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S um m ary . T h e  ch ro m o so m e co m p lem en ts  o f  12 tax a  in 
sec tion  A rach is  w ere kary o ty p ica lly  a n d  m eio tica lly  
an a ly sed . In (axa w ith  2 n = 2 0  th e  a rm  ra tio  o f  the 
respective  p a ir  o f  ch ro m o so m es w as tak en  as a n  in d e ­
p e n d e n t q u an tita tiv e  ch a ra c te r a n d  sta tistica lly  a n a ­
lysed by M u h a lan o b is  D 2. T w o c lu s te rs  w ere fo rm ed , 
o n e  rep re se n te d  solely  by A . ba tizoco i an d  th e  o th e r  
co nsis ting  o f  th e  rem a in in g  11 taxa . T h is  g ro u p in g  w as 
co n firm ed  by  can o n ica l analysis. In  th e  la rg e r g ro u p  o f  
species, A villosa  an d  A . correntina  w ere closely  re la ted  
k a ry o typ ica lly  an d  o n  D 2 d is tance , w h ile  A . cardenasii 
fo rm s a d is tinc t su b g ro u p . A . cardenasii Jacks th e  .short 
“ A ” ch ro m o so m e reco rd ed  in  o th e r  species o f  this 
g ro u p , a n d  A . ba tizoco i is no  lo n g er th e  on ly  species to 
h av e  a p a ir  o f  ch ro m o so m es w ith  a seco n d a ry  co n stric ­
tion . T h e  taxa w ith  2n  =  40, A . m ontico la  a n d  A . 
hypogaea , a re  k a ry o typ ica lly  very  s im ila r, th o u g h  there  
is a  d ifference  in  th e  n u m b e r  o f  ch ro m o so m e  p a irs  w ith 
a  seco n d ary  co n stric tio n . O n  th e  basis o f  k a ry o m o rp h o - 
logical affin ity , especia lly  in re la tio n  to m a rk e r  ch ro m o ­
som es, A . cardenasii is p ro b a b ly  one  o f  the  an cesto rs  o f  
th e  te trap lo id  species stud ied .

K ey w ords: A ra ch is  -  K ary o m o rp h o lo g y  -  D 2 analysis 
a n d  gen e tic  d is tan ce  -  E v o lu tio n  -  C ro p  im p ro v em en t

In troduction

T h e  genus A ra ch is  h as received  less a tte n tio n  from  
cy togene tic ists  than  m an y  o th e r  c ro p  genera . T h is  is 
p a rtly  because  A ra ch is  ch ro m o so m es a re  technically  
d ifficu lt to observe  a n d  a lso  b ecau se  th ere  has  been  no  
c o n ce rted  effort to  iso la te  a n d  u tilize  a n eu p lo td s  o r 
h ap lo id s , as in w h ea t o r  p o ta to es , o r  to u tilize  w ild 
species in  the im p ro v em en t o f  th e  c ro p , as in w h ea t o r

* A pproved  as IC’R ISA T  Journa l A rticle N o. 169 and  released 
for publication

tobacco . T h is  p a p e r  rep o rts  the  resu lts  o f  cy to log ica l 
analy sis o f  species b e in g  u sed  in a  c rop  im p ro v e m e n t 
p ro g ram m e  a t IC R IS A T .

G h im p u  (1930) an d  K aw ak am i (1930) w ere the  first 
to d e te rm in e  the ch ro m o so m e  n u m b e r  o f 2 n  =  40 fo r / I .  
hypogaea. L a te r, H u sted  (1933. 1936) id en tif ied  a  p a ir  
o f  sm all ch rom osom es, an d  a p a ir  o f  ch ro m o so m es w ith  
a seco n d ary  constric tion  an d  a  sa te llite , w h ich  w ere 
d esig n a ted  th e  “A ” an d  “ B” ch rom osom es, respectively . 
S ince th en  there  have been  severa l o th e r  rep o rts , c ith e r 
con firm ing  the ea rlie r stud ies, o r  re p o r tin g  ch ro m o so m e 
co u n ts  fo r d iffe ren t species o f  th e  g en u s  (M en d es  1947; 
K rapov ickas a n d  R igon i 1951; B abu  1955; R a m a n  
1958, 1959; Q ^Cruz a n d  T an k asa le  1961).

T h e  tax o n o m y  o f  A ra ch is  h a s  been  s tu d ie d  by 
G reg o ry  e t al. (1973, 1980). T h e  g enus w as d iv id ed  in to  
seven  sec tions, based  o n  m o rp h o lo g ica l s im ilarities, 
c ro ss-co m p atib ility  an d  fertility  o f  hyb rid s. A . hypogaea  
is classified in sec tion  A rachis, w h ich  p resen tly  consists 
o f  o n e  o th e r  te trap lo id  species w ith  2n  =  40 a n d  e igh t 
d ip lo id s  w ith  2n  =  20.

S m art! (1964) ob serv ed  th a t severa l d ip lo id  species 
o f  sec tion  A ra ch is  h ad  “ A ” ch rom osom es, an d  S m artl 
e ta l .  (1978) rep o rted  th a t A . ba tizoco i a lo n e  h a d  “ B” 
ch rom osom es. B ased on  these o b se rv a tio n s as w ell as 
those o n  po llen  fertility  o f  severa l F i h y b rid s  o f  these 
species, it w as ten ta tiv e ly  p ro p o sed  th a t A . batizocoi 
a n d  A . cardenasii co n tr ib u ted  “ B”  a n d  “ A ”  c h ro m o ­
som es respective ly  to A . hypogaea. E arlie r, G reg o ry  an d  
G reg o ry  (1976) h ad  suggested  A . hypogaea  to  be  a 
poss ib le  te trap lo id  o f  an  in tra sec tio n a l hyb rid  b e tw een  
A . cardenasii an d  A . duranensis. T h ese  h y p o th eses  a re  
y e t to  be  verified .

In this s tu d y  the ch ro m o so m es o f  12 taxa  in  the 
sec tion  A rachis, in c lu d in g  A . hypogaea , h av e  been  
s tu d ied  in d e ta il, an d  the ir full so m atic  co m p lem en ts  
have  been  an a ly sed  by  D 2 sta tistics an d  can o n ica l 
analysis. T h is  w ill ad d  to the know ledge  o f  species 
re la tio n sh ip s  w ith in  the sec tion  a n d  th e  e v o lu tio n  o f  A .
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hypogaea, an d  ensu re  the m ost effic ien t use o f  w ild 
species in the  im p ro v em en t o f  A . hypogaea.

M ateria ls and M ethods

T he taxa studied  in  the p resent investigation and  their sources 
are listed in T able  1. T he accessions used were received from 
collections m ain tained  and  classified on the basis o f  their 
m orphological affinities. W e have followed the classification of 
Krapovickas and  G regory  (G regory  e ta l .  1973): collections 
410 and  10038 represent two different species tentatively 
nam ed A . slenosperma and  A . spcgazzmi (G regory Pers. 
Comm.)- In Arachis species 10038, plants with large leaflets 
and  sm all leaflets were recorded by G regory and m aintained 
separately  (Pers. Com m .). A t 1CR1SAT the populations from 
these accessions show ed no variability in m orphology or 
chrom osom e num ber, o th er than  indicated by the standard 
deviations quo ted  in this paper.

T he cytological technique o f  Singh e ta l .  (1980) was used 
for the study o f  som atic com plem ents. F o r m eiotic analysis 
flower buds were first fixed in C arnoy  fluid II for 24 h, then in 
C arnoy fluid I for 24 h and squashed in 1% acetocam iine.

Detailed observations and  photom icrography were done 
on tem porary preparations. Arm  lengths were m easured from 
ten cells in each ta.xon. an d  arm  ratios w ere calculated. 
C hrom osom es were paired  according to their structural 
hom ology, based on arm  length and  ratio , and  were ranked in 
decreasing o rd er o flen g th . D uncan’s M ultiple R ange test was 
used to distinguish groups* o f  chrom osom es based on length, 
w ithin each species.

T he observations for 20 chrom osom e species were statis­
tically analysed by M ahalanobis D 2. T h e  arm  ratio  o f  each 
pa ir o f  chrom osom es in every' species was taken as an 
independen t quan titative  character. T he calculations o f  D 2 
values involves the steps discussed by M urty and A runacha- 
Iam (1967), w here D 2 betw een i-th and  j- th  species for K 
characters w ere obtained by the equation

D j / ^ Y i t - Y j t ) 2
t = l

T he K com ponents D 2 for each com bination  were ranked in 
descending o rd er o f  m agnitude.

T reating  D 2 as the generalised statistical distance, all 
species were grouped into du ste rs  using the T ocher m ethod 
(R ao  1952), T he criterion used in clustering was that the 
d istance betw een any two species in the sam e cluster was less 
than  the in tercluster distance. T he perm issible increase o f  D 2 
w ithin a cluster was the  m axim um  D- value show n by a 
species to its nearest species (Singh and C haudhary  1977). 
Species were also grouped by canonical analysis to verify the 
clusters derived by D 2 statistics (Peter et al. 1977).

F o r karyotypic form ulae, chrom osom es were classified on 
the basis o f  arm  ratio  (S tebbins 1958):

Type o f  chrom osom e A bbreviation Arm ratio

M etacentric M 1.0-1.09
Sub-m etacentric Sm 1.1-2.0
Sub-telocentric St 2.01 o r m ore
(a) Sm all satellite S a t(S )
(b) Large satellite Sat (L)

R esults

Species with 2n =  20

A . villosa  an d  A . correntina  have  very  sim ila r k a ry o ­
types (F igs. 1, 2); th e  genetic  d is tan ce  b a sed  o n  a rm  
ra tio  is 0.05 (F ig . 3). C h ro m o so m es 1 a n d  2 h av e  a 
s im ila r a rm  ra tio  b u t d iffe r in len g th . C h ro m o so m es 3 
to 5 form  a g ro u p  w hich can n o t be  d is tin g u ish ed  by 
len g th  in  A . correntina, b u t one, desig n a ted  3 by  us, has 
the  n u c leo la r o rgan izer, an d  the o th e r  tw o can  be  
d is tin g u ish ed  by a rm  ra tio . C h ro m o so m es 6 an d  7 a re  
s im ila r to  each  o th e r. T h e re  a re  d ifferences b e tw een  the  
species in  ch ro m o so m es 8 and  9, b u t bo th  have  a sh o rt 
m e d ia n  10th ch ro m o so m e  (F ig . 2. T a b le  2).

T able  I. T axa investigated

N am e o f  species PI No. Coll. No. Source

A . villosa Benth no t available not available T N A U . C oim batore. India
A . correntina (Burk) K rap. et G reg. nom . nud. 262809 9530 N CSU . USA
A. chacoense K rap. e t G reg. nom . nud. 276235 10602 N C SU , USA
A . species 338280 410
A .  species 263133/331189 10038 LL N C SU . USA
A . species 263133/331189 10038 SL N CSU , USA
A. duranensis K rap. et G reg. nom . nud. 219823 7988 N C SU . USA
A . cardenaxii K rap. et G reg. nom . nud. 262141 10017 N CSU , USA
A . bathocoi K rap . et Greg. 338312 9484 N C SU . USA
A . m onticola  K rap. el Rig. 219824.263393, 

298364,298365, 
331338-39

7264

(104.105)

N CSU , USA

A . hypogaea L. ssp. hypogaea K rap. et Rig. 
(cv. ‘R obu t 33-1’)

- R O R S. K adiri. India

hvpogaea L. ssp .fastig ia ta  W aldron 
(cv. T M V -2 ’)

OES. T indivanam , India

“ ’  ........ * *------  * 'C---w ... .
Station; O E S -O ilse e d s  E xperim ental Station
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Fig. 1 A -H . Som atic Cells a t m etaphase. A A. villosu; B A . correntina: C A. cluicoense: D A. species H LK-410: E  A. cardenasii', 
F A . batizocoi: G A. ihtranensis: H  A. species 10038 LL. Arrows indicate sm all chrom osom es and  chrom osom es with secondary 
constriction
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Fig. 2. K aryogram s o f  d iploid /I rachis species. C hrom osom es with secondary  constriction are circled.
* D ifference in length betw een ad jacen t chrom osom e pairs statistically significant a t 5%.

** Difference in lengtli between ad jacen t chrom osom e pairs statistically significant a t 1%.
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N am e o f  Species C hrom osom e pairs

I II III IV V VI VII VIII IX X

A . vi/losa 1.06 
±  0.035

1.16
±  0.080

1.11
± 0 .0 5 8

1.31 
±  0.051

1.08 
±  0.066

1.09
±0.061

1.09 
±  0.096

1.80
± 0 .2 1 8

1.13 
±  0.063

1.00 
±  0.00

A , correntina 1.08 
±  0.039

1.06 
±  0.066

1.11 
±  0.057

1.34 
±  0.094

1.11
±  0.078

1.09
± 0 .0 3 8

1.18
± 0 .1 0 0

1.99
± 0 .2 1 0

1.23
± 0 .1 3 7

1.02 
±  0.033

A . chacoense 1.17
± 0 .0 5 6

1.10
± 0 .0 4 6

1.39 
±  0.090

1.27 
±  0.079

1.07 
±  0.045

1.13
± 0 .0 8 1

1.09
± 0 .0 4 8

1.35
± 0 .1 3 2

1.59
± 0 .1 2 7

1.06
± 0 .0 5 0

A .  species 
HLK.-410

1.13 
±  0.054

1.05 
±  0.047

1.06 
±  0.026

1.21 
±  0.096

1.06
± 0 .0 3 8

1.21 
±  0.045

1.14 
±  0.060

1.28
±0 .081

1.42
± 0 .1 2 2

1.30
± 0 .1 5 5

A . species 
10038 (LL)

1.08
± 0 .0 5 5

1.06 
±  0.040

1.26 
±  0.082

1.27
± 0 .0 1 0

1.05 
±  0.034

1.04 
±  0.033

1.10 
±  0.054

1.14 
±  0.089

1.66 
±  0.094

1.13 
±  0.078

A. species 
10038 (SL)

1.10 
±  0.040

1.13
±  0.090

1.40 
±  0.076

1.22
± 0 .0 1 0

1.11
±  0.069

1.08 
±  0.032

1.28
± 0 .1 7 4

1.16
±  0.080

1.70
± 0 .1 8 9

1.14
± 0 .1 0 8

A . duranensis 1.10
±  0.039

1.08
±0 .031

1.03 
±  0.073

1.04 
±  0.053

1.18
±0.071

1.08 
±  0.042

1.47
± 0 .2 1 5

1.15 
±  0.059

1.73
± 0 .0 1 3

1.05
±0.051

A . cardenasii 1.25
± 0 .0 1 9

1.10
±0.081

1.48 
±  0.095

1.26 
±  0.096

1.22 
±  O.t 14

1.32 
±  0.Q76

1.21
± 0 .1 1 9

1.52
± 0 .1 7 8

1.32
± 0 .1 8 0

1.49
± 0 .1 2 2

A . batizocoi 2.02
± 0 .2 5 2 '

1.11 
±  0.045

1.20
± 0 .1 1 0

1.51
± 0 .1 2 0

1.24
± 0 .1 4 9

1.36
± 0 .1 2 5

1.55
± 0 .1 3 0

1.03
± 0 .0 3 5

1.54 
±  0.030

1.28
± 0 .1 0 4

T h e  n ex t g ro u p  o f  5 species show s w id e r d iversity . 
A . chacoense, an d  b o th  th e  fo rm s o f  A rach is  species 
10038, hav e  th e  sa te llite  on  ch ro m o so m e 3. T h e  sa te l­
lite  ch ro m o so m e in  A . duranensis  is ch ro m o so m e 2, 
w h ich  is n o t sign ifican tly  lo n g e r th an  ch ro m o so m e 3. 
T h e  sa te llite  in  A ra ch is  species H L K  410  is on  c h ro m o ­
som e 5. w h ich  is sh o r te r  th a n  ch ro m o so m e 3; how ever, 
th ere  is no  s ig n ifican t d iffe rence  in  leng th  betw een  
ch ro m o so m es 3 a n d  4 o r  b e tw een  4, 5 a n d  6. T h ere  is 
little  d ifference  betw een  these  species w ith  respect to

ch ro m o so m e  len g th  a n d  a rm  ra tio  o f  the o th e r  c h ro m o ­
som es; ch ro m o so m es 1 a n d  2 c a n  be  g ro u p e d  toge ther. 
C h ro m o so m e  10 is d is tinc t in  a ll these species. C h ro ­
m o so m e 9 is also d is tin c t in  len g th  a n d /o r  a rm  ra tio  
a n d  is n ea rly  su b te lo cen tric  in  m a n y  o f  the species 
(F igs. 1, 2).

A . cardenasii d iffers from  the ab o v e  species, in  th a t 
ch ro m o so m e 10 is lo n g e r an d  the sa te llite  is o n  ch ro ­
m o so m e 9 (F ig s. 1, 2). T h e  a rm  ra tio s  o f  o th e r  c h ro m o ­
som e p a irs  a re  a lso  d iffe ren t from  the  p reced in g  species

T ab le  3. D etails o f  genetic com plem ents o f  species o f section ylrwc/i/s

N am e o f  species n 2n R ange o f  L /S  
arm  ratio

M ean L /S  
arm  ratio

K aryotypic form ula

-•I. villosa 10 20 1 .0 0 -1 .8 0 1.19 5 M +  4 S m + lS m S a t(S )
A . correntina 10 20 1 .0 2 - 1.99 1.22 4 M +  5 S m +  lSm S at(S )
A . chacoense 10 20 1 .0 7 -1 .5 9 1.22 3 M +  6 S m +  lSm S at(S )
A . species H LK -410 10 20 1 .0 5 -1 .3 0 1.20 3 M +  6 S m +  lM S al(L )
A . species 10038 LL 10 20 1 .0 6 - 1.66 1.18 4 M +  5 S m +  ISm Sat(S)
A. species 10038 SL 10 20 1 .0 8 -1 .7 0 1.23 1M + 8 S m +  ISm Sat(S)
A . duranensis 10 20 1 .0 4 -1 .7 3 1.22 5 M +  4 S m +  lM S at(L )
A . cardenasii 10 20 1 .1 0 -1 .5 2 1.32 1 M +  8Sm +  lS m S at(L )
A . batizocoi 10 20 1 .0 3 -2 .0 2 1.39 1M +  7 S m + lS m S a t(L )+ IS t
A . m on tko la 20 40 1 .0 5 -1 .3 8 1.22 5 M +  13Sm + !S m S a t(S )+  iSm Sat(L )
A . hypogaea ssp. hypogaea 20 40 1 .0 5 -1 .4 7 1.20 8 M +  I lSni-l- ISm Sai(L )
A. hypogaea ssp. fasiigiata 20 40 1 .0 4 -  1.40 1.18 5M +  l4Sm  +  lSm Sal(L )
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T ab le  4. D2 values arranged  in increasing o rder o f  m agnitude am ong diploid species o f  section Arachis

A . villosa A. correntina .■i. chacoense A . species A. species A . species A. duranensis A. cardenasii A . batizocoi
HLK-410 10038 (LL) 10038(SL)

(1) (2) (3) (4) (5) (6) (7) (8> (9)

0.050(2) 0.050(1) 0.066 (6) 0.184(5) 0.070 (6) 0.066 (3) 0.258 (5) 0.379 (3) 0.805 (4)
0.223 (3) 0.273 (3) 0.70 (5) 0.243 (6) 0.070 (3) 0.070 (5) 0.352 (3) 0.415(6) 0.842 (8)
0.287 (4) 0.376 (4) 0.223(1) 0.269 (3) 0.184 (4) 0.243 (4) 0.347 (4) 0.443 (4) 0.853 (3)
0.293 (5) 0.390 (5) 0.269 (4) 0.287(1) 0.258 (7) 0.357(1) 0.374 (6) 0,551 (2) 0.862 (6)
0.357 (6) 0.431 (6) 0.273 (2) 0.347 (7) 0.293 (1) 0.374 (7) 0.472(1) 0.571 (5) 0.945 (5)
0.472(7) 0.551 (8) 0.352(7) 0.376 (2) 0.390 (2) 0.415 (8) 0.609 (2) 0 .594(1) 1.149(7)
0.594 (8) 0.609 (7) 0.379 (8) 0.443 (8) 0.571 (8) 0.431 (2) 0.883 (8) 0.842(9) 1.233 (1)
1.233 (9) 1.244 (9) 0.853 (9) 0.805 (9) 0.945 (9) 0.862(9) 1.149 (9) 0.883 (7) 1.244 (2)

T able  5. C anonical vectors

Vector C hrom osom e pairs

i 11 III IV V VI VII VIII IX X .

1. 0.5450 -0 .0 0 1 7 0.0706 0.0917 0.0856 0.1874 0.2456 -0 .6 7 0 5 0.330 0.1624
j 0.6152 0.0266 -  0.0461 0.1978 0.1032 0.1116 0.2869 0.4666 -0 .4 8 5 0 0.1456
3. -0 .1 2 6 8 0.0168 0.7331 -  0.2078 0.0418 -0 .1 3 8 9 0.0465 0.0238 -0 .1 0 4 2 0.6069
4. 0.5454 -0 .0 0 1 8 0.0694 0.0920 0.0857 0.1879 0.2455 -  0.6704 0.3329 0.1617

T he sum o f  all canonical roots =  2.8909. A, =  1.4937: A2 =0.7598: A, =  0.2834: A„=0.2149; C on tribu tion  o f  A, =  51.6712%:
A2 =  26.2840$; A3 -  9.8020$: A4 =  7.4342%

(T ab le  2). T h is is reflec ted  in  the D 2 values b e tw een  this 
species an d  o th e r  p reced in g  species w h ich  a re  a lw ays 
g re a te r  than  th e  average  D 2 for the c lu s te r (F ig . 3).

A . batizocoi is d is tin c t from  all th e  p reced in g  sp e ­
cies, suffic ien tly  so  to be  s e p a ra te d  in to  a n o th e r  c lu s te r 
(F ig . 3). l l  h as ch ro m o so m e 10 longer th an  in an y  o th e r  
species an d  a lso  d iffers in th e  a rm  ra tio  o f  respective 
pa irs  o f  ch rom osom es, as w ell as in  th e  ran g e  a n d  m ean  
o f  th e  a rm  ratio  o f  the  to ta l co m p lem en t (T ab le s  2, 3).

T h e  analysis o f  D 2 values a m o n g  d iffe ren t d ip lo id  
spec ies o f  sec tion  A ra ch is  (T ab le  4), a n d  g ro u p in g  by 
th e  T o ch er m e th o d , show s th a t th ere  a re  on ly  2 clusters 
a m o n g  the species s tu d ied  (F ig . 3).

T h e  canon ical analysis show ed  th a t th e  first two 
can o n ica l roo ts acco u n ted  for 78% o f  th e  to ta l v a ria ­
tion . T h e  m a g n itu d e  o f  th e  vecto rs in d ica tes  the re lative 
im p o rtan ce  o f  th e  in d iv id u a l ch a rac te rs  in  th e  d iffe ren ­
tia tio n  o f  the taxa. T h is show s th a t the m a jo rity  o f  th e  
v a ria tio n  b e tw een  the  w ild d ip lo id  taxa  s tu d ied  can  be 
a ttr ib u te d  to ch ro m o so m e p a irs  1, 7, 8 an d  9 (T ab le  5), 
th o u g h  all species fall in  one  reg ion  o f  th e  Z i ,Z 2 g raph  
(F ig . 4). A ll these  species show ed  reg u la r b iv a len t 
fo rm atio n . O b se rv a tio n s on  m eio tic  p la tes  rev ea led  th a t 
the “ A ” ch rom osom es, w h erev e r p re sen t, d id  n o t stain  
as in ten se ly  as the rest o f  the ch ro m o so m es; b u t there 
w as no  o th e r  in d ica tio n  o f  th e  p resence  o f  h e te ro c h ro ­
m a tin  w ith  th e  s ta in in g  tech n iq u es used.

Species with 2n  =  40

In  A . m ontico la  an d  the A . hypogaea  cu ltiv a rs  stu d ied , 
b o th  the “ A ” an d  “ B” m a rk e r  ch ro m o so m es w ere 
p re sen t (F igs. 5. 6). In  A . m ontico la , tw o p a irs  o f  
ch ro m o so m es have  seco n d a ry  co n stric tio n s , th e  2nd  
w ith  a  sm all sa te llite  a n d  the 8 th  w ith  a co m p a ra tiv e ly  
large  sa te llite . In  A . hypogaea  th e  8 th  p a ir  o f  ch ro m o ­
som es has a  large sa te llite . B oth  these  spec ies are  
s im ila r kary o m o rp h o lo g ica lly . w ith  sm a ll d iffe rences in

A. v illo sa  
A. co rren tina

A. chacoense  
A .sp . 10038 (SL) 
A .sp . 10038 (LL) 
A .s p .  HLK410 
A d u ra n en s is

i
02= 0 .3 7 9 -0 .{

\

T
A. c a rd e n a s ii

Cluster I

02 = 0.99

Cluster E

Fig. 3. C luster diagram . D 2 distances am o n g  species o f  section 
Arachis. Average in tra d u ste r  D 2 =  0.335
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Fig. 4. Z t and  Z2 graph. (I )  A . villosa; (2) A. correntina; (3) A. chacoense; (4) A . species H LK-410: (5) A. species 30038 (LL): (6) A. 
species 10038 (SL); (7) A. duranensis; (8) A . cardenasii; (9) /I. batizocoi

T able  6. M eans and  standard  errors o f arm  ratios o f  respective pairs o f  chrom osom es in tetraplo id  species o f  the section Arachis

N am e o f  species C hrom osom es pairs

I 11 III IV V VI VII VIII IX X

,•1. monticola 1.27 
±  0.084

!.!8
± 0 .0 8 8

1.20 
±  0.087

1.34 
±  0.088

1.19
±0.111

1.08 
±  0.057

1.18 
±  0.050

1.26 
±  0.077

1.05 
±  0.043

1.23
± 0 .1 0 7

A. hypogaea ssp. 
hypogaea

1.28
±0.041

1.12 
±  0.059

1.21 
±  0.088

1.06 
±  0.037

1.09 
±  0.065

1.21 
±  0.060

1.12 
±  0.066

1.16 
±  0.072

1.09 
±  0.070

1.23 
±  0.088

A . hypogaea ssp. 
fastigiata

1.35
± 0 .1 0 4

1.14 
±  0.057

1.16 
±  0.077

1.05 
±  0.026

1.16
±  0.075

1.31
±  0.068

1.18 
±  0.079

1.09 
±  0.070

1.26 
±  0.086

1.29
±  0.082

N am e o f  species C hrom osom e pairs

XI XII XIII XIV XV XVI XVII XVIII XIX XX

A . monticola 1.09 
±  0.058

1.32
± 0 .1 4 7

1.07 
±  0.059

1.13 
±  0.090

1.09 
±  0.078

1.39
± 0 .1 2 9

1.15 
±  0.093

1.63
± 0 .1 6 4

1.34
± 0 .1 4 1

1.10
±  0.069

A. hypogaea ssp. 
hypogaea

1.08
± 0 .0 2 7

1.34
± 0 .0 3 8

1.07 
±  0.040

1,31
± 0 .1 1 2

1.08 
±  0.058

1.11 
±  0.072

1.07 
±  0.057

1,43
± 0 .1 6 4

1.47
± 0 .1 1 1

1.04 
±  0.038

A . hypogaea ssp. 
fastigiata

1.06 
±  0.040

1.23 
±  0.092

1.1!
±0 .071

1.09 
±  0.063

1.15 
±  0.063

1.24
±  0.005

1.11
±  0.059

1.40 
±  0.096

1.14
±  0.092

1.05 
±  0.056
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F ig .5 .A -D . Som atic Colls at m etaphase. A A. species 10038 SL: B A . monticola; C A. hypogaea hypogaea (R o b u t 33-1): 
D A . hypogaea fastig ia ta  (TMV 2). A rrow s indicate sm all chrom osom es and  chrom osom es with secondary constriction

B3 h  n ss n sb as w a as
A. m on tico la

'H 'i $ u  ss u  u  n  /?:) u

a  So ; g  : ?  3« :«  « j
A .hypogaea  hypogaea  (Robut 3 3 -1 )

t  i s  I t  M  i i  2 1  ; ;  u  ? i

Fig. 6. K aryogram s o f  tetraploid  Arachis3 2  \ \  M  U  21 \ \  1 8  J t  I I  a *
,___________ I 1 1 ^ 1  u .  1 M U  YU ttlW lliO  1^.11 ll i;i WXV1 I / M U 't M

A, hypogaea fostigiato (TMV - 2) species. C hrom osom es w iih secondary constriction
are  circled

m etacen tr ic  an d  su b m e tacen tric  ch ro m o so m es an d  
m e a n  a rm  ra tio s  (T ab le s  3. 6). In  A . m on tico la  an d  A . 
hypogaea 6% a n d  8% o f  the cells, respectively , show  
e ith e r  o n e  q u a d riv a le n t o r  o n e  triva len t.

D iscussion

B ase N u m b er

M em bers  o f  th e  sec tion  A rach is  fall in to  tw o g roups. 
O n e  has 40 ch ro m o so m es an d  is rep re se n te d  on ly  by A.

m ontico la  an d  th e  cu ltiv a ted  A . hypogaea. T h e  o th e r 
g ro u p  has 20 ch ro m o so m es a n d  is rep re se n te d  by 
species listed  in  T a b le  1. A  su rvey  o f  cy to log ica l stud ies 
in th e  g enus A ra ch is  show s th a t laxa w ith  2n =  20 
p red o m in a te . T h u s  the  basic  ch ro m o so m e n u m b e r  can  
be  a ssu m ed  to be  10; 2n  =  20 is th e  c o m m o n est n u m ­
ber. T h is is co rro b o ra te d  by reg u la r b iv a len t fo rm a tio n  
in  20 ch ro m o so m e species a n d  th e  ab sen ce  o f  any  
species w ith  30 ch rom osom es. A . m on tico la  a n d  A . 
hvpogaea  a re  th e re fo re  te tra p lo id s  w hich  h av e  a tta in e d  
d ip lo n tic  b eh av io u r , th o u g h  th ey  so m etim es  show  sec-



312 T heor. App!. G enet, 61 (1982)

T able  7. C hrom osom al association and chiasm a frequency in species o f  section Arachis

N am e o f  species Bivalent C hiasm ata R em arks

Ring Rod T otal No. C h iasm a/C ell No. Term .
C hiasm a/C 'ell

Torm ina-
lization
coefficient

R ange M ean Range M ean Range M ean Range Mean

A . villosa 8 - 1 0 9.10 0 - 2 0.60 10 1 8 -2 1 20.43 16 -  20 19.86 0.97

//.  correntina 8 -  10 9.44 0 - 2 0.56 10 1 8 -2 1 20.28 1 7 -2 0 19.44 0.95
A . chacoense 9 -  10 9.64 0 -  1 0.36 10 1 9 -2 1 20.52 1 8 -2 0 20.04 0.97
A . species 
H L K 4 1 0

9 - 1 0 9.66 0 -  1 0.44 10 1 9 -2 1 19.50 1 9 - 2 0 19.20 0.98

A . species 
10038 LL

8 -  10 9.60 0 - 2 0.40 10 1 8 -2 0 20.10 1 8 - 2 0 19.66 0.97

A . species 
10038 SL

7 - 1 0 9.40 0 - 3 0.04 10 1 7 -2 1 19.60 1 5 - 2 0 19.25 0.97

A . duranensis 9 - 1 0 9.76 0 -  1 0.024 10 1 9 -2 3 21.24 1 9 -2 1 20.18 0.95
A . cardenasii 8 -  10 9.50 0 - 2 0.48 10 1 8 -2 0 19.50 1 8 - 2 0 19.40 0.99
/I. batizocoi 8 - 1 0 9.50 0 - 2 0.50 10 1 8 -2 2 19.83 1 8 -2 0 19.36 0.97
A . monticola 1 6 - 2 0 18.28 0 - 4 1.40 20 3 5 - 4 0 38.12 34 -  40 37.68 0.98

A . hypogaea ssp. 
hypogaea

1 5 -2 0 19.18 0 - 4 1.72 20 3 8 - 4 0 36.52 3 8 - 4 0 36.34 0.99

A . hypogaea ssp. 
Jastigiata

1 8 -2 0 19.19 0 - 2 0.81 20 3 8 - 4 0 39.18 3 8 - 4 0 39.00 0.99

IV in 4% 
o f cells

IV in 5 $  
o f  cells

III o r IV in 6% 
o f  cells
III o r IV in 8% 
o f  cells

o n d a ry  assoc ia tions in the form  o f  q u ad riv a len ts  a n d  
Irivalen ts (T ab le  7),

D ip lo id  Species

O u r in v estiga tions on d ip lo id  species ag ree  in  g en era l 
w ith  e a rlie r  rep o rts  on  the  d is tr ib u tio n  o f  “A ” a n d  “ B” 
c h ro m o so m es (S m a rtt loc. cii.). H ow ever, w e a lso  o b ­
served  d iffe rences b e tw een  species in th e  sm a lle s t p a ir  
o f  ch ro m o so m es an d  in  th e  n u m b e r  an d  type  o f  
ch ro m o so m es w ith  a  seco n d ary  co n stric tio n . T h u s  th e  
p a ir  o f  ch ro m o so m es w ith  a seco n d a ry  co n stric tio n  w as 
n o t a fea tu re  o f .4. ba tizoco i a lo n e , as p rev iously  re p o r t­
ed  (S m artt e t al. 1978).

O n  th e  basis o f  ch ro m o so m e  leng th , th e  ran g e  and  
m e a n  o f  a rm  ra tio s  (T ab le  2), ka ry o iy p ic  fo rm u lae  
(T ab le  3) an d  gene tic  d is tan ce  ca lcu la ted  by D 2 sta tis­
tics (T ab le  4), A . ba tizoco i s tan d s  d is tin c t from  th e  rest 
o f  the  d ip lo id  species inves tiga ted  (F ig . 3).

A . villosa  a n d  A . correntina  a re  very  s im ila r  ka ry o - 
m o rp h o lo g ica lly  an d  th e re  is a  very  low  gene tic  d is­
tan ce  b e tw een  th em  (0.05) c o m p a red  to th e  average  
d is tan ce  a m o n g  th e  species o f  th is c lu s te r (0 .335). T hese  
tw o spec ies a re  a lso  very  s im ila r m o rpho log ica lly . 
S ta lk e r a n d  W y n n e  (1979) o b serv ed  p re d o m in a n tly  
b iv a len t fo rm a tio n  a t m eiosis a n d  good  p o llen  fertility  
in  a n  A . villosa X  A . correntina  h y b rid . T h u s  all the 
av a ilab le  ev idence  p resen tly  ju s tif ie s  the  u se  o f  A .

villosa ssp. correntina  B urk , ra th e r  th an  trea tin g  A . 
correntina  a s a  sep a ra te  species. T h e  p resen ce  o f  som e 
q u ad riv a len ts  (T ab le  7) in  m eiosis in A . villosa  is 
in d ica tive  o f  a p ro b a b le  rec ip roca l tran sloca tion .

W e rece ived  tw o form s o f  A ra ch is  species 10038, 
desig n a ted  L L  a n d  SL  by  W . C. G reg o ry  to signify 
types w ith  la rg e  an d  sm all leaflets, respectively . T hese  
w ere ex p ec ted  to be very  sim ila r in k ary o ty p e . T h is w as 
con firm ed  by  the  D 2 analysis, w ith  a d is tan ce  o f  0.07, 
b u t w h en  each  ch ro m o so m e p a ir  o f  SL  w as co m p ared  
w ith  th e  co rre sp o n d in g  p a ir  o f  L L , th ere  w ere signifi­
c a n t d ifferences (P  =  0.05) be tw een  L L  a n d  SL  w ith  
respec t to ch ro m o so m e 3 a n d  ch ro m o so m e 7; a ll the  
o th e r  ch ro m o so m es w ere n o t s ign ifican tly  d ifferen t. 
T h ese  tw o form s o t  A ra ch is  species 10038 a re  sim ila r to 
A . chacoense  cy to logically , b u t th e  tw o tax a  a re  m o r­
p ho log ica lly  d is tinc t, a n d  be lo n g  to th e  series A n n u a e  
a n d  P erennes o f  sec tion  A rachis; th e  fo rm er w as col­
lec ted  in  A rg en tin a , th e  la tte r  in P araguay .

A . cardenasii d iffers from  the o th e r  d ip lo id  species 
in  k ary o m o rp h o lo g y . k aryo typ ic  fo rm u la  a n d  ran g e  an d  
m ean s  o f  a rm  ra tios, th o u g h  the  d is tan ce  by  th e  m e th o d  
o f  D 2 analysis is n o t suffic ien t to ju s tify  a th ird  g ro u p . 
V a lu es o f  D 2 b e tw een  A  cardenasii a n d  o th e r  m em b ers  
o f  th e  g ro u p , from  0.379 to 0.883, a re  all g re a te r  th an  
th e  av erag e  in tra c lu s te r  d is tance  o f  0.335. in d ica tin g  
th a t A . cardenasii can  be  co n sid e red  as a  su b g ro u p  
w ith in  the  la rg e r cluster.
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T h e  rem a in in g  taxa , A rach is  species H L K 4 1 0  and  
A . duranensis  w h ich  a re  n o t very  d iffe ren t from  each 
o th e r  cylo logically . w ere co llec ted  from  P a ran a , Brazil 
a n d  Salta . A rg en tin a  a n d  m ay be  o f  co m m o n  o rig in  o r 
re p re se n t one  large in te r!e rtile  g ro u p  th o u g h  g eo g ra p h ­
ically  iso lated .

T h e  g ro u p in g  w as verified  by  can o n ica l analysis. 
W h en  an d  Z 2 values w ere p lo tted , a ll the investi­
ga ted  species fall in  o n e  reg ion , in d ica tin g  th a t all these 
species have n o t d iv e rg ed  g rea tly  (F ig . 4).

E vo lu tion  o f  D ip lo id  Species

T ax a  w ith a  sy m m etrica l k a ry o ty p e  (i.e., m ax im u m  
n u m b e r  o f  m e tacen tr ic  ch ro m o so m es) a re  th o u g h t lo be 
m ore  p rim itiv e  than  those w ith  asym m etrica l kary o ty p e  
(S leb b in s  1958). A n  a rm  ra tio  eq u a l o r  close to 1.0 
reflects a p rim itive  n a tu re . O n  th is c rite r io n , A . villosa 
a n d  A . correntina  h av e  to  be  co n sid e red  as the  m ost 
p rim itiv e  a m o n g  th e  species in v es tig a ted . T h e  o th e r  
species a re  m o re  ad v an ced . A . cardenasii a n d  A . baii- 
zoco i, w ith  m e a n  a rm  ra tios o f  1.316 an d  1.392 re sp ec ­
tively, a re  the m ost ad v an ced  o f  th e  d ip lo id  species 
inves tiga ted  (T ab le  3). A . ba tizoco i c an  also b e  co n sid ­
e red  as the m ost ad v an ced  because  o f  the occu rren ce  o f  
a  p a ir  o f  ch ro m o so m es w ith  su b te rm in a l c en tro m ere  
(T ab le  2), w h ich  m igh t have  a risen  by d e le tio n , u n e q u a l 
Iran sloca tion  o r  p e ric en tr ic  inversion .

T h e  changes th a t have  tak en  p lace  in the evo lu tion  
o f  the “A ” g en o m e  species hav e  been  w ith in  ch ro m o ­
som es 1 an d  3 to 9, a n d  only  A . cardenasii show s a 
d iffe rence  w ith  reg a rd  to ch ro m o so m e  10. T h e  n u c leo ­
la r  o rg an ise r ch ro m o so m e  has b een  invo lved  in  these 
ch an g es in  A ra ch is  species H L K  410 a n d  A . cardenasii.

A ll the d ip lo id  species stu d ied  form  b iv a len ts  a t 
m eiosis in  a lm o st all cells. T h ey  hav e  sim ila r m ean  
eh ia sm a  freq u en c ies  (1 9 .5 -2 0 .5 2 ) a n d  s im ila r te rm i- 
n a liz a tio n  coefficients (0 .9 5 -0 .9 8 ) (T ab le  7). In  all 
in terspec ific  hy b rid s  o f  these species fo rm a tio n  o f  som e 
b iv a len ts  (o u r  u n p u b lish e d  d a ta ) in d ica te  th a t they 
have  o rig in a ted  from  a co m m o n  an cesto r, an d  th a t the 
g en o m es h av e  n o t d iverged  suffic ien tly  to  p rev en t 
reco m b in a tio n  b e tw een  species.

Tetrap lo id  Species

T h e  p a ir  o f  ch ro m o so m es in  A . m on tico la  w ith  a  sm all 
sa te llite  is lack ing  in  b o th  the  cu ltivars  s tu d ied  w hich 
b e lo n g  to  tw o b o tan ica l subspecies o f  A . hypogaea. 
O th erw ise  th e  tw o te trap lo id  species a re  very  s im ila r  to 
each  o th e r  k ary o m o rp h o lo g ica lly  a n d  in m ean s  an d  
ra n g e  o f  a rm  ra tios. T h ere  is a  very  h igh co m p a tib ility  
b e tw een  th e  tw o species an d  p o llen  fertility  is h igh  in 
F t h y b rid s  (o u r  u n p u b lish e d  d a ta ) , thus in d ica tin g  th a t 
th ey  a re  p h y lo een e tica lly  very  close, as a lso  suggested  
by  S m artt (1964).

M eio tic  analy sis in  these taxa  show ed  reg u la r b i­
v a len t fo rm atio n  in  a  m a jo rity  o f  the cells, suggesting  
th e ir  a llo p o ly p lo id  n a tu re . T h e  seco n d a ry  associa tion  
o b serv ed  in a few cells, in th e  form  o f  a  tr iv a len t p lu s a 
u n iv a len t o r a q u a d riv a le n t (T a b le  7) m ay  be  ind ica tive  
o f  th e ir  possib le  seg m en ta l a llo p o ly p lo id  n a tu re .

E volution  o f  th e  Tetrap lo id  Species

T h e  kary o ty p e  d iffe rences b e tw een  th e  tw o te trap lo id  
species s tu d ied  co u ld  h av e  a risen  a t the te tra p lo id  level, 
o r  the  species cou ld  hav e  evo lved  sep a ra te ly . A . car­
denasii has been  suggested  a s  th e  d o n o r  o f  th e  “A "  
ch rom osom es, a n d  th ere fo re , o f  the “A ” g en o m e, on  
m o rp h o lo g ica l an d  p h y to g eo g rap h ica l co n sid e ra tio n s  
(S m a rtt e t al. 1978). T h e  p resen ce  o f  a p rev iously  
u n n o tic ed  sa te llite  ch ro m o so m e c o m p a ra b le  to th a t in 
the te trap lo id s, an d  th e  la rg e r size o f  ch ro m o so m e  10 in 
A . cardenasii ind ica te  th a t th is species co u ld  be one  o f  
the an cesto rs  o f  the te trap lo id s .

A . ba tizoco i is n o  lo n g er th e  o n ly  kno w n  d ip lo id  
species in  the genus A ra ch is  h av in g  a p a ir  o f  ch ro m o ­
som es w ith  a seco n d ary  co n stric tio n , th o u g h  its k a ry o ­
type  is still m a rk ed ly  d iffe ren t from  th e  o th e r  species 
s tu d ied . T h e  o th e r  spec ies hav e  p rev iously  b e e n  recog­
n ized  by  th e  p resen ce  o f  a  p a ir  o f  sh o r t “A ” ch ro m o ­
som es. th o u g h  th e  sh o rte s t ch ro m o so m e  in  A . cardenasii 
is lo n g er th an  th a t in  th e  res t o f  this g ro u p . A lthough  
so m e o f  these species can  be  d is tin g u ish ed  k a ry o m o r­
pholog ica lly , A . ba tizoco i is th e  o n ly  one  w ith  a k a ry o ­
type d is tinc t en o u g h  to  be  s e p a ra te d  as a d iffe ren t 
c lu s te r o n  th e  basis o f  D 2 sta tistics a n d  c lu s te r  analysis. 
A . m ontico la  a n d  A . hypogaea  h av e  tw o p a irs  a n d  one 
p a ir  o f  ch ro m o so m es w ith  seco n d a ry  constric tion , 
respectively . K aryo log ica l a ffin ity  o f  ch ro m o so m es w ith  
seco n d a ry  co n stric tio n  b e tw een  A . cardenasii a n d  /I. 
m ontico la  a n d  A . hypogaea  suggest A . cardenasii as an  
an ces to r o f  th e  te trap lo id  species.
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