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The Molecular Detection of Five Main Effect Dwarfing
Genes in Qinghai Bred Wheat
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Abstract ; In order to understand the distribution characteristics of dwarf genes in Qinghai province and furtherly
offer excellent germplasm resources of dwarfing breeding for Qinghai plateau wheat. 82 wheat varieties of Qinghai
wheat were used to detect by five markers of dwarf genes. This study also analyzed the effect of different dwarf genes
to reduce plant height. There were 49 bred wheats contained at least a dwarf gene in 82 Qinghai materials. Highest
frequency of Rht-B1b ,accounted for about 28.0% of the total materials. The second was RhiS8 , accounted for about
23.2% of the total materials. The distribution frequency of dwarf gene Rhi-DI1b ,Rht5 and Rht12 was 9.8% ,13.4%
and 9. 8% ,respectively. Including 16 materials contained two or more than 2 dwarf genes in 49 materials which con-
tained different dwarf genes,namely Rhi-BIlb and Rhi8,Rhi-D1b and Rhi8 ,Rhi-B1b and Rhit5 ,Rhi-D1b and Rhi5,
Rht8 and Rht5 ,Rhi-B1b and Rht12 ,Rhi5 and Rht12. No varieties were found containig Rht-BI1b and Rhi-DI1b genes

at the same time in 82 Qinghai wheats. There were two varieties containing three dwarfing genes at the same time,
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including one material contained Rhi-BI1b,Rht8 and Rht12 genes. Another one contained Rhi-B1b, Rhi5 and RhiS8.

The rest of the 31 varieties each contained one dwarf gene. Their were 11 materials which only contained Rhi-BIb,

its average height was 86.2 cm,and what reduced the effect of plant height was 5. 7% . Their were five materials

which only contained Rht-DIb,its average height was 84.9 cm, and what reduced the effect of plant height was

7.1% . Only nine materials had dwarf gene Rhi8, its average plant height was 88.6 cm,and what reduced the effect

of plant height was 3. 1% . Therefore ,in the bred wheat varieties in Qinghai, the effect of reducing plant height of the

three dwarf genes were Rhi-DI1b > Rhi-B1b > RhiS.

Key words : Qinghai wheat ;dwarfing gene ;molecular markers ; detection ; distribution frequency
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Table 1 82 bred wheat varieties in Qinghai

P B A P B B A
Number Name Examine time Number Name Examine time
1 HH 415 1993/1/14 42 R 932 1999/11/25
2 1= i 466 K E 43 FA3 5 A E
3 se R 044 1988/12 44 A1 853 1998/3/2
4 o5 1988/12 45 WEF K E

5 5 vo2s 1998/3/2 46 ME-47 K E

6 HEI13%5 2000/12/25 47 B 158 F

7 AR 188 2004/2/19 48 i 506 K

8 AR 524 K E 49 Az P NG

9 175 R E 50 ME-45 FHE
10 44 901 1994,/9/23 51 vk 133 K E
11 H% 570 1996/11/7 52 W# 16 = A E
12 HF 15 2005/12/9 53 ZR(ER) KA E
13 1115 901 2005/1/10 54 HHE 4 K E
14 2R3E 2001/12/14 55 13 #516-2 K E
15 T 448 1999/11/25 56 13796 K E
16 HH 38 2005/12/9 57 13799 KA E
17 L F 588 1999/11/25 58 13 %530 R
18 R 665 2001/12/4 59 13 % 516-1 FHE
19 R 913 1998/3/2 60 HE1 S K E
20 £512%5 2004/2/19 61 ES K K E
21 L4018 1988 62 k%55 1998/3/2
22 5 205 1998/3/2 63 R 776 KA E
23 & 587 2000/12/25 64 R 115 2001/12/14
24 HH 39 2005/12/9 65 Ak 469 FHE
25 HA 469 N 66 &5 1%5 2004/2/19
26 T 368 KT 67 [TE7) 1963 4F-4fE)™
27 W15 2005/1/10 68 i 338 1981/6/8
28 TH 26 2003/1/22 69 IR 65 2004/2/19
29 T4 811 K E 70 ik 811 1994/12/1
30 T 465 K HE 71 HWiks 5 R E
31 EF 314 2001/12/14 72 HH 40 2006/12/12
32 i 144 2003/1/22 73 A4 K E
33 W35 2005/12/9 74 247 906 2001/12/14
34 B 15 K E 75 M 20 = K E
35 i i 584 1999/11/25 76 THEL T AR
36 HR 254 1996/116 77 Hhni 5 R
37 K 952 2001/12/14 78 Hhn2 % R E
38 K37 2005/1/10 79 90-1073 K E
39 I 304 1986 80 09098 K AE
40 545236 1988/12 81 09101 R E
41 B J5 356 1994/11/30 82 5 602 1987

AT 20 em 47K 2.0 m, SRR TEIE] BB 50 cm, B TR
P s A MR PR U AR — 2, i A BR
Fr/NZEHE SR IS I /N 22 bk o R B RHBE BIL IR
10 BRI I #E AT G50

1.2.2 DNA B3REX R CTAB' :IFRS s R
PEMUNAZ I Fr L DNA, I A% 1R T B A I A S A

DNA ¥R, 253 FOK M E 40 ~ 60 ng/plL,4°C 1K
FaIRAFE

1.2.3 PCR ¥ 4 H4EF L RhuS RS Rhtl2 |
Rhi-BIb 1 Rhi-DI1b 18 M. H. Ellis 251" Hl V. Kor-
oun 2575 RS W A A I B FT L R RhuS |
Rhi8 Rht12 Rhi-BI1b 1 Rhe-D1b FFFHT I Hy WL 35 2, Fir
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Hol¥gh B T A&, PCR P4 {K Ry 1
TS B A iEsE .

Rht5 Rht8 Rht12 3% 3 NEFF R A FH 8% AR M
SR TN T M F Pl KR TN, 2% PR A 1 < TBE,
x2 AREFEENSFRICERSIMET

WK1 hJE Y WIS 4. Rhe-B1b Fl Rht-
DIb FRATHE P ARG SR 1. 5% B B B ARHGE G, 2%
WK FH 0.5 x TBE, 120 V HL K 40 min, %E B A%
ICF WER Ay JRAHIE AR

Table 2 Molecular markers and its primer sequences of different dwarfing genes

FEAFHER S ThRid 51975 Jr Bl (bp) BAIRE(C)

Dwarf gene Molecular marker Primer sequence Fragment length Annealing temperature

Rht-B1b BF-MRI BF:GGTAGGGAGGCGAGAGGCGAG 237 63
MR1;:CATCCCCATGGCCATCTCGAGCTA

Rhi-Bla BF-WRI BF: GGTAGGGAGGCGAGAGGCGAG 237 63
WR1:CATCCCCATGGCCATCTCGAGCTC

Rht-DI1b DF-MR2 DF; CGCGCAATTATTGGCCAGAGATAG 54 63
MR2 ; CCCCATGGCCATCTCGAGCTGCTA2

Rht-Dla DF2-WR2 DF2 . GGCAAGCAAAAGCTTCGCG 264 63
WR2 : GGCCATCTCGAGCTGCAC

Rht5 BARCI102 F:GGAGAGGACCTGCTAAAATCGAAGACA 200 52
R:GCGTTTACGGATCAGTGTTGGAGA

RhS8 Xgwm261 F:CTCCCTGTACGCCTAAGGC 192 55
R:CTCGCGCTACTAGCCATTG

Rht12 WMC410 F:CGCATAAACACCTTCGCTCTTCCACTC 114 61

R:CGCATAAACACCTTCGCTCTTCCACTC

2 HRESW

2.1 Rn8 EERHN LR

AWFFEFIH V. Korzun 257 R 095 Rus EFF
FEPR I B B 0 T RRIE Xgwm261 % 82 iy i
T /N AZ SRR R Y RS W AT 5L IR 00 23 A BEAT G
T 308 FH 5 7 BB AT L IR RS ) i 7N 22 A Ry St R
SR EE R R TNETES W) Xgwm26] TREY HEH T
192 bp WY B, 82 i 1 B /N A A 19 b

33 35 40 43 52 54 58

64 69 73 74

BRI 446 SEA 044 Af 188 5 ) AN AR/ —
FEY St T 192 bp WA BL(E 1) UiWA 19 1k
FIREE A Rhu8 BT R 7R HE At o T o 7
el 23.2% , T WLAEATF L RRa8 1) R
FRILZ b, i — S b BHE Xgum261 TP ¥EH T H
b5 B A B URBH AR S A e LA 28 78 (1 S 5 A
5o B, BVEE S B Xgwm261 T 0] LAY 35 Al
ANBREVEIA S REAT I RS | 045308 10 e o A BB
TN, A BET LA S 5 5 A BT R RS

X M

- 300 bp

W 200 bp

M:DNA Marker [ ;% B8 7R/N32 ;33 . L 3 5535 . 155 5L 584,40 ; 5445 236,43 . /4K 3 5,
5247 16 5554 . T 4R 41358113 B 530564 )51 115569 : 5K % 6 5 ;73 B4 ¥ 4574 . 227 906
M:DNA Marker I , Contrast ; Akagomugi,33 ; Yuanzhuo 3,35 ; Gaoyuan 584,40 ; Chachun 236,43 ; Xiangnong 3,
52:Yang wheat 16,54 : Qingchun 41,58 ;13 Fan 530,64 : Gaoyuan 115,69 ;Le wheat 6,69 : Xin wheat fan 4,74 ; Lankao 906
1 Ru8 BEERENLER
Fig.1 Detection result of dwarfing gene Rh8
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2.2 Rht5 0 Rht12 EERK ML R

Z% M. H. Ellis %' PR B Fhric, & oA
Rhi5 WEFTFHED 76 BARCIO2 437 5. AT 43 1 200 bp
F B M, TE BARCIO2 7 s W TG4 7=t R, 5
T Rhel2 JEFF LR, TE WMC410 {3 f5 0] LY 34 H
114 bp B R BL A, MITE WMC410 057 35 T58 3 7= %)
WL, AT KB, 82 i E B/INE AP AT 11
APERE(TH 26 R 465 TR 144 BB 1 S TE
BARCI02 {3 554714 H 200 bp R BE(E 2) , B AT RE
A RS AR, 24 Az e ARG 13. 4% 7T

M

28 30 32 34 35

300 bp

200 bp

42

W, Rhe5 SEFTHE R A R R AR, JEA 8 k(5

F 044 HH 135 F 314 FHE 144 55) 1 WMC410
BLEREY G H 114 bp B B, UERH ATRE S Rhel2 ¥
FFEERH (T 3) 240 Az i il b B T 9. 8% |, UL RH R AT
FER Rhe12 W R FH 2w A, BT JE R RheS FI1 Rhel2
FHAM% RS . Rhi-B1b 1 Rhi-DI1b —FEAEA = F A
FHARAR AFFE R B 11 54T Rhus WEFFEEA
FIRTRHA K 8 AN Rhel2 JRFFIEN (44 R AT 754
JE BB RIS P T — S PR A, T R RS 6
R RTINS B SRR AL A R

46 50 58 60 79

M

-

-
-

200 bp

M:DNA Marker [ ;28.7°% 26,3055 465,32 . 7% 14434 . B 1 5,35, &7 584
42 75 932,346 : ME-47 ;50 : ME-45 ;58 .13 % 530,60 . 7745 1 5-;79.:90-1073
M:DNA Marker I ,28:Ningchun 26,30 ;Gaoyuan 465,32 :Qingchun 144,34 ; Mobo 1,35 ; Gaoyuan 584,
42 : Gaoyuan 932,46 ; ME-47 ,50 ; ME-45,58 ;13 Fan 530,60 :Qingzi 1,79:90-1073
2 Rht5 EEBSFridie s R
Fig.2 Detection result of dwarfing gene Rht5
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123bp M-
110bp  —

90bp -

32

'l'o"ww

-

M:pBR322 DNA/Mspl;3: 5675 044 ;6 . T3 13,31 L 314332 . 4 144336 . 5 254337 . /4 952351 : 30K 133;57:13799
M:pBR322 DNA/Mspl 3 ; Chaichun 044 ,6;Hu wheat 13,31 ;Gaoyuan 314,32 Qingchun 144,36 ; Qingchun 254,37 ; Qingchun 952,51 ; Pubing 133,57:13799
3 RmI2 EER S FHRiclER
Fig.3 Detection result of dwarfing gene Rht12

2.3 Rht-B1b EEF0 Rht-D1b EE RN 2 R
HRAE M. H. Ellis 251 S35 1 9, 46 0 5% FF 5%
l Rht-BIb 1E 82 43 75 1 & Wi/ N 22 b b v 1) 4 A1 1
W Eitr A BTSN Rhe-B1b , 7559 BE-MR1 T 1]
%ﬁiﬂj 237 bp WA B, 7E5 |4 BF-WRI1 T JC 4
PR, AN BEAT L Rhe-BIb 1E5 1) BF-MR1 R
T = Y I, M AE 519 BE-WR1 R Al 3
237 bp IR B, Rhi-B1b F [N A B A= 7R 2 A5 71 )
AL B A RU L IR R Rhe-Bla RN T, 5
AT ()L R LA Rhe-B1b , FeFNFEFF . WX B Ab
) BF-MR1 A1 BF-WR1 X [f]—A48E ] LUAH B ERIE

DISEINSC B O WERR 1 . ABFSE LA A Rhe-B1b 5EFT
SR 10 5 F Sy BE A X BE, DS 57 38 A 2L [
Rht-B1b W) A% /INZZ A Ry B X6 BE, 7 448 245 51 B R A
M 10 5 7E BE-MR1 FH 34 17237 bp B B KB,
1E BE-WR1 TG4 8479 1 3K, Ui & 4 Rhe-BIb
RAFEEIN . R/NEEALE BE-MR1 R Gy #8724 91
16 BF-WRI1 F 98 1 T 237 bp B8, VLA &
Rht-B1b B[R SLge 245 R 5 E AT MEf T (5, &

TR 2 B 82 A T 1 T W/ INAE MR o 4 23
(B 446 SEAR 044 Z R V028 HE 15 &5 2 5
) GXTREAM 10 S —FEAES 1Y) BF-MR1 T4 3 1
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T 237 bp AR B, BEIHIX 23 3/ NEM RIS A Rhi-Blb

RERFIEIN  UnP 4 Fos . A BEFFEEIN Rhe-BIb 1L

237 bp

M ; Marker D2000 ; %t Hf . e bk 10 5 ;2 . 55 446 ;3 , 4¢

Bl IZHAT R 28. 0% | UL SEFFSE K] Rha-BIb 1%
82 VTV H/INAZ fb ol e ) A AR AR A v

20 poyicl
a b a b M

2000 bp
| 1000 bp

750 bp
— 500 bp

—— 250 bp

100 bp

5 0445 75 V02812, T4 15,20, 5[ 2 5,

a:Rht-Bla JERFERVET M PCR 3788774 b Rhe-BI D JEPR SRR I PCR 373474
M : Marker D2000, Contrast ; Nonglin 10,2 ; Gaoyuan 446 ,3 ; Chaichun 044 ,5 ; Gaoyuan V028,12 :Hu wheat 15,20 ; Moyin 2,
a:PCR product amplified with the primer set BF-WR1 for the allele Rhi-Bla,
b:PCR product amplified with the primer set BF-MRI1 for the allele Rhi-D1b
B4 Rht-Blb EEHHRNZE R
Fig.4 Detection result of dwarfing gene Rht-B1b

A& M. H. Ellis 251 B (051 9, A6 ) & 1 5k
Kl Rhe-D1b 7E 82 0 1 B W/ 2 Flv (9 5341
Rht-D1b FE R A B A= RN 58 78 YW AN 14, BT A A7l
(LRI TN Rhe-D1a 3230 &5 FF, 5878 7 i) 5 K Al
M Rht-DI1b, R IR EFF . & & A B Rhe-
DIb, 754 DF-MR2 TR 34 254 bp 09 7 B, 7F
519 DF-WR2 T W Ty 3871, A & AR
Rhi-DI1b ,fE51 %) DF-MR2 K G934 7= 4 i B, 76 51
) DF-WR2 Frl ¥ 34 H 264 bp 197 B, [Fl— N #1k
AT LA X EL A0 5 | 4 R S0, A6 o S 565 14 o

19 22 25 38

WPEFA 5 PE . AR AR 10 SAE X IR 473
G BR, RKAK 10 SHESI Y DF-MR2 R 3T
254 bp W=, ZE 519 DF-WR2 R JL¥ 3 7= ¥ i
P, UMK 10 5 &4 Rhu-DI1b SEFFFREN (] 5)
SCEGLE R ST, LA, 82 (I E /N
PRI 8 4y (TR 913 | IR 205 A 469
% 37 %) 7E51 %) DF-MR2 R4 3411 T 254 bp B -
Bt U & Rhe-DIb FER S A BFF LA Rhe-DI1b
IR RLZ) b7 82 1y 1 B BU/INE i A 9. 8% , 1LY
JEFTFIEN Rhe-DI1b FI A BRI

60 65 74 pojiicl

b a ba b ab M

2000 bp
L 750 bp
- 500 bp
250 bp
100 bp

M: Marker D2000 ; %} 8 84K 10 5519 185 i 913522 =15 205525 : H AR 469338 - 45 37360 : Wi %5 1 5565 75K 469 ;
74: 2275 906 ;a; Rhi-Dla FEFEFEFVEG Y PCR 47387791 ;b Rhe-D1b SEFFRRIES W PCR 9748774
M :Marker D2000 , Contrast ; Nonglin 10,19 : Gaoyuan 913,22 ; Gaoyuan 205,25 : Qingnong 469 ,
38 :Qingchun 37,60 Lanzi 1,65 : Jinong 469,74 ; Lankao 906 ,a:PCR product amplified with the primer set DF2-WR2 for the allele Rht-Dia,
b:PCR product amplified with the primer set DF-MR2 for the allele Rht-D1b
El5 Rht-DIb EE MR
Fig.5 Detection result of dwarfing gene Rht-D1b

2.4 BEBNEZEFEENSS
82 175 I /N Bl TP 2047 60% B R B} 2
DT —AIERTEEIN 2 A REIIT & B SR AT (X 1

WL 3, Ho Rhe-BI1b W53 A B5R S5 12 240 5 AT REY

28.0% , H W& RS FE, 29 /5 Bk kBag 23.2%

SRFT L Rhe-D1b Rht5 U K2 Rhel2 153 A #5503 1)
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H79.8% 13.4% 9. 8% , TE T A WEFF 3 K Y 5 AP
W 2 AN 2 AL REFT LR B R 18 A4S, b
SAPEHY 22.0% , G 4 DMEHFEIN S Rhe-B1b i
RS EFFEEL 2 A M BRI &5 Rhe-DIb F1 Rht8
AP 5 A BHRIE 5 Rhe-B1b A1 RheS EFF
B2 A MORHRIBT 5 A Rhe8 Fl RheS JEFTHEIN A
1 RIS & Rhe-DIb F Rhes SEFF L 1 A4
R} B 5 A B FF LI Rha-B1b A1 Rhel2 1 A~ 44

®3 BFENEEFEENS FRUEREKS

BRI & A AT LR RheS FI Rhe12, A5 2 A Al
A5 3 B B, v — A il [ s 5
Rht-B1b . Rht8 \Rht12 iX 3 MEFFHEIA 1T 55 — A~ b
Tl [5] B} 45 & Rhe-BI1b  Rhi5  RhtS % 3 P HEFF %
R, HA 3L AS AP &H 1 MBS
A Rhit-BIb 1 Rht-D1b 1 & Fh IF WA 76 1% LA K}
ORI, RIT 14 FhRFF IR A 4L A 28,
Bl 6 frs,

Table 3 Molecular tested results and their plant height of the dwarfing genes

ETR A4 FR SEFFFHE A R (em) BT A4 FR FEFFIEA R (em)
Number Material name Dwarf gene Plant height || Number Material name Dwarf gene Plant height
1 K 415 — 93.8 42 R 932 Rht-B1b Rhi5 100.3
2 T 446 Rht-BIb Rht8 78.5 43 T3S RS 87.9
3 SEFR 044 Rhi-B1b Rh8 Rht2 72.2 44 A0 853 — 101.2
4 95 — 85.9 45 HET — 130.3
5 R V028 Rhi-BIb 89.9 46 ME-47 Rhi-BIb Rhi5 80.6
6 HFE 135 Rht12 98.9 47 A 158 — 118.8
7 JH4E 188 RS 68.9 48 1= i 506 Rht-BIb 95.1
8 HA 524 — 70.3 49 ST — 102.5
9 EE 175 — 119.6 50 ME-45 Rhi-B1b Rhi5 78.7
10 L5 901 RS 78.1 51 k133 Rht-BIb Rhtl2 69.7
11 H% 570 — 94.2 52 W 16 = Rhi-B1b .RhiS 75.4
12 H#* 15 Rht-BIb .RhS 89.5 53 ZRGER) — 97.0
13 11154901 — 100.0 54 H 4 RS 99.6
14 2R35 Rht8 74.3 55 13 #516-2 — 106.6
15 Rl 448 Rh8 80.4 56 13796 — 119.2
16 HH 38 — 90.3 57 13799 Rht12 97.5
17 L F 588 — 88.7 58 13 %530 Rhi8 Rhi5 99.3
18 LA 665 — 91.1 59 13 %516-1 — 95.3
19 913 Rhi-DIb 94.2 60 HE1 5 Rhi-D1b Rhi5 80.8
20 #5125 Rht-BIb 86.9 61 2R 15 — 88.3
21 L5018 — 102. 4 62 RESE — 100.4
22 = i 205 Rht-DI1b . Rht8 63.6 63 1 R 776 — 96.7
23 HH 587 Rhi8 101.7 64 wE 115 Rhi-BIb 83.6
24 HA 39 Rht8 108.2 65 A 469 Rhi-DIb 82.3
25 HA 469 Rht-DIb 88.5 66 B 15 Rht-BIb 85.6
26 i 368 — 124.8 67 [TE)] — 118.0
27 W15 — 120.3 68 i 5 338 Rht-Blb 86.0
28 T 26 Rht-BIb Rht5 84.1 69 kEe65 — 89.4
29 T4 811 — 87.5 70 k% 811 — 81.0
30 i 465 Rhi-B1b Rh8 Rhi5 78.3 71 ks 5 — 110.9
31 R 314 Rhtl2 85.9 72 HH 40 — 76.8
32 HF 144 RhtS Rhtl2 100.0 73 A E 4 Rht-Blb 92.6
33 W35 Rh8 98.1 74 2% 906 Rht-DI1b . RhtS 66.6
34 HiE 15 Rht5 82.8 75 Mz 20 = — 100.2
35 T i 584 Rh8 Rhi5 102.5 76 THLE Rht-DIb 75.7
36 HH 254 RhtI2 68.6 77 Hint % Rhi-BIb 64.6
37 HEH 952 Rht12 104.8 78 B2 Rht-BIb 68.5
38 HHE3T Rhi-DIb 83.9 79 90-1073 Rhi-B1b Rhi5 84.4
39 i 304 Rht-BIb 87.5 80 09098 Rht-B1b 107.7
40 L7236 Rht-BIb Rhi8 78.2 81 09101 — 110.3
41 Rl 356 — 83.0 82 TR 602 — 95.4
— IR E B

—indicates that there are no dwarf genes
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