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�� HMW �������	
��
���

������������

��� ��� ��	 
�� �
�
(���������	
��
����, �� 100089. E-mail: zhangxd@public3.bta.net.cn)�

�� ������� PPT�	
 bar��
�����, �������HMW����� 1Dx5�

1Dy10��
� !"#$ pBPC30, ���%&'() 1*+( 411*�(, 6*-.$/0
12

�13, 45�678��9:�;(T0)<=>?;@(T1AT5). PCR, BCD� SouthernCDEF!G,

HI��JKLM8N�; T0
��O, PQF!". 8���; T1?R� 20A80 mg/L
 PPT, =

S 1;�	TU 150 mg/L. V SDS-PAGEWX!G, HI 1Dx5� 1Dy10��Y T2?Z[;@S45

�!". 8��@ TG3-74\]��� 8, ^�� 2, 5, 10� 12_!", [`ab�6cd
��ef�

� 7gh��� 8ij(k�� 8*). /�WXlm!G, � 5c;@
 Zelenynop� 44.2A49.0 mL,

gqr CNN(48.0 mL)st, Wuv() 1*(26.9 mL)�(, 6*(30.7 mL)wx� 59.6% ~ 64.3%. T5?

;@
y�z{QF`jv.$/0(3A7 min)|}~�, 8��;@ TG5-23b
QF`j� 16 min,

TG1-28d, TG3-76b, TG5-98� TG5-99
��QF`jx" 30 min��.

��� ��� � HMW ����� 	�
 �� 
����

��������	
�(high molecular weight

glutenin subunit, HMW-GS)�
���������

��������, ���� �!�"#$%[1~3].

&'(), *+,-.��(T aestivum L)� HMW-

GS/012�3456.789:;<=�Glu-A1,

Glu-B1� Glu-D1>?@AB<CD, E?B<FG

2?HIJK��L Glu-1-1�Glu-1-2[4,5], �MNO

x� y�
�. �PQF, *+��RSG 6THMW-

GS UV, WL2��LXYZ[(\[6~8], 1]$^

_`aG 3 ~ 5TUV, bc Glu-A1B<�LNO 1

TZdG; Glu-B1B<�LNO 1TZ 2T; Glu-D1

B<NO 2T[9~11].

efg��$^c, h%
�ibjA 1Dx5 +

1Dy10, 1Ax2*� 1Bx17 + 1By18klmn, bcoG

1Dx5 + 1Dy10
�$^�pqaGgr$^� 30%,

oG 1Bx7 + 1By8, 1Bx7 + 1By9� 1Dx2 + 1Dy12s

t%
��$^mu. /voGh%
� 5 + 10, 1

Z 2*�$^wwoGm��Xxy�hz��{"

#$%. L|, efg��$%}^cR~����

}SGh%
��$^.

Altpeters�[12]� HMW-GS 1Ax1�L��L�

���g���$^ Bob White���c, ����

��� 21?����c, G 20?�� bar�L��

 (\, G 9 ?�� 1Ax1 �L�� (\. e[3

�����c, ������	
� 1Ax1 �LNO

�	���	�S���� 0.6% ~ 2.3%, ����

HMW��	�� 70%.

�&'�� � �gh%�{��$^

Cheyenne(CNN)� 5 + 10 NO�L�NO¡¢£

Basta ¤�� bar �L�
¥¦§j%¨, ©ª«¬

­®¯°±��²��$^(³­ 411, ­´ 6 µs)

�¶·, � PDS1000/He �¸¹º�L������

���» , �� 1¼��L��½�ib¾¿�

�, À� PCR, <ÁÂ, SouthernÁÂ�¡¢£ Basta

¤�sÃÄ Å����. Ã1Æ� SDS-PAGE �

ÇÈÉ HMW-GS�L�(\
�ÊËÌÍ��©i

T3 ~ T6 ¿��L�����"#$%�ÎÃÄ &

'��Ï.

1 �����

ÐÑÒÓ ¶·ÔÓ ©­Õ 1 µÊ­ 411 �­´ 6 µs

Ö.$^��»Ê��×�r½.. %¨�Ø
Ù 

Promega ÚÛ, *+Ü£Ù Ý�ÚÛ, ®�Þ(DIG)

ßàáâãÜ£ä��åæçâãÜ£äÙ 

Roche ÚÛ . �¸¹º�L� (PDS1000/He)Ù 

BioRad ÚÛ. %¨���ÇÈÊ�èi�L���
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éêëì[13]. %¨ pBPC30�í�îï 1.

� 1 ������ pBPC30 �	
���
�

(ð) GUS�L�ñò(\. GUS�Lâã56

ó�ôD�56ÇÈõê Jefferson s�[14]�ÇÈÃ

Ä. ���¾ 3 ~ 7 d�¶·ÃÄ56, ©âãñò(

\íö.

(÷) T1¿��L½�� PCRâã. õê CTAB

Èøù½ú� DNA, û� D’Ovidio s�[15]üý�

1Dx5�Lþ��ú, É�LjDNAÃÄ PCRâã.

(�) ¡¢£¤�âã. � T1 ¿��L½�2

�¾¿^�, � Basta��ó×¡¢£¤�æ�_�.

(�) ��ÁÂ.

(1) 	
�ßà. 1Dx5 �L� Hind�Ø�, 


� 0.8 kb ��×�ÁÂ�	
. ��� bar�L(0.5

kb)� 1Dx5�L 0.8 kb���ßà���, õÜ£ä

�)�����úÈÃÄ DIGßà.

(2) <ÁÂ. ù½ú DNA 5 µL(1 µg/µL), ��

5 µL 0.4 mol/L NaOH� 10 µL 20�SSC, ���� 5

min, <�v���F , 80 #� 2 h. ÁÂÇÈ3

SouthernÁÂ.

(3) SouthernÁÂ. � 10 µg½úDNA�BamH!/

Hind�(Z Xba!/EcoR!)Ø�"�, ©#��½�

�$�Éê, %¨�%�Éê. &µâãõêÜ£ä

'(�ÇÈ. b)*×éêëì[16].

(+) ^��	�øù. ù 1 ¨^�!,¾, �

0.8 mL�$øù-.ó(66 mmol/L Tris-HCl, pH 6.8,

3% SDS (%�./p), 3%01(./p), 0.05%23

4(%�./p), 2% β-5�67(./p), 8�9:

��. ;<=> 1 h, 60 �?cøù 4 ~ 5 h. 5000

r/min@A 2 min¾, ùFBó<�.

(C) SDS-PAGEDE. û� 10%�FJG SDS-

HIJKLMN�O. ProteanPxi �DEQ(BioRad

ÚÛ), N� 16 cm, R 0.75 cm, F�� 40 µL, 20 V

DE 24 ~ 36 h. MN� 5%>S6TU� 30 min, V

WXYZ56 0.5 ~ 2 h, [6 5 ~ 12 h.

(\) $%�Î�Ï. � Dicky-John9]r�Ï

^(�g)�Mã�^�S��Ê��	S���!�

	S�. éê_±`s�[17]�ÇÈã� T3 ~ T4¿�

�a�!� SDS Xxy . Zeleny Xxy�ã�õ

AACC ÇÈ 56-61A ÃÄ. !%ï�Ï��bg Bar-

bender®!%^, õê ISO5530-1- 1988ÇÈã���

L�� T5¿^���cd�þ�.

2 �����

2.1 ��������	
��

(Ñ) �L���iñò(\el�âã. f«,

��L����gh�iju©����ib�4

�kljm×��L����Ö. . �&'�

PDS1000/He (BioRad) �L��%¨ pAHC25 (Ubi-

bar, Ubi-GUS, 9.5 kb)���������n��k

ljm, � X-gluc âã GUS �L�ñò(\el.

íöæo, ��ppmPq���Ö., ��elr

ª� , �s�tu , ev�2B�ñò(\w�

(ï 2).

©­Õ 1µ, ­ 411, x¤ 8µ, ­ 1744�­´

6 µs 5 ?$^����Ö., ��L���%¨

pBPC30, �� Basta¤����½���yz, b�

M��yzkl� 6%, 1%, 0, 11.9%� 12.8%, {|

� 9.3%.

(ð) T0¿��L½�� PCRâã. É T0¿��

L½��� DNA, � D’Ovidio s�[15]üý� 1Dx5

�Lþ��úÃÄ PCR âã(ï 3). íö(), %

�Éê%¨(Ej 1)}�~ 450 bp� 5
�þ���,

$�Éê­ 411dG}�V; Ej 3, 5� 6s��L

½��}�~ 5 
�þ�V, �)r4 1Dx5 �L

��Ã���L½�.
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� 2 GUS�������	

(a) ��������	
��
, (b) ����������	


��
(����)

� 3 T0����
�� PCR��
M������, 1���, 2�� 411, 3 ~ 10����� 

(�) �������	
��
.

(1) �
�. � 1995���� pAHC25���

�� 16������� 1996���� pBPC30��

��� 21����������� DNA. ����

(DIG, Roche) ! 0.5 kb� bar��"#$%, �


�&'(), *+��#,-, �����./-0

1 75%(2 4).

� 4 �����
�������	


A1� pBSK��(1 µg), D6~D10� pBPC30 100 pg ~ 0.1 pg, A2~A7�

� 411 (A2! CK, A3~A7!���� , " 5 µg), A8 ~ D5��# 1

$(A8! CK, A9-D5!���� , " 5 µg)

(2) Southern 
� . ������3*+��

DNA4 BamH5/Hind6789:;, <λDNA/Hind6

/EcoR5# =; >? 1@#,-*+, Hind678�

�� pBPC30=A#/-*+, ���� DIG !�

bar ��"$%. &'(), B. 4 ������#

/-(2 5(a)), C) bar��DEF�G��HI.

������3*+�� DNA 4 Xba5/EcoR5

789:;, J< DIG  !�λDNA/Hind6/EcoR5

# =, >? 1@#,-*+, 4 Xba5/EcoR578

��� pBPC30=A#/-*+, ��� DIG !�

HMW KLMN� 5 ��#$%. &'OP(2 5(b)),

;Q 2>? 1@RSTU� 2VW(X 3.5 kb). 17Y

�����(;Q 3 ~ 19). 14�R 4VW(4.5Z 5.0

kb[\] 2VW), ^^S_T`.

ab HMW KLMN�cdeRfg�hi-,

� 5 ���
�� Southern����
(a) 1� pBPC30, 2��# 1$(CK), 3~7����� ; (b) 1� pBPC30, 2��# 1$(CK), 3 ~ 19����� . ����!%&'�
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j,-*+��.kPG 2V 3.5 kb [\/-VW.

�����.lmnk� 4.5Z 5.0 kb[\� 2VW,

o#pq�miN�, r<s
 1Dx5Z 1Dy10��

DEF�G��HI.

(t) �����3B9u�vwxy-. � T1

u�����z	{|vwx Basta(} PPT 95%)y

-~�. &'OP, �� 10 d9, *+Az(>? 1@

Z> 411)���)���(Basta, 20 mg/L), ���

16 �������(P�h���y- (20 ~ 80

mg/L); 13 d 9���������������,

�R 1���(TG6-1-2a)#�������; 16 d9

*+�D)���, ������������� ,

� TG6-1-2a  ¡#��, ¢£¤¥, y-�1 150

mg/L(2 6). C) bar ��Dj�����.(1,

� bar����
�Z Southern
�&'T¦§.

� 6 ���
����� PPT���

(¨) �����3B9u HMW-GS �(1 .

* 60� T2u©��:;&'(), 8����R

1Dy10 ���(1, 4 ���hªR 1Dx5 Z 1Dy10

N���(1. ,-*+>? 1@«>¬ 6@Z> 411

� HMW-GSW­# 2 + 7 + 8 + 12. 2 7., >?

TG1- 35 (;Q B, CZ D)# 2 + 5 + 7 + 10 + 12, >¬

6@��� TG4-13(;Q E)W­# 2 + 7 + 10 + 12, >

? 1@����� TG3-74(;Q F, GZ H), W­# 2

+ 5 + 7 + 8* + 10 + 12, B. 8*#¦�®N�(¯°±

²), ³´µbN� 7 Z 8 cd, ()mi 1Dx5 Z

1Dy10��j�h��.(1, J¶·¸G¹N��

º»Z®N��¼¢.

� 7 T2������� HMW-GS��� 
A��# 1$, B~H����� . ����!('�

2.2 ��������	
��
��

(½) vwxy-. ¾�vwx¿ÀÁ����

ÂÃ, * T1Z T2 u 75 ����9u�� bar ��

(1�ÄÅÆ
-"G�
, &'(), bar ���

ÄÅ�ÇÈFÉÊË 3Ì1�ÍÎÏ. T1 uÐÑ�y

-�Òy-�ÎÏ# 61Ì14. T2 u��., ÓÔ 14

��y-��� ,  �y- ; ÓÔeRy-9u�

23 ���, y-ÕÆ
ÄÅ, Öm 38 ���kPG

�ÍP�.

(×) HMW-GS���(1. * T2 HMW-GSØ

­# 5 + 10 ������±&z	(T3){| SDS-

PAGE, &'OP, T3uÙÚ¡�Û��# 5 + 10Ø

­, C)mi 5 + 10��j�����.Æ
ÄÅ.

* TG3-74 �� T2uÜÝ.a 1D Þ�Ýßà

HMW-GSØ­# 2 + 5 + 10 + 12�����{|á

â, &'j T3.ÐÑ�G 2 + 5 + 10 + 12, 2 + 10 + 12,

5 + 10 + 12, 2 + 12Z 5 + 10ãnzØ­, C) 2 + 5 +

10 + 12­�����j T2~T3uäåO¢�Í(( 1).

2.3 ������	
������

(½) æLM}çZèéê. � Dicky-Johnëì

m�íî��* T3 ~ T6u������z	}ïç«

�LM}çZðñLM}ç{|GÑ
. &'OP,

7���Û��LM}ça*+>? 1@� 11.6%ò

�# 12.8%~15.1%, �LM}ç��G 10.3%~30.2%.

� 1 T2���! T3� HMW-GS��� ��"

T2 ��� 2 + 5 + 10 + 12 T3 ����� HMW-GS �	

3-74-1-2 2 + 10 + 12, 5 + 10, 2 + 12

3-74-1-3 5 + 10 + 12, 2 + 12, 5 + 10

3-74-2-5 2 + 5 + 10 + 12, 5 + 10 + 12, 2 + 12, 5 + 10

3-74-12-2 2 + 5 + 10 + 12, 2 + 12

3-74-18-4 2 + 5 + 10 + 12, 2 + 12, 5 + 10

3-74-27-3 2 + 5 + 10 + 12, 2 + 12, 5 + 10

3-74-60-5 2 + 5 + 10 + 12, 5 + 10, 2 + 12

3-74-61-2 5 + 10, 2 + 12
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�� Zeleny�� SDS�� 102� T3 ~ T6��	


��
����������(� 2), ���� ,

��� 1 !� 25 ��	
"�
�#, $ 9 �


�� Zeleny���%&' 29.4 ~ 46.1 mL, ()*+

,�	
�-� 1 ! (26.9 mL), .*� 9.3% ~

74.3%, /#�	

� TG1-46b, TG1-28d, TG3-74e

� TG3-76� Zeleny���' 35 ~ 46.1 mL, 0�-

* 30% ~ 74.3%. TG3-74e� SDS���' 81.6 mL,

1 Cheyenne � 82.4 mL 23, 0� 1 !.*�

65.9%.
���4 6!� 26��	
"�
�#, $ 10

�
�� Zeleny���5 37.1 ~ 49 mL67, 0,�

8�-�4 6!(30.7 mL).*� 20.9% ~ 59.6%. /

# TG5-23 9*, / SDS ���' 73.8 mL, 0�-

.*� 38.4%.

(:) ;<=>?@7. � T5 ��	
��


����ABC%DE��, ���(, ,�	
�

�-� 1!�� 411�AB>?@7F' 3 ~ 7 min.

G�	

� TG5-23b �AB>?@7' 16 min,

TG1-28d, TG3-76b, TG5-98� TG5-99�AB>?@

7*H 30 min IJ, KKLM�N<AO���P

QRS. 
T, U�	
VWX�YZ HMW- GS N

[\		
 , ]I.*AB^_ , `aAB�C%

DE.

3 ��

3.1 ��������	
�

1bcde� 1!(2 + 7 + 8 + 12)f0, �	


g
 TG3-74 � HMW-GS hij$\	 8 �kl

� 8*\	�mn, TG1-35 g
o$ 8 \	�kl,p

(5�	
g
#qr 1Dx5� 1Dy10	
sZ��

	
tu$v?�wxE, ]yNz�n5 1B {|

cJ 1By8 	
}~�/���, /��]y��n

5 1D{|cJ� 1Dx2 + 1Dy12�}~��3. �+

qr	
����sZ���� DNA���r��

��r����, ��J HMW-GS ��	
*_�

r(�/� N�� C������rE�*), 1By8	


]yI��� DNA�� ¡�qr	
�¢��

�(£]ysZ�v�qr��), ¤¥���¦§�

¨©%¢, 5ª«MW#¬"+ 8 \	. Gqr 5 +

10	
1 2 + 12�­® ¡¯°¥� 5 + 10��	


g
 , ±²qr	
¯]I5�	
g
#>?

³´. �	
g
 TG3-74"�
�#HMW-GS��

µ, ]yr+ HMW-GS 	
�¶�· ¡, I¸¹

º�	
7�µ�t�.

�T]I»¼, qr	
���1sZ�IHMW-

GS	
7�½¡(¾¿$de�\	 2À\	 5½¡,

\	 12 À\	 10 ½¡)Á��½¡mnÂ\	�Ã

ÄsZÅÆeXÇ�� . /�È�ÄÉ$Ê+�v

ËÌÍ�ÎÏ.

3.2 �������
����

ÃÐ�¨nÑÒ�ÓÔ�ÕI¸	
Ö×ØÙ

�Út DNA ØÙ�ÛÜ1ÝÞ­a, U�gÑ	


VWX��IÆe�¨RßX�'�c��¨Rß

àáâãäe'å� , æ25�¨çèéÕgÑ�

� 2 �� T4 �����	
���
��

� � � � ����	/% Zeleny
��/mL SDS
��/mL

Cheyenne 14.0 48.0 82.4

CK 11.6 26.9 49.2

TG1-46b 15.1 46.1 (71.4*) 60.6 (23.2*)

TG3-74e 14.5 44.2 (64.3*) 81.6 (65.9*)

� 1�

25����� 12.9 29.2 (8.5*) 56.3 (14.4)

CK 13.6 30.7 53.4

TG5-23 14.8 49.0 (59.6*) 73.8 (38.4*)
� 6�

26����� 14.4 35.5 (15.6*) 63.1 (11.8*)

CK 11.8 22.4 43.0

 411

34����� 12.6 28.8 (28.6*) 52.9 (23.0*)

* �������������� !"
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d<`[êëËì']y, í“�¨äe”, î�Iï

ðçè�ñòÁ¦§<Áóôõö�	
Å�÷øù

'“Eú”�ûüÌÍ1`[. 1“´ýäe”X�f0,

“�¨äeþ�'æ2ÁS�Á]�, Õ�5äeQ

A���gÑe<�äe"�����	��¨ç

èEú�÷ø[18~20].

BlechlÅ
[21]��, qr 1Dx5� 1Dy10	
�

���\	5�	
g
e¨#��
çè]1/

5¿de� HMW-GS\	��H©f�. ShimoniÅ


[21]�', ]I5�	
��#�M HMW-GS �L

©�H�`%�¦§�t��DE , ���AO�

�d<�`[. Barro Å
[22]'��AO�� HMW-

GS \	�0��`[A;�	�DE, �M�8A

O��, °¥�v��¶��Hçè��	
g
,

��g
YZÂ\	��Hçè©K*+�r\	

��H, �u$ 1 ~ 2�YZ\	��	
g
� T2

������(, AB��E��.

����	

�������(, $ 5�
�

� Zeleny���' 44.2 ~ 49.0 mL, 1�- CNN(48.0

mL)f�, ��0� 1!(26.9 mL)��4 6!(30.7

mL).*� 59.6% ~ 64.3%. T5�
��;<��>?

@70bcde(3 ~ 7 min)¢&� , �	

�

TG5-23b �>?@7' 16 min, TG1-28d, TG3-76b,

TG5-98, � TG5-99 �AB>?@7*H 30 min I

J, KKLM�N<^!���PQRS. ÌÍ�(,

]I�M	
VWX��`% HMW-GS�tì�"

©, #GH$`[AO��d<�%�.

� � � �
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