2 375 55 F # 5 Flr, {H Rht8 Fll Rht-
24b W43 AT AR LT (F2) o 30 1338 AR 56 3l 41
B 16 9y B SEAS Z — R A 22 i AR i &R FLA 7
i B SE A AN, 2 22 BT 58 \92R137 | Flansers Fl
Mo (s)311 45 37 XA K A sl f #4 kL, 2418 K
HEFT A 12 iy B R s MR BB I T R R
5 BRRMALMBREFSHTRIEXESR

IR 5 TS NG 5 0 58 W 22 25 FE il
PORFE B WAL, ¥ KRR E AL, 29 T 4
BRI AL 32 B LS BTS00 5 A & | Cappelle
Desprez , Pascal | i &7 27 55 Wit A& 15 5t , 2 0 =TT
A DR R R ZE A T 1 L 445 0y A RMY
A 40y (LT KA R/ NE R RE F39)
N Rht-D1b 5778 5, HLAEHF Rht-D1b 1) b 7 R
B (60.0 ~ 77.0 cm) LA T35 Rht-D1a(90.0 cm L
) B M A ORI X L BB RT RE SR AR S I BUE
BRI S A BT Rl Rhe-B1b F1 Rht-D1b 3K H
R LA AN F2 77 X T K 75 b A, Rhe8
FI1 Rht-24b 11 Bifi 3¢ €5 55 i 12 A1 356 IR A9 % 4% i % 7
kGRS,

Table 5 Information on the pedigree, plant height, and allelic variation of the cultivars

PR
i i Iﬁi Pi:ie ;Cl:i Rhi-24b Rhi-BIb Rht-D1b Rhi8 Ppd-Dla jifn
height
1 K33 22K 23//J%192031 776 - - + - + 7K,
2 2K 34 SXAF4-7/87-121//J# 9203 740 - - + + + KR
3 KR35 ER25F/HFE 1 86.0 + + - - + TE KRG v
4 K36 JH22 17/SXAF4-7/87-121 702 - - + - + o TEKIAEE
5 2R37 00-301//2%K 26 9.0 - - + - + VKRR
6 K39 SXAF4-7/87-121//J8 92031/ 7 22 703 - - + - + o KR,
7 2R 42 SXAF4-7/87-121//J8 9203 1///5&471 58 80.0 - - + + + oy SR hw
8 K43 2R235/AA 18 770 - - + - + 0 WA
9 K45 8927V/JHZ 16 770+ - + - + VKR
10 ES N K 94-3///71 4/S394//i8iA4% 4515 05-095//FF 17/>2K 23 750 - - + + + WK
11 2R 48 06-413/J877 23 67.0  + - + + + AR IR Y
12 K52 / / + - - + + AR




212 Moy o e WOl ¥ 25 4
F5(4)
Pris
ii I\iii Pfi:ie ;Cl:;i Rht-24b Rhi-B1b Rht-DIb Rht$ Ppd-Dla (;kn i?n
height
13 2K 53 / / - - + - + VARG
14 22K 54 06-209/J5177 36 66.0  + - + + + KA
15 2RS35 / / - - + + + o KRR
16 22K 56 22K 33//GS HLH 38/92R 137 89.0 - - - - + o TEKIREE R
17 K59 22K 335/ 47/PHS2-2-2 61.0 - - + - + Y SR Ta
18 22K 60 JEIZE 17//SXAF4-7/87-121///% 7% 60 650 - - + - + T KRR
19 ESNQ! 2K 34/06-129 780 - - + - + o KRR,
20 22K 11-224 06-03-10/17% 16 9.0  + - - - + o KRR
21 22K 13-10 JEZ 17//SXAF4-7/87-121///06-209 84.0  / - + - + o KRR
22 2R 12-24 22K 30/Yrl5 98.0  + - - - + KA
23 R 14-157 SXAF4-7/87-121//)# 92031///FVNDRL-EA900 88.0 - - + - + T KR
24 22K 14-66 SXAF4-7/87-121//J% 9203///06-129 860 - - + - + KRR
25 (GBS EORA 1070 - - - + - AR
26 HEBLT 5 / 650 - - + - + VARG,
27 22K 25 92-72/Mo(s)311 900  + - - - + KA
28 K26 Flansers/>: K 10 1000 - - - - + KA
29 ik 122 2R 1054 96.0 / - - - + AR
30 47 12057//5% 522/K37-20 1000+ - - - + o KRR,
31 RESY 1 1269/ 25 i /G 293//-RAEL /M6 293 850 - + - - + R
32 RE105 227 7086/E64-242 84.0 - + - - + 0 HEERE
33 B 7 30 / 850  + - + + + o HEIRI
34 B 4 39 A T65/5 41 87.0 - + - - + HEERA
35 B 41 / 86.0 + - + + + WARIG
36 [z 42 K 2312//E 871/7k 3263 850 - - + - + pIE SR o
37 B 44 99W77-6-1-2/JF 96-4839//m248 86.0  + + - - + HA R I0 U,
38 WAU23 / 750 - - + - - CES )
39 7K 1265 / 83.0 - - + - + 0 BRI
40 U135 / 86.0  + - - - + 0 EERAE
41 611 / 940  + + - - + R
42 T4 51 7K 3002/ T 4 840 - - + + + R,
43 [ % 9825 8924-6/>%K 13//Pascal 88.0  + + - + + BB
44 bz % 9826 P 19/22K 13 9.0  + - - + + HaRmh
45 Bl % 9827 FEX /P 157MD 1100  + - - + + HaiRreh
46 Bl % 9828 8654-1/>2K 15 1100  + - - + + HR®
47 Bl % 9832 FA19/22 K 13 1150  + - - + + i
48 Bl % 9833 B 19/22K 18 1080  + - - + + HaR%E
49 %5 9834 JH98165/>%K 6 85.0  + - - + + Htue vk




2 Wit  HR /N Al (R ) SR AT SR DR N B oA AL 213

#=5(48)
Piss
o 5 .
ije f‘ai Pifee ;Cl:;z Rhi-24b Rhi-BIb Rhi-D1b Rhi8 Ppd-Dla S’; i’?‘n
height
50 ZL17BDNA / 1140  + - - + + A a3t
51  ZL17BDNA-70 / 109.0 - - - + + HeRss
52 ZL17BDNA-33 / 1120  + - - + + i
53 ZL17BDNA-147 / 109.0  + - - + + HRms
54  ZL17BDNA-32 / 107.0  + - - + + R
55 ZL25HY / 1150 - - - + + H g
56 ZL25HY-3 / 117.0 - - - + + 0 HeiRK
57 ZL25HY-9 / 1180 - - - + +  HAR
58 ZL25HY-4 / 1140 - - - - - T,
59 ZL25HY-7 / 1150 - - - + + H gl
60 ZL25HY-10 / 112.0 / - - + + HeERm
61 ZL25HY-8 / 1140 - - - + +  HARE
62 16-6-8 b 122K 20 950  + - - + +  HARg
63 16-9-32 [}z % 9343//Cappelle Desprez/>% K 10 102.0 - - - + + HA 60
64 16-9-1 [l % 9343//Cappelle Desprez)/>% K 10 99.0 + - - + + H AR
65 16-6-10 B 1/ Cappelle Desprez/>= K 10 950 - - - + + H AR
66 16-9-2 [lp % 9343/Cappelle Desprez/>% K 10 105.0 + - - + + T AR
67 16-1-2 FeHr011-2-6/K 98294 1160 - - - + + A a3
68 16-9-3-2 [if % 9343/ Cappelle Desprez/>% K 10 105.0 - - - + + H Ak
69 12-10-1 [}z % 9821/ 2-7-1 950  + - - + + 0 HEERg
70 12-9-7-4 FA19/22K 13 97.0 + - - + + HA R
71 LY935BDNA-17 / 113.0  + - - + + A

IR TR s + 3R IR AL 5 -FROR TOR AL 55 T[]

/ represents no data;+ represents the presence of this allele variation; - represents the absence of this allele variation; The same as below

24 BEHEWAIULELERERMAHINE RS
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FEAR 5 B S PRI 7 s B YA G bR R
H B FT LR s . 4845 Rhe-B1b F Rhe-D1b B 1K}
TEANE 2512 F R s f 0, 3 R T {2
T 5D W AT AR FEE T AR AR KIS ) o™
Ho Rht-24b F Rm8 TE T 2451 N AN S5m0 77 f vk
T K A%, FLAE R [R] B RN 0 A 0 Ak v AR AL AN K, 45
e P AR I R AR . STk, AR ARG
(1) 445 45 1 5 FAD 71 03 B s AP (R ) Hh i e 485445 2
A K UL FIEFF SR A L 2T 46 £, JLrfil A 15
1y, EHEHENT Rht-24b  Rht8 Fl Ppd-D1a; % L6 k1 FHH
PR (BPTIEYE U Rk R, T O, T e H ol
PO X EHBIX s R ERmERXNEE

Fhepse i o A AR IR, B —A
Rht-D1b WyHEJ5 AL 44y, AT AEH AT oG | T] 2 S5
XE MR AW L0 5% 2] 5 A A DL
AR R R A R R R ) 31 £, Hodr K
G 9 0 (L N AR KL ), T ZHEHT Rht-
24b . Rht-D1b .Rht8 | Ppd-D1a; ¥ FiR w5 4y, &
BLWENT Rht-B1b Rht-D1b .Rht8 ,Rht-24b Fl Ppd-Dla;
H ARl 17 0y, FEHE Rhe8 F Rhe-24b(5R 4) .
A A A v R e PR AR R R
-, R AR A S5 T A T AT A A AT I 3R 3T
T DX I R E X5 25 XU B /N 22 A TN b e g
FH s HAR gt s (22D 2571 i, PO e s, T 5847
Jof T2 P R K Bl e R Bl 2 55 5 b /N A2 BT
PR .
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Table 6 Information on accessions carrying two or more dwarf genes in Forty-six landrace and cultivars (lines)

Zi fa r*i f:i Rht-24b Rht-BIb Rht-DIb Rht8 Ppd-Dla
1 ISR Hb 5D + - - + -
2 HET Hb 5D + - - + -
3 EXARE S Hb 5 + - - + -
4 KEG oy + - - + -
5 Py NEE 3 oy - - + - +
6 b/ oy + - - +
7 S Hb 5 Fif - - + +
8 HARZE Hb 5 Fh + - - + +
9 Kz Hh 5 Fif + - - + -
10 EEAN HJr + - - + +
11 BN H A + - - +

12 FL 7 + - - + -
13 —FiF H 7 FD + - - + -
14 ‘¥ 39 Hb 7 Fif + - + - +
15 A oyl + - - + +
16 2K 34 T - - + + +
17 K35 & A + + - - +
18 EPNY & A - - + + +
19 22K 45 B L + - + - +
20 4R 47 B - - + + +
21 K48 B - + + +
22 RS2 B - - + +
23 MR 54 [P + - + + +
24 K55 LR - - + + +
25 B 45 30 AR + - + + +
26 B 5 41 BT + - + + +
27 B 5 44 BRUHFD + + - - +
28 FE 611 H A + + - - +
29 THRS1 BB - - + + +
30 B % 9825 B A + + - + +
31 B % 9826 H A + - - + *
32 B % 9827 H A + - - + +
33 B % 9828 [EAr + - - + +
34 B % 9832 (e AEE + - - + +
35 B % 9833 [EAEE + - - + *
36 Bl %9834 H L + - - + +
37 ZL17BDNA T Bl + - - + +
38 ZL17BDNA-33 H LD + - - + +
39 ZL17BDNA-147 E R + - - + +
40 ZL17BDNA-32 A + - - + +
41 16-6-8 E AR + - - + *
42 16-9-1 H AR + - - + *
43 16-9-2 AR + - - * +
44 12-10-1 AR + - - + *
45 12-9-7-4 H LR + - - + +
46 LY935BDNA-17 R + - - + *
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Hb 5 PR /N B AR E R ORI, A T R
T 5 R 1 5 e R 23 A, ASBE SR A I 1 4 Fh AT
&2 37 7% 5 (Rht-B1b , Rht-D1b . Rht8 , Rht24b) Fll— i
I A S PR A USRS A 53 (Ppd-D1a) R K HiAE
ANTRIZE DX 43 A5 o A6 M 5 R0 38 05 A P RAeS
Rht24b J Rht8/Rht24 43 A R348 4330, T 7 B
Rht-B1b .Rht-D1b ,Ppd-D1a N H:2H -G Rht-B1b/RhtS .
Rht-B1b/Rht24b .Rht-D1b/Rht8 .Rht-D1b/Rht24b . Rht-
DI1b/Rht24b/Rht8 W Ak m THU T, 4 FEFTAE
7 738 S AR 2 A3 A a3k Rht-B1b < Rht-D1b < Rht8
< Rht24b, 511 N HOWF 58 45—+ 172224 Rhe24b
IRz o A AE A BRI MR R 3B R B IR
(8.0%) , /[ H5 F d5 155 (61.0% )5, Tian 2514/ % B
EIE B /N SR Rhe24b A A5 %635 84.2% , AT
5% H 44 5 b (46.7%) 7 AL R (43.7%) 1Y
Rht24b 53 ATARFANR AR . Ppd-D1a 53 Aii 5%
)RR P A G, — M v 03l DX AT 6 3 IX
SRR

Rht-B1b 1 Rht-D1b TEAS ] A= 75 X 38 1Y 43 Al He
A —E MR, 5 AN 4 4 A4 BHEE T Rhe-DIb,
I & 5k Ff Rht-B1b(9.9% ) 1 Rht-D1b(36.6% ) A5
R, HAER AKGRIE VY (66.7%) #1 K Rht-D1b )
AR o MU Rl R RAe8 B 43 A AR AR 2 X
AT XY, (A FE X Rht-24b 143 A SR AL 15
FTHEFEIX ,IEHF X A Rht8/Rht-24b [R5 i 4 %
FIACFE X 22 S AN K5 1110 7 B A o 4 ke 4
1 Rh18(86.2%) I Rht-24b (58.6% ) 43 Aii 4l 4% 5
H. Rht8/Rht-24b {XLHE T 4312056 v 46 0 A4 6 b A2 7
YA 48.3% o ASWETEH 90.7% 1 HE T3 Fh Ak =
KT 90.0 cm, 54 H Rht-B1b F1l Rht-D1b 545 75 5
O 5 ARG i 3 a6 oty 097 K 6 3 1 i A Ak
FAR T H A RIS A (R, 5100 & 54 = )
Rht-B1b Fl Rht-D1b 7 & o W e A UL, Rht-B1b Fil
Rht-D1b FEA 3 A7 15 7K HE S A 88 X 35, RAeS F1l
Rht-24b (WG N HESR , AE T 22 KIH oA 427

PR SR /N A 7 0 ) W B AR AR
R = BRI B/ N2 BT EVRRE ), A Bh 42
ECGRFE B, PR = 7 82 . Rht-B1b I Rht-D1b F
oA )32, R F 70.0% & s flhep 2054
Ho— (BB T Wb R b it DL R (R 43 2%
ALk 46.5% , 7 Jz LI B 485 5 3 7 ol 56 DT 1 4 o
AR IR MR R A 2 i 2 R 9 (O A s

X)), HHEAT Rhe-D1b WM 5 , B 100 it A L i
A LA R A 22 XA B it A5 75 5, H Rhe-B1b W4
R, X5 DA FE DX X Iy R A 0 AR S AT R
B A o o AR G i bR B B K 9825
Hh, H A Y AT Rhe-B1b 8% Rhe-D1b, 3% 1] RE 5%
XS SRR KX, SHHUR My e
Hbr A .

Rht-B1b F1 Rht-D1b f: -l H 4 Norin 10 5 1%
P 202 [, P52 55 75 5 9 = B E oK /NEE R e
(CIMMYT) PV 132 W FH R BB T 3 (R Rhe8 B - F
H A 7 Akakomugi 3 A & K F ) Mentana' ',
HETT AL 6 S 1 5L M, Rhe24 Wi %5 Rht-B1b . Rht-D1b
F RS TEM TG I N AL RE T4 Jie , ZE i /N2 ek
R R TEEAERY hEARRZZ XA R /N
FIE T A HEAT 19 5 TR AT I DR (14 R SN 50 A13 A5
B[220 R G DR A 4R B AR RN N F IR AR RN
[i] , {5342k I F Norin 10, Akakomugi , Mentana 45 ;
AR FE T A b T AT 11 32 DR Y R S AR SR gk — A
BUE T3k — o MAHIEZE O A 4 0 b4 RE (TG
KEAZE Eh/NE R BT 39) 44 Rht-D1b %%
FFIEDR, TG Rht-B1b 530 , 1 7K 56 3l A4 b e Y 7E
80 cm DAF, {8 35 T o Ath by Bl , 400 A_E b4 )
() Rht-D1b W] GEX H AM5 | 5% B8 Bl 110 Rhe24 Fl
Rht8(Ppd-D1a) WK H [E A5 Fi .

W AR, BT I DR FE R AR 5 , 412 /=i ™ o A3
TR [, Rhe-B1b F1 Rhe-D 1b 3 ] AR AE 24 H Ry
RIS IREE IR Y Rht-B1b fil Rht-D1b
1 Rht8c AT ABAR Y A 25006 7™ 2 B2 40 Sl 42 19 19.0%
52.0% F119.0%, Rht-B1b F1 RhtSc 5 8 4= B JC g %
ANTRT 5 AL Rht-24b A 23 3 155 7R B9 1 4 G S04
AN AETIEREE T Rhe-B1b F Rht-D1b BA T [l ff:
F 2RS40 06 TG AN R 80 T RAR, AR
AR TS I SO AE 505 17 RAes W] RARAR & L (2

SR R ZE 0 1 A KRB 30E O e R s B
IERAVERY . Rht8 F Ppd-Dia FEARKE S , 46 = AL
AIE /NS, ST SRR A A R R . 5
4, Ppd-D1a o] JHAs R AR 1, $2 A BT 2R
W ARG 7 HA 1 46 1 ARk i b b AT 4R
B FPEA N R R AT e A 7 5 E R A
H, an4EH7 Rht-B1b . Rht-D1b , Rht8 5%, Rht-24b , Ppd-
Dla S H A AR MRN T FEI VG 22 X T 4
7 DX ] A 3 DX R B ARAE 25 X35 ) /N3 7
W3z L AR 3 B VLSRR B ) & AR X
W70 8 £ Rht-D1b .Rht-B1b F1 Rht8c BB R T &5
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Table S1 The landraces used for the detection of the dwarfing genes from Gansu

i Rht-24
P S Eqs e (cm) ———— SRR
Heading S1066954 $983322 Rht-BI Rht-DI Rht-8  Ppd-DI
Number Name Plant height Origin
date
0770 = A0 120.7 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8 — Ppd-DIb  FEBL FIF4F#X
0402 K= 5/16 127.2 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb TR b A S X
0025 H=E 51 110.2 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb A R X
0033 H2E 5N 120.7 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb R X
0053 L4 54 121.2 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS - PRI R 2 X
0504 X=EE 56 119.8 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb  FFRIT AKX
0627 SR A 104.5 Rht-24b  Rht-24b Rht-Bla Rht-Dla rhtS8 Ppd-D1b/Ppd-D -
la
0077 Kk=d 51 1135 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PRI R 2 X
0061 Fk=dE 51 118.9 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb YIRS FEF L X
0028 SETEEAE 6/15 139.0 Rht-24a  Rht-24a Rht-Bla Rht-Db/ rht8 - A R X
Rht-Dla
0020 Xk 5/18 1133 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb i R X
0540 qETEE 5/ 101.3 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TR b A S X
0812 HAETE 511 102.5 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb TR b A X
%
0803 FBEIE 512 1135 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-DIb TR b3 A S X
0906 LLHTEH 54 113.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb B < SR A 2 X
0006 martd 514 103.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-Dla TR b A2 X
0032 N 51 116.7 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb A R X
0039 mTEE 5/14 102.0 Rht-24b  Rht-24b - Rht-Dla rht8  Ppd-Dla PRIR R 2 X
0143 B 5117 101.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb T VX AR 2 X
0393 —TEd 5/18 124.7 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TR b3 A2 X
0361 fEk 521 121.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TR b3 A S X
0714 WM 521 128.5 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb T VH X AR 2 X
%
0097 KFHk  5/11 123.3 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-DIb i R X
0098 AR Sk 5/22 88.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb A R X
0004 .54 5/15 102.5 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb TR b A S X
0388 TEK-TEAL 5/12 122.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TR b3 A2 X
0516 ZHE 512 135.3 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TR b3 A2 X
0036 TERL/NE - 5/16 132.0 Rht-24b  Rht-24b Rht-Bla Rht-Db/ rht8 - PRI R 2 X
Rht-Dla
0069 BN 518 131.0 Rht-24b  Rht-24b Rht-Bla Rht-Db/ rht8 - PRI R 2 X
Rht-Dla
0202 PN - 105.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-DIb T VHE X AR 2 X
0059 B 519 92.7 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PRI R 2 X
0134 B/ 521 109.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb T VE X AR X




0691 HANET  5/17 104.3 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS ~ Ppd-DIb WX HEEZX
0043 BEHE 5/16 136.8 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb WIRFFEREEZX
0833 JRBHBRTE 517 122.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb B AR R IR A X

EES
0541 HEIL 52 87.7 - Rht-24b Rht-Bla Rht-Dla rht8  Ppd-Dla T A X
0766 ZH%E 517 1103 Rht-24b  Rht-24b Rht-Bla Rht-Dla RHTS  Ppd-DIb PRI R 2 X
0377 REk 55 118.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb T A X
0447 4HFE 513 128.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8 — Ppd-DIb  FFEIL L& EX

0774 FkAFE 522 108.7 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb R R X

0042 K& 518 117.0 - Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PRI R 2 X

0673 RFE 522 95.5 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb T VH X AR X

0192 HK%EZ 527 98.0 Rht-24a  Rht-24a Rht-Bla Rht-Db/ rht8 - T VE X AR X
Rht-Dla

0728 HEAK 529 103.0 Rht-24a - Rht-Bla Rht-Db/ RHTS - T VE X AR X
# Rht-Dla

0807 2aAHE 513 121.5 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TR b A S X

0162 A% T  5/18 118.8 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb T VE X AR X

0724 MOk 512 111.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb WX HEEZX

F
0734 AL 523 101.7 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb T VE X AR X
0745 Y E - 108.5 - Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb T VE X AR X
0056 ®|E sn9 105.2 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-DIb PRI R 2 X
0067 R#E 514 96.8 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PRI AR 2 X
0820 RET 521 100.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PRI R 2 X
0115 BEH 518 118.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-DIb T VH X AR 2 X
0057 piva 5/8 105.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS — Ppd-DIb PRI R 2 X
0185 k& 523 129.8 Rht-24b  Rht-24b Rht-Bla Rht-Db/ rht8 - T VHE X AR 2 X
Rht-Dla
0763 &F 519 87.7 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-Dla T VHE X AR 2 X
0710 HHE 529 109.5 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb B < SR A 2 X
0662 2L 522 105.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb  FEFRIT AKX
0078 Folk 523 114.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rhi8  Ppd-DIb YIRS FEF L X
0141 ek 6 110.0 Rht-24a  Rht-24a Rht-Bla Rht-Db/ RHTS - T VEE X AR 2 X
Rht-Dla
0692 Kk 524 1127 Rht-24b  Rht-24b Rht-Bla Rht-Dla RHTS — Ppd-DIb T VX AR 2 X

0109 HARBER 56 123.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-Dla WX HEEZX
0165 LLARBEIR 524 130.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla RHTS ~ Ppd-DIb WX HEEZX

0703 LB 522 128.3 - Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb T VHE X AR 2 X
0626 A 513 1180  Rht-24b Rht-24b Rht-Bla Rht-Dla RHTS — Ppd-DIb -
0285 GKIEL 510 86.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-Dla B < SR A A2 X
B
0605 AN 426 111.5 Rht-24a  Rht-24a Rht-Bla Rht-Db/ RHTS - T VX AR 2 X
Rht-Dla

0663 FERH 5120 108.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb WX HEEZX
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