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Chromosomal banding pattcrns in Akodoll arl'icu/oides 
(2n=14), Akodoll sr, (2n=24 and 25), and two male hybrids 

with 19 chromosomcs 

Y. YONENAGA.' S. KASAHARA,' EJ.C. ALMeIDA,' and A.L. PERACCHI' -
IDcpa rtment of Diology, lnstituto de Biociências, Universidade de São Paulo. Silo 

Paulo, 2nd !Univcrsidade Rural Federal do Rio de Janeiro, Rio de JanC'iro 

Abslrnct 
Chromosomal pOlymorphism rcsulting f TOm two pc;ricentric inversions in Akodoll 

arviculoides (2n = 14) has beco dcscribcd (YONE",AGA, ]9720). In thi s paper lhe 
banding pattérns are prcscnted and idcntification Df lhe inverted sesments of the 
nutosomal pairs 2 í'I~d 3 is made. The karyotypc of Akodoll sp., which varies in 
diploid numbcr (2n = 24 and 25) , is desc ribcd and shown to be duc to lhe presence 
of a small submetacentric chromosome in the 2n '""-" 25 individuaI s. The karyotypes 
of two 2n=J9 males studicd show Ihat they are hybrids betwecn Akodoll an'iculoides 
(2n ~ 14) and 'A korlo" sr .. (2n ~ 24). 

Cytogenetic studies of the South American Akodol1 rodcnts were 
reportcd by BIANCIi I et a!. (1971). Constitutive hcterochromatin, G-bands, 
and Robcrtsonian rearrangement s in the chromosome of A kodoJJ 1110linae 

were studied by BIANCIlI et a!. (1973) in a population with a varying 
diploid number (2n = 42, 43, and 44) due to polymorphism of chromo
some 1. This variation was considercd to result from a combination af 
Robertsonian and non-Robertsonian chromosomal rearrangcments. 

YONENAGA (1972a) has described chromosomal polymorphism in 
Akodofl ardcu/oides (2n=14) . Mitotic chromosome measurcrncnts as 
well as meiotic observations supportcd the hypothesis af pericentric 
inversions in 1wo different autosomes. A karyotype ofAkodon ardcuJoides 
cursor wilh 2n ~ 24 has been describeG by CESTAR' and hlADA (1 968) as 

Supporled by grants from lhe Fundação de Amp3ro a Pesquisa do Estado de 
São Paulo (FAPESP) , Conselho Nacional de Pesquisas (CNPq), and Program3 
Inlegr<ldo de Genétic:l (PIG). 

Ueqllcsl reprims from : Df. y ,HIYO YO~ENAG_"' , DCp:1rlmCnl of Bio logy, Unívcrsity 
of Siio Paulo, C.P. 11.461, CEP 0542], S:'Io Paulo (llraz.i l). 
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including a metacentric X chroOlosome. However, it is clear now that 
thi, was duc to misidcntificalion and that the X chromosome is a<lually 
an acroccntric. Thc same karyolypc was described as A kodon sp. by 
YONENAGA (1972b), bul in Ihis case chromosomal variatioo due to the 
prcsence of a supcrnumcrary chromoso:nc was recordcd. A kodon arvicu
loides (2n = 14) and A kodoll sp' . (2n = 24 aod 25) have beco morpholog
ically indislinguishable IIp to OOW, aod a laxooomic revision of their 
status is called for. 

YONENAGA et aI. (1976) have re"iewed lhe cytogenetic data avaiable for 
Brazilian rodenls, inclllding a summary of the types of ehromosomal varia
tion found , e.g., pericentric inversions, centric fusion, supernumerary 
chromosomes, autosomal heteromorphism, eliminalion of the Y chromo
some, and interspecific hybridization. 

The present paper presents further information on the chromosomes 
of the two species of A kodoll and describes cytogenctically two mal e 
hybrids belwcen them. 

Materiais and metllOds 

Our material included a sample of 17 specimens (11 males and 6 females) af 
Akodofl (lrvicul(}ides (2n = 14) collected in the states of São Paulo and Rio de Janeiro~ 
8 spccimcns of AkodvlI sp., induding 3 males and 2 females with 2n =-:; 24 and 2 males 
and 1 femal e wilh 2n=25 from São Paulo; and two maJe hybrids [rom lhe above 
species obtained in a laboratory cross. 

For chromosome studies air·dricd prcparations of bone marrow and testes werc 
processed according to melhods previously descrihed (YONENAGA, 1972a). G·bands 
were oblained by ' means of trypsin trentmept (SEABRIGHT, 1972) and the ASG tech~ 
nique (EVANS et aI., 1971); lhe fluorescence banding was performed according to 
CASPERSSON et aI. (1970) with modifications. 

Results' 

Chrol11osome complemellls in Akodon arviculoides (2n=14) 
lo the present sample it was possible to identify the inverted segOlents 

through banding techniques. In a lotaI of 17 specimens we found two 
females and one malc with an acrocentric pair 2 and a metaccntric pair 3, 
one female and thrcc males with acrocentric pairs 2 and 3, two males and 
two females heterozygous for pair 3 with an acrocentric pair ~, one male 
heterozygolls for pair 2 with an acrocentric pair 3, one female and three 
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Fig. 1. Karyotypes af Akodotl arviculoides (2n = 14). a. Q-banding af a" male hetero
zygous for pairs 2 and 3. b. Thc samc karyotype with conventional Giemsa stain. 

c. G-banding of a mate hctcrozygous for pair 3 wilh a submetacenlric pair 2. 

males heterozygous for pairs 2 and 3, and, fin ally, one male heterozygous 
for pai r 3 with a submetaeentrie pair 2. Among 17 speeimens studied, 10 
were heterozygous for at least one pericentric inversion. 

Figures la and b show the f1uorescence banding paltem and karyo
type of an A kodon arvicu/oides mal e heterozygous for pairs 2 and 3. 
Homology of the bands can be perceived in pair 2 and eveo more c1early 
in pair 3. The G·bands obtained by meaos of ASG and trypsin show good 
agreemen!. The G-band pattems in A kodon arvim/oides, with its low 
diploid number (14), is vcry characteristie, espoeially in pair 1, whieh 
amounts to 37 % of the haploid set (YONENAG'\, 1972a). G-baods present 
more subdivisions than Q-bands. Figure lc shows the G-bJods of a spee
imeo heterozygous for pair 3 with a submetacentric pair 2. 

Chromosome comp/emellts ill Akndoo sp. (211 = 24 and 25) 
Two males aod one female of Akodoll sp. preseot 2n = 25 and three 



YONENAGA et al. Chromosomes of Akodofl 391 

! I XI }. I XX AI 
1 2 3 4 5 

•• • " I Jc -. .-
6 7 B 9 10 

A 
.- •• [2i] • • 

11 12 X X X Y 
a 

,. , 
'1 i 0---! ' ,. 

19- I ' ! -) r · ~ .. ---- l./ · ~o '. o. c.. 

í ~ . t . . . .. r; T/ i"(i\ 

! 

• 1 ) 
.; 

b " 1~ ", ~. " ' • ..c • 
~ ... , . ' 

Fig, 2. {I. K:tryotypc of Akodoll sp. íCIlJalc (2n = 25) showing one supernumcrary 
chrOmOSOnlf indicated b}' an arrow.lnsct: sex chromosomes ofthe male. b. Q-banding 
of 4kodoll sp. maJe (2n = 25). Thc supernumerary chromosome is indicated by an 

arrow. 

males and two females showed 2n = 24. Figure 2a presents the chromo
some complement af the species arranged in order of decreasing size, 
except for the small odd submetacentric chromosome. Some of the auto
somes ap~ n01 identifiable morphologically. 

The f1uorescence banding panerns of a male Akodol1 sp. (2n = 25) is 
presented in figo 2b. The O-bands allow identification of eaeh ehromo
some. 

Meiotic analysis disclosed 12 bivalenls aI diplolenc for lhe 2n = 24 
males and 12 bivalents (including lhe sex-chromosoI1lc pair) and onc 

• 
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Fig. 3. a- do Meiosis af Akodoll sp. (2n=25): (li) pachytcne showing 11 autosomal 
bivalents, the sex-chromosornc pair, and lhe univalcnt indicated by arrow; (b) diplo
(coe with lhe univalcnt indicated by an arrow; (c) metaphase 11 witll 12 chromo
somes; (ti ) mctaphase 11 with 13 chromosomcs, lhe supcrnumcrar)' indicatcd by an 
arrow. (',j. Meiosis af Akodoll sp. (2n = 24): (e) diplotcnc showing 12 bivalcnts 
including the sex-chromosomc pai r; (/) mctaphase II with 12 chromosomcs, incJuding 

the Y chromosome. 

univalent (corresponding to the odd submetacentric) for tho 2n~25 males 
(fig. 3). These last specimens prcsented at melaphase II 12 and 13 dyads. 
Sex determination is XX:XY, and the odd chromosome does not partic
ipate in the sex-chromosome bivaicnt; it forms an univalent. Since this 
chromosome is prescnt iJl both sexcs and cao bc absent in some individuais 
apparently without arfecting viability, it is adequatc to describe it as a 
supcrnumerary chromosome. 
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Fig. 4. Mcla!Jhase of lhe male hybrid betwccn A kodoll (frl'kllloides (2n = 14) and 
AJ.:odoll sp. (2n= 24) shmving 19 chromosomcs. 

Fig. 5. G~bandjng cf lhe hybrid with 19 chromosomes: (A) the haploid seI cf Akodofl 
DniCl/loid('s (2n = 14) and (B) the haploid sei of Akodoll sp. (2n = 24). 

Clzromosome complements in lhe hybrids 
In two male speeimells of a same litter initiall)' c1assilied as Akodoll 

arviculoides, \\'e loun'd 2n ~ J 9 in 80 metaphases (fig. 4). The Q, ASG, 
and trypsin band patterns showed many unpairable chromosomes. Even 
chromosomes with similar morphology showed no homologous bands 
(fig. 5, bul compare lig. 6). Careful comparisoll 01 the banrls sho,,"ed thOl 
lhese J 9 chromosome speeimclls are hybrids exhibiting lhe complete 
Itaploid sets of both parental speeies, A kodoll arl'icdoides (21l ~ 14), wilh 
autosome pairs 2 and 3 acroeentric, and Akodoll sp. (2n~24). It \Vas 
possible to determine the origin of ali chromosomes, with the exceplion 01 
the minutc metacentric pair and the sex-chromosome pair, whicb are 
identical in bOlh species. 

Differentiation belween the 1wo spccies resulted !rom thorough rear
rangement without noticeable gain or los5 in the amount of the genetic 
malcrial. lndeed, in a samplc of lO melaphases from the hybrid, the total 
lenglh of the autosomes did nol differ in the lwo haploid sets (toble 1; 
I ~ 0.7; P ~ 0.5). 

The testicular hislology of one hybrid showed some seminif.erous 
tubules lined onl)' by Sertoli cells and slriking vacuolalion and other 
tubulcs \Vith spcrmatocytes but no spcrmatids or sperm3:tozoa (fig. 7). A 
sc:clion of the cpididymis did not show spermatozoa. 
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Fig. 6. Partial karyolypcs of four mctaphascs af the hybrid comparing the G-bands 

af fcur chromosomes from the tWQ haploid scts (A and B). 

Air-dried preparations of the testis showed some meiotie aetivity. Many 
primary spermatocytes in leptotene and paeh ytene stages \Vere seen (fig. 8). 
At pachytene some ehromosome threads seemed to be paired. but others 
were in an univalent conditioJ1. No sex vesicle was present. Stages corre
sponding to diplotene Of. diakinesis \Vere absent. There were cells with 
19 extrerr.ely condensed figures . It \Vas not possible to decide if they were 
spermatogonial cells with contracted chromosomes or some abnormal 

. phase of meiosis I with 19 univalents. On the other hand, typical sperma
togonial metaphases with 19 morphologically identifiablc chromosomes 
were also presen!. Furthermore, there \Vere many polyploid cells in whieh 
the ehromosomes \Vere extremely condensed. Some ofthem presented 

, 
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Tobfe I. Ahsolutc Icnglh (in millimetcrs on lhe photC'lgraphs) of lhe haploid aulo
somal seIs, confrihut cd hy Akodoll fln'icll/o ic!rJ anti AkoJ{1fI sr., in th.c samc meta

phases of 10 cclls of lhe hybrid. 

Ccll 

2 

3 
4 
5 
6 
7 
8 
9 

10 

Mean 

A . on'icu/oides sei 
(6 aUlosomes) 

11.2 
11.3 
10.8 
10.8 
10.6 
8.3 
9.2 

11.7 
10.6 
10.9 

10.54 

A. sp. seI Difference 
(J 1 autosomcs) 

11.8 + 0.6 
11.6 +0.3 
10.9 + 0.1 
10.3 -0.5 
11.3 +0.7 
8.2 -0.1 
9.3 +0.1 

11.6 -0.1 
10.1 -0.5 
11.2 + 0.3 

10.63 + 0.9 

pairing of some elements, and others showed pronouneed degeneration 
(fig. 9). 

DisCllSSiofl 

Rodents seems to go through a phase of " karyotypie explosion." Mar.y 
instances of chromosomal po lymorphism havf" hecn disclosed in Brazilian 
rodents (YONENAGA et aI. , 1976). The most illustrative examples of peri
ccntric inversions were found in A kodol1 arvicu/oides (20 = 14). To 
explain the great frequene)' of hete roz)'gotes lor sueh inversions in the 
popul ation, we suggested that it eould be related to a meehanism of eyto
genetie contraI of the litter number, whieh would be adaptive in relatively 
adverse eeologieal eond itions (YONENAGA et aI. , 1976). A similar h)'po
thesis \Vas proposed by V ORONTSOV (1973) to explain the meehanism of 
sex derermin ation in lhe rodent Ellobilis [utescellsJ with 2n = 17 in bOlh 
sexes. 

The chromosomal polymorphism in Akodr." sp. (211 = 24 and 25) is 
due Co the prcsence a f a submetace nt ric supernumerary chromosame. lts 
t'haracterislics are in accordance wilh thOSé considcred as typi cal for 

I 

f 
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Fig. 7. Testicular hi slology in lhe hybrid. u. Some scminifcrous tubulcs show sl riking 
vacuolation, while othcrs show typical slages of spcrmalogencsis bul a lack of 

sper;"l1atozoa. b. Spermatogcncsis secn with highcr magnification. 

Fig. 8. Pachytene cells from lhe hybrid. 

supernumerarics in general: smalJ size, variation in number within índi
viduals, reduced mechanical slabi lily (JOllN and LEWI S, 1968). Super
numerary chromosomes were described in lhe rodents Reilhrodolttomys 
megalotis (SlIEl.l.lIAMMI'R, 1969), Ral/lII rafllls (GROPP el aI., 1970; RAMAN 

and SHARMA, 1974), RaflllS rallus diardii (YONG and DIIALlWAL, 1972), 
Ral/us ral/lIs brl/lIeuscullls (PATHAK, 1971), and Perognal!Jus baile}'i 

(PATroN,1972). 
The role af supcrnumerary chrom osorncs is not c1ear. Thcy c0uld 

influence chiasma frequcncy (JOIIN and HI.WIlT. 1966), act as centromere 
donators in processes of ccntric fi ssion, or rcprescnt a result or repeated 
duplicalions of a small heterochromatin aUlosomal segmenl (WHITE, 
1973). Some aspccts of their influ ence on ferlilily and vigor, ecological 
adaptation, chiasma frequency, and chromosorne pairing \Vere discussed 
by MUNTZING (1974). 
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Fig. 9. Mciosis of the hybrid: (o, b) sperm:ltogonial metaohases; (c, d) polyploid 
cells; (c, f) abnormal ceJls. 

YONENAGA ot aI. (1976) advanecd the hypothes;s that supernu mera r)' 
chromosomes could have an evolutionary significan..::c similar 10 lhat of 
duplieation, (OIlNO, 1970). J[ they ~re homologoli', to paris of regular 
chromosorncs and wcll toJerated, lhe)' would providc the individuaIs 
bearing them with partia! trisomy (ar te trasomy, in lhe case af a pai r af 
supernumcrary ehromosomes) invol ving loei for \\ hi ch m eehanisms of 
dose rcgulalion havc becn established. Such a situation would give the 
spccics lhe opportunity for rapid evolution thrOU&:l "exploratory" poinl 
mutations in the redundant loei , ",hieh might lead 'c o ne",l)' differentiated 

3d;lpti\'c loe i 3nd the tendcncy for lhe supcrnumerar)' chromosome to be 
rClaincd :J~ a nc", pair of regular chromosomcs. 

Thc hyhrids indicJIC a close afinity bctween lhe t\, ·o species of Akodoll, 
which c.?xplains wily lhe)' are so similar taxonomically. The grcat differcnce 
bc.?twc.?~n thcir karyotypcs contrasts with their phenotyp.ic similitude and 
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iIIustrate dramatically the explosive natllre of karyotypie cvolution in this 
rodent group. 

The coexiste~cc in cells Df these hybrids of the two haploid sets of 
the parent speeies provided an ideal opportllnity for eomparing their total 
haploid chrom c;some length as well as their chromosomo bal1dil1g patterns. 
The total autosome length proved to be almost exaetly the same (table I) 
in th e two lwploid sets. The banding patterns, 011 t1.e other hand, are 
differcnt in lhe two sets, but tcntalivc corrcspondcncc can be set for some 
ehromosomes. Thcre is good homology between the G-banc1 patterns of 
the following (fig. 6): (I) short arms of ehromosome IA and the IB with 
a perieentric inve rsion, (2) chromosome 3A and the 2B with a pcricelltric 
inversion , and (3) chromosome 5A and the 4B with a pericentric invcr· 
sion ; in additiol1 . chromosomes 6A and li B are idcntical. 11 is illtcre'ting 
to recall that oce of lhe polymorphisms (fig. 1) fOllnd in Akotloll arv/· 
cu/oides (211 = 14) refers lo a pericentric inversion identical with the ono 
in chromosolllcs 3A and 2B of the hybrid. It is difficult to cstablísh any 
olher direct cOfl:l.!spondence in th!.! remaining chromosomcs, althvugh thê 

overalllengths c f the lWO gcnomes are equal. 
The presel1t malerial is peculiar in Ihal karyotypíc evolution resulted 

from transloçations and inversions rather than Robertsoniafl cvcnts ot 
dupli eatiol1s and deletions. The cylogenetic anal ys is suggests Ihat lhe 
hybrid is sterile. The germ cells fail to lorm gametes either beca use 
pachytene spermalOeytes degenerate or beeause synapsis does nol occiJr. 
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