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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 RAt-B1b and Rht-D1b in landraces was extremely low. 41.4% of landraces carried
Rht8, with higher frequency in spring wheat regions than in winter wheat regions. 46.7% of landraces contained RAt24b, with lower
frequency in spring wheat regions than in winter wheat regions. The frequency of Ppd-D1a was only 17.8%, with lower frequency in spring
wheat regions than in winter wheat regions. In addition, only three combinations (RAt-D1b/Rht8, Rht-D1b/Rht24b, and Rht8/Rht24b) were
detected, with frequencies of 0.2%, 0.5%, and 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 same
dominant dwarfing allelic variations and frequencies. Qingshui cultivars mainly carried Rht-D1b, Rht8, and Rht24b, Huangyang cultivars
mainly carried Rht-Blb, Rht-D1b, Rht8, and Rht24b, and Gangu cultivars mainly carried RAt8 and Rht24b. Qingshui and Huangyang
cultivars had dwarf stature and high yield potential, suitable for wheat breeding in Hexi and Yellow River irrigation areas. Gangu cultivars
had higher plant height and better disease resistance, suitable for disease improvement in dryland wheat in Dingxi, Tianshui, Longnan, and
Longdong, etc. (3) It is speculated that the dwarfing genes of cultivars may come from Nonglin 10 and Akakomugi. (4) Fifteen landraces
and 31 cultivars were screened, which can serve as references for dwarfing wheat breeding in different wheat regions of Gansu.
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Figure 1 Location distribution of breeding advance lines test stations.
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1.2.2 PCR #3M753% KASP bric 045 3 455140 AL B f1 C, Hdr ¢ NILH B, $5ic Rht-BI« Rht-D1 F S1066954
1) A 5190 FAM 980638, BoR W6, R EF AR, B 4 HEX RGIEH], R 4%, Kl 584887, 17 S983322
FRic A 519047 FAM 263, FOR G, K2R, B 7 HEX W 63EH], WoRZ %, KMEF 4R, Rht-Bib.
Rht-D1b F1 Rht-24b FEFTFE R (R4 220 K F AR vHE ) KASP AR & : JEA 514 (100 uM) 40 uL, # 4k 541514 (100
uM) % 16 pL, ddH20 60 pL. KASP Fricill &4 s Rifk R 75 2.5 pL 2x KASP master Mix (LGC, Biosearch
Technologies, UKD , 0.07 uL KASP 5I# TR, 2.5 pL #k DNA (30-50 ng/uL) . PCR RNFZFU1F: g
94°C 15 min, 8 94°C 20s (10 MEH) , 1B K/ZEH 61-55°C 60's, M 94 °C 20s (26 MEHA) , B K/IEfH
55°C 60 s. 11/ PHERAstar Plus H #5562 Difielgtni (BMG Labtech GmbH, Ortenberg, Germany) fi
WHE A5, 18 KlusterCaller #4F (LGC, Hoddesdon, UK) 43, DG273 F5icH #4575 391 bp H B N T
rht8 JERIZEAY, 421 bp i BORNEEFT Rhe8 2R, Ppd-D1 £ ri 3 ANFrid R 2 # PCR, 288 bp J BN Ppd-Dla 2
A, 414 bp FrELN Ppd-D1b 2571121,
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Table 1 Primer sequence and related information for dwarf gene used in this study

£ Fric SFH (5°-37) AT 27 R
Gene Marker Primer Sequence (5'-3") Allelic variation Reference
Rht-BI Rht-B1_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-D1_SNP-A GAAGGTGACCAAGTTCATGCTCATGGCCATCTCGAGCTGCTC FAM/C, Rht-Dla [15]
Rht-D1_SNP-B GAAGGTCGGAGTCAACGGATTCATGGCCATCTCGAGCTGCTA HEX/A, Rht-D1b
Rht-D1_SNP-C CGGGTACAAGGTGCGCGCC
Rht8 DG273-Fw CTTGACGAGCTTGGAAATGG 391 bprht8, 421 bpRht8 [16]
DG273-Rv GCAACAAGTGCTTCTGTCGT
Rht24 851066954 GAAGGTGACCAAGTTCATGCTAGTGTCGGCATGACTGATTCTCC FAM/C, Rht24a [5]
GAAGGTCGGAGTCAACGGATTAGTGTCGGCATGACTGATTCTCA HEX/A, Rht24b

CCAATCATCAAGGTGACTGTCATCA
85983322 GAAGGTGACCAAGTTCATGCTCCCAGCGCAGTCTGTCCTG FAM/G, Rht24b [5]
GAAGGTCGGAGTCAACGGATTAGCCCAGCGCAGTCTGTCCTA HEX/A, Rht24a
ACGCCATGGAAATTCTCGAGAT

Ppd-DI TaPpd-DI-FI ACGCCTCCCACTACACTG 288 bp (Ppd-D1a) [21]
TaPpd-DI-R1 TGTTGGTTCAAACAGAGAGC 414 bp (Ppd-D1Ib) [15]
TaPpd-DI-R2 CACTGGTGGTAGCTGAGATT

2 ERES
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Fra AR Ghor MATE s A B 7 4 (1.4%) BT SALAR T Rht-B1b, 4N E R (R);
M7 FhBR S AR BTN 20 B B VMR A 6 R A, o4 439 1y 4 4% A iRy AT S5 A8 5 Rhe-Blas 1 %) Rht-D1
B, 304y (5.8%) MEHE S BFITFSAI A T Rht-D1b, M5 FML 4 M RIER Z L, 2N 0.90%, H4H
HNEAFEN ST Rht-Dla. Fl DG273 3G FTA #1EL 220 43 (42.6% ) #5717 FEFF AL AR 5 RhtS, Horh 184 43 (41.4%)
5 R4 Rht8.Rht24 1) KASP FRid S1066954 F1 S983322 43 SR Fr A A1k, 239 44547 B AT 748 57 Rht24b,
Horh 5 Rl 208 17 (46.7%) 1% A8 % B TuPpd-DI-F1. TaPpd-DI-R1 F1 TaPpd-DI1-R2 [{]% % PCR
TETE R AR, 147 43385085 B AR BURE A AR 5 Ppd-Dla, oA 79 i Fl (17.8%) A AR R,
314 4y (70.6%) HJ5 Fh 4545 ol A W BUR ST AR 5 Ppd-D1b. 7 Rht8/Rht24. Rht-DI1b/Rht8. Rht-D1b/Rht24b
HA W TR 57 4y (12.8%) « 145 (0.2%) A1 2 43 (0.5%) « B A AISEA TR #5457 Rht-B1b. Rht-D1b-
Rht8. Rht24b. Rht8/Rht24 Rht-BIb/Rht8. Rht-B1b/Rht24b. Rht-D1b/Rht8 Rht-D1b/Rht24b. Rht-D1b/Rht24b/Rht8
H Ppd-D1a 5 A SR 53 51N 9.9%. 36.6% 50.7%- 43.7% 19.7%- 1.1%. 5.6%. 5.6% 1.4%. 5.6%F1 95.8%.
ZE AT, R AR O R 0 B AT IR R S L S AR R T B A (KD, BXF Rhe-B1b A RM8 T
R A 2 R AT AT I N 9.9%, Rht24b TEPI TR (R W AR 808, 10 Rht8/Rhi24 HETEH
St b e PR 20 A A A R 8 03 7%, Rhe-BIb Rhe-DI1b N Fe#45 . Ppd-Dla fEE BUM A () HorAidi
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Table 2 The frequency distribution of dwarf gene and their combination in landrace and cultivars from different wheat regions in Gansu

FRAT B[R S AR S S LA A For I A ) 77 Landrace BREGHAI(R) Cultivar(line)

Dwarf gene and its combination L W (%) A W (%) T B (%) ¢
Number Frequency Number Frequency Number Frequency

Rht-B1b 7 1.4 0 0 7 9.9

Rht-DI1b 30 5.8 4 0.9 26 36.6

Rht8 220 42.6 184 41.4 36 50.7

Rht24 239 46.3 208 46.7 31 43.7

Rht8/Rht24 71 13.8 57 12.8 14 19.7

Rht-BI1b/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

o BRI BIRPRL & A R R A A g

3The frequency is the proportion of detected materials to the number of varieties of different origins
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HihEHEE R, Rk, mMibsE, WKIEBASTHAREEZX (ARFEREEREEZX . IREEEEX.,
MHREMEFEEX) MEAEX (BFREERT EHAFEX . B LA EX . A REAFEX) o Rht-Blb Fl Rht-DI1b
TERL T Fhrp 3 AR ARA, 20508 0 R4 4 (0.9%) o b, #5755 Rhe-DIb HIWitn 7 Moy A fE il TR /%
X.o HEIE] 184 43 A HETT RAtS (41.4%) o Hrb, PR EFX . RIREEEZX P HEMELX . 7
PRI B 252 X L BT i A& 22 X AP 2R R 432 X 53 30l 73 AT 59 4 (50.4%) « 19 77 (48.7%) « 19 4 (40.4%)+
17 3 (34.0%) « 114 (23.9%) A 743 (15.6%) o 208 {5 (46.7%) HiJ5Fh#Et: Rhe24b, 1EXFFZX A
i, Horp, WPEMEZX . PR ERELZ X AR EREEL X 2 HH 49 4 (41.9%) . 1443 (35.9%) . 7
By (14.9%) 5 FEBRIT R4 X B _EEAZE X R RIR A X 050 39 4 (78.0%) « 34 17 (73.9%)-
36 1y (80.0%) , HEFXMTAZEIX. Ppd-Dla {EHLTT A /3 AT AIRAL 17.8%, HEZXKFAEX .
VEW G X | WRIR 28R X A i R M2 2 X 571 Ppd-D1a Z5 078 S () SR 20 5 1143 (9.4%) 2 2 43 (5.1%)
M6t (12.8%) , FRRIL FIFAZIX . 1B EiEA 3 XAPE R PR 42 X 56 16 (32.0%) « 10 (21.7%)
16 4 (35.6%) -

o7 Fh A AU I B Rhe-D1b/Rht8 Rht-D1b/Rht-24b F1 Rht8/Rht-24b = FhIEFT AT A ol & . Horp, #EH
Rht-D1b/Rht8 BIMPEMY 1 47 (0.2%) , KE T REHELZIX; #5547 Rht-DIb/Rht-24b FIMENE 2 47 (0.5%) 5 45
W7 RhtS/Rht-24b IR KR 57 43 (12.8%) o L, WPHEMAERZIX . PR IELEZ X AP R EE X 0 mE
174y (14.5%) « 643 (15.4%) A 147 (2.1%) , FZRIL EHFAEX . B _FFAFE XA AR P30 422 X 53]
H 124 (24.0%) « 547 (10.9%) « 44y (8.9%) .

3 ANEFFEALAS 5 Rht-D1b« Rht8< Rht-24b 445 Rht-D1b/Rht-24b F Rht8/Rht-24b 55 Ppd-DI1a (445
RWARHIE . PR L X 1 A RHETT Rht-DI1b/Ppd-Dla. & Rht8/Ppd-Dla A& WA EL 21 4. i,
WVHEMREZX . IR EEELZ X AP REEZ X 00H 30 (2.6%) « 0 F 2 4 (43%) 5 FERIL
A F DX TETA B A3 X 4R SRR AFZ X3 04 5 45 (10.0% )3 45 (6.5%) F 1 445 (2.2%) . #5715 Rht-24b/Ppd-D1a
HERIPEL 69 o Horbr, WP A X . PRIR S FEFRLZ X AP R HELZ X 50E 7 0 (6.0%) 2 4 (5.1%)
443 (8.5%) 5 FEPRTL EIFAZEIX L JBI] EE 43 X AP 2R R 452 X 73 il 15 43 (30.0%) « 10 17 (21.7%)
A 16 43 (35.6%) o #5157 Rht8/Rht-24b/Ppd-Dla ARl 14 4. Horp, JAITHHEREE X . PRIREFEH L X A
BEBEL XA 14 (0.9%) « 0K 0 4y FEFRIL EIAFEX . R _E&Z XA R R4 £ X 0 5E



443 (8.0%) « 34 (6.5%) Al 14 (22%) o 4 Rht-DI1b/Rht-24b/Ppd-D1a IR L 2 4, BIERI/NERMEG T
39,
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Table 3 Distribution frequency of dwarf genes and their combinations carried by landrace in different wheat regions

P W BBE%)y HEXISW TMGHSW  ZHBDWW  JLISYWW  WHSYWW LDHYWW  WBZLYD
Combination No. FRQ DI (%) BN (%) BN (%) BN (%) B (%) RV (%) B BUR (%)
(No/FRQ)  (No/FRQ)  (No/FRQ)  (No./FRQ) (No/FRQ) (No./FRQ)  (No./FRQ)
Rht-DIb 4 0.9 0/0.0 0/0 123 0/0 0/0.0 0/0.0 323
Rht8 184 414 59/50.4 19/48.7 19/40.4 17/34.0 11/23.9 7/15.6 52/51.5
Rht-24b 208 46.7 49/43.5 14/35.9 7/14.9 39/78.68 34/73.9 36/80.0 29/28.7
Ppd-Dla 79 178 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 0.5 0/0.0 0/0 0/0.0 0/0 0/0.0 0/0.0 2/19.8
Rht8+Rht-24b 57 128 17/14.5 6/15.4 1/2.1 12/24.0 5/10.9 4/8.9 12/11.9
Rht-D1b/Ppd-Dla 2 0.5 0/0.0 0/0 1/2.1 0/0 0/0.0 0/0.0 1/1.0
Rht8/Ppd-Dla 21 47 3126 0/0 2/4.3 5/10.0 3/6.5 122 /6.9
Rht-24b/Ppd-Dla 69 155 7/6.0 2/5.1 4/8.5 15/30.0 1021.7 16/35.6 15/14.9
Rht-D1b/Rht-24b/Ppd-Dla 2 0.5 0/0.0 0/0 0/0.0 0/0 0/0.0 0/0.0 2/19.8
Rht8/Rht-24b/Ppd-Dla 14 32 1/0.9 0/0 0/0.0 4/8.0 3/6.5 12,2 5/5.0

HEXIS, V4 [X & /)32, Hexi irrigation spring wheat region; ZHBUSW, H13B £ #3537, Central dry spring wheat region, ZHBUSW; TMGHSW, kU&= %E5
/N2, High and cold Taomin spring wheat area; WHSYWW, {E¥i_E 74 /N#, Winter wheat region of upper Wei River; LDHYWW, Bl 75 2354 /N2, Winter wheat

area not marked
@ TR SRR I BB} o A [ SRR i o i ) L 451

2The frequency is the proportion of detected materials to the number of varieties of different origins.”

HAS I () AS TR SRR O B S R s I B AT R R e L AR ), HA A 7 2R A R iR Z Rk (F
4) o TEKFRHET R EAT IR UL Rhe-D1b. Rht8. Rht24b Y., ABEY NN 66.7%. 26.7%. 30.0%; #iF
FRME T (K B FT 3L L Rhe-BIb Rht-D1b. Rht8. Rht24b N, W AGMZEN 41.7%. 50.0% 25.0%K1 41.7%:;
HBMELLL RS Rht24b T, HAiSZEN 86.2%F 58.6%. BNk A B EMEHEN (K] Rht-B1b/Rhi24b (16.7%)
F Rht24b/Rht-D1b/RhtS (16.67%) & K H A EHENT I Rht8/Rht24 (48.3%) W& AR E m AN, KRB
FERZH 4 (U Rhe-D1b/Rht24b Rht-DI1b/Rht8 Z5) TEHAI B BUmFh (R) AR B IRIK.
R4PNEEREMETNENTERREASEIES N XN IRE

Table 4 Distribution frequency of dwarf genes and their combinations carried by wheat varieties in breeding and application areas

g Rht-B1b° Rht-DIb  Rht8 Rht24b Ppd-Dla  Rht-BIb/  Rht-DIb/  Rht-DIb/  Rht24b/ RhtS8/Rht24
Accession Rht24b Rht24b Rht8 Rht-D1b/Rht8

R ¥ e SR R B B0 SR O SR B SR e SR B0 B 80 R W SR g i
Origin No. No. FRQP® No. FRQ No. FRQ No. FRQ No. FRQ No. FRQ No. FRQ No. FRQ No. FRQ No. FRQ
KR 30 1 33 20 667 8 267 9 30,0 29 967 1 33 1 33 3 100 2 6.7 0 0
ARG 29 1 35 0 0 25 862 17 586 28 96.6 1 3.5 0 0 0 0 0 0 14 483
HAlgEs 120 5 417 6 50.0 3 250 5 417 11 91.7 2 167 0 0 1 83 2 16.7 0 0

o SRS B AL o A7) 5 PR 288 25 5 R BB LA

2The frequency is the proportion of detected materials to the number of varieties of different gene types
®Frequency.

2.3 @i (R) EEHEFFEREKIFEHEE

445 4y Ho 75 Fhbk mE FEL7E 57.0-171.5 cm, A1 90.7% MR L 90 cm. SR €0 H Ay L [Kl Rht-B1b F1 Rht-D1b
73 A5 508 0 A1 0.9%, Rht8 T Rht-24b (W53 AW 73 A 41.4%F0 46.7%; & R Fl LA S50 48 S 70 A
BTN 9.9% 36.6%- 50.7%FH 43.7%, KA E S Rht-B1b F Rht-D1b 73 A 15 5 T Ho5 Fl, {H Rht8
F Rht-24b W3 AR . 30 G /K MR 16 PSR 2 — N ZEATE R R, HAWE B e A bt
22, %P1 58+ 92R137. Flansers Al Mo (s) 311 %57~ XA R AP EHURAM R, OB KSR 12 3 E
MR FEZE LT E RYIKFE S THSMACE MM SE R IR ENE GG, YN TTKCEEFF R, 29 4y
HAEME EEZLLEPATH TR R Cappelle Desprez. Pascal. %i 5 &5 Nt E 5=, ZNEFiissal,
PLEZE R, R R Rhe-DIb A RER R (60.0 -77.0 cm) 2% T4 Rht-Dla (90.0 cm LA LD [y
Tk CFFao , NS Rhe-DIb TR (CETERAZEE . BR/NE . MM E T 39) AR s 514 6L
i . N E B A Rht-B1b 1 Rht-D1b K HI FE L RS /NE T 7= X 7 B K75 i F, Rht8 1 Rht-24b
P 23 0 iy 2 (R AR B 1T OR B oK
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Table 5 Information on the pedigree, plant height, and allelic variation of the cultivars

I Ril ¥iiEi(cm) Rht-24b Rht-D1b Rht8 Ppd-Dla P
Number Name Pedigree Plant Origin
Height
1 2K 33 22K 23///4 92031 77.6 - ¥ - + A
2 2K 34 SXAF4-7/87-121//J5 9203 74.0 - + + + A
3 2R 35 2R 25 F/AE 1 86.0 + - - + A
4 24K 36 Ji % 17//SXAF4-7/87-121 70.2 - + . + A
5 2R 37 00-301//>%K 26 90.0 - + - + A
6 22539 SXAF4-7/87-121//J8 92031///% % 22 70.3 - + - + A
7 2R 42 SXAF4-7/87-121//8 92031///%%47 58 80.0 - + + + A
8 22K 43 2R 23 5/HFE 18 77.0 - + - + A
9 LR 45 8927V/E % 16 77.0 + + - + A
10 2R 47 K 94-3///vh 4/S394// AR 4 S 75.0 - + + + A
05-095//81% 17/2K 23
11 2K 48 06-413/J8% 23 67.0 + + + + A
12 2R 52 / / + - + + A
13 2R 53 / / + + A
14 2K 54 06-209/)J5 % 36 66.0 + + + + A
15 2K 55 / / - + + + A
16 2K 56 24K 33//GS #7 38/92R137 89.0 - - - + A
17 2K 59 24K 33 /143 47/PHS2-2-2 61.0 - + - + A
18 2K 60 JA % 17//SXAF4-7/87-121///"1% 60 65.0 - + - + A
19 2K 61 22K 34/06-129 78.0 - + . + A
20 22K 11-224  06-03-10/J8 % 16 96.0 + - - + A
21 22K 13-10  JEZ 17//SXAF4-7/87-121///06-209
84 / / + - A
22 2R 1224 LR 30/Yrl5 98.0 + . - +
23 22K 14-157  SXAF4-7/87-121//A 88.0 + - +
92031///FVNDRL-EA900
24 22K 14-66  SXAF4-7/87-121//J8 9203//06-129  86.0 - + . + A
25 i BRI 107.0 - - + - A
26 MR R 65.0 - + - + A
27 EV X 92-72/Mo(s)311 90.0 + - . + A
28 2K 26 Flansers/>% K 10 100.0 - - - + A
29 R 122 2R 105 96.0 / - - + A
30 W 47 12057// 5% 522/K37-20 100.0 + . - + A
31 K& 85 1269/ 2% $i /M 293/ K FE W AR 85.0 - - - + C
293
32 RE105 245 7086/E64-242 84.0 - - - + C
33 B 30 / 85.0 + + + + C
34 B 39 K 765/5 4k 1 87.0 - - - + C
35 Meds 41 / 86.0 + + + + C
36 it 42 7K 2312//1F 871/7K 3263 85.0 - + - + C
37 Pets 44 99W77-6-1-2/J¢ 96-4839//m248 86.0 + - - i C
38 WAU23 / 75.0 - + - . C
39 7K 1265 / 83.0 - + - + C
40 M 1345 / 86.0 + - - + C
41 Wi 611 / 94.0 + - - + C
42 T 51 7K 3002/ 7% 4 84.0 - + + + C
43 Bz % 9825 8924-6/% K 13//Pascal 88.0 + - + + B
44 B4 9826 AR 19/22K 13 96.0 + - + + B
45 Bz % 9827 E% 18k 157MD 110.0 + - -/ + B
46 B4 9828 8654-1/%K 15 110.0 + - -/ + B
47 Bz % 9832 Bl 19/22K 13 115.0 + - + + B
43 Pl 9833 B 19/22K 18 108.0 + - + + B
49 B4 9834 JH 98165/2%K 6 85.0 + - + + B
50 ZL17BDNA / 114.0 + : + + B
51 ZL17BDNA-70 / 109.0 - - + + B
52 ZL17BDNA-33 / 112.0 + : + + B
53 ZL17BDNA-14 / 109.0 + : + + B
7
54 ZL17BDNA-32 / 107.0 + : + + B
55 ZL25HY / 115.0 - - + + B
56 ZL25HY-3 / 117.0 - - + + B
57 ZL25HY-9 / 118.0 - - + + B
58 ZL25HY-4 / 114.0 - - - - B




59 ZL25HY-7 / 115.0 - + + B
60 ZL25HY-10  / 112.0 / + + B
61 ZL25HY-8 / 114.0 - + + B
62 16-6-8 T 11225 20 95.0 + + + B
63 16-9-32 Bz 9343//Cappelle Desprez/>% K 10 102.0 - + + B
64 16-9-1 B4 9343//Cappelle Desprez) /24K 1099.0 + + + B
65 16-6-10 Bt 1/ Cappelle Desprez/>% K 10 95.0 - + + B
66 16-9-2 Bz % 9343/Cappelle Desprez/>%K 10 105.0 + + + B
67 16-1-2 Fthh 011-2-6/K 98294 116.0 + + B
68 16-9-3-2 Bz % 9343/ Cappelle Desprez/>% K 10 105.0 - + + B
69 12-10-1 [ % 9821/58 2-7-1 95.0 + - + B
70 12-9-7-4 B 19/25K 13 97.0 + + + B
71 LY935BDNA-1 - 113.0 + + + B
7

E: NA RRR RIEER, +RrA ISR, -RrZS AR
Note: NA represents missing pedigree information, + represents the presence of this allele variation, and - represents the absence of this allele variation.
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MR ST PPRE YA, e R BRI E e . #51 Rhe-B1b A1 Rht-D1b IR BHEKAE 2%
HER AP EIYE, ORI =, (HET RO W &4 NAR TR FHERAE KIS =& Rht-24b F1 RhtS
TEF T TA S M = 8 ) R, HAEA R PR W B AE iR m AR AN K, 3570 3 79 P 56 R PRI A BB (R 4T
STk, MBS 445 307 RRD 71 43 & iR CGRD IR SE R 2 A & UL EERRFF I R A R 46 1
o g5 F 15 4y, EEEN Rht-24b. Rht8 Al Ppd-Dla. XEER RGN, HEPIsEM. PUREERGE, TS,
AEH N E R E X ZMHX . K& RE2FHIERRNEZFRT RN #5107 Rhe-DIb (ML 4 43 7]
AHRR, RSEXEMPRIEER. FRaM (R 314, Hib, EKo4 (EEvkibkeh , 18
LA#%H7 Rht-24b. Rht-DI1b. Rht8 M Ppd-Dla A F; ¥ 54, F LMW Rhe-Blb. Rht-DI1b. Rhi8. Rht-24b Al
Ppd-Dla; 17 hAHEBR AHA, FEIEN R8s M Rht-24b (% 6) o HrhifKFIE 2 SRR . Erovear, wT
TE FEBR A BT (B TR IR T PEHE X L YRR X S XS /N AR P R AP N AR R (R
EFE, PURMERE, AR TR KK, BRI AR S RN U R
*6 WAMMERRM (R) PEERMULEFEENMEHES

Table 6 Information on accessions carrying two or more dwarf genes in landrace and cultivars (lines)

e 5 Rht-24b Rht-Blb Rht-DIb Rht8 Ppd-Dla
Number landrace

1 g\ 3 + +

2 HiT + +

3 FAAE + +

4 KR + - - + -
5 PRSYN=E S - - + +
6 RN + ] N ) N
7 =HRTE - - + + +
8 HAR + - + +
9 KAO#E + + -
10 [ JER 21 + + +
11 BN + + +
12 EEIN + + )
13 —i & + - + -
14 ET 39 + + - +
15 AT I A + - + +
1 2R 34 - + + +
2 %R 35 + + - - +
3 =R 42 - + + +
4 2R 45 + + _ +
5 2K 47 - + + +
6 K 48 + + + +
7 2R 52 + - + +
8 2K 54 + + + +
9 2K 55 - + + +
10 B 30 + + + +
11 B 41 + - + + +
12 Pid 44 + + - - +
13 W 611 + + - +
14 TH 51 - - + + +
15 B % 9825 + + ] N N




16 Bz % 9826 + + +
17 Bz 9827 + + n
18 Bz % 9828 + + +
19 B 9832 + N N
20 Bz % 9833 + + +
21 B 9834 + N N
22 ZL17BDNA + + +
23 ZL17BDNA-33 + + +
24 ZL17BDNA-147 + + +
25 ZL17BDNA-32 + + +
26 16-6-8 + + +
27 16-9-1 + + +
28 16-9-2 + + +
29 12-10-1 + + +
30 12-9-7-4 + + +
31 LY935BDNA-17 + + +

T +RRAIZEMARR, -RRTLEMER.
Note: + represents the presence of this allele variation, and - represents the absence of this allele variation.
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4 MIBFFEAI A8 % (Rht-Blb Rht-D1b. Rht8. Rht24b) F—Fh 6 & HSE K JE UK & A2 % (Ppd-Dla) H
FAMFTE . AEH T FPAE R RAtS Rht24b J RhtS/Rht24 53 A %L, 1fi Rht-B1b Rht-D1b . Ppd-Dla
K H4H 4 Rht-B1b/Rht8< Rht-B1b/Rht24b. Rht-D1b/RhtS. Rht-D1b/Rht24b. Rht-DI1b/Rht24b/Rht8 W13 4 B iz
BT HL T 4 FREEFT AR AL S R A A By Rhe-B1b <Rht-D1b <Rht8 <Rht24b, ‘ST NHF 5T —F 41722241,
Rh124b | Z pATAE RN E MBI, EEARRIE (8.0%) , TEBIFERE (61.0%) 51, Tian 5K I 4 EAL
RN S Rht24b 53 AT AERIL 84.2% . ARBETTH N B HL TR (46.7%) « BRGmM (43.7%) (1) Rht24b 4y
HIR I A . Ppd-Dla 5347 506 A BURFEEEAG ¢, — M 26 5 b X AR 26 B DX 3 o0 A AR AR 2.

Rht-BI1b A1 Rht-D1b TEAF A X IR 704 B — 2 Wm i, Hoor L 4 A RS Rhe-DI1b, T & K
mm i Rht-B1b (9.9%) F1 Rht-D1b (36.6%) WIAIFEK m, HAEF (41.7%) FEK (66.7%) MEH oA
e WA Rue8 M AR BHEFE X IR A EZ X F i, 15 Rht-24b [ AR K Z X i THFEX, BEFEXM
KA XA Rht8/Rht-24b 755 AR T B B M HAMEL Rht8 (86.2%) 1 Rht-24b (58.6%) 7 A0 A Bt ey »
H. Rht8/Rht-24b AVAEH BB R AELE, AN 48.8%. AHFFTH 90.7%HIH 5 Fikk i AT 90.0cm, 5
ANH Rht-BI1b F1 Rht-D1b A3 S5 0 AN BB E RS K A Bk m R T H AR, S0 485 7 & t )
Rht-BIb A1 Rht-DI1b 45 5. HUMLTT W, Rht-B1b A1 Rht-D1b 3 A5 A fE K B EAT T I X 35,  Rht8 F1 Rht-24b (1]
RN YERR, ETR 2 X o Aae2s2T,

PR AR RO /N AR =8 B EER 2R, & T PRk = e s B s N BB EE 7, A B TR m YOGk R
B, RS . Rhel A1 Rhe2 JER AT 2, R B 70.0%KF B Fib 20546 H—, [HAWRE Ak
HAE T DL R DR AR AR 46.5%, AR IR B 45 A7 X PR AR L R M kL. TEOK MR AR 2 R ZE RV CkE
BMEFE XD , HIET Rhe-DIb WIZE S, HEMEHEAR DA A Z XM B EE S 5w, H Rhe-BI1b MIHiZE 5,
X 55 DL b 3 DX T X N AR AT A 6 AR S (AR i A R 1172428300 | S bE LR B 4 9825 b, HLARIIAIEN Rhel
5% Rht2, XATREHIZAA X @A X, fEHUR A v BB IE R H b A K.

Rht1 F1 Rhe2 ;5 H A Norin 10 SAEFRRIZEE, F2E V& E PR KN ZE R0 (CIMMYT) B,
T2 N B REFF SR RhtS BB H A 77 # Akakomugi 13 N\ 72 K FI ) Mentanal2l, 3 17 4% 4% 21 H 5L %53,
Rht24 W% Rhtl . Rht2 F Rhe8 LEME FG N LR /R, AN R bk 7 EZ/ERES, i EAR
22 XA R /N AV TSR A 5 (1) 32 AR AT JE DR B b R 2 A A3 A [ 172224330 SR ok R A 47 % 420 R 2 FH I 12
AR, HIKYE T Norin 10, Akakomugi~ Mentana 555 AHTFFC & Jl it AR 5 (1) 525 R Y 2 S A SRR HE— 2B 56 IE
TR, MAR R FAN 4 R (ETERAZE. LhNE. =W, 67 39) #H Rhe2 BAFEN, T
Rhtl 5347, IGKMEREEAE 80 om DAR, 25 T HAH 7 Fh, HEWH 7R 0] RA2 W7 RER H 4M 51 BUE Bt
Fl, 1 Rht24 A1 Rht8 (Ppd-DI1a) WK E [H A5 F

PEAL, FRATIEIRTE AR s 3R AR I BRI I, Rhel A Rhe2 W] FRARAEZG BB R, IR 7R
42 HeZe 1819, Rhe-B1b A1 Rht-D1b F1 Rht8c WIS HEAR (1) 7R 85995 ™ B B 43 42 1 19.0%- 52.0%71 19.0%, Rht-Bib
A Rht8c 5HFAETIT R EA I (H Rht-24b AT R ARFRR IR, Fhb, £ TR T Rhel. Rh2 B
HRAER, A4 WIS AR SEE T RIE, AMEAS L, MZmBGRIe S M RS nT MRS,
AN S R 2 3 1 AR AN TS 0, = R A IR E B, Rht8 TN Ppd-Dia FEAEAR Ry, $&mrFRLa] & /)N
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Table S1 The landraces used for the detection of the dwarfing genes from Gansu

JiE o SR R B (em) Rht-24 Rht-BI Rht-DI Rht-8  Ppd-DI KR
Number Name Heading Plant height $7066954 5983322 Origin
date
0770 Y 5/11 120.7 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DI1b R LJf4&FEX
0402 K2FE 516 127.2 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb TEW R A FE X
0025 [z 51 110.2 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb R R X
0033 H2E 51 120.7 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb R R i X
0053 a%E 5/4 121.2 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS - PR FEFE X
0504 ZEFE 56 119.8 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DI1b  FEBEIT_EHAFEX
0627 HZ=E 51 104.5 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8 Ppd-DI1b/Ppd-D -
la
0077 Kk22FE 51 113.5 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PR = EREZ X
0061 FedzFE 5N 1189 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb PR FEFE X
0028 EVEEZE 6/15 139.0 Rht-24a  Rht-24a Rht-Bla Rht-Db/ rht8 - rh i R R (X
Rht-Dla
0020 I 518 113.3 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb P R R X
0540 HETFE 511 101.3 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TEW R A FEX
0812 FREEZT 511 102.5 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb TEI B4 X
#
0803 FETHE 512 113.5 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-DIb TEW R A FEX
0906 LLETERE 54 113.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb Pe R BIRAFIX
0006 HATE 5/14 103.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-Dla TEW R A FEX
0032 INTFESE 5 116.7 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb R EFE X
0039 miE 514 102.0 Rht-24b  Rht-24b - Rht-Dla rht8  Ppd-Dla PR = EREZ X
0143 w517 101.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb MPGREX FFE X
0393 —1#F  5/18 124.7 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TEW R A FEX
0361 B 5121 121.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb T EJiF A2 X
0714 HOHILTE 521 128.5 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb MPGREX FEZ X
#
0097 KAk 511 123.3 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-DIb thE R R X
0098 NSk 522 88.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb R R X
0004 a455%  5/15 102.5 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb TEW R A FE X
0388 HEAK-TELL 512 122.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TEW R A FEIX
FE
0516 EFE 512 135.3 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TEI B &2 X
0036 WKL/ 5/16 132.0 Rht-24b  Rht-24b Rht-Bla Rht-Db/ rht8 - YRR R X
Rht-Dla
0069 W=ENFE 518 131.0 Rht-24b  Rht-24b Rht-Bla Rht-Db/ rht8 - YRR R X
Rht-Dla
0202 ZPNE - 105.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-D1b MPGREX FFE X
0059 BANFE 519 92.7 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PR = EREZ X
0134 H/ANE 521 109.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb MPGREX FFEZ X




0691 FNETF 517 104.3 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-DIb MPGREX FFE X
0043 EMHE 516 136.8 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb PR R EREZ X
0833 REABRTE  5/17 122.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb PR RIFAFE X

=3
0541 A#EIL 352 87.7 - Rht-24b Rht-Bla Rht-Dla rht8  Ppd-Dla T R A X
0766 F¥HE 517 110.3 Rht-24b  Rht-24b Rht-Bla Rht-Dla RHTS  Ppd-D1b PR = EREZX
0377 LNS P 118.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TEI B A2 X
0447 4HFE 513 128.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DI1b  FEBEIT_EHAEX

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

0042 K# 5/18 117.0 - Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PR EREZ X
0673 aRE 5122 95.5 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb WVEEX FE X
0192 AKE 527 98.0 Rht-24a  Rht-24a Rht-Bla Rht-Db/ rht8 - VG X FEE X
Rht-Dla
0728 BHTEAK 529 103.0 Rht-24a - Rht-Bla Rht-Db/ RHTS - WVEEX FE X
# Rht-Dla
0807 ZaFE  5/13 121.5 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb TEW R A FEIX
0162 aFF 518 118.8 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb MPGREX FFEZ X
0724 LI E 512 111.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb MPGREX FFEZ X
%
0734 N 523 101.7 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb WVEEX FEEX
0745 BV - 108.5 - Rht-24a Rht-Bla Rht-Dla rht8 ~ Ppd-DIb MTGREX FEZ X
0056 W 5/19 105.2 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-DIb PR R EREZX
0067 Ve 5/24 96.8 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PR = EREZX
0820 WEF 5121 100.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PR = EREZX
0115 g 5/18 118.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-D1b MPGREX FFEZ X
0057 iy 5/8 105.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla RHTS  Ppd-DIb PR EREZX
0185 vk 5/23 129.8 Rht-24b  Rht-24b Rht-Bla Rht-Db/ rht8 - WVEEX FEX
Rht-Dla
0763 &F 5/19 87.7 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-Dla MPGREX FEZ X
0710 HE 5129 109.5 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb PR RIFAFE X
0662 CHEE 522 105.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DI1b  FEFEIL BIfAFEX
0078 Foek 523 114.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-DIb PR FEFE X
0141 Hhk 61 110.0 Rht-24a  Rht-24a Rht-Bla Rht-Db/ RHTS - WVEEX FEEX
Rht-Dla
0692 ko 524 112.7 Rht-24b  Rht-24b Rht-Bla Rht-Dla RHTS  Ppd-D1b MPGREX FFEZ X
0109 BRI 5/6 123.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-Dla WVEEX FE X

0165 LR 524 130.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla RHTS  Ppd-D1b MPGREX FFEZ X

0703 BRI 522 1283 - Rht-24b Rht-Bla Rht-Dla rht8 ~ Ppd-DIb MPGREX FEZ X
0626 B\ 513 118.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla RHTS ~ Ppd-DIb -
0285 HIKIENL 510 86.0 Rht-24b  Rht-24b Rht-Bla Rht-Dla rht8  Ppd-Dla Pe R BRI A FIX
2}
0605 AN 426 111.5 Rht-24a  Rht-24a Rht-Bla Rht-Db/ RHTS - WVEEX FE X
Rht-Dla

0663 AR 520 108.0 Rht-24a  Rht-24a Rht-Bla Rht-Dla rht8  Ppd-DIb MTGREX FEZ X
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B AR R X

AR R IX
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FERRIL B A £ X
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AR R X
T B4 2 X
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PR SR X
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T B4 X
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T B4 X
B AR R IX

B AR R X
PR R HHA X
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#
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KL 67
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5
a8k 510
Rk 59
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1333
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87.0

118.2
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109.8

123.3
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100.0

101.8
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105.0

110.0

129.7

134.0

125.7

113.8

111.3

106.8

97.7
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122.5

113.3

115.0

115.8

126.0

122.0

123.3

127.0

137.8

143.7
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