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Chromosomal  Abnormalit ies  in an Anholocyclic Biotype of Myzus persicae (Sulzer) 

In  t e m p e r a t e  c l imates  the  aphid  Myzus persicae (Sulzer) 
of ten  has a var iable  life-cycle, wi th  the  ab i l i ty  to produce  
sexuales in the  a u t u m n  and lay overwin te r ing  eggs (holo- 
cycl ic  life-cycle), or  to persis t  as par thenogenet ic ,  v iv i -  
parous  forms th roughou t  the  year  (anholocyclic  life-cycle). 
Mild winters  encourage su rv iva l  of anholocycl ic  aphids  
which  are po ten t ia l ly  more  dangerous  as p l an t  v i rus  
vectors .  This  paper  concerns the  d i scovery  of  chromo-  
some abnormal i t ies  in one par t icu la r  anholocycl ic  form 
of M. persicae which  appears  to  be  a d i s t inc t  b io type,  
recognizable  by  i ts  da rk  green colour  and  o the r  charac-  
ter is t ic  features.  This  b io type  has been  descr ibed by  
several  au thors ;  i t  is appa ren t ly  MiILLER'S 1 ' r e in  grtine 
Apte ren '  and  •A/rALDHArdER'S 2 'K tongruppe  D', and  i t  is 
equa ted  by B6RN•R 8 wi th  Aphis dianthi Schrank.  

Material and method. The  aphids  s tudied were f rom 
clones of M. persicae establ ished f rom ind iv idua l  field- 
collected virginoparae .  The  dark  green b io type  was 
obta ined  f rom pota toes  and sugar-beet  in the  field in 
southern  England,  and f rom Dianthus in a glasshouse. 
Other  mater ia l  for compar ison  came f rom var ious  sources 
in En g l and  and France ,  and f rom a r a n d o m  sample  of 
a single field popula t ion .  Metaphase  chromosomes  were 
s tudied  in embryos  f rom apterous  v i rg inoparae  using a 
rap id  Feulgen squash t echn ique  4. 

Result and discussion. The  normal  female  k a r y o t y p e  
of M. persicae was found to be 2n = 12 (Figure l a ) .  
The  same number  was observed by  Br i t i sh  and Canadian  
workersS, s, a l though  CoG~rxTTI ~ has  repor ted  2n = 14 

for M. persicae in I ta ly .  The  X-ch romosome  was iden- 
t i f ied f rom male  embryos ,  in which  i t  is unpa i red  
(Figure l b). All  specimens of t he  dark  green b io type  
examined  had embryos  wi th  a chromosome c o m p l e m e n t  
of e i ther  2n = 13 (Figure l c ) ,  or  2n = 14 (Figure ld ) .  
The  fo rmer  appears  to differ  f rom the  normal  ka ryo type  
in h a v i n g  1 unpai red  e l emen t  ( 'S')  and an ex t r a  pa i r  of 
shor t  autosomes,  whi le  t h e  l a t t e r  appears  to  have  2 
unpai red  e lements  of s igni f icant ly  d i f ferent  lengths  ( 'S x' 
and  '$2' ) and  2 ex t r a  pairs  of shor t  autosomes.  

On the  assumpt ion  t h a t  chromosomes  of s imi lar  l eng th  
are  homologous,  r e l a t ive  lengths  of t he  pai red  and  
unpai red  chromosomes  in the  abno rma l  ka ryo types  are  
compared  wi th  t he  normal  ka ryo type  in Table  I.  The  
ra t io  of the  s u m m a t e d  lengths  of X-ch romosomes  to  
au tosomes  remains  s imilar  in all  forms, indica t ing  a 
change which involves  the  autosomes  only.  The  s imples t  
hypothes is  to  account  for the  abnorma l  ka ryo types  is 
t h a t  a break has occurred in 1 of the  au tosome  pair  A3 
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Fig. 1. a) Normal female karyotype of M. persicae, 2~ = 12. b) Male karyotype with unpaired X-chromosome. c) Karyotype 
of dark green, anholocyclic form, 2n = 13. d) Karyotype of dark green, anholocyclic form, 2~¢ = 14. 
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o f  t h e  n o r m a l  k a r y o t y p e  t o  g i v e  t h e  2n  = 13 k a r y o t y p e ,  
a n d  i n  1 o f  b o t h  t h e  A 2  a n d  A 3  p a i r s  t o  g i v e  t h e  2n  = 14 
k a x y o t y p e  ( F i g u r e  2). R e l a t i v e  l e n g t h s  o f  c h r o m o s o m e s  
i n  t h e  a b n o r m a l  k a r y o t y p e s  c a n  b e  a r r a n g e d  t o  f i t  t h i s  
h y p o t h e s i s  s t a t i s t i c a l l y  ( T a b l e  I I ) .  

T h i s  i s  a p p a r e n t l y  t h e  f i r s t  r e c o r d  o f  n a t u r a l l y  o c c u r r i n g  
c h r o m o s o m e  a b n o r m a l i t i e s  in  a n  a p h i d  spec i e s .  A s i m i l a r  
c h r o m o s o m e  b r e a k ,  b u t  i n  b o t h  m e m b e r s  o f  a pa i r ,  h a s  
b e e n  p o s t u l a t e d  a s  a m e c h a n i s m  o f  s p e c i a t i o n  in  t h e  
g e n u s  Anuraphis ,  t o  a c c o u n t  fo r  a n o m a l o u s  c h r o m o s o m e  
n u m b e r s  i n  2 s p e c i e s  s. C h r o m o s o m e  f r a g m e n t a t i o n  p e r  se  
is  n o t  g e n e r a l l y  a c c e p t e d  a s  a m e t h o d  b y  w h i c h  a s t a b l e  
n e w  c o n f i g u r a t i o n  c a n  a r i s e  9, a n d  p e r h a p s  s o m e  m o r e  
c o m p l e x  s t r u c t u r a l  r e a r r a n g e m e n t  is  i n v o l v e d .  H o w e v e r ,  
t h e r e  h a s  b e e n  o f  l i t t l e  c r i t i c a l  w o r k  o n  s p e c i e s  w i t h  h o l o -  
c e n t r i c  c h r o m o s o m e s ,  i n  w h i c h  f r a g m e n t e d  c h r o m o s o m e s  
c a n  s t i l l  b e h a v e  n o r m a l l y  d u r i n g  s o m a t i c  m i t o s i s .  T h i s  h a s  
b e e n  d e m o n s t r a t e d  i n  c o c c i d s ,  w h e r e  c h r o m o s o m e  f r a g -  
m e n t s  i n d u c e d  b y  i r r a d i a t i o n  o f  s o m a t i c  ce l l s  h a v e  b e e n  
m a i n t a i n e d  t h r o u g h  m a n y  m i t o t i c  c y c l e s  10. S p o n t a n e o u s  
f r a g m e n t a t i o n  o f  c h r o m o s o m e s  in  c o c c i d s  h a s  a l so  b e e n  
d e s c r i b e d ,  a n d  in  a t  l e a s t  o n e  c a s e  (Selenaspidus incisus) 
f r a g m e n t s  w e r e  t r a n s m i t t e d  f r o m  o n e  p a r t h e n o g e n e t i c  
g e n e r a t i o n  t o  t h e  n e x t  11. T h e  a b n o r m a l  k a r y o t y p e s  
i n  M .  persicae, w h e t h e r  o r  n o t  t h e y  a r e  d u e  t o  s i m p l e  
f r a g m e n t a t i o n ,  a r e  r e p r o d u c e d  f a i t h f u l l y  n o t  o n l y  

Table II.  Relative chromosome lengths in Myzus persicae, arranged 
in accordance with the hypothesis tha t  f ragmentat ion of A2 and 
A3 autosomes gives the abnormal  karyotypes of the dark green form 

Chro- Total chromosonm length (%) 
n l o s o m e  

Normal Dark green Dark green 
karyo- bio- S.E. bio- S.E. 
type type (a) type (b) 

X 14.15 14.45 5:0.13 
X 14.15 14.45 
A1 11.08 10.30 5:0.10 
A1 11.08 10.30 
A2 8.70 8.66 :t:0.08 
A2 8.70 8.66 

A3 7.95 8.00 5:0.28 
• A3 7.95 (4.88 + 

3.49) = 
8.37 5:0.12 

A4 4.21 4.44 i 0 . 0 6  
A4 4.21 4.44 
A5 3.85 3.97 5:0.06 
A5 3.85 3.97 

13.37 -t-0.22 
13.37 
11.12 5:0.20 
1 1 . 1 2  

9.26 5:0.22 
(5.38 + 
3.62) = 

9.00 5:0.16 
7.69 -t-0.25 
(5.04 + 
3.35) = 
8.39 5:0.17 
4.57 +0.10 
4.57 
3.88 i 0 . 0 7  
3.88 

Table I. Relative chromosome lengths in Myzus persicae, assuming 
chromosomes of similar length to be homologous 

Chro- Total  chromosome length (%) 
mosome 

Normal Dark green Dark green 
karyo- S.E. bio- S.E. bio- S.E. 

X 
X 
A1 
A1 
A2 8.70 ~0 .09  8.66 
A2 8.70 8.66 
A3 7.95 i 0 . 2 0  4.74 
A3 7.95 4.74 
A4 4.21 :~0.07 4.18 
A4 4.21 4.18 
A5 3.85 =k0.09 3.68 
A5 3.85 3.68 
S 1 -- 8 . 0 0  

S~ - 
Ratio 0.395 0.407 
XXIAA 

X A1 A2 A3 A4 A5 

J) I)I  ol , , . .  

14.15 5:0.34 14.45 i 0 . 1 3  13.37 5:0.22 b) 
14.15 14.45 13.37 
11.08 5:0.26 10.30 5:0.10 11.12 :t:0.2o 
11.08 10.30 11.12 

~0 .08  5.21 5:0.09 
 21 
4.57 ~0 .10  
4.57 
5.8s 5:0.07 c) 
3:88 
3.49 5:0.08 

5:0.06 

:t:0.05 

5:0.05 

5:0.28 
3.49 
9.26 5:0.22 Fig. 2. a) Normal female karyotype of M. persicae, pairing assumed 
7.69 5:0.25 homologs, b) Chromosomes of 2n = 13 karyotype, arranged according 
0.364 to the hypothesis tha t  it has arisen from the normal form by chromo- 

some breakage, e) Chromosomes of 2n = 14 karyotype, arranged 
according to the same hypothesis. 

Table III.  Association of karyotype with a morphometric character in apterous virginoparae of Myzus persicae from various clones reared at  20 °C 

Origin of clone Colour Karyotype Number  Antennal  
of embryos of aphids seg. VI 

measured Processus 
terminalis ] 
Base 

Silwood Park (holocyctic) 
Sitwood Park (anholoeyclic) 
Bangor 
Trumpington (anholocyclic) 
Silwood Park (anholoeyclie) 
Silwood Park (anholocyelic) 

normal  
normal  
dark green 
dark green 
dark green 
dark green 

2n = 12 70 3.86 t :  0.02 
2n = 12 80 3.83 -t- 0.02 
2 n  = 12 19 3.99 :k 0.05 
2n = 13 20 4.77 5:0.07 
2n = 13 20 4.55 5:0.05 
2n = 14 18 4.57 5:0.08 
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t h ro u gh  successive mitoses  b u t  t h rough  successive 
genera t ions  of par thenogenet ic  individuals .  The  unpai red  
e lements  may,  however,  cons t i tu te  a barr ier  to gameto-  
genesis, and  this  could be the  d i rec t  cause of the  anholo-  
cyclic charac te r  of the  biotype.  

There  are  clear pheno typ ic  differences be tween  aphids  
wi th  normal  and abno rma l  karyotypes .  Colour is no t  a 
rel iable  character ,  as the  in tens i ty  of p igmen ta t i on  var ies  
wi th  age, food and tempera tu re ,  and some dark  green 
clones are cytological ly  normal• H o w e v e r  a t  cons tan t  
t empera tu re  a s imple morpbomet r i c  rat io,  t h a t  of the  
lengths  of the  processus te rminal i s  to  the  base of an tenna l  
segment  VI  (WALDHAUER2), is a rel iable  charac te r  for 
dis t inguishing aphids  of abnorma l  karyotype .  I n  bo th  
2n = 13 and 2n = 14 forms this  ra t io  is larger t han  in 
the  normal  form, wi th  scarcely a n y  over lap  (Table III). 
No morphologica l  differences were  de tec ted  be tween  
aphids  wi th  2n = 13 and  2n ----- 14 karyotypes .  This  m a y  
indicate  t h a t  the  2n = 13 form is a re la t ive ly  old par theno-  
genetic  line which has  had t i m e  to  evolve  a character is t ic  
phenotype ,  and t h a t  the  2n----14 form arose f rom i t  
only  re la t ive ly  recent ly  x2. 

Rgsumd. Le k a r y o t y p e  no rma l  de Myzus persicae 
(Sulzer) p r o v e n a n t  de diverses sources fur de 2n = 12. 
Une  forme anholocyc l ique  ver te  de  ce t te  esp6ce poss~xle 
un ka ryo type  de  2n = 13 ou 2n = 14, avec  1 ou 2 au to-  
somes non appari6s.  Une  compara i son  des d imensions  
re la t ives  des chromosomes  des ka ryo types  n o r m a u x  e t  
a n o r m a u x  sugg~re que  ces derniers  d6r iven t  des chromo-  
somes pa r  f ragmenta t ion .  
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Mutagenic Effect of U V - L i g h t  a n d  X - R a y s  on Streptomyces nigr i ]ac iens  a n d  Yield of the Antifungal 
Substance 

The  ant ib io t ic  p roduc t ion  by  micro-organisms can  be  
enhanced  by  the  produc t ion  of sui table  strains.  KELNER 1, 
SAVAGEI DULANEY et  el.a, DULANEY4 HOVARTH5 
induced m u t a n t s  of Streptomyaes species by  i r radia t ion  
g iv ing h igher  yield of antibiotics.  A s t ra in  of Strepto- 
myces nigritaciens Waks.  isolated f rom soil was found 
antagonis t ic  to  Collelotrichum capsiei and a few o ther  
fungi  (GUPTA6). The  present  inves t iga t ion  repor ts  t he  
effect  of UV- l igh t  and X-rays  in S. nigri]aeiens on the  
surv iva l  and  induc t ion  of m u t a n t s  in v i ew of the  produc-  
t ion  of  t h e  anti$[ungal substance.  

Single spore suspension of S. nigrifaciens was ob ta ined  
fol lowing KELNER'S m e t h o d  L 4 ml  of  t he  suspension was 
d is t r ibu ted  in s ter i l ized bac ter ia l  tubes  and exposed to  
UV- l igh t  and X- rays  for 5, 10, 15 and  20 min.  X- r ay  
i r rad ia t ion  was done f rom Cu-an t ica thode  Machel le t  tube  
a t  30 K.V.-10 M.A. and for exposure  to  UV-l ight ,  t he  
suspension was t ransfer red  to  a smal l  wa tch  glass. The  
i r rad ia ted  spores were i m m e d i a t e l y  p la ted  ou t  in 5 
repl icates  on Czapek 's  agar  and incuba ted  for 10 days  
a t  28°C (~: 2°C). Control  p la tes  in equa l  n u m b e r  were 
run  s imul taneous ly  under  s imi lar  condit ions.  

Severa l  colonies showed morphologica l  differences b u t  
a f te r  repea ted  sub-cul tur ing,  on ly  2 m u t a n t s  r emained  
s table  which were  tes ted  fu r the r  for  t he  p roduc t ion  of  
t he  ant i fungal  subs tance  on yeas t  extract -glucose-  
asparagine medium.  The  an t i fungal  substance was 
assayed by  the  spore ge rmina t ion  t e s t  of Colletotrichum 
capsici (GuPTAe). 

The  effect of UV-l igh t  and X- rays  on the  surv iva l  of 
S. nigri]a¢iens has been presented  in Tab le  I. I t  is ev iden t  
t h a t  the  percentage  of spore surv iva l  decreased wi th  the  
increase in exposure  t ime.  The  resul ts  show t h a t  the  
spores of S. nigri[aciens are  more  res i s tan t  to  UV- l igh t  
t h a n  to  X-rays .  

The  2 m u t a n t s  selected for the  p roduc t ion  of t he  ant i -  
fungal  substance were:  1. Asporogenous m u t a n t :  L igh t  
brown to  yel low in colour, s l imy and t ransparent ,  non-  
sporulat ing.  2. P igmen ted  m u t a n t :  Vege ta t ive  g rowth  
thick,  colonies s l ightly raised wi th  a b u n d a n t  grey aerial  

m y c e l i u m  produc ing  da rk  b rown soluble p igmen t  on 
Czapek 's  agar. The  p roduc t ion  of t he  an t i funga l  sub- 
s tance by  these two m u t a n t s  is presented  in Table  I I .  

I t  is ev iden t  f rom Table  I I  t h a t  t he  asporogenous 
m u t a n t  has  lost  i ts  capac i ty  to  produce  an t i fungal  
substance,  whereas  t he  p igmen ted  one showed sl ight  
increase over  t he  pa ren t  culture.  

UV- l igh t  and X-rays  have  long been used for i r radia-  
t ion  to ob ta in  mutan t s .  According  to  HOLLAENDER s, 
UV- l igh t  is supposed to  p roduced  gene m u t a t i o n  while  
X - r a y s  cause p r e d o m i n a n t l y  ch romosomal  aberra t ions  
and  breaks.  I n  the  p resen t  inves t iga t ion  2 s table  m u t a n t s  
were  obta ined .  The  spores of  S. nigri[aciens are  more  

Table I. Effect of UV-light and X-ray irradiation on the survival 
of spores of S. nigri]aciens 

Exposure UV-light X-rays 
time No. of Survival No. of Survival 
(rain) spores (%) spores ( % ) 

survived survived 

5 166.00 71.24 81.60 34.37 
10 120.00 51.84 25.60 10.78 
15 78.00 33.47 14.80 6.23 
20 47.20 20.25 5.80 2.40 
Control 233.00 237.40 
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