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Abstract ;: High molecular weight glutenin subunits( HMW-GS)in the doubling haploids from five stable culti-
vars and in the twenty-four crossing hybrids between nine different varieties in common wheat were analyzed by
SDS-PAGE to explore the possibility of improving the subunit compositions by anther culture and commercial cross-
ing. The results showed that frequent variation of HMW -GS happened in the doubled haploids with a rate up to 61.
8% in the genotypes tested, and several subunits might be new ones which are not present in the corresponding wild
types, but need to be identified further. In most F, hybrids, the expression of all HMW-GS appeared to be codomi-
nant, but the expression of one or tvo HMW-GSs was found to be suppressed in a few F, crosses. Cytoplasm of fe-
male parents was found to have some effect on the expression of very few subunit in a few crosses. At the same time,
2-3 possible new subunits that did not exist in the parents were observed in the two crosses, Ningchun4/CB037 and

Jing771/Ningchun4. By continuous self-crossing and tracing of the new subunits, stable lines expressing the putative
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new subunits were obtained from the two crosses mentioned above. The present study is theoretical and practical val-

uable for the improvement of wheat quality and the further understanding of the genetic and structural features of

HMW-GS encoding genes.

Key words: Triticum aestivum ; High molecular weight glutenin subunits; Anther culture; Somatic variation;
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EBEA(Clutenin) R/MNEHBEANEES
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weight glutenin subunits, HMW-GS) fi{E 4 FEES
E B ¥ & (low molecular weight glutenin subunits,
LMW-GS)2 %, A 5 TR EEM 35% ~45%",
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MENEH  SMEEREN 2 MREEFEY,
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FEEETR, URRaAERER, B
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FEER VSABTINEUBEIHEZTEREASA
ERERRE, &iFEEA 20 k42 90 £ HAIE
HEFERFINAEHERHBTTERRES,
ERTERGRERE BK HNESRIHR
rEEBR, '

Bar, BRAANDERZTER P RAMBRIE
HMW-GS W B4 B K& E REZHE + HMW-GS I

BARAFMRR, CREXTFHGRFRERS

HMW-GS W BHAR K LT R HMWME, A, FHE

%t Alondra,Orofen Verry %/ S F AT IE 2535 5%, -

BEHEGHR KM RMFEE, R SDS-PAGE 54
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CBO37 . E#%.T#H 4 5 .Bobwhite #5# 12 B . K

X855 HMW-CS T EARAFM P ESHHE -
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1.1 INEHH

/NFE #1 ¥ Verry, Alondra, Orofen f1 5 & 3217
(BN3217) B AR RIEY AR REFP LR, T
771(J771) R EF (CS) (K 9507 (ZY9507 ) . Fi &
9 B (XC9) .CB037.7%& 4 B (NC4) .Bobwhite .37 %
12(YM12) \WMIS1A /5 4185(S4185) I K 8 &
(ID8) AR WERFE, H, Verry, Alondra,
Orofen . F7 & 9 5 M E & 3217 AT, KB M
ERAE AR R 771 CS . Hi&E 9 5,CB037. T/ 4
2 Bobwhite 3% 12 . 514 8 S#G 4185 B FECH
FREAR HEBREHT 4P M ERXAE6; K
771.CS ML 9507 E A A FREABEALES
Pr AR HE T B S B
1.2 HIESF

BRHBBNITFEEL TREEAHIN/NESD
BB T 4Coka b 3dP BAETE 5% Z 8%
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BHREE,28C BREEGTRE0~404d FELAH
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B0 1. Omg/LKT 0. 5Smg/L NAA 2% ¥ 8g/L Bifis %
%% (pH6.0) | ,25C .63 umol/m® « s Y B4 F 5 5%
20 ~30d Zrfbi bk, WHAEFH - L EB I 172 MS
Bt 0. Smg/L IAA 1. Omg/L 45 %k M 2% PE¥E 8g/L
BRI R (pH6.0) B W F AR, BRATAEK
BRARLHEFERRETH ERAEENKEBA
BE™,

1.3 ZHFHEN

BN R T F7E -80CHRAR T EB&E, I

A 1ml 70% Z B, i §E #& % 30min, 12000rpm 2.0
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10min, F E#WR G T8 MA 1ml 55% B HBE, RS
¥ 1R 1€, 65°C 7K 18 30min, 12000rpm B .{> 10min, 7
SFMHEMA 120u] B B(50% BHE +0.2M
Tris-HCI pH8. 0, 7 # i1 A ZBR 5 $E B2 DTT 1% 1% ) ,
BAIRHE, BA 65C K8 30min; il A 100l % B
(50% 5 i 8% +0.2M Tris-Hcl, pH8. 0, il A 4-Z. 4%
MEBESE 1. 4% , iR EIR S ;65°C K i 30min, 12000rpm
.0 10ming FEWHE AFE.CE,12000pm .0
10min, W B 100p] k& B AHBEOE, WA FK
FH Glu-buffer (20% SDS, 0.02% 8 B 2, 0. 08M
Tris-HCl pH8.0, 40% 1 1), 65°C /K # 30min,
12000rpm B> 10min'®
1.4 SDS-PAGE
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WML EEBEWOE AR TN AERARNGE
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T B A R SF BRG R T 2009 4F 2 AR
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BI0BREAEHKS R BREHETHE RE
SFEEREHER,

2 HRESH

2.1 mEAEEEKRS

LS AN/hNERK A Verry, Alondra , Orofen , ¥ &
98 HK 2T I HETEAER, Kb, &M
Verry 1624 3882 14,5 S H A 4147 1054 3, K #E
AER M, RN 27.2% , s % 28.4% ; &
i Alondra f£45 924 B, R h AR 317 31, K
EAE A0 Bk, M AL 34.3% , NEE K 35.1%;
B Orofen 75 1860 £, % 5 1 Bt 4141 234 3,
KETEHR2 R, HAEN 12.6%, MERR
29.6% ;HEFEE 9 SIELHR 2540 B, ERHAH
41435 B KA HEE2 B, HAE17. 1% ,nfF
#29.6% ;R E R 3217 L 254K 11081 #,iE T H
ROHL 3 R FEHTEFHR2 8k, HLAE0.4% ,
5% 40.0% (£ 1),

£1 FRANEERBEHEFEKSMELBEBR
Table 1

from wheat anthers in different media

Callus induction and plantlet induction directly

. ogviE:| 4
®% A4 miRs -] aF  mf
EEY KR A& ‘(%) BB KK (%)
Genotypes Anthers  Callus Sterile  Fertile Doubling
Percentage
inoculated  No. plants  plants frequency
of calli
Verry 3882 1054 27.2 106 42 28.4
Alondra 924 317 34.3 74 40 35.1
Orofen 1860 234 12.6 69 29 29.6
fo- TR 2540 435 17.1 50 21 29.6
B RLT 11081 43 0.4 3 2 40.0

2.2 mMEEREAES FRESEALEERON

%t Alondra 7% 2 3% F2 4K 18 B9 40 N #R R H 17
SDS-PAGESM &5 R %BH, EHFHM 21 MRS &
FFREABEALEARLBTER(E 1), ER
BN 52.5% . i — LAX BB S # P AR 9507 (HMW
WEARRK:1,7+9,5+10) 771 (HMW R4
WoA:1,17 +18,5 +10) M EF (HMW T H 2 i
&:Null,7 +8,2 +12) K Z B, 43 #7 Alondra JN {5 H
FUhREITFEXEAEATEAR, XHUHTRFE
%52 3,8 1 K5k 9507 K4, T R4 1l T fig
H(1,7+49,5+10) ;22X 50 EHFEM, EE£4
BATEE R (Null,7 +8,2 +12), X2 KEFhtinaf
BAFIE FEH—FLE.

H1 Alondra G EERB I FRESERTEABI T
Fig.1 HMW-GS composition analysis of
the doubling haploids derived from Alondra
1-4,6-10,11,13-20,21-24,26-30:
Alondra fiff&% 4% 4% ;5,12,25: Alondra
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Xt Verry 5 35 s KB 0y 42 ¥k R 4 SDS-
PAGE M &R XMW, EXHPM T AMKRETHA T
BEAEATRARHEATER(H2),EREN
16.7% . VAPRHE S M4 9507(1,7 +9,5 +10) &
771(1,17 +18,5 +10) I E & (Null,7 +8,2 +12)
HEBHINESFRESEQURLR. 1%

1 2 3 4 5 6 7 8

9

B, Verry B AMRABH TRESEATRMARK
ATREHER EEM N2 X, %1 X504
9507 KMl F2 REF—FErkR, WA AR TEE
R (Null,7+18,5+10), HLATREH B TH L&, H
it — 0.

10 11 2 13 14 5

M2 Verry MEREARSFREAZTATEAASH
Fig.2 HMW-GS composition analysis of the doubling haploids derived from Verry

1,11 548 95072 5 771;53,12; Verry;4-10,13-15: Verry A S5tk ;16 . h H &

MER 2T EHEFRRBH2 KRN
SDS-PAGER T A REMW X 2 MERPEH I TR
EOBATEEARLBER N7 ET £ (A3),
515X B ETEHARR(1,7+8,2 +
12) ,TRER B W R W B, T HRAG 8 A7 86 &
B ERBAE - ST R,

3 AR mgpasws Fit
FABATESRIH
Fig.3 HMW-GS compesition analysis of the
doubling haploids derived from Beinong 3217
154K 95072 : 5 771;3 ; Alondra;
4:FH R 3217;5-6. FH & 3217 I s £k

R, 55 E 9 S 21 A nfE A5k bk & 1 Oro-
fen 29 M EBHEKREFRINERAEASHTT
SDS-PAGE 43 #., £R %W, X 50 400 fF B A%k 4
HEXMBEFHHEEI SH Orfen ML, B FEF
AERLEABRBRERETER,

2.3 AW HMW-GS AR ERMELEAXETER
ZR

MEEFEEEERZUHRBAELERE R,
HMW-GS i REERWMMGREIREHRE £F
B FRBEEEERRESHBEM—B(R2),
OB He AR X PR B 5 O 0, R R N N B
HiR®., RUIHBY HMW-GS R 5 B stk
BEHYEMRENBEF B, EHXHRERK
HMW A L 24 THR,

£2 B HMW-GS A ZTRMELEFHEREHER
Table 2 Main agronomic characteristics of some haploids

with variation in HMW.GS composition

My TR

BR AF FH
HH&ES BEK H(g) H(g
i (em)  H1(d) . X Bt
Material Grains per Grain 1000
D Plant  Growth N g Grain
name or il weight -ains
height  period spike & color
per spike weight
Verry( CK) 94 101 43.7 2.4 40.1 4«
1043-Ve-3 95 101 39.5 2.3 48.6 4
1048-Ve-8 93 101 43.5 2.0 39.6 4
1055-Ve-35 90 101 42.8 2.6 4.0 4«
Alondra( CK) 98 101 42.1 2.7 4.2 4
1098-A1-7 97 101 39.4 2.6 47.6 4
1110-A1-31 98 101 36.0 2.7 48.2 4
1122-A1-38 98 101 36.3 2.7 46.3 41

2.4 FAFXAEPBH/FREAFQLEREN

TR

SRR 771 .CS FHHF 9 5. .CBO37T . TH4 5,
Bobwhite (% 12 54 8 5 WM151A % 5 Fh 2 4
EREZHAEG MNP ZHTFEFHES TEES
FE H 47 SDS-PAGE 431 (B 4) . G5REZW . FHE9
‘2 /Bobwhite £ & i Bobwhite/ i & 9 SH ST EH
SRR TE +27,7+9,5+10), AR EH
#ik,ERAZHAFPEUEMR,. TH4B/HL
SSARPEANRNEIAE 9 MEE(L,T+9 +17
+18,2+12+5+10) , KA KKK, TH4 8/
WMISIA A EEVETE 4 S/ WMISIA &
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RANKERE, TEIB/FEISHEFHEAN
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Rk, RTII/CSHEPEHWEMNS MEE(L,
7+8+17+18,2+5+10),CS B/PFF(12) B
W, KT ERAR{LRE, RTTV/HEEFISHE
MFEIS/HTNAEGRREERE TN HS AL
E(1,17+18,5+10) , FEISHM2 M EH(T +
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28 29

) HMH,ERERASH T ERAMR, CS/7
FEA4BHOMTEIE/CSHEEBIENS AT
H(1,7+8+17+18,2+12+5+10),CS B/ EH
(12)8MH K TEERANLRE, E.REXE
APEERBIHER, CS/HFEISHENFEI S/
CSHEFRENERNTATLE(CLT+8+19,
2+5+10),CS B/MWE (12) g i, Kb W B %
BRI ER,ERLEXAEFTEREMEFE,

10 11 12

314 15 16 17 18 19
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4 BAFEHRFEBSTFRESEQTE SDS-PAGE £H4f
Fig.4 HMW-GS composition analysis of some F, crossing hybrids and their parents
1,16,38:CS; 2:J771/CS; 3,20,29:)J771;4 . J771/XC9; 5:XC9/)771;6,19:XC9;7 ; XC9/Bobwhite ;8 ; Bobwhite/XC9 ;
9,41 ;:Bobwhite; 10:JD8; 11.NC4/JD8; 12:NC4/XC9; 13,26,32,44.NC4; 14.CS/NC4; 15:NC4/CS; 17.CS/XC9;
18:XC9/CS;21.)771/CB037;22:CB037/)771; 23:CB037; 24:NC4/CB037; 25.:CB037/NC4; 27:NC/WMI51A;
28.WM151A;30:J771/NC4;31:NC4/)771; 33 .NC4/YM12; 34, YM12/NC4; 35:YMI12; 36 Verry; 37:54185;
39 ;. CS/Bobwhite; 40 ; Bobwhite /CS; 42 ;Bobwhite /NC4; 43 : NC4/Bobwhite

CS/Bobwhite EXHEGH FE T WNEH 6 N
H(7+8,2+12+5+10), T 2" i #, Bob-
white/CS RAZHAFREBTIEH 6 M T H (27,
7+8,12+5+10),2 WH M, Bobwhite/ TFH 4
EFETAAGPHERBETHNENTAEEQ+27,7 +
17 +18,5 +10) , i & 4 £/Bobwhite &K 324 4
RIETHERS AEHE(L+2°,7,5+10), R ET
TH4BSMTR(IT +18) FME . B 771/CB037
EXHAEFERAWNENS MEE(L,17 +18,5 +
10), 3% F CBO37 f7 (2 + 12) WG MK, Hib T
BB HILRK,CBO3T/H 111 REHABGHEAN
FEM6ANMTH(L,17 +18,2 +5 +10) , K FEF CB037
W2 EEEMH, KT ERANERE, BHAR
771 GRS 12 TRARFEEWE,

T# 4 5/CB037 EXHAPEHIER 61
TH(1,17+18,2+5+10) , 3 F CB037 § 12 ¥
HEMWH ,CB037/THA4 ERZABGPTITAVERN
6 M H(1,17 +18,2 +5 +10), ¥ TF CB037 &y

12 EEREEMH BUHET t 4~57 EEX/DHE
P Fa Kb T E R A IERE, 771 ATH
4SRN TRESEATEEARELHMR, K771/
THEASEXHAEGYEEITHENS AEE(L,
17+18,5+10) ,MTHE A4 S/ H Tt RXEHAFR
THEEDEHS ATERECL,L7+18,5+10) 4p, HH
T 245, —&HHKNG T EEEM,H—%¥
FIRAE 8 EHEM, TH44S/HE 12 EX4AE
HERTIGEMNT AEHE(,8 +18,2+12+5 +
10) TET+17)HEWH . HE 12 /TEIERX
HAPERTIENS NTE(L,7+8+17+18,2
+5+12),10 WHRBIH
2.5 BARETHARR P HMW-GS K R %

EEMLE

FI1F] SDS-PAGE M\ T % 4 B/CB037 A& . &
M/TH4SHEW L, FRPEEZH HMW-GS
FUREMNEKRHETER, FARUEEETHAHTRE
MERAX, AAEBREETREE F, FEPERAE
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a4 (ES5), TH45/CBO3T AAEMMAAKREAT
ERSTEER/NMGKFH X171/ 7H4 54
BHEAKAFEAES T UERPHUFH KR
Bt,17 EEEIH
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BS5 TH4IE/CBITHE FT/TEIE
BEWMUEHKRE HMW-GS AR EE
Fig. 5 Ildentification of HMW-GS constitution in the

stable lines from the crosses of Ningchund4/CB037
and Jing771/Ningchund

1:CB037;2: TH# 4 8,3-5.T&4 B5/CB03T A4 F,

RAEGHKRE;6: THEA B ;7. K 771;8-10: K 771/ T
FE4BHAFRAGHKER

3 itig
31 ALARFSHERTER

HREH EALAEKABRPEHEYH LK
Uy ARESNERED, BEE AL
FABPERAFESRUR P BERERELD,
M RALSEFIRPXETM EEFEA HE
A Rk EH R EA DNA BEA EHENHH
A4k B ¥ B T A A%, Phillips %A%
HFAUAS AL BEEHTBEEXHARIZ, AT
SBLREANNETMSIR-RIIREEREHRY,
ek EE FAERHL . K BLUERTE
BB IS — 5 B T KRB BT Tosl T, EEA
LEFEHMEK , EEFHENREENZS ~
04 HMBEERBEEHER™ , Banks £
FARREZES NEMZ, HERFARERE S
BME % BH EEREEE A/NE, 1200 N ERH
b RE 8 BEBEIR.

BERIE 2 oy T e 60 (A A 2 R AL 1 B AT, B 5%
NBTITRHREFSREPARNNNER, B
DNARFSIWEBARER'™, XA Alondra,
Orofen Verry & 9 S ME & 3217 B 134 S HH
B SR INAT BAE AR 30 AN R ERNE ST
BEEFBEATRAREETER.ZERE N
22.4% ., Alondra 1T 4 3217 IfEAfE A B L F&
ERBARERETIHEESR, Alondra Il F 815K
f HMW-GS 35 % % 3K 61. 8% , Verry T4 8 £% kK
Z ,Orofen MFF 9 SMERFEFIBRARALR

NERBEUFPEAFRESEATLRRELR
MRERTFELIHURE , EETREOELEHNER
5 HMW-GS 435 H DNA I ER, AR
BAREEESHFELR HMW-GS AR EF, 7] LR M
RIER/NE#E,
3.2 HMW TEARMREERZHASHINER

IR BB TIA R HMW-GS 7E F, M 24t 5
¥k, 40 R X HMW-GS Rk JLE AR Em' ",
EHRGERERA HMW-GS WHRERZH F, LM
HEX, BETHEAS/BHE R EXFFEBETH
FPMTIATE,(T+1TERBFXRL  EHE
12/THEASREF,PRETIGEFH 8 MNEE,10
WEB I ;X 771/CB037 IEAE F, P Eik T XGE
5 MEE,KET CBO37 (2 +12) T E W
#1,7E CB037/5¢ 771 K% F,#p 3K T M ¥E CB037
M T Py 6 T, KETF CBO3T A2 WHH
nE L EKAESPFREESTEATLHEANE F A
AhEXEH, WA EXN HMW-GS XX F &
W, 7E CBO37/FH 4 BHTEHLI S/HTTI HEF
SHIHBT 1 AMPERBRANFERE, XHEKE
R HMW-GS RABMH ML B H T EA LR, T fE
ERESBABPRT HMW-GS 4 1B &£ N 3 4
DNA RN ELMERNREA, Ll EENE
HHIESR

HMW-GS i H 2 — N E HN KK, FHEH
ZEMNEANE EMER  HELEFHET, SHR
ZDNABER Y, A4HMEEERFRELTR. W
BERNARRERKBNEREFIIHEREAR
ERGRPRAKNIRERE", i EHDBEK
EEBRWREAMRR 2T HH K HMW-GS 7F
7, Zhang %" 4R 7E B RN E P B B9
HMW-GS R EREREM SRS, HMW-GS £
Hite REFF ERRAR, Yan £V (£ 3% E
SDS-PAGE ,A-PAGE K& CE % &8 A X 198 M4
Wy 2E B (Aegilops tauschii) & Fh HMW -GS B 37 % ] iF
ZEMNERNTFE HPOF L850 Ry BT
HURSFZHWTEAS, MXEFHEANE LT
BUREHEANTREEH L ENGENERILF
HMW-GS %G E N Z B E N AL k4",
AR R, ENERFEZZERF HIW-GS
BEMEXAAARA—EETLLEH, E—HALF
AR RGFAGIMH B B EARA N
WH, HMW-GS RAE—HE RLHAPERAR
STAe—B, 7 MM . &R el 438 S5 R
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REfnaE X HMW-GS 40 % i % & FI e %, € R 35 & 1
BNE SR,

NERLERARZLEAELT HMW-GS @
BER AERAHRET.FEREHRHE—-SLEE,
T2 55 3% 70 5 Fh H] ¢ 28 8 & HMW -GS 4 R F 3L
SUUUARKEFTERDER ELRNE
HMW-GS W HAR T HEF—EH .
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