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Cytological Evidence on the Origin of Sweet Potato 

M. L. MAGOON, R. KRISHNAN and K. VlJAYA BAI 

Centra l  T u b e r  Crops Research  Ins t i t u t e ,  T r i v a n d r u m  (India)  

Summary. The results of intensive meiotic studies, part icularly of the karyology and chromosomal homology at  the 
pachytene stage, in the sweet potato (Ipomoea batatas L.), which is a hexaploid (2 n = 90), have thrown considerable 
light on its origin and genome relationships. Using suitable criteria, such as relative length of chromosomes, centro- 
mere position, chromomere pattern,  absence of light staining segments in one of the arms, presence of telochromomere 
etc., 40 of the 45 haploid chromosome complement at  pachytene were identified and assigned to 19 chromosomal types. 
Among these types, eight were present singly; in six of the types, chromosomes were present in duplicate, and in two 
types, in triplicate. The occurrence of higher mult ivalent  chromosomal associations such as hexavalents and pentava-  
lents, in addition to the quadrivalents already reported, was recorded for the first t ime at  the pachytene and meta- 
phase I stages. The hexavalents at  pachytene were resolved into three distinct  types based on the morphology of the 
part icipat ing chromosomes. A maximum number of nine quadrivalents at  the metaphase I stage and four in the in- 
completely analyzed pachytene nuclei were recorded. The consti tuent chromosomes of three of the quadrivalents a t  
pachytene stage were identified. From these observations, it  is suggested tha t  (i) the three parental  genomes are par t ly  
homologous (if) two of the genomes show closer homology to one another than to the third and (iii) the three genomes 
differ with respect to one or more of the eight  chromosomal types occurring singly. The available information rules 
out an autopolyploid origin for sweet potato and suggests tha t  the parental  genomes are from closely related taxa. The 
advantages are emphasized of pursuing similar studies in other American Ipomoea species to unravel their relationship 
with the sweet potato. Among other meiotic irregularities, a translocated chromosome and a chromosome carrying in- 
version were detected at  the pachytene stage and the possible role they may play in varietal  differentiation is discussed. 

]pomoea batatas L., the  sweet  p o t a t o  of commerce ,  
is wide ly  cu l t i va t ed  in the  t rop ica l  and  sub- t rop ica l  
regions of bo th  hemispheres  for i ts  calorie-r ich,  s ta r -  
chy  tube r s  which are used as subs id i a ry  food, l ive-  
s tock  feed and  raw m a t e r i a l  for s t a rch  indus t r ies .  
Because  of i ts  g rea t  economic impor t ance ,  efforts  are 
u n d e r w a y  in var ious  pa r t s  of the  world  to improve  
the  crop th rough  b reed ing  p rog rammes .  The ne- 
cessary  cy togene t i ca l  i n fo rma t ion  is also be ing  sought  
b y  severa l  workers  (see Gus tafsson  and  Gadd ,  1965 ; 
Jones ,  t968 for review).  The  ava i lab le  evidence c lear ly  
shows t h a t  the  sweet  p o t a t o  is hexap lo id  (2 n = 90) 
even though  i ts  origin is st i l l  obscure.  An  a l lohexa-  
p lo id  origin invo lv ing  a t e t r a p l o i d  and  d ip lo id  Amer i -  
can species has  been p o s t u l a t e d  (Gustafsson and  
Gadd ,  1965). However ,  a r e syn thes i s  of sweet  p o t a t o  
from i ts  p u t a t i v e  p a r e n t / p a r e n t s  is st i l l  to be made .  
The  o ther  possible  ways  of i nves t iga t ing  i ts  origin 
and  of assessing the  ex t en t  of h o m o l o g y  of the  con- 
s t i t uen t  genomes  have  also been exp lored  w i thou t  
success. F o r  ins tance ,  gene t ica l  s tudies  have  fai led 
to t h row the  necessa ry  l ight  on th is  p rob lem.  This  is 
t~aceable  to  the  c o m p l e x i t y  of the  genet ic  sys tems ,  
such as self- and  c ross - incompa t ib i l i t y ,  ope ra t ing  in 
th is  species;  in a d d i t i o n  the  f r equen t  occurrence of 
non-f lower ing  t y p e s  in F~ and  F 2 res t r ic t s  the  choice 
of pa ren t s  in u n d e r t a k i n g  a comprehens ive  s t u d y  in- 
volving pa ren t s  r ep resen t ing  wide genet ic  v a r i a b i l i t y  
(Jo~Es,  t967;  WILI.IAMS and  COPE, i967).  S imi la r ly ,  
conven t iona l  cy to log ica l  s tudies  have  also been hand i -  
c apped  b y  the  ve ry  smal l  size of the  somat ic  chromo-  

somes which range  in length  f rom 2.7 ~z to 1.0 ~x 
(SHARXlA and  DATTA, 1958). In  the  l ight  of the  suc- 
cess r ecen t ly  ach ieved  in a d ip lo id  Amer ican  species, 
Ipo~noea crassicaulis (Kr ishnan,  Magoon and  V i j aya  
Bai ,  1969), p a c h y t e n e  ana lys i s  was proposed ,  in sp i te  
of the  high ch romosome  number .  This  p a p e r  repor t s  
the  cy to log ica l  ev idence  on the  origin of sweet  p o t a t o  
given b y  de ta i l ed  ka ryo log ica l  and  ch romosomal  ho- 
mo logy  s tudies  at  pachy tene .  

Material and Methods 
The plants  of a cult ivar of 1. batatas were vegetat ively 

raised at  the farm of the Insti tute.  For the studv of 
meiosis, buds of appropriate  sizes were fixed in a mixture 
of one par t  of propionic acid and three parts  of alcohol and 
stored at  4--  10 ~ The smearing technique described by 
Swalninathan, Magoon and Mehra (1954) was adopted. 
The camera lucida drawings of pachytene chromosomes 
were made at  a table magnification of • 1450 obtained 
from optical combinations of 7• eyepiece and t:100, 
1.30 apochromatic oil immersion objective. The chromo- 
somes were identified using criteria such as relative length 
centromere position, chromomere pattern,  distr ibution of 
dark- and light-staining regions and presence of telochro- 
momere and nucleolar association. Post-pachytene stages 
were also critically studied. All the studies and photo- 
micrographs were made from temporary  preparations.  
However, a few slides were also made permanent  adopting 
the procedure described by Bhaduri  and Ghosh (1954). 

Observations 

In  the  s t u d y  of meiot ic  s tages,  the  p a c h y t e n e  was 
ana lyzed  in de ta i l  and  severa l  of the  p o s t - p a c h y t e n e  
s tages  were also examined .  
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P a e h y t e n e  : Karyology : Despite the high chromosome 
number,  fairly good spreading of chromosomes could 
be achieved in many  nuclei. However,  the entire 
chromosomal complement could not be completely 
analyzed from one cell. The largest number  of chro- 
mosomes of the haploid complement,  38, could be 
followed from end to end in a few cases (Fig. 1), while 
in several other nuclei, the number  of analyzable 
chromosomes varied from t0 to 18 only. In all these 
nuclei chromosomal lengths ranged from t6.6 [z to 
36.6 Ix. They were differentially stained, the dark- 
staining regions occurring on either side of tile centro- 
mere and the light-staining regions following the 
dark-staining regions distally. The dark-staining re- 
gions of many  of the chromosomes offered reliable 
land marks as to the size, number  and distribution of 
chromomeres by  which these chromosomes could 
be identified. Additional characters used in chromo- 
some identification included the presence of telo- 
chromomere and the absence of a distal light-staining 
region in one of the arms. The telochronmmeric chro- 
mosomes were further characterized by their asso- 
ciation with principal or accessory nucleoli. TILe 
chromosomes also differed in the location of tile 

c e n t r o m e r e ,  and three categories were recognized 
using arm-iat io differences, namely (i) t : i .3 and less, 
(ii) I : t .4 to 2.0 and (iii) t : 2.1 and above. Under these 
three categories, 40 of the total  45 haploid chromo- 
somes of the complement identified so far were assign- 
ed to t9 chromosomal types. 

Incorporat ing the mean cytological values for the 
chromosomes under the 19 chromosomal types, an 
ideogram was constructed (Fig. t3). 

The salient features for identifying these types are 
detailed below : 

A. Metacentric chromosomes, where on the basis 
of chromomeric pat tern  the following 8 chromosomal 
types are recognized. 

Type (i): This is represented by  one chromosome 
23.4 [x in length. The diagnostic feature 
of this chromosome is the presence of a 
single macrochromomere in one of the 
arms. No other chromomeres are pre- 
sent in this chromosome. 

Type (ii) : A single chromosome is recognized in this 
type ranging in length from 24.8 [x to 
25.7 Ix. The dark-staining regions of the 
two arms represent in each a single chro- 
momere and they are unequal in size. 

Type (iii): Two chromosomes are known to belong 
to this type, which resembles type (ii) in 
having one chromomere in each of the 
arms, and differs in tha t  the two chro- 
momeres are of equal size; length varies 
from 20.0 ix to 27.6 Ix. 

Type  (iv): This type is represented by  two chromo- 
somes ranging in length from t 7.2 a to 

24.8 [x and is characterized by  the pre- 
sence of a distinct chromomere in one 
arm and a pair of chromomeres in the 
other arm. 

Type (v) : This is similar to the previous type in tha t  
it has one chromomere in one arm but 
differs in having a dark-staining segment 
in the other arm. The only chromosome 
recognized in this group varied in length 
from 20.7 tz to 3t.0 ix. 

Type (vi): This is distinguished by  the presence 
of teloehromomere in one of the arms 
but  otherwise conforms in its general 
morphology to type (iii). A single chro- 
mosome with length of 25.5 ~ is recogni- 
zed under this type. 

Type (vii): This is morphologically similar to type 
(v) except for the presence of telochro- 
momere in the arm bearing one macro- 
chromomere. The only chromosome of 
this type is 36.6 ~ long. 

Type (viii): The two chromosomes identified in this 
type are characterized by  the presence of 
equal lengths of dark-staining segments 
in their arms, and range in length from 
20.0 Ix to 27.6  [z. 

B. Submetacentric chromosomes with arm ratio 
ranging from t.4 to 2.0. Three chromosomal types 
are distinguished on the basis of chromomere pattern.  

Type (i): I t  has four chromosomes carrying equal 
lengths of dark-staining segments. 
Lengths vary  from 16.6 ~x to 26.2 [z. In 
the shortest of the chromosomes in this 
group, the dark-staining segments of 
each of the arms could be resolved into 
three distinct chromomeres. 

Type (ii): This is characterized by  the distinct 
macrochromomere present in both the 
arms. The length of the single chromo- 
some belonging to this group varies from 
18.6 ~ to 20.0 ix. 

Type (iii): This contains two chromosomes, and is 
distinguished by  the presence of a single 
chromomere in the short arm and two 
chromomeres in the long arm. The chro- 
mosomes range in length from t8.2 [z 
to 20.4 ~x. 

C. Acrocentric chromosomes with arm ratio rang- 
ing from 2.t and above. I t  includes 8 chromosomal 
types. 

Type (i): Three chromosomes varying in length 
from 23.4 ?~ to 26.2 ~ are assigned to this 
group, which is recognized by  the pre- 
sence of a ehromomere in each of the 
a r m s .  
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Fig. i b. Interpretative drawing of Fig. J a showing 18 of the 
19 chromosomal types. Type C viii and one chromosome of 
type C vi are not distinguishable. Type C iii at 9 o'clock region 
being in different focus could not be included in Fig. t a but 

is included in Fig. lb; (10 [z = 11 ram) 

Fig. I a. Pachytene nucleus showing differentiated chromoso- 
mes. Note the telochromomeric chromosome in association 

with accessory nucleolus (to [z = 11 mm) 

Fig. 2. Telochromomeric chromosome in association with 
principal nuclcolus at pachytene (10 Ft = 23 mm) 

Fig. 3. Multivalent chromosomal associations at pachytene 
(10tx= 8mm) 

Type  (ii): 

Type  (iii) : 

Type  (iv): 

This includes four chromosomes,  ranging 
in length from 17.9 ~x to 24.8 b~. The two 
arms possess approximate ly  equal lengths 
of deep-staining segments. 

This is represented by  two chromosomes 
with lengths of 21.4 Iz and 33.8 Ix re- 
spectively, which have relat ively longer 
dark-s ta ining segments in the short  
arm. 
This consists of three te lochromomeric  
chromosomes vary ing  in length from 
20,5 [z to 24.1 ix. One of the chromoso-  
mes is associated with the principal  
nucleolus (Fig. 2) while the others are 
associated with accessory nucleolus 
(Fig. J). As well as having te lochromo- 

mere in the short  arm, this type  shows 
a dist inct  chromomere  in tile two arms in 
the immedia te  p rox imi ty  of the centro-  
mere. 

Type (v): This is character ized by  a he teropycno-  
tic short  arm bearing a distinct telo- 
chromomere;  tlle long arm of this type  
has a macrochromomere .  There are 
two chromosomes ranging in length from 
20.0 ?~ to 22.8 ~x. 

Type  (vi): This is recognized by  its he teropycnot ic  
short  arm and dark-staining segment in 
the long arm and is represented by  six 
chromosomes ranging from 17.2[x to 
24.1 bt in length. 

Type  (vii) : This is identified by  the soli tary chromo- 
mere in its short  arm. The length of the 
only chromosome of this type  is 22.8 g,. 

Type  (viii): I t  has two discrete macrochromomeres  
in the long arm and three medium to 
small chromolneres in the short  arm. 
The only chromosome of this type  is 
20.7 bt long. 

Homology : Extens ive  s tudy  was a t t empted  of chro- 
mosomal  pairing behaviour  in a large number  of 
nuclei. In  no instance could the chromosomal  asso- 
ciation of the entire nucleus be worked out owing to 
the difficulties discussed earlier. However ,  the da ta  
available indicate that ,  in addit ion to the prepon- 
derance of bivalent  chromosomal  configurations,  
mul t ivalent  associations were also very  common and 
occurred in 48 of the 5 t incompletely analyzed nuclei. 
The mult ivalents  were f requent ly  quadr ivalents  rang- 
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ing from t to 4 and a bexavalent  occurred in 33.3% 
cells. Pentavalents ,  number ing  t or 2, were generally 
rare, account ing for only 4Yo of the cells. In  one 
cell the max im um  mul t ivalent  association consisting 
of I \q, I v, and 3 iv was observed (iqg. 3). The hexa- 
valents  observed in the present s tudy  could be assig- 
ned on the basis of their chromosomal  morphology  
to one of the following three types.  In  the first type  
(Fig. 4) the par t ic ipat ing chromosomes were acro- 
centric and were homomorphic  in both  their relative 
length and chromomere  pat tern.  The second type  of 
hexavalent  included two pairs of homonmrphic ,  meta-  
centric chromosomes and a third  acrocentric pair  
differing in its general morphology  (Fig. 5). The 
third  hexavalent  type  included 3 pairs of metacentr ic  
chromosomes of which one pair  was morphological ly  
dissimilar from the other  two (Fig. 6). Pen tava len t  
association was observed in two cases in both of which 
tim separat ion of par t ic ipat ing chromosomes was 
apparent .  Because the measurement  of unpaired seg- 
ments,  which are generally prone to greater  s t retching 
in the process of smearing, leads to conflicting obser- 
vations,  these pentavalents  could not be analyzed in 
detail. 

Among  the quadr ivalent  chromosomal  associations 
recognized in the various nuclei, three types  could 
be distinguished on the basis of the morphology of the 
const i tuent  chromosomes.  The presence of other ty-  
pes, a l though conjectured on the basis of the relative 
lengths of par t ic ipat ing chromosomes,  could not  be 
clearly established using the morphology of the chro- 
mosomes involved in the quadr ivalent  configuration. 
In  the first of the three quadr ivalent  types  the parti-  
cipating chromosomes belonged to type  (iv) of 'A'  
ca tegory  (Fig. 7), while in the second they  consisted of 
chromosomal  type  (iii) of 'B '  category.  In  the third 
type,  the par t ic ipat ion of chromosomal  type  (vi) of 
'C'  ca tegory  could be demonst ra ted .  

A few instances of aberrant  chromosomal  pairing 
were also observed. In  one case this involved an in- 
terstitial inversion (Fig. 8), while in another  a simple 
t ranslocat ion in one of the homologues involving the 
terminal  segment  followed by  reunion of the broken 
end to the other  arm of the same chromosome was 
evident (Fig. 9). 

Diaki~esis: The s tudy  of chromosomal  association 
at this stage was generally restricted to nucleolar 
chromosomes because in m a n y  cases the chronroso- 
somal configurat ions could not  be clearly made out 
due to the pronounced condensat ion occurring in the 
chromosomes as they  reach this stage. These studies 
have also shown mult ivalent  association of nucleolus 
associated chromosomes (Fig. t0). 

At  mefat~hase I (Fig. 1t), again the chromosomal  
association could not  be reliably worked out for the 
entire nucleus in m a n y  instances. Thus, al though a 
nmch larger number  of cells at this stage were analy- 
zed, the chromosomal  associations of 28 cells were 
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Fig. 4. Hexavalent association, type one, at pachytene 
tt0 lx = 13 nun) 

Fig. 5. llexavalcnt association, type two, at pachytene 
(10Ix-- 17ram) 

tqg. 6. Hexavalent association, type three, at pachytene 
(10 Ix -- 17 mm) 

Fig. 7. Quadrivalent association at pachytene (10 Ix = 
t 0.5 ram) 

Fig. 8. Inversion configuration in a pachytene bivalent 
(10 Ix 27 ram) 

Fig. 9. Translocation configuration in a pachytene bivalent 
(I0 Ix = 27 nun) 

Fig. t0. Multivalent configurations of nucleolus-associated 
chromosomes at diakinesis (10 Ix = 19 mm) 

Fig. 11. Quadrivalent chromosomal associations (arrows) at 
metaphase I (10 Ix -- 9 mm) 

Fig. 12. Lagging chromosomes at anaphase I (10 IX = 12 ram) 

used to compute  the f requency of various mult iva-  
lents (Table 1). In  25% of the cells I or 2 hexava-  
lents were noted, whereas nearly 97~ of tile cells had 
quadrivalents  ranging froln one to as high as nine. 
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Tab le  1. Chromosomal associatio~zs at metaphase I 

No. of cells VI V IV l l [  I [  I 
anaIyzed 

1 - -  3 1 3 4  l l 
! 1 8 1 2 1  2 1 

1 - -  7 - -  2 8  1 

1 1 5 1 2 6  4 1 

1 - -  5 3 2  - -  2 

2 --  4 31 -- 1 
- -  - -  3 t 3 7  1 3 
- -  - -  3 3 8  2 l 
- -  - -  1 1 4 o  3 1 

4 - 37 -- l 
- -  - -  5 3 5  - -  l 

- - -  7 1 2 9  1 I 

- - -  3 2 3 6  l 

- -  - -  7 - -  3{7) 2 2 

- -  9 - -  2 6  2 1 

6 -- 32 2 2 
- -  - -  I - -  4 2  2 t 

- -  - -  3 3 9  - -  1 
- -  - -  1 1 4 1  1 1 

- -  - -  6 - -  3 3  1 
- -  - -  2 4 0  2 1 

- -  - -  5 ! 3 3  i 1 

. . . . .  45 -- 1 

Total 28 

0 - - 2  0 - -1  O- -9  0 - - 2 2 1  45 0 - - 4  
0.28 0.07 4.36 0.43 34.03 t . t4  

Range 
Mean/cell 

1OF 
I 

l ;  

I IT T~ ]]/ g ~/I ~II 3/III 

Fig. 13. Ideogram at pachy tene  showing the  19 chromosomal  
types ;  (t0 b~ = 14.5 ram) 

Trivalent and pentavalent  associations were relati- 
vely rare: the former, numbering I or 2, occurred in 
33% of cells, while the latter, not exceeding one per 
cell, appeared in less than 70~ of cells. Univalents 
were also few in number, ranging from I to 4, and 
occurred in 33.3 % of cells. Bivalent associations rang- 
ed from 2t to 45. Among the nmltivalents, 3 and 5 
quadrivalents per cell occurred frequently. Preco- 
cious movement  of univalents to the poles occurred 
in metaphase I. 

Anaphase I a~d later stages: Anaphase I chrolnoso- 
mal separation in this material  was frequently irregu- 
lar and characterized by laggards (Fig. 12) and bridge 
formation. Despite these irregularities, 83.8% of 
microspore tetrads did not contain any micronuclei, 
while in 9.4~ 6.3% and 0.5~ of cells t, 2 or 3 
micronuclei, respectively, were recorded. 

D i s c u s s i o n  

The origin of the sweet potato is still obscure. The 
predominant ly bivalent synapsis of chromosomes at 
metaphase I reported by earlier workers (vide Gus- 
tafsson and Gadd, 1965 for review) has been one of 
the main criteria in postulating an allohexaploid ori- 
gin. Added to the limited usefulness of such data in 
interpreting the origin of polyploids (cf. R~LEY, 1960 
for detailed discussion), there is ttle difficulty, inhe- 
rent in conducting a critical s tudy of this stage in 
sweet potato,  of the minute size of its chromosomes 
and the high chromosome number. The small size 
of the chromosomes, however, proved to be a definite 
advantage in the karyological studies at pachytene 
because adequate chromosomal spreading could be 
achieved. Also, the differentiated pachytene chro- 
mosomes with their readily recognizable centromere 
and distinctive chromomere pat tern  allowed the con- 
sistent identification of chromosomes in ahnost all the 
analyzable pachytene nuclei. In the present dis- 
cussion, the cytological evidence on the origin of 
sweet potato is examined on the basis of data from 
both karyology and chromosomal homology. 

Pachytene analysis of sweet potato has brought to 
light more interesting information on the karyology 
of its constituent genomes than could be obtained by 
similar studies of somatic chromosomes. The s tudy 
of somatic chromosomes at root-tip metaphase by 
Sharma and Da t t a  (t958) proved I unrewarding be- 
cause of the small size of the chromosomes (range 1.0 
--2.7 pc) and the paucity of adequate criteria - -  an 
inherent defect in the s tudy of this stage. From these 
studies, the entire haploid complement could only 
be resolved into six types. On the other hand, the 
karyological studies at pachytene stage were very in- 
formative, in spite of the prohibitively high chromo- 
some number  of the taxus. The 40 of the 45 chromo- 
somes of the haploid complement identified in the 
present study, have been placed into t9 types based 
on criteria such as arm ratio, chrolnonleric pattern,  
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nucleolar association etc. Among the 19 types, 8 ty- 
pes were found to be represented by  a single chromo- 
some, 6 types by  two chromosomes each, 2 types by 
three and 2 types by four chromosomes, and a single 
type by six chromosomes. From chromosomal asso- 
ciation studies, and taking into account the hexa- 
ploid nature of sweet potato, it may  be interpreted 
that :  (i) the eight chromosomal types present singly 
in the hat)loid complement are not represented in all 
the three genomes; (if) the six types occurring in du- 
plicate are common to two of the three genomes; (iii) 
the two types represented in triplicate are present in 
all the three genomes. Thus, the karyological obser- 
vations suggest that  all the parental  genomes are 
karyologically distinguishable by one or more of the 
eight chromosomal types. 

The nmlt ivalent  chromosomal associations observ- 
ed at pachytene and lnetaphase I stages show the 
prevalence of chromosomal homology among the 
constituent genomes. Although, at pachytene, only 
one hexavalent  per cell was observed, the hexava-  
lent association in various cells involved morphologi- 
cally different chrolnosomal types which could be re- 
solved into three distinct types based on their mor- 
phology. The first type consisted of homomorphie,  
acrocentric chromosomes that  were evidently present 
in all three genomes. In the second type, chromo- 
somes of only two of the genomes were homomorphic 
and metacentric,  while that  from the third genome 
was acrocentric, probably reflecting the chromosomal 
differentiation that  had occurred in the latter genome. 
In the third hexavalent  type, where all the participat-  
ing chromosonms were metacentric, only two were 
similar in their chromomeric pattern.  

The number  of quadrivalents at metaphase I stage 
ranged from I to 9 and they were present in 27 of the 
total  28 cells studied. Even in the incompletely ana- 
lyzed pachytene nuclei, the presence of as many  as 
four quadrivalents could be demonstrated and quadri- 
valents occurred in 48 out of the ~1 cells studied. 
Among the various quadrivalent chromosomal asso- 
ciations, three types were distinguishable on the 
basis of morphology. All three were found to involve 
homologous chromosomes and the specific types of 
the participating chromosomes have also been identi- 
fied. The number  of pentavalent  chromosomal asso- 
ciations per cell at pachytene was I or 2, occurring 

~o, of cells had in 4% of cells, while at metaphase I, / / o  
one pentavalent .  However, the pentavalents  at 
pachytene could not be critically studied with respect 
to the morphology of the constituent chromosomes 
because their lower frequency restricted the avail- 
ability of suitably-stained preparations for analysis. 
The available evidence suggests the presence of as 
many  as three chromosomes common to all tile three 
parental  genomes and an additional three chromoso- 
mal types common to two of the genomes. 

Thus, the frequency of quadrivalent  association 
(as high as nine at metaphase I), together with the 

occurrence of six chromosomal types in duplicate, 
suggests a closer homology between two of the three 
parental  genomes. The ttfird genome nevertheless 
shows some homology to the other two as is borne 
out by the occurrence of the three distinct hexa- 
valent types. These results do not support  the ge- 
nerally held theory of an allohexaploid origin for 
sweet potato (Gustafsson and Gadd, 1965) while the 
recognition of as many  as t9 chromosomal types also 
rules out an autopolyploid origin from a single diploid 
progenitor. However, the available evidence can 
be interpreted as indicating the presence of three ge- 
nomes of closely related taxa  with marked chromoso- 
lnal homology. The possible progenitors of sweet po- 
tato must be sought among the various diploid and 
tetraploid American species of Ipomoea, so pachytene 
analysis of these species would be very useful. In the 
hexaploid wild species, I .  tri/ida, which is considered 
to be closely allied to sweet potato on morphological, 
cytological and genetical grounds, (Nishiyama, 196t; 
Nishiyama and Teramura,  1962) pachytene analysis 
would be worthwhile. 

The present investigation confirmed the earlier ob- 
servations of Jones (1965) and Ting and Kehr (1953) 
on tile meiosis of sweet potato in that  quadrivalent  
chromosomal association occurred. However, a higher 
frequency and number  of quadrivalents were found 
than were reported by  these workers. 

As well as quadrivalent association, higher multi- 
valent configurations including both hexavalents and 
pentavalents  were also recognized for the first t ime 
at both pachytene and metaphase I stages. The ap- 
parent  contradiction in the meiotic behaviour of sweet 
potato in the present and previous investigations 
may  be par t ly  due to the limitations imposed by the 
highly condensed chronmsomes at diakinesis and 
metaphase I stages. Tile higher chromosome nun> 
ber of this taxon also contributes to this difficulty. 

Ting, Kehr and Miller (1957) reported the secon- 
dary association of bivalents at MI in sweet potato 
and this has been considered as "possibly suggesting 
a general affinity of corresponding chromosome 
pairs" (Gustafsson and Gadd, 1965). In the present 
investigation, however, secondary association of chro- 
mosomes was not discernible even at the earlier pro- 
phase stages. Furthermore,  interpreting the origin 
of polyploids, especially the so-called secondary poly- 
ploids, on this basis has been disputed because of the 
unequivocal nature of the conclusions drawn from 
these observations. There are differences of opinion 
on the real significance of secondary pairing of chro- 
mosomes. Factors other than ancestral homology 
have been implicated as being responsible for this 
phenomenon (see for review, Magoon, Cooper and 
Hougas, 1958 and Magoon and Ramanujam,  1960). 
From the available evidence, Stebbins (1950), Ma- 
goon, Ramanujam and Cooper (1962), and Swami- 
nathan and Magoon (t961) have concluded that ,  
although secondary association can be considered to 
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be a real  phenomenon  and  one which in cer ta in  cases 
suggests  the  po lyp lo id  na tu r e  of a species or genus,  i t  
is l iable to be cons ide rab ly  modi f ied  b y  segmen ta l  
in terchange ,  dup l i ca t ion  of ch romosome  segments  
and  o ther  phenomena  no t - a t - a l l  r e la ted  to po lyp lo idy .  
I t  is therefore  not  a re l iable  index  of the  exac t  basic  
mlmber  possessed b y  the or iginal  ances tors  of a group.  
I t  would appea r  t h a t  a cau t ious  app roach  is necessary  
in using this  evidence e i ther  to  der ive  the  basic  chro- 
mosome n u m b e r  of the  genus or to  show res idual  affi- 
n i t y  be tween  chromosomes  which are phy logene t i ea l ly  
or ances t ra l ly  re la ted .  

A m o n g  the  var ious  ch romosomal  t ypes  recognized  
at  pachy t ene  in the  presen t  inves t iga t ion ,  the  telo-  
chromomer ic  chromosome s t ands  out  b y  v i r tue  of i ts  
d i s t inc t  m o r p h o l o g y  and  f requent  associa t ion  wi th  
pr inc ipa l  or accessory  nucleoli .  The  t e lochromomeres  
are borne in one of the  arms and  when presen t  in the  
acrocent r ic  chromosome are loca ted  in the  shor t  arm.  
Among  the  five t e loehromomer ic  chromosomes  iden t i -  
fied so far, th ree  are acrocent r ic  and  are morpholog i -  
ca l ly  s imilar .  The r ema in ing  two are me tacen t r i c  
and  are d i s t inc t  wi th  reference to the  ch romomere  
p a t t e r n  of the  t e loch romomere - l ack ing  a rm only.  
Thus,  the  five t e lochromomer ic  chromosomes  could be 
b r o a d l y  d iv ided  in to  two groups  based  on cen t romere  
posi t ion.  The presence of bo th  ch romosomal  types  in 
the  d iploid  p rogen i to I s  of sweet  p o t a t o  could be 
pos tu la ted ,  in the  l ight  of our knowledge  on the  pachy -  
tene k a r y o l o g y  of an Amer ican  d ip lo id  species, 
I .  crassicaulis (Kr ishnan ,  Magoon and V i j a y a  Bai ,  
1969). In  this  species also, the  two nucleolar  chromo-  
somes bear  t e rmina l  organizers  in one of the  arms 
comparab l e  in size to the  t e lochromomeres  and  the  
chromosomes  are d i s t ingu i shab le  b y  the i r  r e l a t ive  
!.ength. 

The  p a c h y t e n e  analys is  has  also t h rown  l ight  on the  
ch romosomal  d i f fe ren t ia t ion  t h a t  has  occurred  and  
been p rese rved  in the  sweet po ta to ,  which is known 
to have  been in cu l t iva t ion  for over  5000 years  (see 
Gus ta fsson  and  Gadd ,  1965). Two ins tances  of aber -  
r an t  pa i r ing  were noted ,  in one case invo lv ing  a s imple  
t r ans loca t ion  of the  t e r m i n a l  segment  in one a rm 
and  i ts  subsequent  reunion  wi th  the  o ther  arm,  and in 
the  o ther  case, an in t e r s t i t i a l  invers ion.  Because  such 
spon taneous  ch romosomal  abe r r a t i ons  are easi ly  pre- 
served  in the  v e g e t a t i v e l y  p r o p a g a t e d  species, t h e y  
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could con t r i bu t e  to fu r the r  chromosomal  d i f ferent ia -  
t ion  of the  var ious  eul t ivars .  
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