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PEA ENATION MOSAIC VIRUS: VARIATION IN RESISTANCE CONFERRED BY En 

Baggett, J. R. and R. 0. Hampton Oregon State University 
C o r v a l l i s , Oregon 

Resistance to pea enation mosaic was reported by Schroeder and 
Barton (2) to be conferred by a s i n g l e dominant g e n e , En. They no t ed 
tha t when r e s i s t a n t pea p lan t s were inocu la ted wi th any of s e v e r a l pea 
enation mosaic v i r u s (PEMV) i s o l a t e s , t h e p l a n t s u s u a l l y became i n 
f e c t e d , w i t h o n l y minor e f f e c t s on g r o w t h . Hagedorn and Hampton (1) 
demonstrated that commercial b r e e d i n g l i n e s p u t a t i v e l y c o n t a i n i n g En 
v a r i e d i n d e g r e e s o f P E M V - s u s c e p t i b i l i t y , a s i n d i c a t e d by symptom 
s e v e r i t y . Even the most r e s i s t a n t l i n e s , when inocu la t ed in g r e e n h o u s e 
t e s t s , e i t h e r developed mild symptoms o r , i f a f f e c t e d by the v i r u s more 
severe ly , p r o g r e s s i v e l y recovered from symptoms. Fo l low-up f i e l d t e s t s 
confirmed tha t l i n e s able to r e c o v e r from PEM symptoms in the greenhouse 
also manifested f i e l d r e s i s t a n c e , co r robora t ing t h e p r e s e n c e o f t h e En 
a l l e l e . 

The data of Hagedorn and Hampton have been r e t abu la t ed in d e s c e n d 
ing o r d e r o f s u s c e p t i b i l i t y ( d i s e a s e i n d i c e s ) , from greenhouse t e s t s 
(Table 1 ) . To these data we have added a column to i n d i c a t e presumptive 
presence of the En a l l e l e , as deduced from greenhouse r ecove ry data and 
information provided by the breeder of the c u l t i v a r . The 45 e n t r i e s in 
Table 1 comprise a continuous range of PEMV responses i n c l u d i n g in term
ediate t y p e s w h i c h , based on PFM- r e c o v e r y , c o n t a i n e i t h e r En or en 
a l l e l e s ( s e e L i n e N o s . 1 5 - 2 5 ) . These data suggsst tha t m o d i f i e r genes 
and perhaps c y t o p l a s m i c f a c t o r s , w o r k i n g e i t h e r i n d e p e n d e n t l y o f o r 
i n t e r a c t i v e l y w i t h g e n e E n , a f f e c t t he t ype and s e v e r i t y o f P E M 
symptoms. Thus, among these i n t e rmed ia t e l i n e s , some w i t h en showed a 
lower d isease index than some l i n e s ca r ry ing En. 

We sought to e l u c i d a t e the nature of t h i s m o d i f i c a t i o n by crossing 
' P e r f e c t e d F r e e z e r 6 0 ' (En En) r e c i p r o c a l l y w i t h t h r e e s u s c e p t i b l e 
(en en) and th ree o ther r e s i s t a n t c u l t i v a r s . F2 p r o g e n i e s from these 
c rosses w e r e r u b - i n o c u l a t e d in two success ive "greenhouse t e s t s , us ing 
mechan ica l l y t r a n s m i s s i b l e W i s c o n s i n i s o l a t e ( C 3 ) of PEMV used by 
Hagedorn and Hampton ( 1 ) . These p r o g e n i e s were a l s o f i e l d t es ted 
Corva l l i s under a s eve re natural inc idence of PEMV. Disease i n d i c e s 
were c a l c u l a t e d from i n d i v i d u a l - p l a n t symptom s c o r e s , w h e r e 
v i s i b l e symptoms, 1 = s l i g h t c h l o r o t i c f l e c k i n g , 2 = m o d e r a t e PEM 
symptoms, 3 = s eve re PEM symptoms, and 4 = PEMV-induced p lan t necrosis. 
To obtain a r e f ined e s t ima te of d i sease s e v e r i t y , we removed t h e p1ants 
from c o n t a i n e r s at peak deve lopmen t of PEM symptoms and made s i de -by -
side v i s u a l c o m p a r i s o n . T h i s p r o c e d u r e , h o w e v e r , wa3 done a t t h e 
expense of greenhouse PEM-recovery data . 

Symptom scores of greenhouse-grown p rogen ie s from P E M V - r e s i s t a n t x 
s u s c e p t i b l e p a r e n t s w e r e combined i n t o r e s i s t a n t ( s c o r e s 0 and 1) and 
susceptible ( s c o r e s 2-4) c l a s s e s f o r computation o f s e g r e g a t i o n r a t i o s . 
Most X v a l u e s f o r 3:1 r a t i o s were w i t h i n a 0.05 l e v e l of p r o b a b i l i t y , 
c l ea r ly i nd i ca t i ng conformity with and a f f i r m i n g s i n g l e - d o m i n a n t - g e n e 
i n h e r i t a n c e f o r PEMV r e s i s t a n c e ( T a b l e 2 ) . T h e r e w e r e a few non
conforming r a t i o s . For e x a m p l e , c o n t r o l p l a n t s o f ' B a n f f and 
'Canner PL' tended to escape PEMV-infec t ion during greenhouse i n o c u l a t i o n , 
pa r t i cu la r ly i n Tes t #1 , but were ex t remely s u s c e p t i b l e i n f i e l d t e s t s 
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( T a b l e 3 ) . The c u l t i v a r ' A u r o r a ' and the progeny of P .F .60 x Canner PL, 
i n T e s t # 2 , c o n t a i n e d more than e x p e c t e d P E M V - s u s c e p t i b l e p l a n t s . 
Pe rhaps some of t h e s e p l a n t s we re in the process of r ecovery when they 
were s a c r i f i c e d . S e g r e g a t i o n r a t i o s v a r i e d somewhat b e t w e e n p r o g e n i e s 
of r e c i p r o c a l c r o s s e s , w i t h a sugges t ion of mate rna l ly mediated PEMV-
r e s i s t a n c e by P . F . 60 in c ro s se s w i t h 'Melody ' (en e n ) , Aurora (En Ea), 
and 'Tempte r ' (En E n ) . 

PEMV-resistance c l a s s e s o f n a t u r a l l y i n f e c t e d p r o g e n i e s ( T a b l e 3 ) 
w e r e d e r i v e d by c o m b i n i n g symptom sco res 0-2 as r e s i s t a n t , and 3-4 as 
s u s c e p t i b l e . X 2 va lues f o r 3:1 r a t i o s w e r e w i t h i n t h e 0 .05 l e v e l o f 
p r o b a b i l i t y fo r f i v e o f the s i x p rogen ie s from PEMV-resis tant x suscep
t i b l e pa ren t s . L i k e w i s e , p a r e n t a l c o n t r o l s r e sponded p r e d i c t a b l y t o 
n a t u r a l PEMV i n f e c t i o n . M a t e r n a l m e d i a t i o n o f P E M V - r e s i s t a n c e by 
P . F . 6 0 was a g a i n s u g g e s t e d i n p r o g e n i e s from c r o s s e s w i t h B a n f f , 
Aurora, and Tempter, p a r t i c u l a r l y apparent in the d i s t r i b u t i o n of p l a n t s 
per symptom s c o r e . 

Our r e s u l t s v e r i f y the work of Schroeder and Bar ton ( 2 ) , but f a i l e d 
to d e m o n s t r a t e g e r m p l a s m - r e l a t e d m o d i f i c a t i o n o f En . We e x p e c t e d 
Auro ra and Tempte r to c o n t r i b u t e germplasm tha t skewed p rogen ies from 
P . F . 60 toward g r e a t e r PEMV s u s c e p t i b i l i t y . Ins t ead , these parents w e r e 
q u i t e r e s i s t a n t t o PEMV in our s t u d i e s . Although i t i s tempting to a t 
t r i b u t e PEMV-resistance enhancement to P . F . 60 c y t o p l a s m , we r e c o g n i z e 
t h a t new approaches a r e l i k e l y to be requ i red to fu r the r e l u c i d a t e t h i s 
phenomenon. 

1 . Hagedo rn , D. J . and R. 0 . Hampton. 1975. P l a n t D i s . R e p t r . 
59:89 5-899. 

2 . S c h r o e d e r , W. T. and D. W. B a r t o n . 1 9 5 8 . P h y t o p a t h o l o g y 

48:628-653. 
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Table 1. 
Ranking of pea lines and^cultivars by greenhouse indices for enation mosaic 
symptom expression, 1973 . 

No. Line 
2 

Source 

Greenhouse 
index 

Greenhouse 
recovery 

Field 
index 

En gene-
present 

1 72-1554 1 94 none 77 no* 
2 Exp. 331-485 2 91 none 62 no 
3 Exp. 326 2 86 none 80 no 
4 9776 3 85 — no# 
5 Banff 4 85 — no 
6 72-626 1 85 f ev-none 63 no* 
7 Melody 5 85 none 84 no* 
8 72-665 1 82 none 46 no* 
9 72-673 1 82 none no* 
10 Can. 49 4 80 none no 
11 Tonka 2 78 none 69 no 
12 Dark Skin Perf. - 76 none 83 no* 
13 9778 3 74 — no# 
14 9868 3 74 , — no# 
15 Can. 69141 5 73 excellent yes* 
16 Anoka 2 71 none 37 no 
17 Exp. 306 2 69 none no 
18 71-2687 6 61 excellent-fair yes* 
19 Aurora 5 61 good yes* 
20 9867 3 59 — ?# 
21 9869 3 58 — ?# 
22 Tempter 5 53 good yes* 
23 72-3711 6 47 good, fair yes* 
24 Puget 8 47 none, fair no* 
25 72-689 1 46 
26 70C-56 6 39 good 11 ves* 
27 Perf. Fr. 60 - 38 excellent 6 yes 
28 71-GP106 6 36 good yes* 
29 Freezer 52 4 35 good, excellent ves 
30 226 C 7 35 good yes 
31 328 F 7 34 good yes 
32 70C-36 6 31 good 6 yes* 
3"J Trident 8 31 excellent, fair yes* 
~t4 Fr. 6650 5 31 excellent 5 yes 
35 310 F 7 30 good 2 yes 
36 Can. 695 5 29 excellent 3 yes 
37 H286-1-1 8 28 excellent 1 yes* 
38 329 7 27 excellent ves 
39 H294-5-1-1. 8 24 excellent 0 ves* 
40 H302-2 8 24 excel lent yes* 
41 203 C 7 24 good 7 yes 
4 2 Fr. 50 4 24 excellent 5 yes 
43 Can. 50 4 22 excellent yes 
44 H312-2-3 8 21 excel lent 2 yes* 
45 305 C 7 21 good 10 yes 

1- From ihe data of D. J. Hagedorn and R. 0. Hampton (Plant Disease Reporter 59, 
No. 11, 8M5-399. 1975.) 

2- Sources: (1) Anonymous, (2) Northrup King, (3) Canner Seed, (4) Pureline, 
(5) Rogers, (6) Crites-Moscow, (7) Western Valley, (8) Gallatin Valley 

3- Concluded frorr. test results, with emphasis on greenhouse recovery tendency. 
* indicates the breeder confirms conclusion. # indicates that one parent was 
enation mosaic resistant but progenies were not selected for resistance. 
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Table ft Ratios of resistant:susceptible plants and disease indices, sreenhouse tests, 1978. 

•Significant at 5% level. 
,Ratios of R:S for reciprocals compared by contingency table test. 
'Complete distribution of reciprocals in disease classes 0-4 compared by contingency table test. 

Table 3. Ratios of resistant:susceptible plants, and disease indices, field test, 1978. 

"Significant at the 5% level. 
,Ratios of R:S for reciprocals compared by contingency table test. 
"Score distribution for reciprocals compared by contingency table test. 


