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1 一 9

A PPlic a tio n o f h yb r id s w ith c yto Pla s m ic m a le
一 s te r ility in

Z e a m ay s L
.

in C h in a

Jia n 一

K u n w e i(魏建昆 )
,

K e 一M in g L iu (刘克明) a n d C u i Y a n g (崔洋)

H e b e i A e a d e m y o f A g r ie u lt u r a l a n d F o r e s tr y S e ie n e e s ,
S h ijia z h u a n g

,
0 5 0 0 5 1

R e e e iv e d D e e e m b e r 1 6
,
1 9 9 2

S u m m a r y T h e a b o r t iv e be ha v io u r a n d t he e yt o p la s rn q u a lity o f e y t o p la s m ic m a le
一s te r ility

(CM S 川
n e s o f h o m o e a ry o n w e r e in v e st ig a te d a n d t he e x is te n e e o f C r a e e o f B IP o la r is m a 夕d is

w e r e d is e u s s e d fr o m th e p o ln t o f v ie w o f g e n e tie br e e d in g
,
Phy s io lo g y a n d p a th o lo g y in t his P a p e r

.

T h e n th e eo u n te r m e a s u r e s t o p r e v e n t t he d a n g e r fr o m d is e a s e o f B
.

m a 夕d is in CM S h y b r id p r o -

d u et io n w e r e p r o P o s e d
.

K e y w o r d s
eo r n (Z ea m a 夕5 L

.

)
,

h yb r id
, e yto p la s m ie m a le

一 s te rility
,
p a th o lo g y

In the p r o e e s s o f h yb r id p r o d u e t io n o f e o r n ,

it h a s s u e h a d v a n t a g e a s s a v in g a r tifie ia l e m a s -

e u la t io n , r e d u e in g e o s t a n d s u p p ly in g hig h q u a lity e o m m e r e ia l s e e d s t o rn a k e e o m p le t e s t e r -

ile h yb r id s ,

w it h th e r e s u lt tha t the h e te r o sis p o t e n t ia l 15 fu ll e x e r t e d
.

G e n e tic b r e ed in g r e se a r e h

B e e k e t t (1 9 7 1 )d iv id e d th e CM S lin e s ,
tha t w e r e m a n y a n d d iv e r s e in the w o r ld

,

in t o thr e e

g r o u p s

— T
,

5 a n d C
, a e e r o d in g t o th e s p e e ia l r e a e tio n o f fe r t ile r e s to r a t io n o n m a le flo w

-

e r
.

A ft e rw a r d s ,

G r a e e n e t a l
.

(19 7 4 )p r o v id e d s a m e r e s u lt
.

A fte r th a t
,

in m o le e u la r le v e l
,
the

ele e tr o p h o r e sis p a tt e r n o f m t D N A s ho w e d o n ly th r e e kin d s o f b a n d s o f C
,

5 a n d T g r o u p s
.

A e e o r d i找9 t o th is r e s u lt
, e x p e r t s in m a iz e b r e e d in g w e r e in a g r e e m e n t o n ela s s ifie a tio n o f

CM S lin e s
.

L a t e r o n ,

Pr in g e t a l
.

(1 9 8 0 )d iv id e d C g r o u p in t o C l
,

C 1 a n d C 皿 th r e e s u b
-

g r o u p fu r th e r
.

T h e a b o r t e d fe a t u r e s o f m a le g a m e t o p h y t e s p o r u le in T
,

C a n d 5 g r o u p s w e r e d e e p ly

s t u d ie d b y p r e d e e e s s o r
.

T h e p r o e e s s o f rn a le g a m e to p h yt e a b o r t io n 15 a s fo llo w s
.

S t a m e n p r im o r d iu m ~ C a llo s e s ta g e
~ M e io s is s t a g e (T )~ T e t r a d s t a g e (C ) ~ Y o u n g

rn ·l· 、

一
t o p h y t

二
t ·g

一
Y O U n g p 。“

一
t·g一 B ·“d ‘n g U p

[
V e g e t a tiv e n u e le u s

G e n e r a t iv e n u e le u s」
(S ,一M a -

t u r e p o lle n (g e n e r a t iv e e e ll p r o d u e e a p a ir o f g arn e t e )(N )

T a n d C g r o u p s b e lo n g in s Po r o p h y te a b o r t io n w hie h o e e u r r e s in e a r ly p e r io d o f m a le

d e v e lo p rn e n t
.

Fo r th is k in d o f p la n t th e g lu m e 15 elo s e d a n d th e a n th e r sh r iv els a n d in e lu d e s

s e r io u sly a b o r t e d p o lle n o r p r o d u e e s n o P o lle n
.

5 e yt o p la s m b elo n g s t o a b o r t io n o f g a m e t o p hy te a n d a b o r t io n o e e u r r e s in la t e p e r io d o f

m a le d e v e lo p m e n t
.

In th is t yp e o f p la n t
,
t he a n th e r s ho w e s d iffe r e n t p a t te r n fr o m u n 一 n a k e d

t y p e to n a k e d t yP e
.

T h e a n th e r fe r t ility u s u a lly d e e r e a s e s in e o ld a n d m o is t e lim a t e a r e a o r

sh o r t s u n s h in e d u r a t io n r e g io n
.

W ha t e a n w e le a r n fr o m th e d iffe r e n e e o f in it ia l s ta g e in th e s p o r u le a b o r t io n o f T
,

C

a n d 5 e y t o Pla s m s ? T h e 5 ey to Pla s m a n d n o r m a l e y t o Pla sm (N ) p la n t s w it h s a m e n u e le u s

e a n p r o d u e e y o u n g p o lle n in d e v e lo p m e n t p r o e e s s a n d th e p o lle n o f th e m e a n p r o d u e e v e g e -

ta t iv e a n d g e n e r a t iv e n u ele u s
.

W h e n p o lle n s n e a r ly m a t u r e ,
the p o lle n s o f 5 ey to p la s m s u d

-

d e n ly e r u m b le a n d the p la n t s b e e o rn e m a le
一s t e r ile

.

W e w o u ld s u g g e s t tha t the e ha r a e te r is tie

o f e yt o p la s m in 5 a n d N w a s e lo s e in m e t a b o lis m
, a d a P t a bility t o e n v ir o n rn e n t a n d d is e a s e
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r e s is t a n e e ,

bu t th e r e w a s g r e a t d iffe r e n e e o n th e a b o v e e h a r a e t e r is t ie fo r C
,

T e y to p la srn

w ith N e y t o p la s m
.

T h is p r o ble rn n e e d s fu r th e r e v id e n e e fr o m p r o d u e t io n a n d e x p e r im e n t
.

T he m o s t e a r ly a n d e x t e n s iv e u t iliz a t io n o f m a le
一s t e r ility in th e w o r ld w a s T e yt o

-

p la s m
.

R e s e a r e h o n th is fie ld s t a r te d in 7 0
’5 in Ch in a

.

L i Jin g x io n g e t a l(1 9 6 1
,

1 9 6 3 )
,

Y a n g

Y u n k u i e t a l(1 9 6 2 )
,

L iu Jilin (1 9 7 9 )
,

C he n
W

e ie h e n g e t a l(1 9 7 9
, 1 9 8 6 )

,

W
e i Jia n k u n e t a l

(1 9 8 0 )
,

Z h e n g Y o n g lia n (1 9 8 2 ) a n d Z e n g M e n g q ia n e t a l
.

(1 9 8 7 ) p u blis h ed a s e r ie s o f d o e -

u m e n t s in th is field
.

T h e y e s t a blis he d th e the o r e t ie a l b a s is fo r u t iliz a t io n o f s t e r ile h y b r id
o f m a iz e in C h in a

.

T he CMS 3 8
一

1 1T
w a s u s ed a s the fir s t lin e o f d o u b le h yb r id

,

N o n g D a 4

a n d N o n g D a 7 in 5 0
’5 b y B e iiin g A g r ie u lt u r al U n iv e r s ity

.

In the s a m e t im e ,

S h u a n g y u e 一

1 5 0

w a s d e r iv e d in t o T d o u ble h yb r id
.

B e e a u s e o f e n d a n g e r m e n t o f B
.

m a 夕d is
,
th e y ie ld o f th is

hy b r id r e d u e e d b y 4 6
.

3 %
.

A ft e r w a r d S ,
th e c a s e o f y ield d e e r e a s e d d u e t o B

.

m a 夕d i: o e -

e u r r e d in s u e e e s s io n a n d e v e n h a d n o o u tPu t in s o m e Pla e e in C h in a
.

By 1 9 6 7
,
the r e s e a r e h

w o r k s u t iliz in g T e y t o p la s m s t o p p e d in C h in a
.

In 6 0
’5 T s t e r ility b e g a n t o be u s e d in A rn e r ie a

.

T he r a t e o f hy b r id w ith T ey to p la s m

w a s 8 5 % in 1 9 7 0
.

A s e p id e m ie o f T r a e e o f B
.

m a 少d is (H o o k e r ,

1 9 7 0 ) th e yie ld Io s e w a s

1 5 % o f to t al o u t p u t o f c o r n ,
tha t w a s a b o u t 1 6

.

5 m illio n to n
.

A ls o CM S
一

T c yt o p la sm w a s

h ig hly s p e e ia ly in fe e te d b y P h夕lo s tic a e a m a 少d is
.

A ft e r 1 9 7 0
,
th e u t iliz a t io n o f CM S

一

T ey to p la s m w a s s t o p p e d a n d a r t ifie ia l e m a s e u la
-

t io n w a s u s e d a g a in in A m e r ie a
.

W h e n C e yt o Pla s m w a s d is e o v e r e d
,

w hie h w a s tn o r e r e s is
-

t a n t to d is e a s e ,
th e C e y t o p la s m h ybr id b e g a n t o b e u s ed

.

In C h in a ,
the C ey to p la sm w a s 9 0 -

in g to b e u s e d in H e n a n ,

S ieh u a n a n d H e b e i P r o v in e e a n d o t h e r s
.

It e a n b e s a id th a t th e p a s t

fe w y e a r s iu s t w e r e o n th e e v e o f th e a e t io n to u s e CM S C lin e g r e a tly in C h in
a a n d a ll o v e r

th e w o r ld
.

M e a n w h ile
,
the r e a r e s o m e q u e s t io n s p r o p o s e d b y b r e e d e r s a n d p a th o lo g is t

.

T h e

T ey to Pla s m w a s v e r y w e a k in d is e a s e r e s is t a n e e , a n d h o w w a s a bo u t C ey to Pla s m ? W ill th e

e a la m ity o f g r e a t r e d u e t io n o f e o r n yie ld in A m e r ie a r e p e a t a g a in ?

P hy sio lo g ie r e se a r eh

T o b e a im e d a t a b o v e q u e s t io n ,
the P a r a m e t e r s o f e e ll w ith s t e r ile ey to Pla s m w e r e t e s t e d in

fo u r a s p e e ts b y u s (W
e i Jia n k u n e t a l

,

1 9 8 9 )
.

(1 )C yt o p la s m ie v is e o s ity ;

(2 )W
a t e r P e r m e a b ility ;

(3 )S o lu t e p o t e n t ia l;

(4 )C y t o p la sm ie s t r e a m in g
.

T h e ey t o p la s m ie v is e o s it y w a s te s te d u sin g th r e e m e tho d s 1
.

e
.

p la s m o lys is
, e e n t r ifu g a -

t io n a n d sy s t r o p h y
.

Cy tOP la sm ic V is c o s ity

(l )C e n tr ifu g a t io n m e tho d In th r e e le a f a g e ,

1 0 e m lo n g s e g m e n t s o f e o r n s t em w e r e c u t

o ff fr o m h e a lth s e e d lin g a n d w e r e p u t in t o e e r t r ifu g e t u b e in w h ieh th e r e w a s s o m e s p r in g

w a t e r ; the n th ey w e r e s u b s e q u e n tly e e n tr ifu g e d a t 2 1 0 0 r p m
.

A ft e r th a t
,

5 m m lo n g p ie e e o f

b u d sh e a th w a s p e e le d a n d the s u b e Pid e r m a l e e ll w a s o b s e r v e d u n d e r m ie r o s e o p e (X 1 6 0 o r

只 4 0 0 ) a n d th e e hr o lo p la s t d is p la e e m e n t b y e e n t r ifu g a t io n e a n b e s e r v e d a s r e la t iv e m e a s u r e

fo r e yt o p la sm ie v is e o s ity
.

W he n 9 5 一 1 0 0 %
o f eh r o lo p la s t s m o v e d t o o n e e n d o f c e ll

,
th e

t im e w a s n o t e d
.

T h e lo n g e r t im e w a s ,
the hig he r ey to p la s t v is e o s ity w a s

.

T h e r e s u lt s (T a ble l ) sh o w th a t a ll o f fiv e g e n o typ e s t e n d t o s a rn e r e s u lt tha t e h r o lo
-

p la s t d is p la e em e n t tirn e in fo u r eyt o p la s m s w a s d iffe r e n t
.

T he s e q u e n e e w a s N > S > C > T
.

T h is r e s u lt in d ie a t e d th a t th e v is e o s ity o f ey to Pla s m in fo u r tyP e w a s N > S > C > T
.
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A p p lie
.

o f h y br id s w ith e y t o p l
.

m a le
一s te r ility in Z e a m a 夕5 L

.

T a ble 1
.

T h e d is p la e e m e n t

m a l e o le o p tile e e ll in fiv e

tim e o f e h lo r

in b r e d lin e s

o Pla st in s u be Pid e r -

o f h o m o ea ry o n in

】1 1a 乱Z e

G e n o t yPe Cy t o p la s m
T im e r e q u ir e d fo r 9 5

一
1 0 0 %

e hr o lo
-

p la s t d is Pla ee m e n t (m in )

C 1 0 3 3 0
.

6士 1
.

3 e
倪

1 6
.

8士 1
.

sb

1 5
.

4 士 2
.

ob

1 2
.

1 士 1
.

3 a

M
o 1 7

A 2 3 9 S (K )

C

T

N

S (E K )

S (M Y )

S (S D )

3 1
.

6 士 2
.

Zd

2 4
.

4 士 3
.

o e

1 7
.

0 士 1
.

7 9

1 4
.

3 士 0
.

g f

N5CTNS

NTNTA 6 1 9

W 6 4A

2 6
.

8 士 5
.

Zh

1 6
.

3 士 1
.

Zf
,

g

1 8
.

2士 1
.

8 9

2 0
.

4 士 1
.

3 h

2 8
.

6士 2
.

1 1

1 2
.

8 士 2
.

5 ]

1 9
.

5 士 1
.

ok

1 2
.

3 士 0
.

6 1

‘ : V a lu e s e o r r e s p o n d in g t o d iffe r e n t le t te r s a r e s ig n ifie a n tly

d iffe r e n t a t P = 0
.

0 1 le v e l w ith in th e s a rn e in b r e d lin e
.

(2 ) Pla s m o ly s is t yPe T h e r e

a re u s u a lly tw o t yp e s o f p la s m o ly
-

5 15 fo r e o r n
.

O n e 15 e o n v e x fo r m

a n d a n o the r 15 e o n e a v e fo r m
.

T h e

e yt o Pla sm ie v is e o s ity o f the fo r m e r

15 lo w e r tha n t h a t o f the la tt e r
.

T he la r g e r r a te o f e o n v e x fo r m 15
,

th e lo w e r v is e o s it y 15
, a n d in s a m e

w a y
,

th e la g r e r r a t e o f e o n e a v e

fo r m 15
,
the h ig h e r v is e o sity 15

.

W h e n Pla s m o lys e d e e ll 15

t r e a t e d b y th e s o lu t io n w h ieh it s

e o n e e n t r a t io n 15 lo w e r th a n tha t o f

p la s m o lys is s o lu t io n ,
the e e ll d e -

Pla sm o lys e
.

If e o n e e n tr a tio n o f 5 0 -

lu t io n i, lo w 。n o u g h
,
tH

。 。e ll 。a n

r e n ew
.

T h e lo n g e r tim e o f r e s to r a -

t io n 15
,
th e h ig h e r v is e o s ity 15

.

S e e d lin g o f m a iz e in thr e e le a f

a g e w a s u s e d
.

Pie e e s o f ePid e r m is

w e r e p e e le d fr o m yo u n g b u d
s h e a t h a n d w e r e s u e e e s s iv e ly p u t

in to 0
.

1 , 0
.

2
,

0
.

3 a n d 0
.

4 m o l

m a n n ito l s o lu t io n
.

A fte r th a t
, o b

-

s e r v a t io n w a s P e r fo m e d u n d e r the

m ie r o s e o p e
.

T he r e s u lt sh o w e d t ha t the r a te o f e o n e a v e p la srn o lys is w a s 1 0 0 %
,

1 0 0 % a n d

6 0 % in N
,

5 a n d C e yt o p la s m
, r e s p e e tiv ely

, a n d th e r a te o f e o n v e x p la s m o lys is w a s 8 0 % in

T ey t o p la srn
.

It in d ie a t e d th a t t h e q u a lit y o f 5 a n d N eyt o p la s m w a s s im ila r a n d s ig n ifie a n t
-

ly h ig h e r th a n C eyt o p la s m
.

T h e q u a lity o f C e yt o p la s m w a s b e tt e r th a n t ha t o f T
.

(3 )S ys t r o p hy T he r e a r e m a n y p a r t iele w h ie h a r e d iffe r e n t in s iz e , a n d a b ig e e n t r e

v a e u o le in p la n t e e ll
.

U n d e r s t r e s s e o n d itio n ,
th e p a r t ie le s t e n d t o g a the r a r o u n d the n u e le u s

a n d e v e n r e s u lt in e e ll sw a llo n in s e r io u s o e e u r r e n e e
.

T h is p h e n o m e n o n 15 a p h ys io lo g ie r e -

s p o n s e o f liv in g e e ll t o s t r e s s o f e n v ir o n m e n t e o n d it io n a n d n a m e d sy s t r o p h y
.

T h e s ys t r o
-

p h y in flu e n t s m e s s a g e t r a n sfe r fro m a n u e le u s t o a n o the r a n d fr o m e ell t o e e ll
.

Y o s hid a

(1 9 8 4 ) r e Po r te d th a t the sy s t r o Phy o e e u r r e d e a s ily in lo w v is e o s ity Pr o to Pla s t b u t ha P
-

p e n e d n o th in g in h ig h q u a lity e ell
.

In o u r e x p e r im e n t , the s ys t r o p h y w a s n o t o b s e r v e d in N

a n d 5 e yto p la s m bu t o e e u r r e d fr e q u e n tly in C a n d T e y t o p la s m
.

Cy toP la sm ic st re a m in g

T h e b io lo g ie al im p o r t a n e e o f ey t o p la s m ie s t r e a m in g 15 d e s e r ib e d a s fo llo w s
.

(1 )It in d ie a t e s

tha t t h e e e ll p o s s e s s e s v ia b ility ; (2 )A e e o r d in g t o W illio m s o n ’5 r e s e a r eh
,
the m o v em e n t o f

Pa r t iele s in e e ll 15 th e r e s u lt o f in te r a e tio n b e tw e e n m yo s in a n d a e t io n o f A T P
.

T h e r e d u e -

t io n o f e ir e u m flu e n t s Pe e d in d ie a t e s d e e r e a s e o f b r e a th r a t e a n d d e fie ie n ey o f m e t a b o lie e n -

e r g y ; (3 )A ft e r th e e e lls a r e in fe e te d b y p a th o g e n s ,
the ir p r o t o p la s t ie m e m b r a n e 15 in iu r e d

a n d th e ey t o Pla s rn ie s t r e a m d e e r e a s e s o r s t o p e s
.

T h e m a te r ia ls o f e o r n w ith s a m e n u e le u s

a n d d iffe r e n t e yt o p la sm
,

N
,

S
,

C a n d T w e r e u s e d in th e e x p e r im e n t
.

T h e b u d s he a th in

th r e e 一

le a f a g e s e ed lin g o r g lu m e o f m id d le t a s s e l a t b e g in n in g o f flo w e r in g s t a g e w e r e

u s e d
.

T he e yto p la s m ie s tr e a m in g o f s u b e p id e r m a l e ells w a s o b s e r v e d u n d e r m ie r o s e o p e
.

It

e o u ld b e s e e n th a t the v a r is iz e d m ie r o s o m e s e ir e u la te d a lo n g th e e e ll w a ll a t s a rn e d ir e e -

tio n
.

T h e m ie r o s o tn e s in N a n d 5 e yt o p la s m w e r e s ig n ifie a n t ly la r g e r tha n t h a t in C a n d T
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e yt o Pla sm
,

b u t the r e w e r e n o d iffe r e n e e s b e tw e e n N a n d 5 o r b e tw e e n C a n d T
.

T h e v a r ia t io n o f e ir e u m flu e n t s p e e d (u n it 拌m / s )w a s m e a s u r e d a fte r u s in g m e th o m yl

to t r e a t e v e r y tyPe o f e yt o Pla s m
.

T h e r e s u lt s in d ie a t e d th a t :
(1 )In e o n t r o l

, s e q u e n e e o f e ir
-

e u m flu e n t r a te w a s N > S > C > T ; (2 )T he t r e a tm e n t s o f m e th o m yl in 6
,

1 2 a n d 2 4 拼g / m l

h a d n o s ig n ifie a n t in flu e n e e t o s t r e a m in g s p e e d o f N
,

5 a n d C ey to p la s rn b u t the r a t e o f e ir
-

e u m flu e n e e in T ey to p la s m d e e r e a s e d s ig n ifie a n tly
.

T he r a t e o f s t r e a m in g in T e y t o p la s m
,

fo r e x am p le
,

w a s 1 6
.

4 士 0
.

3拼m / 5 in e o n t r o l
,

b u t it w a s 1 3
.

1 士 0
.

3拼m / 5 fo r 2 4卜m / m l

m e th o m yl t r e a tm e n t
.

T h e v a r ia n e e w a s in s ig n ifie a n t le v e l ( P = 0
.

0 1 )
.

Sin e e K o e p p e e t a l
.

(1 9 7 8 )in d ie a t e d th a t the p h ys io lo g ie e ffe e t o f m e tho m yl w as lik e T to x in
,
the m e th o rn yl

h a d s Pe eia l to x ie ity t o T e yt o Pla s m
.

S o lu te Po te n t ia l a n d w a te r Pe r m e a b ility

T h e r e a r e m a n y P a r t ie le s in e y to Pla s m
.

T h e s e p a r t ie le s a r e a t ta e h e d th e m s e lv e s t o th e n e t
-

t e d s t r u e tu r e
.

In e y t o p la sm
,
th e m o r e p a r t ie le s a r e ,

t h e h ig he r e o n e e n tr a t io n 15
, a n d t h e

hig h e r a bilit y o f r e sis t a n e e t o s t r e s s e o n d it io n 15
.

T ho u g h elim a te 15 d r o u g h t a n d 5 0 11 s a lin i
-

ty 15 h ig h
,
th e p la n t w ith h ig h e yt o p la s m ie e o n e e n t r a tio n e a n s t ill a d a p t t o e n v ir o n m e n t a n d

m a in t a in r e g u la r g r o w th a n d m e t a b o lis m
.

T h e r e la t iv e p e r m e a b ility o f p r o t o p la s t t o w a te r e a n b e e a le u la te d by fo llo w in g fo r -

m u la
:

R e la t iv e w a te r Pe r m e a b ility -
T irn e o f d e p la s m o lys is o f CM S

T im e o f d e Pla s m o ly s is o f n o r m a l ey t o Pla s m (N )

T h e m e a n in g o f r e la t iv e w a te r p e r m e a b ilit y w a s lis t e d in T a b le 2
.

T h e t im e o f d e p la s m o lys is in N a n d 5 15 m a r k e d ly lo n g e r th a n th a t in C a n d T (T a ble 3 )
.

T a b le 2
.

T h e s o lu te p o te n t ia l a n d w a te r p e rm e a bility o f s u b e Pid e r m a l Pa r e m e h ym a e e lls o f the e o le o p t一le

o f diffe r e n t e y to p la s m ty Pe s fr o rn tw o g e n o ty P es

R e la t iv e w a te r P e rm ea b ility

G e n o t yP e C yt o p la sm ee ll so lu te P o te n tia l(M Pa )
T im e o f d e Pla

-

s m o ly s is (m in )

CM S tim e

N tim e

O凸乙门�000口八j

⋯

,1
000

一 0
.

8 1 士 0
.

0 7

一 0
.

5 9 士 0
.

0 2 , 关

一 0
.

7 6 士 0
.

0 2

一 0
.

6 9 士 0
.

0 0

一 0
.

5 6士 0
.

0 5 ,

一 0
.

6 1 士 0
.

0 2 * *

TNN5CTA 6 1 9

C 1 0 3 5
.

6 士 0
.

2 1

5
.

0 士 0
.

0 0

2
.

1士 0
.

1 1 、

1
.

7 士 0
.

1 4 矢 关

T he d a t a a r e m e a n o f fiv e s a m ple s ; * S i g n ifi e a n t a t l% le v e l e o m p a r e d w ith N a n d 5
.

1 % le v e l e o rn p a r e d w ith N
.

S ig n ifie a n t a t

T h e r e la t iv e w a t e r p e r m e a b ili t y a r e 1
.

0 0
,

0
.

8 9
,

0
.

3 8 a n d 0
.

3 0 in N
,

S
,

C a n d T e y to p la s m
,

r e s Pe e t iv e ly
.

T h e e e ll m e m b r a n e 15 a s u r fa e e o n w h i e h t he e x e ha n g e s o f s u b s t a n e e a n d m e s s a g e a r e

P e r fo r m e d b e t w e e n in s id e a n d o u t s id e o f e e ll o r a e e ll a n d o t h e r
.

B e e a u s e e h a r a e t e r is t i e o f

b ila y e r o f m e m br a n e p h o s p h a tid e a ffe e t s t he p e r m e a b ility o f w a t e r ,
t h e v a r ia t io n o f p e r rn e -

a b ilit y in d i e a t e s t h a t t h e s t r u e t u r e a n d e o m P o n e n t o f e e ll m e m b r a n e a r e d iffe r e n t
.

A e e o r d
-

in g t o O K Y o u n g L e e a n d S t a d e lm a n n ’5 r e s u lt
,
t he in e r e a s e o f w a t e r p e r m e a b ilit y o ft e n

s ho w s t h a t t h e m e m b r a n e 15 in ju r e d
.

U n d e r u n fa v o r a b le e n v ir o n m e n t e o n d it io n ,
t h e Pe r rn e -

a b ilit y in lo w e r q u a lit y m e m b r a n e 15 e a s y to i n e r e a s e
.

T he d is a p p e a r o f p e r m e a b ilit y m e a n s

t h e e e ll to b e d e ad
.



S u p p l
.

A p p lie
.

o f hy b rid s w ith e yto p l
.

m a le
一 s te r ility in Z e a 从a 夕5 L

.

D e
勿 d r a tio n

In th r e e le a f a g e , o n e g r a rn o f le a f w a s ta k e n fr o m the yo u n g e o r n s e e d lin g in e a e h o f fo u r

ty p e s o f e yt o p la srn in C IO 3 in b r e d lin e r e s p e e t iv ely
.

A p ie e e w a s p u t in te s t t u be in w h ieh

the r e w a s 1 0 m l 0
.

8 % m a n n it o l s o lu t io n a e e u r a t e ly
.

T h e n o n 一

io n ic w a t e r w a s u s e d a s the

e o n tr o l
.

T h e c o n d u e tiv ity o f s o lu t io n w a s m e a s u r e d a n d in iu r e d r a t e w a s e a le u la te d a s fo l
-

lo w in g fo r m u la
.

厂/ T
,

) / / C
,

) ,

In iu r e d r a t e = 1一 } ( 1 一影 } l( 1一分 } }X 1 0 0‘ 1 1
』- 孟 - - 1 - · - 工

L(
‘

丁
:

/ / (
‘

C
Z

/ 」“一
W he r e T

l a n d T
:
w e r e the e o n d u e t iv ity o f tr e a t m e n t a t t he in it ia l t im e a n d th e te r m in a l

t im e , r e s p e e tiv e ly ; C
l a n d C

:
w e r e th e e o n d u e t iv ity o f th e e o n t r o l a t the s a m e t irn e s , r e s p e e -

tiv e ly
.

In ju r e d r a t e o f le a f e e lls w a s a
.

m e
直
s u r e o f m e rn b r a n e s t a b ility in s tr e s s e o n d it io n s

.

T he

la r g e r in iu r ed r a t e 15
,
the m o r e le a k a g e 15

.

T he r e s u lt (T a b le 3 ) in d ie a t e d tha t th e s e q u e n e e

o f in iu r e d r a te o f le a f e e lls w a s N < S < C < T
.

F r o m the r e s u lts o f p h ys io lo g ie r e s e a r e h
,

w e

e a n e o n e lu d e d th a t th e r ela t io n sh ip o f fo u r t yPe s o f e yt o p la sm in q u a lity w a s :
N be tt e r tha n

S
,

5 b e t t e r th a n C
, a n d C b e tt e r th a n o r s im ila r t o T

, r e sP e e t iv ely
.

T a ble 3
.

In i
u r e d r a te o f le a f e e lls o f C 1 0 3

in br e d line w it h v a ried e yt o Pla s m

G e n o t yPe In j
u r e d r a te (% )

Pa th o lo g ie r ese a r c h

T h ‘ r esP o n s e s

of CM S lin e to B华o la r is m 卿
-

d is

A e e o r d in g t o fie ld o b s e r v a t io n in G u a n g x i ,

S ieh u a n ,

H e n a n ,

H e b e i
, a n d o th e r Pr o v in e e s

�卜OJ

:
J

二
占八 」亡Jg口C 1 0 3

C y t o p la s m

N

S

C 7 1
.

5 in C h in a

s t r o n g e r

w e fo u n d t h a t t h e B
.

m a 夕d i s h a d

T 8 7
.

3

n g fr o m 12 p r o v in e e s o r r e g io n s in C h in a

v i r u le n e e o n h y b r id

Pla s rn
.

T h e n 1 1 6 s a m Ple s o f B
.

m a 7万

C

y d i

ln

丫V e t e
s e r e e n e d a n d s t u d i e d

.

F iv e is o la t e s

c y t o -

C O lll一

习V e re

fo u n d to w h ie h t h e p la n t w ith C e y t o p la s m w a s hig hly s e n s it iv e b u t t h e p la n t s in N
,

5 a n d

T e y to p la s m w e r e n o t s e n s it iv e
.

T h e v ir u le n e e e x p e r im e n t o f fiv e is o la t e s o f B
.

m a 夕d i s w a s

p e r fo r m e d o n C I O3 a n d V A 3 5 in b r e d lin e in g r e e n ho u s e a n d d a t a w e r e lis t e d in T a ble 4
.

T a ble 4
.

T h e r e a e t io n o f e o r n w ith N a n d C e yt o Pla s m

t o fiv e is o la t e s o f B
.

m a 夕d i s
.

I s o la t e C yt o p la s m R e a e t io n s
L o n g e s t o f

le s i o n s ( rn m )

3 5 6

G e n o t yp e

o f ho s t

C 1 0 3

6 2 7 C 1 0 3

3
.

4 关 关

1
.

3

2
.

2 关关

0
.

5

1 5 6 V A 3 5

:“

3 5 3 V A 3 5

)
‘’

5 2 3 V A 3 5 O 关关

4

n l e a fl O 关翁

0

5 s u s e e p t ib le
, R

S i n g ifie a n t a t P

T e S I S t a fl t
.

关 关 二 0
.

0 1
.

A s T a b le 5 s ho w s , u s in g

fiv e is o la t e s o f B
.

m a 夕d i s t o in
-

o e u la t e t h e y o u n g s e e dlin g o f

t w o g e n o t yp e s o f m a iz e in d ie a t
-

e d t h a t t he a v e r a g e le n g t h o f le
-

s io n s w a s 5
.

0 m m in CM S
一

C
a n d 2

.

0 m m in N e y t o Pla s m
.

m a in t a in e r lin e
.

T h e d iffe r e n e e

w a s s ig n ifie a n t ( P = 0
.

0 1 )
.

W
e

d ifin e d t h e s e fiv e is o la t e s o f B
.

m a 夕d i s a s r a e e C (W
e i Jia n k u n e t

al
,

1 9 8 8 )
.

T h e r e a e t io n o f CM S
一

C lin e

to r a e e C o f B
.

m a 夕d i s w a s t e s t
-

e d b y a r t ifi e ia l in o e u la t io n u s in g

t h e h a lf le a f m e t ho d ( W u

Q u a n ’a n e t a l
,

1 9 8 0 )
.

T h e P r o e e -

乐2.

4.1.

9.L

乐2.

5R5R55RR5RSRCNCNCCNNCNCN
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d u r e o f t h e rn e t h o d w a s : the le a f o n p la n t in CM S
一

C e y t o p la s m w a s d iv id e d in to tw o p a r t s

a t m e d ia n lin e
.

T h e r a e e C a n d 0 w e r e in o e u la te d o n e a e h o f h a lf le a f r e s p e e t iv e ly
.

W
e

fo u n d tha t in s a m e le a f o n e o f h alf le a f t r e a te d b y r a e e 0 w a s in fe e te d s lig h t ly a n d th e le
-

s io n s w e r e o f n e e r o tie typ e o f ty p ie a l r e s is t a n e e
.

A n o t h e r ha lf le a f t r e a te d w ith r a e e C w a s

in fe e t e d s e r io u sly a n d the le s io n s w e r e o f w ilt t yp e o f t y p ie a l s e n s it iv e r e a e tio n
.

S tim u la tio n

Of t o x in t o Ph e
即

c a la n in s a m m o n ia
一

ly a s e
(P A L ) e n

却 m e a e tiv it夕

T t o x in s tr o n g ly s t im u la t e d a e t iv it y o f P A L o f CM S
一

T lin e b u t ha d n o s ig n ifie a n t e ffe e t () n

lin e s w ith o th e r e y t o p la s m (X u e Y in g lo n g e t a l
,

1 9 8 2 )
、

T he d a t a in o u r e x p e r im e n t (T a b le

5 ) P r o v e d a g a in tha t T t o x in s t im u la t e d o n ly the a e t iv ity o f PA I
J

in CMS
一

T

T a b le 5
.

T he s tim u la tin g e ffee t o n th e a e t iv ity o f P A I
一

b y th e to x in p r o d u e e d b y r a e e T a n d C

A e tiv ity o f PA L (0
.

D
.

2 9 o n m / 9 fr e 、h w t
·

h )

T C S N

C o n t r o l T o x in C o n t r o l T o x in C o n t r o l T o x in C o n t r o l T o x in

C t o x in 1
.

3 9 5 1
.

4 8 0 0
.

9 0 1 3
.

3 5 0 0
.

8 9 5 0
.

9 0 5 0
.

3 5 5 0
.

5 3 0

T t o x in 1
.

3 9 5 关 关 0 9 0 1 1
.

0 8 0 0
.

8 9 5 0
.

9 4 0 0 3 5 5 0
.

3 8 0

“ S ig n ifie a n e e a t p -

3
.

5 6 5

0
.

0 1

e y to Pla s m b u t h a d n o e ffe e t o n th e CM S e y t o Pla s m s
.

T he a e t iv it y o f PA L in T e y t o p la s rn

w a s 3
.

5 6 0
.

D
.

2 9 On m / 9 fr e s h w t ·

h in T to x in t r e a t m e n t b u t 1
.

3 9 5 in e o n t r o l
.

T he d iffe r -

e n e e w a s v e r y s ig n ifie a n t
.

F u r th e r rn o r e ,

C t o x in s t im u la te d th e a e t iv it y o f PA I
训

in C e y to
-

Pla s m o n ly (T a b le s) a n d the a e t iv it y o f P A I
矛

w a s 3
.

3 5 0 in t r e a trn e n t a n d it w a s ju s t 0
.

9 1

in e o n t r o l
.

T he d iffe r e n e e w a s v e r y s ig n ifie a n t als o
.

R e e e n t ly o u r r e s e a r eh in p h y s io lo g y a n d p a th o lo g y m a d e s o m e n e w p r o g r e s s :

1
.

B e s id e s s p e e ia l e ffe e t o n p o is o n in g le a f e ells w ith CMS in h ib itin g p o lle n t u b e g e r m e n a t
-

in g a n d e lo n g a t io n , r e s tr a in in g p r im a r y r o o t g r o w th
,

w e fo u n d tha t the t o x in o f B
.

m a 夕d is

h a d v e r y s e n s it iv e s p e e ifie ity t o in ju r e the liv in g e a p e ells o f r o o t w it h CM S ey t o p la s m (G u o

L a n k a i
,

1 9 9 1 )
.

2
.

It w a s e n s u r e d fu r t h e r th a t th e r a e e C s p e e ia lly in fe e te d C l s u b g r o u p ey to p la s rn in g r o u p

C in b r e d lin e b u t h a d n o e ffe e t o n E S
,

R S ey t o p la s m in o the r s u b g r o u p s (L iu K e m in g e t a l
,

1 9 9 1 )
.

3
.

C t o x in s ig n ifie a n tly in h ibit e d th e a e tiv it y o f S O D o f m ito eh o n d r ia in C e y t o p la s m b u t

ha d n o e ffe e t o n o th e r e e ll o r g a n s (C u i Y a n g
,

1 9 9 2 )
.

4
.

It w a s fo u n d o u t p r e lim in a r ily by u s in g eh r o m o lo g r a p h y o f g e l a n d e illie a g e l t h a t C t o x in

w a s a rn ix t u r e o f s e v e r a l s u b s t a n e e w ith liv in g a e t iv it y (C u i Y a n g
,

1 9 9 1 )
.

5
.

C u i Y a n g h a s p u r ifie d e r ys t a l o f C t o x in by u s in g H PL C te e hn iq u e a n d g o t b r e a k th
r o u g h

in e h em ie a l a n a lys is o n s tr u e t u r e o f T
,

C
,

0 t o x in u s in g U N IR a n d H
一

N M R t e eh n iq u e

(1 9 9 2
, u n P u b lis he d ) in t h e g u id a n e e o f P r o f

.

K o h rn o to
.

( 1 )T o x in 1 e r ys t a l w a s Pu r i王ie d fr o m C to x in
.

T h e eh e m ie a l a n a ly s is r e s u lt
s sh o w e d

t ha t th e r e w a s n o t o x in 1 in 0 a n d T to x in
, a n d t o x in 1 w a s a n ew s u b s ta n e e :

(2 )T o x in l

w a s o f h ig h s p e e ia l in fe e t io n t o C e y t o p la s m in th e d iffe r e n t g e n o t y p e s
.

In o e u la t io n by u s -

in g t o x in g 1 e a n r e s o lv e th e p r o b le m in w hie h th e r e s u lt s o f in o e u la t io n t o u s e e r u d e e x t r a e t

o f C to x in o f is o la te C e a n n o t r e Pe a t s o m e t im e s
.

6
.

R e e e n t ly
,

in e o o P e r a t io n w ith L a b o r a to r y o f R e s e a r eh C e n te r o f B o ta n ie Se ie n e e o f C a rn
-

b r id g e ,
t h e te e h n iq u e s o f PA P D a n a lys is a n d D N A fin g e r p r in t w e r e s u e e e s s

fu lly u s e d f() r

id e n tifie a t io n o f o
,

C a n d T r a e e o f B
.

m a 夕d is (S u H a i
,

1 9 9 2
, u n p u b lis h e d )

.



S u p PI
.

A p p lie
.

o f h y br id s w it h e y t o p l
.

m a le
一s te r ility in Z e a m a 少5 L

.

D IS Cu ssio n

F ir s t
,

W
e g iv e a r e v ie w fo r o u r r e s u lt s a b o v e

.

T he d a t a in T a ble 6 in d ie a te d th a t s o rn e

p o in t s w e r e a s fo llo w s :
(1 )F o r C a n d T e y t o p la sm b e g in n in g t im e o f a b o r t io n w a s e a r ly

.

T h ey w e r e e ha r a e te r iz e d by e o m p le t e d a b o r t io n , a n the r d e g e n e r a t io n , e lo s e d g lu m e , a b o r t e d

p o lle n , s t a b le s te r ility
, e t e

.

Fo r 5 e yt o Pla s m
,

be g in n in g t im e o f a b o r t io n w a s la t e r
.

It s fe r t il
-

ity w a s u n s ta b le a n d th e r e s t o r a t iv e m u ta t io n t o n o r m al e yt o Pla s m o e e u r r e d s o m e t im e s
.

(2 )A m o n g th r e e CM S a n d N eyt o p la s m
,
the p h ys ie al a n d e he m ie a l p r o p e r t ie s o f ey to p la s m

w e r e d iffe r e n t a n d the r e w a s d iffe r e n e e in q u a lit y a ls o
.

A ll o f th e s e d iffe r e n e e s w e r e t e r m e d
“ ey to Pla sm d is t a n e e ”

.

T h e te s t s o f P r o t o Pla s t ie Pa r a m e t e r in d ie a te d th a t th e “
d is ta n e e ”

w a s

s ho r t be tw e e n C a n d T o r 5 a n d N e yt o p la sm
.

In b r ie f
,

fo r p r o to p la s tie q u a lity
,

1
.

e
.

e yt o
-

p la sm ie v is e o s ity
,

0 9 v a lu e , s o lu t e p o t e n t ia l
,

w a t e r p e r rn e a bility
,

m e m b r a n e s t a bility e t e ,

N

eyt o p la sm w a s b e tt e r th a n s ; 5 w a s b e t te r tha n C a n d T
.

(3 ) F o r r e s p o n s e o f the m t o B
.

从a 夕d is
,
th e le s io n s o n le af in N a n d 5 eyt o p la sm w a s o f n e e r o t ie

.

N a n d 5 w e r e typ ie a l typ e

o f d is e a s e r e s is t a n e e
.

In e a r ly 6 0
’s ,

T ey to p la s m w a s h ig h ly in fe e t e d b y B
.

m a 少d is in C h in a ,

th e le sio n w a s o f w ilt typ e typ ie a l d is e a s e s e n s it iv ity
.

It w a s r e p o r te d b y u s in 1 9 8 8 tha t the

r a e e C e x is t e d in n a t u r e a n d w a s h ig h ly s e n s it iv e to C eyt o p la s m
.

W
e e o n elu d e d tha t the

d is e a s e 一 r e s is t a n t d iffe r e n e e in CM S
一

C
,

CMS
一

T a n d CM S
一

5 w a s id e n t ie a l w ith d iffe r e n e e o f
r ele v a n t e yt o p la s m

, 5 p a r a m e t e r o f p r o t o Pla s t
.

T a b le 6
.

T yPie a l o f fe rt ility
,
P r o t o Pla s t ie Pa r a m e te r a n d r e su lts o f

a th o lo te s t CM S a n d N ev to o la sm

C yt o p la s m s w ith s a m e n u e le u s

F ie ld Ite m

N S C T

B r e e d in g
1

.

In itia l tim e o f m a le

s te rile

2
.

B e h a v io r o f g lu m e

in flo w e r

3
.

B e h a v io r o f a n th e r

In flo w e r

4
.

A n the r w e ig h t

5
.

Fe r tility

N o r m a l M
o s t la te E a rlie r E a rlie s t

O Pe n

U n fo ld

Po llin a te

C lo s e
~

o Pe n C lo s e
C lo se

F o ld~
u n fo ld Fo ld Fo ld

Fe r tile

N > S > C > T

S te r ile t o fe r tile S te r ile S te r ile

p h ys io lo g y 1
.

T yp e o f p la s m o ly sis

2
.

S ys t r o Ph y

3
.

T im e o f eh lo r o Pla st

d is Pla e e m e n t

4
.

C yt o Pla s m ie

s t r e a m in g

5
.

0 9
.

v a lu e o f e e ll

6
.

S o lu te Po te n tia l

7
.

W
a te r Pe r m e a bility

8
.

M
e m b r a n e s ta bilit y

C o n e a v e

(1 0 0 % )

C o n e a v e

(1 0 0 % )

C o n e a v e

(6 0 % )
-

C o n v e x

(8 0 % )

n O n O ye s ye s

N > S > C > T

N > S > C > T

N > S > C > T

N < S < C = T

N < S < C = T

N > S > C > T

Pa th o lo g ie

te s t

1
.

R e a e tio n to B
.

m a y d 行

2
.

T yp e o f le sio n

R R S (C r a e e ) S (T r a e e )

N e e r o tie N e e r o tie W ilt W ilt
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8

S e e o n d ly
, o n th e b a s is o f h is t o r ie a l e x p e r ie n e e in CM S b r e e d in g

,
th e fir s t t h in g 15 th a t

th e u t iliz a t io n o f s in g le e yt o p la s m in lo n g t im e a n d w id e a r e a m u s t b e a v o id e d
, a n d t h e n ,

a n o th e r th in g 15 th a t th e r e s e a r e h
, u t iliz a t io n a n d d e v e lo p m e n t o f CMS e yt o p la s m tn u s t b e

u n d e r m o r e a n d m o r e e o n s id e r a t io n
.

1
.

T he r e la t io n s h ip be tw e e n e x is t e d typ e s o f CM S eyt o p la s m a n d p a th o g e n sh o u ld b e

s t u d ie d fu r the r 5 0 th a t m o r e s t e r ile rn a t e r ia l e a n b e u s e d in p r o d u e tio n
.

Liu K e rn in g (1 9 9 1 )
e t a l

.

fo u n d in fie ld a n d la b o r a t o r y tha t C 1 s u b g r o u p in CM S
一

C e yt o p la s m g r o u p w a s s p e -

e ia lly s e n sit iv e t o C r a e e b u t C 亚 a n d C 1 in s a m e g r o u p w e r e n o t s e n s it iv e
.

T h is m e a n t

th a t the C 1 a n d C 1 e a n b e u s e d in p r o d u e t io n
.

5 0 fa r ,
th e h yb r id s b r e d fr o m C 1 a n d C 孤

b y C h e n
W

e ie he n g a n d th e br e e d e r s o f the X in iia n g A e a d e m y o f C u lt iv a t io n w e r e w id e ly

u s e d in p r a e t ie e a n d it w a s e ha r a e te r iz e d b y h ig h yie ld a n d d is e a s e r e s is t a n e e
.

S o m e r e g e n e r a te d p la n t s w e r e e s t a b lish e d fr o m e a llu s o f C 1 s u b g r o u p th a t w a s t r e a -

t e d by C t o x in
.

T h is fa e t in d ie a te d th a t g e n e o f s t e r ility w a s n o t lin k e d w ith g e n e o f d is e a s e

s e n s it iv ity to r a e e C
.

T he C 1 s u b g r o u p w ill
“
b e g iv e n a n ew life

”
(L ia n g (子e n q in g

,

1 9 8 9 ;

Z h o u H o n g sh e n g
,

1 9 9 1 )
.

2
.

T he d e fe e t o f 5 e yt o p la s m g r o u p w a s th a t th e fe r t ility w a s u n s t a b le
.

T h is p r o b le m
e o u ld b e s o lv ed by e ha n g in g n u e le a r b a ek g r o u n d

,

b a ek e r o s s in g in p a ir s t r ie tly a n d

s t r e n g th e n in g s e le e t io n p r e s s u r e
.

T h e s t r o n g p o in t o f 5 g r o u p w a s th a t th e q u a lity o f p r o t o
-

p la s t elo s e d t o n o r m a l p r o t o p la s t
.

A fte r th e hy b r id s w ith 5 e yt o p la srn
,

1
.

e
. ,

d o u b le ty p e ,

T a n g x u ty p e ,

L l ty p e a n d Ji IA ty Pe , e t e
. ,

w h ie h w a s u s e d w id e ly in C h in a ,
th e s p e e ia l r a e e

o f B
.

m a 少d is o n 5 eyt o p la s m w a s n o t fo u n d
.

5 0 fa r ,

in C h in a a n d o th e r e o u n t r ie s ,
th e s

g r o u p s o f e yt o p la sm e o n s is t e d o f m o r e th a n o n e h u n d r e d ty p e s o f s t e r ile ey t o p la s rn
.

O n th e

b a s is o f the s yn th e t ie a l r e s e a r eh
,

Sla e o (1 9 8 5 ) s u g g e s t e d tha t 5 g r o u p sh o u ld b e d iv id e d in
-

t o fiv e s u b g r o u p s
.

T h e r efo r e , e x t e n s iv e r e s e a r eh a n d d e v e lo p m e n t o n 5 g r o u p w ill h a v e

g re a t P o t e n tia l a n d a b r ig h t fu t u r e
.

3
.

Fo r s ele e tin g n ew CMS t yp e a n d e s t a b lish in g n e w CM S t y p e ,

it sh o u ld b e t ln d e r

e o n s id e r a t io n th a t th e ey t o p la s m o f e lo s e r ela t iv e sP e e ie s o f M a iz e 15 in t r o d u e e d in t o CM S

lin e
.

W
e in t r o d u e e d CM S

一

E P w ith p e r e n n ia l e yt o p la s m fr o m A m e r ie a in 1 9 8 4
.

I
J a u g hn a n e t

a l
.

(1 9 8 3 ) d e d u e e d th a t it w a s a n e w CM S
一
ty p e

.

T h e field o b s e r v a t io n w a s p e r fo r tn e d in

H e b e i Pr o v in e e o f C hin a fo r s e v e r a l y e a r s
.

T h e r e s u lt s sh o w e d th a t th e CM S
一

E P lin e p r e -

s e n te d s ta b le s t e r ility a n d
, u n til n o w

,
th e m a in t a in e r lin e e a n n o t b e fo u n d e x e e p t A 6 1 9

.

E a r ly in 7 0
’s ,

it w a s o b s e r v e d in o u r e x p e r im e n t tha t th e d is e a s e s o f le a f blig ht a n d

le a f s Po t o f e o r n , v ir o s is a n d b a e t e r ia l w ilt o f e o r n w e r e n o t fo u n d o n Pla n t s o f p e r e n n ia l ey
-

to Pla s m ty Pe
.

W
e h a d e s t a b lish e d a n e w CM S lin e w ith e y t o Pla s m o f Pe r e n n ia l M a iz e

,

in

w h ie h th e Pe r e n n ia l M a iz e w a s u s e d a s fe m a le p a r e n t a n d the d iffe r e n t e u ltiv a r s o f e o r n

w e r e u s e d a s th e m a le p a r e n t s
,

p a s s in g th r o u g h b a ek e r o s s in g
, s e r e e n in g o f s t e r ile p lo n t

fr o m m u t a g e n ie m a s s (W
e i Jia n k u n ,

1 9 9 2 )
.

E v e n th o u g h th is k in d o f p io n e e r w o r k w a s e o r
-

r ie d o u t fo r lo n g tim e a n d w a s v e r y d iffie u lt
,
the u t iliz a t io n o f elo

s e r e la t iv e g e n u s o f M a iz e

( T e o s i n te a n d T r iP sa c u m ) s ho u ld b e Pa id m o r e a t te n t io n to
.

4
.

U n d e r s t r a t e g ie e o n s id e r a t io n o f a v io d in g th e g e n e tie fr a ilt y d u e to g e n e t ie h o rn () -

g e n e it y
,
th e m u lt i

一 e yt o p la sm h y b r id s h o u ld b e e r e a t e d b y u s in g v a r ia l ty p e s o f e y to p la s m
‘

T w o m e th o d s o f fo llo w in g e a n b e u s e d s im u lta n e o u sly o r s e p a r a t ely
.

(1 ) A e e o d in g t o th e r e s u lt s o f o b s e r v in g o n g r o w th a n d d e elin e o f p h ys io lo g ie r a e e ,
th e

5 in g le e yt o p la s m 15 t a k e n t u r n
.

(2 ) T o e r e a t m u lti
一 e y t o Pla s m ie hy b r id (Z h a n g

,

1 9 8 7 ; G a o K a i
,

1 9 9 2 )



S u PPI
.

A p p lie
.

o f h y br id s w it h e y to p l
.

m a le
一s te r ility in Z e a m a 夕5 L

.

9

R efe r e n Ce

G a o K a i
,
K M L iu

,

JM L i a n d JK W
e i

.

(1 9 9 2 ) S o m e p r o ble m s in d ise a se 一r e s is t a n e e br e e din g fo r m a iz e in

C h in a a n d t he ir r e so lu tio n
.

A c t a A g r ic u ltu r a e B o r e a li
一

S in ie a
,
7 (3 )

:
1 5 一 2 0

W
e i JK

,
KM L iu

,

JP C h e n ,
PC L u o a n d O K

·

Y o u n g L e e 一

St a d e lm a n n
.

(1 9 88 ) P a th o lo g ie a l a n d p h ys io lo g ie a l

id e n tifiea t io n o f r a e e C o f B IPo la r is m a夕d is in C h in a ,
P h少t o Pa tho lo g 夕

,
7 8 (5 )

:
5 5 0 一 5 5 4

.

W
e i JK

,
K M Z h a o ,

L Y D e n g a n d O K Y o u n g L e e 一

St a d e lm a n n
.

(1 9 8 9 ) Pr o t o pla s m ie p a r a m e te r s o f 2
.

m a 夕 s

w ith n o r m a l a n d m a le s te r ile ey to Pla sm
.

P h 少sio lo g ic a l a n d M
o lee u la r P la n t P a tho lo g 夕

,
3 5 : 5 4 3 一 5 5 3

.

H o o k e r A L
,
D R S m ith

,

SM Lim a n d JB B e e k e tt
.

(1 9 7 0 ) R ea et io n o f eo r n se e d lin g s w ith m a le
一s te rile e y t o -

Pla s m t o H
.

m a 夕d is
.

P la n t d is e a se r e Pt r ,
5 4

:
7 0 8一 7 1 2

.

P r in g D R
,

C o n d e
M F e t a l

.

(1 9 8 0 ) D N A h e te r o g e n s it y w ith in th e C g r o u p o f m a iz e
-

一
ste r ile ey to p la sm s

.

C ro P S c i
.

2 0 : 1 5 9 一 1 6 2
.

Z h a n g Y X
,

JK W
e i

,

K M Liu
,

MQ Z e n g
,
R J C u i a n d PC L u o

.

(1 9 8 7 ) B r e e d in g a n d a p p lie a tio n o f m a le
一s te r ile

1in e s fo r m u ltip la s m ie ho m o n u e le u s in m a iz e (Z ea m a 少5 L
.

)
.

A c t a A g r ic u lt u r a e B o r e a li
一

S in ic a
,

2 (4 ) :

9 一 1 5


