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FWA LK FLR WL RER L EFR L L EE AR KA’ R
1 P MBS K22 B/ D AR B2 922 T 49305 DR B 712100,
2. WAL B R A B2 B BT 7121000

H O EHRSTIESPEAETEY R, AE—FTHEBIERSORTHEREEQTL AT EE
20DH2-2 f ZAF A4 21Hs-7 M ey F, BR A HMAL, A 2R W+ % A B R A 3 4 42 s 4k & 347 345 9475
AR 620 s EELFF(SSR) 4 F AT k& RA AR LG, 44 F, Bk & RAKHBET QTL
AL HM, ZREAN KOSV RETFEA A 2MGEA(H AT F ot £ 4 B, @5 & BK > HE 50
(BSA i) k%) 26 sF A A % A4y SSR o FARC. MET £ K% 531,62 cM A E S A, AN 5 A
MBME QTL, 2 H £ 2A2 A) AA5A K 6A &4k L, s ML H L (LODE) H 2. 60~8. 19, 7T @&
7.97%~22.88% ¢ 2B E ¥, QPH-nwafu-2A. 2.QPH-nwatu-4A .QPH-nwafu-5A ZQPH-nwafu-6A % % %5
5 F M ILBQS3S266(FE B H 4. 01 M) Xwmc262(32 8 % 3.00 cM) Xwmc524(35 & A 3. 94 M) B Xbarc107(3E
A 0.69 cM)EF&EH,

KR L@ AN HREG;QTL
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Genetic Analysis of the Common Wheat Dwarf Mutant 20DH2-2
and QTL Mapping of Plant Height

LI Limin', LIU Wen', ZHU Na', ZHENG Jiale' , MU Xuerong' , LIU Yang',
TIAN Yesong' , ZHANG Xiaohong” , MIN Donghong'

(1. College of Agronomy/ State Key Laboratory of Crop Stress Biology in Arid Area, Northwest A&F University, Yangling,
Shaanxi 712100, China; 2. College of Life Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; Plant height is a key trait in the growth and development of wheat and has an important im-
pact on wheat yield. To further identify quantitative trait loci(QTL) associated with plant height in
wheat, this study utilized an F, population derived from a cross between a dwarf mutant 20DH2-2 and
a tall parent 21 Hs-7. Genetic analysis of plant height was conducted using a mixed dominant gene plus
multi-gene inheritance model. A genetic linkage map was constructed using the screening results of
620 simple sequence repeat (SSR) molecular markers, and QTL mapping analysis was performed in
combination with the plant height phenotypic data of the F, individuals. Results showed that the opti-
mal genetic model for plant height was 2MG-EA (two equal additive major genes). Through bulked
segregant analysis(BSA), 26 polymorphic SSR markers were identified, constructing a genetic linkage
map spanning 531. 62 cM. Five plant height-related QTLs were detected on chromosomes 2A (two
QTLs), 4A, 5A, and 6A, with logarithm of odds(LLOD scores) ranging from 2. 60 to 8. 19 and ex-
plaining 7. 97 % ~22. 88% of phenotypic variation. Specifically, QPH-nwafu-2A. 2, QPH-nwafu-4A ,
QPH-nwafu-5A , and QPH-nwafu-6A tightly linked to molecular markers BQ838266 (4. 01 cM),
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Xwmc262(3.00 cM), Xwmc524(3.94 cM), and Xbarcl107(0. 69 ¢cM), respectively.
Keywords: Wheat; Genetic analysis; Plant height; QTL

INZZ (Triticum aestivum L.) 524 BRE B
WEEYZ—, R AN T K0 o f A
JE L MR ANE R AR R — R
i) A= 4 et 5 AR A8 B, 18 5 B LR BR ) MG A AR
R R BMC, NEME S &S S BAEE B R
A KT K AEAENR 5 7= B T B A
E RS R i TE R REUL A HE R
% E s A it R A E A AR R R
AN B R H AR .

IINFE MR AR Ry B ) B R IR L 32 2 SE
H5WHERNRLZ AW, EFER,ME S T EY¥
BEARM KR QTL 0 B i BT /N 22 4k i st A%
A EE TR, 245 8L, BERIMIREC S
SEAL B b E AR R R QTLY, Hrp — sk
QTL 5 C ARt HE R A7 & AHIT, B A A
FIH 55K SNP i H g 8] 52 2~ kkm QTL, Hi
AWAFE FAL QTL:QPh. cib-4B. 1 1£ 4B L {4,
& F 21.94~36.01 Mb [X [&] N, X #k 5 2 A0 A8 57
F i B RS2 6. 4390 ~27. 61% . © A B FT L
Rhtl WAE % X 0] N s QPht. cib-2D. 1 1£ 2D It {4,
& I 32.80~34. 43 Mb X [i] P , % i i 2 AU AR 57
AR BSR4, 90% ~11.97% . 5 2D e fk 11
CLHVE FF LI RAtS 199 2R (0] #E 48 K. Zou %51
BT WA F/NEM R Attila F1 CDC Go # iy &
A RBEM, BN E] T — kA E QTL—
QPht. dms-4B , i B 2 8125 T Y 18. 40% ; QPht.
dms-4B 1 B B 1 % N Rht-B1 24 34. 50 M, %
QPht. dms-4B Xt #% & (4 5% Wi 7T 66 5F 3 i Rhe-BI1
M E SR, Chen 5 LLin & K/ 2 Ff
Peace fll Carberry fi7 4 (1) RIL BEAR A 44 KL 78 90
FhAS IR S E TR S 5 A8k QTL; HhQPhA.
dms-4B i T AB ek 27. 70~29. 10 Mb Z ] ,
ffRET 54% M 490 MR IAE 1% QTL S5Rht-
BI 1y 55 6 i R 43 A — 30, #E I AT e 0 AT A T
Rht-BIb #1&., BAR KT /NE M E 1 QTL #F 5%
C4Bm T B E R, HEEHNFL QTL &
I (B BAR HL R 7 X [a] 458 K, TG 25 A R00OR) I g
QTL #4715 FAric i B & f (MAS) . B, 48
FE W 2R HA B QTL Ju b E 2,

AT 5T AR FF 28 28 7R 20DH2-2 5 5 FF 41 R

21Hs-7 MR F, BEOR 98 RE, X0 #k g 2B 47 38 1%
A3 s I SSR 73 1 b 1 A 2 gt A% 2 B AT 1 L X
PR QTL BEAT B 28 %E 07 , ARG 40 5 otk = QTL
Loy TR ic il B i AR R g S K

1 ##E5F&*

1.1 REHEREME

HERX BB Ry 20DH2-2 F1 21Hs-7 M Hoke #
F, BffA&. 20DH2-2 J&J5 F 269 1 08(59) 41-2-
1B-4 245875 F, 5, il ad 46 24 B R 7R A5 20
XL AR SR FT S A8 4K 5 21 Hs-7 S — > 5 FF A KL,
2022 4F 10 H ¥ 20DH2-2 21 Hs 7 J H F, B
FiAE TP viAm v B A Y BT . 47K 1. 50 m, 47 HE
J£0.25 m, PINEARSFAE 147, BREE 2 0. 03
m; F, BEAASL 276 A Fbk, B 20 17, BRI JZ 0. 10
m. ST AR R 4 SR BRSO 5L
A I A 0 B it ) 24 b K H
1.2 BREEESHH

FE /N FE R L R 20DH2-2, 21 Hs-7 M
F, BE R R AN B0k 00 Bk =, 05 B o O /N 22 B
) A8 T3k 9 B S (R BR A . (] SPSS 26 X &
AN Fy BEER & AT 501 A5 BF BE (M) (bR
#E2E (SD) L & (SK) L g B (KU) 1 AE 5 & 4L
(CV),
1.3 BEERBSH

S H AT I A P B IR 32 R
+ Z I PR G 8L 43 Hr 7 i, R B 0 R 5 58
#EH RIBES M SEA v2. 0 &4 F, BEARHR S
LR R, AR S Akaike ™ B f2 K0 00, 2E %
AIC {HE/ING 3 A~ 35t 15 B R A Ay 4o 2 150 Y, 75 X6F
X3 AMEBE R SRS . RS R
B KA B > B ATC {8 5 /) Al B 30 4 oy
el it AL R 3 I R /N T3 TR A T R et A% A5
R — B s i S50 I — B e S50,
1.4 DNAHWRIES . BFEHBNHE

INZETT G Fy BEUR B B SRR AR S ORI
AR AR, FH ik B CTAB ¥: 280 DNA, K4
BSA J5ik #E Fo BEMR T BREE 1 20 Bk & FF AT 20
PRIBFFHE B LB DNA S5 IR 4 R B, A4S 2%
AL B 3 4 DNA BRI TS =IRA .
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1.5 SSR & FHric B9 75 ik

FIH SR = WA W e/ E AB.D Q8
R4 ) 620 X SSR 4 F 5 ic (f 4 Xbarc,
Xwme., Xgwm. Xgpw. Xcfd, Xcfa, Xdem 5§ 28
D) LW SEAR K F, B DNA JE b #E 4T PCR 4 4,
UG W 8 Vo 1 SR TR M T Jie R i H Dk BE AT A
DS AR Y B 0 5 3 BT 2 A8k
1.6 F, B#EHNERESE

FIRAEEAR F, 9 DNA &3t v 2 £ 3
LM SSR 4 Fhric, XF F, BEA b1 A — A4
Hubk DNA #E47 PCR 4734, iUk VR 44 W 4 /5 i
SRR, H5EFFEA 20DH2-2 4 BYAH [F] i
WCRe2”, 5EAFEA 21Hs-7 47 BUA [F A0
“O”LARAHRLE U1 A RLIE N — 17,
1.7 BEEEENEE

FH QTL IciMapping. V4. 2 /) “MAP” I fig ,
XForFhRiC dE AT o E HEFT L R AR s S
BRI . Xy R iC FEAT A0 L B2 | it
RSBl 22 a) 1 3% 06 &R O AR i 1 1 A 1
(LOD I FE S 3) 4 b5 12 R 43 2 A [6] 19 34 B 3
s £ k-Optimality o8 %0, X 23 5 b5 12 47 4F
s B¢ A FH RN 2 80 (L LOD {8 0 s i, 5 1
KN 5) X5 HE P J5 19 43 A ic 2F 47 14 8 JF 4 i
18t 1% 7 IR
1.8 QTL ELLH#r

FH QTL IciMapping. V4. 2 (¥ “BIP” 3 fE
47 QTL 43 #, 1% £ “Deletion”, Gt J¢ & &I 51 ¥z
AT QTL VB 185 56 45 IX Rl E & 2 . 3%
iK1 M, %A W F MR PIN & 0. 001,
LODHZE R 2.5, QTL W4 AN . Q+H
MR E + 5 — " WM SRS+ — 7+ e
. BF—Q Ak FAAEZA QTL, MITE Gtk
WS RN 1,207

2 HEREHAM

2.1 EXMF, BEPKSRE

2 1 " %1, 20DH2-2 7 ¥tk & 4 57. 83
em,21Hs-7 34k & R 103, 70 em (Bl 1), 276
T, RAR MRS RES 0 (- 2) F N
72.27 em, ZIESYRRF, BEAR R & 0 R BN
—0. 34,0 H —0. 56, HAga XF I /NF 1, £
PR i 43 A 3 AE R A3 A, AF B B0 PR 0 R AT L T
PAZEAT EHE P+ 25 HIR A o0 & QTL &
£, F, BEORME M 28 5 RECH 18,870, Rk

AR RK I A SRR

x1 FERF BEKSIHW
Table 1 Analysis of plant height of the

parents and their F, population

JEZR Parent F, #1& F, population

EHME bR W R BRERE
Mean SD SK KU CV/%

‘lﬁ:;{ﬁ
Trait  9opH2-2 21Hs 7

PR =
Plant 57.83 103.70 72.27 13.64 —0.34—0.56 18.87
height/cm

MATFIZEK Kl 21 Hs-7 . 20DH2-2  Fy T A o 1) 18 FF M BR
Fo FEAR 0 B FE AR o
From right to left are 21Hs-7, 20DH2-2, tall individual in
the F; population, and dwarf individual in the F2 population.
B1 XEREBHF KD
Fig. 1 Plant height of both parents and some F, plants
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Fig.2 Distribution of plant height of F, population
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2.2 HENMREEERAERBESHIT JE, B 2 $ 2MG-EA 1B B il s AL A

X F, B PR 00 a5t 4% B B0 AT 43 B . AR R
AIC Fe/MEJF N, 38 2MG-EA (2 %45 ik 32 3
B IMG-ADL X fin -8 32 35 D A1 IMG-A
CLORF P =2 3 TR Shy i 3 38t A% 55 76 1 i 3ok 55 A2

F2 BEFEBHRKMUAER AICE
Table 2 Maximum likelihood value( MLYV) and

AIC value of candidate models

(F2), HAICHEFIH 2 230.778.2 231. 734 # 1\%)3{1 Maximjﬁj}iﬁﬁﬁd value AI?(I:(;/;E?ue
2 232,244, FiX 3 AMMEE ik R AT E S A I, 2MG-EA —1112.389 2 230.778
e e I 3/\{,1@&;9]@ SIﬁﬁm‘@ﬁE{ﬁéﬁﬁ 1IMG-AD —1111.867 2 231.734
R E Y LELT e LLEA AIC B /M 1MG-A —1113.122 2 232. 244
*3 BREEIHNEGHERIEER
Table 3 Suitability test results of candidate models

B Model U,? U.,? U;? W D,
2MG-EA 0.005 6(0. 940 2) 0.011 4€0.915) 0.018 6€0.891 4) 0.037 9€0.943 5) 0.037 8(0. 825 5)
1IMG-AD 0.000 0€0.995 3> 0.000 0€0.998 4)  0.000 2(0. 988 4) 0.025 6(0. 988 3) 0.032 9(0. 926 4)
IMG-A 0.001 7¢0.967 5)  0.001 2(0.927 4> 0.000 4(0. 984 3) 0.059 4(0.819 7) 0. 045 4(0. 620 7)

U\*U.*\Us? 2

SR B g it s, WP 2 Smirnov K238 GE i it D

. 7 Kolmogorov K 36 G 113 ; #5 5 P ECHE A R P {A .

U,%, Uy?, and Us? are uniformity test statistics; , W? is the Smirnov test statistic; D, is the Kolmogorov test statistic; The data in

parentheses represent the corresponding P-values.

XF el gt A BT 2MG-EA 135t 1% 2 84T
it g S L6 4, 55— X 32 35 DR A vk sy 5 4
T A BE A 5N A R 340k 11 22, R R
ERB . 3 — 50 st fe S8, R
WAL S (2, )R B 91, 71 %, 1 P85 R Z AL B, T
8. 29 Y0 M AR S . 3K U BH B R IR el R R R
il s Z R EE S M BN

R4 BiEEEERCMG-EA)NEESHMGITE

Table 4 Estimated values of genetic parameters

of the optimal genetic model(2MG-EA)

P 8L ZHEH
1st order parameter 2nd order parameter
m/cm d. dy, G he/ %
72.27 11.22 11.22 184. 87 91.71

m B IME s d o 5 — X B S IO s d - B8 X
LD BN RN 502 FHEDR 7 2550 % AL AL 7,
m : Population mean; d,: Additive effects of the first major

genes; d1,: Additive effects of the second major genes; c%,: Va-

riance of major genes; hZ,: Heritability of the major genes.

2.3 %7 SSR S FHRIE M %

M 620 XF SSR 43 Fhric o A ik 1 26 X HL
A LS H AR SSR 2r TARIC . K R
4.19% ., LR 26 XF SSR 4> FHRiC A F,
TR 276 A FARRIEST PCR ¥ 8, & B3 2843 T4
WCTE F, BRI e 22808 3,
2.4 MEBREEIL

XF 20DH2-2 55 21Hs-7 (9 F, BEARR (26 1)

MR 5 6 7 8 9 1011121314 151617 1819 20212223

N
.o
Y R Xgwm425
100bp fu
B 3 4 S 6 7 8 9101112131415 1617 1819 20 2122 23
250bp 1o
Xbarcl047

MSEE RIS 6 7= 8 9 10 1112131475 16171819 20212223

250bpwu... i ‘N ’
Xbarcl86

-W e ‘ .
(AP R ——

Y5 6 7 [REORMeRT 121314 15 1617 181920 212223
250 bp b : . e T —
M L .

. [ el —

b ]

S Xbarel71

|

M:DL2000;1:21Hs-732:20DH2-2;3~21 %% F, Htk,
M. DL2000; 1. 21Hs-7; 2. 20DH2-2; 3—21: Some F; in-
dividual plants.

B3 #SSSRAFHRIZESS F, BHRFHTEER

Fig.3 Amplification results of some SSR markers in

some F, individual plants

SSR 4> Fhric K g R /e BB M T 1 ?Kétt
531. 62 cM f/NE st 15 i B E . Z RE
AR 5, BITE 2A 1A 5A L 6A ;.fé’éﬁi
L ARIC R P s L BE B O 23,36 M,
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Table 5 Genetic mapping information

ULRGREN

Chromosome

pu ki
Linkage group

PRiC 8o

No. of markers

Total distance/cM

o 1 1] 5 K B
Maximum interval
between markers/cM

T

Mean distance/cM

psN Ll

2A Gl 11 263.09 26. 31 44,74
4A G2 5 105. 20 26. 30 30. 15
5A G3 5 92. 94 23. 24 32.40
6A G4 5 70. 39 17. 60 27.69
Bt 4 26 531. 62 23. 36 33.75
2.5 QTL &#f R TEk e . LR BRI R AR SR F 10% . H Ik

I R 2 1 5t A% (RT3 5 A B F B A AR
o S BB AT QTL 52 i o #r B 3L e 7 51 5
AEHUNERE B QTL, i 78 2A (2 ) J4A
S5A6A ek (B 4.8 6), 1E 2A Jefafk &
A QTL, Hirp—A~ QTL A A& X [H] 2y 0~31. 41
cM, ¥ Hfxy 4 N QPH-nwafu-2A. 1, 5 Xdem144
L AR R 13,41 <ML LOD K 8. 19, fif
BRAAR 3 (PVE) Y 22, 88 % . 1% QTL X ¥k &

2A
Xbarc279
31.41— QPH-nwafu-24.1
Xdem144
25.06—
Xgwmol14
29.06 —
Xgwm636
25.49—
Gwm512
22.97—
BO838266 P P
8.47 Xbrol 24 QPH-nwafu-24.
44.74—
] Xgwm312
11.57 Xgpw2206
39.91—
Xgwm425
24.41—
\7— Xbarc309
5A
\—Xepw3247
26.23—
Xbarci80
15.81—
Xbarc186
32.40—
Xgpw2098
18.50— il QPH-nwafi-54
—Xwmc524

25.53—

23.82 —

30.15—

25.70 —

INRE R FR QTL; 53 4h—4 QTL fyistf%
X[ kg 133. 99 ~142. 46 M, ¥ H £y 4 W QPH-
nwafu-2A. 2, 5BQ838266 "% % B GR AL IE &5 Ky
4.01 ¢cM).LOD {H K 7. 23, fift B iy 32 AL AR 5

13.49% & — D ER QTL., 7E 4A Bk |
KM QTL Byt 4% X )2 0~25. 53 M. ff HAy
2 HQPH-nwafu-4A , 5 Xwmc262 "% % 1% 89 (it
FEJEES g 3.00 cMD L, LOD {E N 2. 60, fit B ) 2 U

4A
Xwmce262

OPH-nwafi-44

Xgpw5095

Xbarc78

Xbarc1047

 Xgpw2279

6A

Xcfd82

27.69 —
QOPH-nwafu-64

Xbarcl07
22.43 —

10.49 —
9.78 —1

Xbarc3
Xbarcll8
" Xbarcl71

B4 #HESERQILELEE LML R

Fig. 4 Distribution of QTLs for plant height on chromosomes of wheat
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Table 6 Results of QTL mapping associated with plant height
QTL . Yok A Ze Az A idRid LOD F TR A T s
Chromosome Position/cM Left marker Right marker PVE/% Additive effect

QPH-nwafu-2A. 1 2A 18 Xbarc279 Xdem144 8.19 22.88 —10. 67
QPH-nwafu-2A. 2 2A 138 BQRS38266 Xbarcl24 7.23 13.49 —7.35
QPH-nwafu-4A 1A 3 Xwmc262 Xgpwb095 2. 60 7.97 —6.15
QPH-nwafu-5A 5A 89 Xgpw2098 Xwmcb24 3.09 8.96 —6.01
QPH-nwafu-6A 6A 27 Xctd82 Xbarcl07 3.10 8. 11 —5.06

AR 7970 R R AR FONF 10%, 2
TR QTL, 78 5A Jefafk L REHA QTL /Y
WAL XA Ny 74, 44~92. 94 M, ¥ HAx 4 N QPH-
nwafu-5A , 5Xwmc524 L% EB GRIGREE N 3. 94
cM),LOD fH 2}y 3. 09, fi B ) SR B AR 5558 8. 96 4,
J= 1AL QTL., 7F 6A Jefafk 2B QTL
(438 1% X 6] R 0~ 27. 69 M., ¥4 H Ay 4 QPH-
nwafu-6A , 5Xbarc107 &% &8 GRAZREE N 0. 69
cM),LOD i}y 3. 10, ff B Ay R AAE Sy 8. 11 %,
&= 1AM QTL,

3 itk

H BT XF /N 22 bk s st A% o It i F R e £,
AN SE O R A A 28 R BRI R I, MR
Z 2 A ES EIE M A EIR A . D
SEUULL 2 A RIL BEA BORL 26T 5 han T 5
KR Z A X B+ 2R H . B
IR 817 b E FE M W F, F1F, BEK
SR, & ERR A2 1 %0 G S R -
PEZIFIRGEH, & RE @t 7 4%
AN ZE W) Fy 2438 A WEIE /N B = 1
WAL AT RESZ 3~4 X ERIE S, AR IT s R
F Tk e MR 32 X A vk AR 5 Bk
IR RAFAEZE S . X ] BB 1 L3 b At 2K 56
WA ERTIE,

ABFFE S EALR] 5 DR AHE QTL, 43 i 78
2AC2 A VAASAL6A Bk B S 2 A ER
QTLER: T 2A Jefafk b)) F1 3 A&k QTL, /]
fERE7.97 %5~22.88 Vo RIMAE R, FLT/INE
L DR 20 B0t L W AR RS E ALY 5 SR QTL
HESMIE bk E QTL # 4 3AL E JE17 L&,
HHQPH-nwafu-2A. 1 i T 2A Jetafk 14. 95~
181.21 Mb XM N, 52 4 &M% & QTL
QPh-AxC. ipbb-2A ", QPht. nfcri-2A "'LL &
Qph. ccshau-2A "Rl RE N [l — QTL., QPH-nwa-

fu2A. 260 T 2A Bk 3. 78 ~18. 34 Mb, & fi
B S5RENQPH. co-2A " M Qph. jaas-2A. 2 ¥
A7 AT, I AT BB W — QTL. QPH-nwafu-
1A WP E Ky 571.08~691. 14 Mb, 584 &
H QTL QHT. uia2-4A-2 "1 . QPh. hwwgr-4AL M
nHE N F— QTL., QPH-nwafu-5A W% M &
H 26.93~163. 46 Mb, 5HIB NQHt. cd-5A "1,
QPH. caas-5AS " | N QHzt. ipk-5A. 1 V0] B 2
AR QTL., k467 g1 (Y & B AT Ry 3E — 206G 4l
itk QTL #2422k HE . QPH-nwafu-6A )3
fi '8 510. 24~495. 1 Mb, 5 HAMBF5 b & 18
M T 6A Yefafk 1tk QTL QHt. ipk-6A ™,
QPh-6A. 2 ') [ QPIht. cob-6A. 1 14 ¥ fif B A
[6] , PR 4 M QP H-nwafu-6A W] B2 1 4380 19 #k
& QTL,

AW 5% % L B (9 QPH-nwafu-2A. 2, QPH-
nwafu-4A .QPH-nwafu-5A X QPH-nwafu-6A 43
5 FAREBQRS3S266 Xwme262 Xwmce524
Xbarcl07 B, Te/0NZ & Fad # b, A
SEHRICHEAT 4 4l B e B, W] 7E LT AR v A
FEHE B AR QTL 0900 B AR Ak, s Bk s 1k bR i
PR AR, (H YT E A B A QTL 4 B IX ] 45
R X LUK 2 2 A B B AR EE Y J5 2258 AT LA
FILFH 7N 22 55 DRGS J ml 4 366 PR 4 000 6 R L 34
PRIt B . LA RS LA QTL My A &
i /)M e 18 L R
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