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Evolution on Morphology and HMW-GS Composition of Wheat
Landraces Xiaohongmang and Xiaohongmangmai
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Abstract ; Evolution in six morphological traits and the composition of the high molecular weight glutenin sub-
units( HMW-GS) of 61 wheat landrace accessions named Xiaohongmang and 6 accessions named Xiaohongmangmai
were studied in order to reveal the trends of these materials in genetic evolution. The results indicated that the mate-
rials exhibit high genetic diversity both in morphology and HMW-GS compositions. Morphological analysis showed
that the range of coefficient of variation( CV)in plant height,spike length, effective tillers, spikelets, kernel number
per spike and 1000-kernel weight were 0.03 ~0.11,0.06 ~0.22,0.20 ~0.65,0.04 ~0.18,0.14 ~0.44 and
0. 05 ~0. 29 ,respectively. The diversity index within varieties accounted for 95. 5% of total diversity index while the
index among varieties only accounted for 4. 5% ,which demonstrated within varieties was the mainly variation. It in-
dicated that the materials in the present study derived from same variety. 20 types of subunit compositions and the
predominant were null,7 +8,2 +12 and null,7 +8,2 + 10 with frequency of 64.48% and 20. 00% , respectively.

Genetic diversity of accessions from spring wheat growth areas is higher than that from winter wheat growth areas.
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Accessions from northwest spring wheat growth areas and northern spring wheat growth areas possess not only the

highest genetic diversity,but also a rich source of variation. Especially the accessions from Tianzhu of Gansu pron-

ince in northwest spring wheat growth areas showed the highest genetic diversity among all the accessions,and the

geographic location of it facilitate the spread of crops. Gansu Tianzhu area may be the origin center of“ Xiaohong-

mang” and“ Xiaohongmangmai” .

Keywords: Wheat landraces ; Xiaohongmang; Xiachongmangmai ; Merphology ; High molecular weight glutenin

subunits ; Genetic variation

/NE TE B R 3 P S T 5B 3 B 4000 4E T,
XTFHEMENER, AFLERREMALEAR
AR, AL EBHAREENENERNER
FLOREFS LR, REERIEA
MM, FEEEDEMNBME R, BEEALA
APEEMEHRERE DL, LENEGETE
A BRBEH SR BEFRBESME, KATEERE
T, WA T RME",

MEEKBRSI MAAELBRS  BRRKA
ARAFMHERE ERT EZSEZHNOH T R,
Ty SR AARIZERE, R — &R
AARRMESFETME, B, E oy RMgik
EHNRFLBRD BAT-HRAEFAFESHAER
£ [7) 42 b7 & # L [R) 48 7 IR 9 TR 64 3t 0 & F 7R 7T BB
Bl — SR ZE ST R BIARE A SR E KT
0 KRR BB B ST N — BB LR B
FE/NEMERMBEATE, A5 &R B
ERZHE—-NTAERRENBEK, RAETELPE
/NE IR IR , LR/ 3 A o B B R T AL R A B
BEH

BiEEHERROBFEER-NRHILE
B3I AR, B 7] LUK 8 5 et
WEEBEATER BAFEOFE" . i
MRERA NEBFTEHREAEREALFENS
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Table 1 Materials and origin areas

R

i% ER&H e MR-

Code Areas name accossions Unify No.

i HELAER 33 ZM000232  ZMO00247  ZMO000253  ZMO00363  ZMO000369  ZMO000374
ZM000592  ZM000701 ZM000709  ZMOOO770  ZMOO0771  ZMOOO0854
ZMO00S8S  ZMO01907  ZM001998  ZMO002008  ZM002026  ZMO002553
ZM002593  ZMO002608  ZM002667  ZMO0O2697  ZM002917  ZMO03277
ZM006264  IMO11096  ZMO17512  ZMO17513  ZMO17514  ZMO17516
ZM020072  ZMO001902  ZMO17518

2 EHEER 13 ZM000029  ZMO00044  ZM000261 ZM000262  ZM000328  ZMOO00551
ZM000656  ZMO000658  ZM000724  ZMOOI345  ZMOO1394  ZMO17515
ZM003603

3 KIhT#EsER ZM003455 ZM005880 ZM005926 ZM006105 ZM010809  ZMO011224

4 ItHEEK 9 ZMO004499  ZMO04509  ZMOO4510  ZMO004581  ZMO004582  ZMO17517
ZM020063  ZMO10670  ZMO010671

s FRLEER 3 ZM005186 ZM012984 ZM012985

6 EE-F 308 2 ZMO12777  ZM020767

7 FItEER 1 ZM004429

2 ZRESW

2.1 EEHEH
ERAERE B AR ER /DB B
HMTHEANKG MREER(E2), AER2T
LAE Bt s e 3R 6 MBS SR TP E
AL 75 Bl 4> B & 106. 15 ~ 140, 77em 6. 43 ~ 12. 19¢m,
11.25 ~25.25 4~.16.58 ~ 24.55 4~.24. 67 ~54.77
$1.18.06 ~33.87g, ER RPBHHEE S H R 3% ~
11% 6% ~22% .20% ~ 65% 4% ~ 18% .14% ~
44% 5% ~29% . FEFTEEE 6 MREVER D B
HROTRFBENTABERD, XTEESHEATR
FMATHBE LR ALEBEER T SO HKEE

£2 #EAMB I RESFEROEHEFEE TRANLER

FEMEM, ARISEMBRE 2 MRIERER
BRELHBARK, RAXLARS EWREEHERE
AL HBEHEEEN, RETREHBEER,
BEEASEHETE /NI EM/DLEE B EH
EHHRE BN EREEEEM SN S EEER,
GREA MEMMEZENRESHEER
HO0.842, BRI EHEREN0.804, 5B BHHE
W 95.5% ,MdhFpE ZREMR BN S 4.5% , 7
B ESFZERIERBETHEN,RETRHEY
RN, HHEAEAE ERAE T HMH—K
¥, U8B LA R R By — A @ R 2 P B AR TR,
ZHKEAFEMANNEE BB TEESEK
FamARERRESHENRE,

Table 2 Average value,standard deviation{s)and coefficient of variation( CV) for the six morphological traits of the acces-

sions

#HR Fi5{E R ERAY
Trait Average value s CV(% )
# % (cm) Plant height 106. 15 ~140.77 4.05~12.29 3~11
K (cm) Spike length 6.43 ~12.19 0.49 ~2.37 6~22
# % 5 BEW Effective tillers 11.25 ~25.25 2.81~11.20 20 ~ 65
/INBH Spikelets 16. 58 ~24. 55 0.91~4.32 4~18
B85 % (B ) Kernel number per spike 24.67 ~54.77 4.48 ~17.49 14 ~44
TR & (g) 1000-kernel weight 18. 06 ~33. 87 1.39~7.62 5~29
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ERARZX, 2AHTHE 6 MREERE Bk
ERAETR AR A0 9 28 A 25 PR A4 SO 0 ] £
BRERH(RI). BLHBERHE: (1) KEURILE
EX ALEXXMFBLEZX BIESHERA;
Q)M FHRK FILELZX FELEZXAILBESR
RieSHERR; Q)M TFARI BN RILEE
R HBLEZRMKIP THELEXBEERER

R (X TR A LEER ELEE R AR
BEX G LHERE; (5) M FREE, KD T#
AZR FBLEFERNRLEZXBESHER
(6N TTHE, AREEX AL EXEXMEE
AERBESHERE, #EF U LT TREHER
BESHURRAOMBILEERAREX  RHER
REZX FAEXXAHBLERX,

#£3 ESZURETAREMERESHLEN . SNAFEYRESBEBEERMERESHEREY

Table 3 Total diversity index,diversity index within varieties and diversity index among varieties in different growth areas in

morphology
1 a 0. 860 0. 804 0. 056 e 0.854 0.795 0.059
b 0.855 0. 805 0. 050 f 0.862 0.829 0.032
¢ 0. 850 0.807 0.042 a 0.836 0.815 0.020
d 0.803 0.728 0.076 b 0.836 0.829 0.007
e 0. 851 0.808 0. 043 ¢ 0.822 0.821 0.001
f 0.851 0.815 0.036 d 0.815 0.735 0.079
2 s 0.844 0.802 0.042 e 0.853 0.818 0.035
b 0.848 0.806 0.043 f 0. 860 0.811 0.049
¢ 0.826 0.815 0.011 a 0.851 0.828 0.024
d 0. 806 0.763 0. 043 b 0.838 0.788 0. 050
e 0. 860 0.813 0.047 c 0.851 - 0.810 0.041
f 0. 842 0.803 0. 039 d 0.825 0.770 0. 055
3 s 0. 842 0.810 0.032 e 0. 800 0.773 0.027
b 0. 857 0. 809 0.047 f 0.821 0. 815 0. 006
¢ 0.845 0.826 0.019 8 0. 855 0. 855 0. 000
d 0.819 0.744 0.076 b 0. 848 0. 848 0. 000
e 0. 846 0. 820 0.026 ¢ 0. 840 0. 840 0. 000
f 0.852 0. 809 0.042 d 0. 800 0. 800 0. 000
4 s 0. 846 0. 814 0.031 e 0.815 0.815 0. 000
b 0.864 0.815 0.049 f 0. 790 0.790 0. 000
¢ 0.831 0.798 0.033 0. 842*
d 0.819 0. 766 0.052 0. 804°

D, : BitfE ZRERED, BHATHRESHMEEED,  BMHERESHEETGa R b WK FRIER A MY e BB T
BE B ESRESEIG FEHRERATYEHERR, TR

D, : Total diversity index; D, : Diversity index within Varieties; D, : Diversity index among varieties; a:Plant height;b:Spike length;c;Effective tillers;d;

Spikelets ; e : Kernel number per spike; {:1000-kerel weight. * : Total diversity index of all accessions;” ; Average diversity index within breeds of all acces-

sions. The same as below

2.2 HMW-GS TR4H

& 1% SDS-PAGE 437, R ML SRS HMW-GS
Clu-l i EHFHEFENFMER(E 1), EHEAH
BARERT 20 HEXAAHR1,7+8,10;1,7 +

8,11;1,7 +8,2 +10;1,7 +8,2 +12;2°,7 +8,10;
null,7,2;n0ull,7,2 +12;null,20,2 4+ 12;null, 13 +8,
2 +12;null,17 +8,2 +12;null,6 +8,2 + 10;null,7 +
8,2;null,7 +8,1.5 +12;null,7 +8,2 +10;null,7 +



R W % :ALADERF ML EETE¥ T HMW-CS SR8 JUE 4+ 385

8,2+12;null,7+8,2 #3 +12;null,7 +8,2 44 +12;  H.null 1.2" , HPFE null HAFMEEH, H
null,7 +8,3 +12;null,7 +8,4 +12;null,7 +9,2 + 90.90% ;Glu-B1 fii g8 7 #:7,20.13 +8.,17 +8,6I+
12, ZEFF A 2010 A S null,7 +8,2 +12 81 8.7 +8.7+9, EX7T+8 HAKEER, D
null,7 +8,2+10 2 M EEAS HBEEEHE, M 95.47% ; Glu-D1 fii & 10 #:2.,10,11,1.5 +12.2 +
3 64.48% #120.00% ,FIRf M-S 1,7 +8,10 B 102412243 +12.244+12.3+12.4+12, F &
5D 7.41% , EREA A null 7,2 + 12 i F AT 2+12 HASAEEH, N 69.15% , KK R T &2 +
2.79% , REBABLATH,Clu-A1 hi K 3 FhTERK 10, 5% % 21.00% , W% 10 i N 7.46% ,

1 2 3 -
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1 #44HERsFRESGEEXEARE M
Fig.1 HMW-GS patterns for a part of wheat landraces investigated
1:20M004429 ;2 . ZM004499 ;3 . ZM004499 ;4 . ZM012777 ;5 . ZM012985 ;6 : Chinese Spring;
7 :Marquis ;8 : Neepawa ;9 ; ZM017513 ;10 ;. ZMO17513 ;11 ; ZM010670 ;12 ; ZMO10670.

EXRATRESEAADF LA L 3L 6 5 WA ERXSEB N SREZHE GARHN
# HFKiITEREHNGBEFEER . AFN FEELHEE SRR ESREETT A TS
PHMEHEREERRNGHESHEEER(EY), BEZHE BLEERALTLEXBEZRYE
LREH EEXMHEMOTREEAR Kb &HE BE:MTFRHIABESREE AEEZXHMILBL
AFEEX IBLEX KOIPTFTHEAFXNFEL # Xt S8R 0 T S FrE s SR, LR
EXEHBERFTERRTRME,ULLEER HEEEXAMHFHELA XKL SEERES.,
i R R o BF B AR B0 B B R AR B Lk B 4 B HEEfH O ZEERECEE, RR TRl
%.:84% 84% .100% .69% ; kB EFX MTAEE FEX,RFHNXRAHB ZM012777 FH
(*XHHERXBENEY, RAAASHAS  HESH0.40) HKIXRTILEFEZX, F™HN
FERRMBAEZHEE BLEZXANAMNE  REFEIFHH K ZM010671 (0.36 ) . ZM004582
Fugeh i SRR S SRR A (0.33) RENREFRLEFEX, F-HEE W
% 60% F140% AR EXEKHHSHAMGETHE KPR ZM012984(0.26)  HEL XX Z R
EHUEERS LS RERBM LA S H R 38% B8k ZM000363 (0.15) It A ZER FH R
062% . B (B 9 ZM000044 (0. 15) , 7 Jb % % X X —
£4 HMW-GSZEXBZEMBRESHEHM. BWHA PR ZMOMAZ(0.02),, ILH TREXEH MR

EHREEHEENNIFHERES EEEN TERE(RS).
Table 4 Total diversity index,diversity index within varie- 3 1‘5]‘-‘;&
ties and diversity index among varieties for

HMW-GS in different growth areas ARRERA¥MCHEEA 2 TKELSWT
ERKRY - » . R&Sf/MERMMEZNBEZFEERR, L
Ares code ' i g B R AT E AR, BEEWMR
1 0.14 0.02 0.12 EH EEHRER ¥ KFEEER KRB lEE
; ';‘;; z'x :3 ROXSWAXRTNERT HFHESEHRERHA
. Ak - 2 —5", RWES S HEEENITRALR
5 0.30 0.09 0.21 FEXETHAHA, GHAEESELERAL T —
: :‘;: :3 z';: BOHE, T LIS TR S RN RN S B K

BTA—X, 259 EHEEDREBX,
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£S5 HOHE HMW-GS S#idiEH
Table 5 Diversity index in HMW-GS for each accession

L2 22334 e BHERK RS EHEHRK
Accessions Diversity index Accessions Diversity index Accessions Diversity index
ZM000029 0.06 ZM001394 0.02 ZM006264 0.00
ZM000044 0.15 ZM001907 0.00 ZM010809 0. 00
ZM000232 0.02 ZM001998 0. 00 ZM011096 0. 00
ZM000247 0.02 ZM002008 0. 00 IM012777 0.40
ZM000253 0.00 ZM002026 0.00 ZM012984 0.26
ZM000261 0.00 ZM002553 0.02 ZM012985 0.02
ZM000262 0.04 ZM002593 0.02 ZM017512 0.00
ZM000328 0.00 ZM002608 0.00 ZM017513 0.08
ZM000363 0.15 ZM002667 0.00 ZM017514 0. 00
ZM000369 0.04 ZM002697 0.00 ZMO017515 0.00
ZM000374 0.00 ZM002917 0.00 ZM017516 0.00
ZM000551 0.00 ZM003277 0.00 IM017517 0.00
ZM000592 0.14 ZM003455 0.00 ZM020063 0.04
ZM000656 0.00 ZM004429 0.02 ZM020072 0.00
ZM000658 0.02 ZM004499 0.00 ZM020767 0.00
ZM000701 0.02 ZM004509 0.09 ZM001902 0. 00
ZM000709 0.06 ZM004510 0.00 ZM003603 0.00
ZM000724 0.14 ZM004581 0.21 ZM010670 0.19
ZM000770 0.00 ZM004582 0.33 ZM010671 . 0.36
ZM000771 0.00 ZM005186 0.00 ZMO011224 0.00
ZM000854 0.08 ZM005880 0.00 ZMO017518 0.00
ZM000885 0.12 ZM005926 0.00

ZM001345 0. 06 ZM006105 0.00

EXNEANERY, L Clu-1 AR EEdH null,
T+8 A2+ 12 A, HHIFMESFIH 90.90% |
95.47% .69.15% , W E A A XK (null,7 +8,2 +
12) B R B, 64.48% , 3% 55 ok 2 B g ()
ARRRERER B, HRAHEMMBFE Clu-
DI RRATEREENER FIMTE2+10 §
W B %K B 21.00% , T & 10 £ ) B0 46 2 35 B
7.46% , WHEAALERWIHAE(nll,7 +8,2 +12)
—MAE AR, WEHE (nul,7 +8,2 +10)
& BIFTA 2010 (HEG 4 20.00% , FEA 4 (1,7 +
8,10) &KX 7.41% , FHEHAS (null,7,2 +12) &K
x2.79%  AHESEENE, AREEMTERXA
AU B R, BB E K BEE,X
ARAREEHERFRAREETALRBET R
o oE- 35 E

Wt xd NE ol @F NI ERNIER S
HARF HMW-GS HRER T E I : NE B EKE
XE  XRRBBELHE SHRBREESHEERR
SRR SR, R R T & KA AHN 2858 5
FREFAERGHH, B THE M ETEL

FHBEERALEZRSIFAEBOBE; BHARK
FERUNNEAT SESEHERKE LB, B
BEXMBEHHERE FAEX , KPR LEE
EMEBEZEXWEREETHEER . SHAEY
BIESHEREHBNE THAESR s, k8
It FEEX ML HEEZ KRN ERAUEHTF
MRS AFE, RRARREBFERIER
MR,
FKERBESHEMETNTREERATE
tEZXAMILBEZR AR/ M EHEEESD
LM ETERETX 2 MK,
BEOARAKFERESHPELER, KRB FAEL
FEX, = H R XA B ZM012777 £ BT & 4t
BB PRALTERENSHE, RBETIERES
X, JB 7%= 1 %% 1 B B 57 89 41 ZMO10671 . ZM004582
BRI BE KN ZHE, HREET 4B ZM012777,
W BV ERE HRRAERA“WMAERT,"Z
ROEARGLRIBEAWEBER HHALAEHE, X
AREYOHEENSI FRBETEEFENNEEF. T
R ALEERNHER XA BEAELERENE
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B2 MIEREREBEE
y Fig.2 Evolutionary path of Xiachongmang
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The elliptical shade in the map rep i area of

with high diversity index:]. Northwest spring wheat region, Gansu Tianzhu area: [l. Northern

spring wheat region , Inner Mongolia Salaqi area; [ll. Xinjiang winter and spring wheat region, Xinjiang Qinghe area: V. Northern winter wheat region, Beijing

and Hebei Rengiu area; V. Huanghui winter wheat region, Hebei Julu Shahe ,Lixian area; V. Northeast spring wheat region Jilin: V. Middle and lower rea-
ches of the Changjiang river winler wheal Region, Henan Gushi and Jiansu Suzhou arca(D =0)

T 252 K -1 9 4 S A L TR - B FE 45 R A
— 3, BDAERAE 2 K & S A B AL B R T
BL7R K 5 80T DL — 2 HE O SGR b O A
KBS BELE . bR K B Y e R B A
o [ $ T 00 th T A48 B — S A, R B R AE I 95
PR HB R AR , 5 A K 60 3 SGE B A )
K7, A DR BHEGE R  20d 2E R A
T TREARMBRG , TR il E 2 R )l i 2
Al Mo T AL T 5L , BT LA STt B2 B R R A 0 £ 1
FEBAR, AR H AT KB X [0 79 16 48 B 3

] — 4 A b A, J6 T HE 9 B R o SR i T
WA 4 5 7 R 1) G, a0 1 K A L R £ HE BB /R %8 1
MRE BB X . A H A KB X 0 R
i B R R, BT R B R B SR R 2
CATG i)t , 48 U 8 26 B 0 e 0 BT 4L 2 B B S
Ih) 5 G MR B R B BERL R IX, B h AR BRI
B4 48 30 dL 5 B WAL AT e X, SR AL Bl AL
{E 01X 7 3 448 B oAb 4 AL Y- IR 64 o] AL 5 JE \ Ui
G KL h T WP AT RIS, R
KEWE SAnt Rt ZEA R 2 B RLA
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Fig.3 Spreading path of Xiachongmang
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