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ABSTRA T

A cytological and cytogenetical study on the multimommate mouse,

Praomys (Mastamys) natalensis from various parts of southern Africa was

carried out in order to establish the chromosome pattern in wild populations.

Bone marrow susp from specil p ] with colchicine were

used to obtain mitotic metaphase plates. Chromosomes were counted in the
plates and karyetypes were constructed from photomicrographs of clear
plates. Meiotic metaphase was studied in testicular suspensions from the male
specimens.

Maostomys from the south {eastern Cane Province) and the central
interior (Lesotho, aorthern Orange Free State, northern Cape Province
and southern Transvaal ) were found fo have 2n = 36 chromosomes, Only
the group from the northern Cape Province had a siightly different karyotype
from the rest due to a pericentric inversion affecting one poir of autosomes.

Mastomys from the more northerly areas (South West Africa,
Rhodesia, northern and eastern Transvaal ) were found to have 2n = 32
chromosomes, The specimens from Rhodesia hod a slightly different karyotype
from the other 2n = 32 chromosome groups probably due to a pericentric
inversion affecting one pair of autosomes. Mastomys with 2n = 32
chromosomes have previously only been known as far south as Congo-
Brazzaville in central Africa,

From comparisons of the karyotypes in the two groups within southemn

Africa it appaars that centric fusion between two non-homologous acracentric

sl Such +

was for in number by one pair.
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The second reduction was possibly due to the translocation of the long am

of an i onte a suk ie The Y

chromosome in the 2n = 36 ch group is ic, while in
the 2n = 32 chromosome group it is acrocentric. This change in the pesition
of the centromere was probably due to a pericentric inversion converfing

the e Y into on ic Y.

Examination of the XY bivalent in meiotic metaphase plates
showed part side by side associatiz in some plates and terminal association

In others, From this observation it appears to the author that there was a

focation of a pair of homol onto the X and Y chromosomes
in an ancestor common o both groups.

Behaviourai differences were noted between the fwo chromosomally
polymorphic groups. The 2n = 32 chromosome group was much more
aggressive thon the 2n = 36 chromosome group.

Laboratory hybridization between the two groups wos achieved. The
hybrids obtained were sterile and hod a chromosome count of 2n = 34 made
up of o haploid set of chromosomes confributed by each parent. Possible
causes of sterility were investigated.

Testes in male hybrids were smaller than those of normal breeding
males. Histological sections of the hybrid testes showed o reductio o the
size of the tubules and within the tubules there was a lack of spermatezea,

ids, secondary s and post-pachy stages of primary

spematocytes, In the female hybrid the ovaries were slightly Jarger than

those in nomal breeding Mastomys females, while the uteri were almost

double the waight of those in breeding speci No oocytes ded




by foliicle cells were seen in histological sections of the female hybrid
ovaries.

This <t | hi idered together with the

F P!

production of sterile hybrids suggests very strongly that there are two
separcte species of Mastomys in southern Africa. The cytogenetic findings
in these Mastomys are discussed in relation to Mastomys in other parts

of Africa.
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CHAPTER 1

INTRODUCTION

The species is the basic unit of biological cla:sification and as such s of
great importance in mony branches of natural science. Mayr {1963)

defined a species as @ group of actually or potentially interbreeding

natural ¢ which are

¥ ively isolated from other such
groups. The formation of new species is one of the most important events in
evolution and mony biologists and biochemists study systems and compounds
which are species specific. In the fields of medical entomology,
parasitology and zosnotic diseases the ability to identify accurately hasts

and vectors has greatly i { the und: ling and control of §

communicable to man.

However ists are finding it § ingly difficult to rely only

on marphological characteristics for the classification of animals af the
species level, They are having to depend more and more on other disciplines

to confirm or reject their assumptions: Evol the slow pracess it is

adds to the confusion s many populations may aly p { part of
the way in the process of spacies formation. Then there are those populations
which have achieved repraductive isolation from morphologically similar
ropulations. These are known s sibling species and can only be recognised by

methods other than appearance.

for

Since the P of reliable

aumbers in animals, cytogensticists have been able to be of some assistance




in this classification problem. This was demonstrated in the sitvation which

arese in Iranian Kurdisten. Plague investigations were | d until it

il

wis | by cy

that there were four saparate
species of the gerbil Meriones in the arec ond ot two as previously thought.
It was then estoblished that there were two susceptible and two resistant

species involved in the plague cycle (Baltazard, 1963).

The multi mouse is a rodent of the family
Muridae and is one of those species which on cytological evidence has been
shown not to be the simple uniform group it appeared to be on morphological
chatacters. According to Ellerman, Morrison-Scott and Hayman {1953)
its range extends from a southern limit in the eastern Cape Province
throughout Africa south of the Sahase > to @ northern fimit in Merocco in
the for north west. Because of its semi-damestie nafure it has been suggested
tiat this distribution is dependent on having followed early human populction
movemenis (Davis, 1962).

The nomenclature of the multimammate mouse hos received considerable

aitention. It was known as Mastomys coucha until Roberis (1944) pointed

out that this name had been used for a meuse which in an earfier description

had been called Mastomys natalensis, The genus Mastomys was relegated fo

a subgenus of Rattus (Ellerman, 1941, Ellerman, Mortison-Scott and Hayman,
1953) and for a considerable period of time the multimammdte mouse was
Rattus (Mastomys) natdlensis. Though Mastomys was given generic status
again by various authors (Lundholm, 1955, Setzer, 1956), Davisin 1962
used Praomys os the generic nome for the South African species of natalensis.

The current valid name 15 Praomys (Mastomys) natalensis as used Tl the




provisional key of Davis {1965), who used the alveolar root pattern as the
basis for his classification, and in the Smithsonian Institution preliminary
identification Manual for African Mammals (Misonne, 1968).

As it Is @ multimammate mouse it has large litters of anything from
twelve to twenty (Roberts, 1951). it ic well developed as o laboratory
animal and because ¥ such @ productive species is widely used as an
experimental animal, particularly in the fields of plague, bilharziasis and
cancer {Davis ond Oettle, 1958, Davis, 1963). It has thus come fo the
attention of cytologists.

The Praomys {Mastemys) natalensis occurring in South Africo were
investigated by Matthey (1954}, who found them to have 36 chromosomes
or 18 paies. This finding was confirmed by Huang and Strong in 1962
using mice from the same source as those used by Matthey In 1954, nomely
a colony of faboratory bred mice housed af the South African Institute for
Medical Research in Johannesburg, This calony was bred from mice originally
caught ab Boragwanath, sixteen kilometres south west of Johannesburg,
1t is possible that despite precautions, some interbreeding of these mice with
an old stock from the Transkei and the Rooiwal area of the Orange Free State
did toke place (Davis and Oottld, 1958).

Matthey (1955) also excmined some Praomys {Mastomys) natatensls
from Oubanghi in the Central African Republic and found these to have
32 chromasomes or 16 palrs, two pairs less then the South African Mustomys.
Matthey (1955} thought this reduction in chromosome numbet could partly be
the result of simple Rebertsonian fusion batween two pairs of chromosomes,

but techniques in use then were not sufficient to give cledr karyotypes, so




this was not substantiated, Because of the variation between the chromosomes
of these mice from the Central African Republic and thase from South Africa,
Matthey suggested these forms be considered as separate species. Breeding
experiments conducted between mice of these fwo chromosome groups at the
Medicel Ecology Centre, Johannesburg produced hybrids with 34
chromesomes (Dicksen, 1967).

Another investigation by Matthey in );958 of the chremosomes of
Mastomys natalensis erythroleucus from the fvary Corst showed these mice
10 have a complement of 40 chromasomes. This led him to agree with o
clossification by Petter (1957) that 'erythroleucus' wos a ' good ' species
and not a subspecies of natalensis.

Pracmys (Mastomys) natalensis from Fort Lamy in Chad also have
32 chromosomes (Matthey, 1966b). Using the recommended technigue of

Ichicine injection into specimens before chromosome analysis (Ford and

Hamertan, 19560), Matthey {1966 a) again looked at the chromosomes of
Praomys {Mostomys ) natalensis from the Ivory Coast, the Central African
Republic, South Africa and in addision some from Congo-Brazzaville.

The previous cbservations were confimed except that Praomys {Mastomys)
erythroleucus was found to have 38 chromosomes und not 40 as previously
described. Those from the Congo~Brazzaville had 32 chromosomes. He
was also able to confim that centric fusions have played an Importent port
in Praomys (Mastomys) evolulion. Matthey (19660) re-affirmed that the
species Praomys (Mastomys) natalonsis therefore brings together under the

same denomination several forms which have such different chromosome

—




complements that they would no longer be able to interbreed and should be
considered os separate species. Two of these forms are sympatric in West

Africa, the one with 32 and the other with 38 chromosomes. Those with

38 appear to be Praomys (Mastomys) er . which is a
true species and not o form of natalensis. {n South Africa only a form with
a diploid number of 36 has been found. How far south the 32 chromesome
species extends and how far north the 36 chromosome form extends has yet

to be determined.

However the Praomys {Mstomys ) natalensis in South Africa f

have not been very # hly Tnv The ot of a number

of specimens all originating from the same area near Johannesburg, have
been counted {Maithey, 1954, 1966a, Huang and Strong, 1962), but
ihis animal is widely distributed in southern Africa. It was therefore felt

that a ¢y N igation of the multi mice ocevrring in

southem Africa wos necessary. Southern Aftica in this investigation is
defined as that part of Africa south of the Cunene and Zambesi Rivers.
Flgure 1 Is a map of this area showing the recorded distribution of
Pracmys {Mastomys) natalensis compiled by the Medical Ecology Centre,

Jdohannesburg and includes records up until 1973,




CHAPTER 2

MATERIALS AND METHODS

2.1 Materiols

M timemmate mice are classified as follows:

Ord:- Rodentia
Sub=Or e f Myomorpha
Family : Muridae
Sub~Family ¢ Murinae
Genus i Pracmys
Sub-Genus Mastomys
Species 1 natalensis
2.1.1 Localities investigated

Anfmals of the species, Praomys {Mastomys) natalensis, were

obtained fram as many different parts of southern Africa ds possible. The

mice were caught by hand in many instances, or otherwise in baited traps,

the most common of these baing the Sherman trap, The Technicol Field

Staff of the State Department of Health kindly provided many of the animals

and others were obtainad through personal contacts. From these sources mice

were obtained from nine areas within southern Africa s follows:

(i} the Port Elizabeth area of the eastern Cape Province

(it} Vryburg and Kusruman in tha northern Cape Province

(i} Kroonstad and Heilbron in the northern Orange Free State

(iv)  Benoni and Johannesburg areas of the southern Transvaal

!
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) Laapmuiden area of the eastern Transvoal

(v)  Tzaneen ared of the northern Transvaal

(vil)  Windhoek,; South West Africa

(viti) Salisbury, Rhodesia

(ix)  Roma, Lesotho

The number and sex of the mice from each of the areas ore given

in Table 1.

Toble 1. Number and sex of animals from each area investigoted,

Area Males Females Total
Eastern Cape Province & 3 9
Northern Cepe Province 1 3 4
Nerthern Qraage Free State 3 2 5
Southern Transvaal 1 3 4
Eastern Transvaal 7 7 14
Northern Transvaal 3 3 6
South West Aliica 3 2 5
Rhodesia 3 é 9
‘Lesotho 2 1 3

Total 29 30 59

The mice were identified as Praomys (Mastomys) natalensis by
staff of the Medical Ecology Centre, Johannesburg. MNote was token of

the number of mammae in the females as Praomys (Mastanys) shortridgei,

found in the Okavango ared of South Wast Africe, hos only 10 memmae

whereas Praomys {Mastomys) natalensis has 12 or more.

H
§
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2.1.2 Mappin, 9
The collecting sites were plotted on o 1 ¢ 5000000 scale map
using the quarter-degree square method of mapping (Davis, 1948).
The map is printed In black and hos @ superimposed blue grid divided into
quarter-degree squares. This is the same scale mop as used by the
Medical Ecology Centre for plotting the general distribution of Praomys
(Mostomys ) natatensis in Chapter T (Figure 1). The quarter-degree square
method of mapping *  olves the dividing of a latitude and longitude degree
square info four, d each of these four half-degree sguares is divided into
four again to give quarter-degree squares, The quarter-degree square is
referred to by o code, which is the latitude and lfongitude followed by the
half-degree square symbol and thereafter by the quarter-degree square
symbol. Figure 2 illusirates the quarter-degree square system of mapping
for Kuruman, the co-ordinates of which are 27° 27‘ South latitude and

23° 26I East longitude.

\

. |2%0E, , . 24°00'E
7% | 1 o 45

.

15

\

30

N o b a b

4 c

< d < d

28°00§

Fig. 2. Diagram illustrating the quarter-degree square system of mapping.
Kuruman is indicated by the code 2723 Ad which is the shaded square.
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2.2 Methods
2.2.1 Brief background to techniques in use for chromosome

study from bone marrow of small mammals
The Feulgen squash technique, originally devised for the study of
plant chromosomes Tn the 1930's, was the first in a series of developments

which led to the techniques now used for the study of mammalian chromosomes.

Early imp: in the squash

were firstly the use of acetic-
alechol fixation {Sachs, 1952} which meant that ane of the least hardening
fixatives was being used, and secondly water pretreatment of the chromosomes
{Makino and Nishimura, 1952). This pretreatment of the chromosomes with
a hypotonic solution was also advocated by Hughes (1952). He found that
treatment of dividing cells in chick tissue culture with hypotonic culture
medium caused the cells to swell, which improved chromosome dispersion
and also vesulted in stight shertening and spreading of the chromatids.
Hsu (1952} found the some offects using hypotonic culture medium on human
fibroblasts, Since then many different hypotonic agents huve been used,
but Ford {3973) suggested that in the absence of controlled trials any
reasonably physiological substance of the right tonicity used for a given time
would give satisfactory results.

For the examination of small mammal chromosomes Ford and Hemerton
{19560) recommended introperitoneal injection of colchicine about one hour prior
to their being killed. Colchicine and other spindle inhibiting agents have

soloaical tochn

long been used In plant cytologi | A |

jues to improve

Ford and Hamerton {1986a)used the techniques of calchicine injection and

hypetonic treatment in conjunction and found tham to complemsnt ane another.




The colchicine shortened the chromosomes and caused the sister chromatids
to diverge, while the hypotonic pretreatment expanded the celis, They
also advocated working with cell suspensions where possible o aflow even
penetration of fixative and other reagents.

Rothfels and Siminovitch {1958) then i duced a method of

obtaining well-spread metaphase plates without recourse to manual

jucshi but incorporating other recently developed techniq The

essential part of theis treatment was the complete air drying of films of

cells following fixation. The appearance of the chromosomes was not
distorted ang an even and complete flattening of dividing nuclei without
chromaosome scattering wos oblained. Crowding of cells on the slide had fo be
avoided,

2.2.2 Cytological techniques

The procedures used in this investigation are described below. These

combine the ded by Ford cud Homerton

{1956a)and the air drying method of obtaining metaphase plates described by
Rothfels ond Siminovitch (1958),

() The mice were injected inkraperitoneally with 0.5ce of a
0.05 percent solution of colchicine. This was the amount recommended by
Ford and Hamerton {1956a), adjusted for the waight of an average adult
Proomys (Mastomys ) natalensis, which was about 509, Younger mice were
given proportionally less colchicine. The mice were then left for 1% hours
minimum to 2 hours maximum before being socrificed. Leaving thu colchicine
in the mice for longer periods than this caused clumplng of the chromasomes

{Ford end Hametton, 1956a’.




(i) The mice were killed with ether, Immediately after death
the femora were rapidly dissected out, the epiphyses removed and the bone
marcow washed from the shofts with warm culture medium (M 150} using a
hypodermic syringe. As the time in hypotonic solution wos fairly critical,
Tt was better to use culture medium for the removal of the bone marrow and
not the hypatonic solution itself os used by Ford and Hamerton (1956a)
Aspiration of the boue marrow In and out of the syringe broke up the murrow

into a ion of cells. No

was necessary with the small

amount of bone marrow obtained from the femora. Whese the specimen was
fairly small, bone marrow was taken from the tibios as well. Bone marrow
was used as it had a high percentuge of young, actively dividing cells ond
thus the number of cells arrested at metaghase would form a fairly high

percentage of the tatal cells harvested.

(i) The suspension was then ferred to o 10¢c g
centrifuge tube and centrifuged or 800 r.p.m. for Sminutes. The
supernatant fluid was discarded by gently tilting the centrifuge tube and
pouring off the supernatant. Care was taken not to disturh the button of cells
at the base of the tube.

{iv)  The cells were suspended in 5.0cc of o hypotonic solution of
0.075M potassium chloride and left for 2 minutes. Potassium chloride was

first ded for use in b i by Hungeiford in 1965,

He found the effects of the potassium chicride to be much less extreme than
other hypotonic agents such a3 the sodium citrate used by Ford and Hamerton
(19569}, or Hanks balanced salt solution {Moorehecd et af, 1960).

The potassium chloride was thelr equivalent In the efficlency with which it




pred spindle
plates to become well separated from one another.

(v} The suspension was then centrifuged for 5 minutes, so that
the ceils ware in the hypotanic solution for o maximum of 7 minutes,
including spinning timo. Hungerford (1965) recommendad 10 minutes for
human leucocytes, but 7 minutes wos found to ba sufficient for  Mastomys
bone marrow cells. A longer time caused excess swelling of the cell.

This seemed to result in the cell breakage during slide preparation and the
chromosomes being scattered too far and wide fo be of any use in chromosome

i The suy was di ded in the manner described above,

(vi)  The ceils were then fixed with o 3 : 1 absolute methyi
alcohol : glacial acetic acid fixative, At the start this was done by adding
the fixative dropwise into the centrifuge tube, while the button of cells in
the bottom of the tube was being agituted. This dropwise addition of the
fixative ensured a fine sutpension of cells. Thereafter the fixative was
added more rapldly to the 5,0¢c mark of the cenkifuge fube. The cells
were loft in this fixative for 10 minutes.

(vii)  The cell suspension was centrifuged again at 800 r.p.m. for
5 minutes and the supernatant discarded.

{viii) Freshly made 3 : 1 absolute methyl alcohol : glacial acetic
acid fixalive was then added to the cells in the tube, and the button of cells
was broken up to disparse the cells in the fixative, Freshly made fixative
must be used because methy| acetate forms rapidly and this has been found to
interfere with good fixation. The cells wera teft in this fixctive for a mintmum

of 20 minutes 1o ensure thorough penetration of the fixative,



(ix)  After this long fixation the suspension was again
centrifuged ot 800 r.p.m., the supernatant poured off and a few drops of
fresh fixative added to the button of cells, enough to make a cloudy
suspension. This usually provided the right dilu‘ﬁcn to prepare the slides
although further dilution was necessary when the percentage of mitotic
activity in the cells wes high,

() Fresh fixotive wos allowed 1o run over elean slides tilted at
a slight angle. Immediately following this o few drops of the cell suspension
were added to the slide and dllowed to flow down the slide. The slide was

then waved quickly in the air to allow rapid drying of the celis and to ensure

preading of the ph h This methad of preparation provided

the best spreading of the chromosomes with the least demage to them and
proved 1o be a very simple and quick method fo use when numerous slides had
to be prepared.

{xi)  The slides were stained according fo Jucobsen's method, o
combination stain consisting of May Grunewald and Giemsa (Hsu, 1952).
Stock May Grunewald was made by dissolving 2.5¢ of the May Grunewald
powder in 1000cc methanol, This was heated slightly, stirred and then
filtered, Stock Giamsa was made by dissolving 1.0g of the Giemsa powder
in 6bce extra pure glycerine at 60°C, while stirring, When cool this wos
mixed with 60cc methanol and filtered.

The staining procedure was os followst
() Slides were fixed in methanol for 15 minutes.

{b} The slides wore removed from the methanal and alr dried.




(s} Whendry, the slides were rinsed in phosphate
buffer pH 6.7.

d) Slides were staihed in May Grunewald for 20.to 30 minutes
{stock solution wes diluted 1 : 10 with buffer pH 6.7).

(e} Slides were rinsed in buffer pH 6.7,

6] Slides were stained inGiemsa for 20 minutes (stock solution
was diluted 1 : 20 with buffer pH 6,7).

(9) The stides were rinsed in buffer pH 6.7, care being token
nof to remove too much of the stain.

{h)  The slides were air dried,

0] When completely dry the slides were mounted in D.P.X.
This staining procedure gave the greatest clarity to the chromosomes and
appeared to be more permanent than many other chromosome stains,

2,2.3 Karyotyping methods

The slides were scanned 0

under the mi pe using
a 10X eyepiece and 10X objective. Cleor metaphase plates with very few
ar no overlapping chramosomes were selected for counting af this 100X

magnification. The selected plates were then counted under 1 000X

magnification (ofl i fon) dless of their app: at this higher
magnification so that no personal bias was introduced, Thirty plates from each
mause were counted as this was thought to be a s;;fficienf number of cells to
detect any mosaicism within  specimen. [t was possible to count thirty plates
from all the specimens, except three from the eastern Transvaal. Six plates
ware counted in one of these specimens, but none could be counted in the
other two specimens, This was found to be due to contaminated aloohol vsed
in the fixative, Platas with very clear and no overlapping chromosomes were

photographed for karyotyping.

RS




Photographs of the metaphase plates were taken using @ Wild
Automat 35mm camera on a Reichert Bizet microscope with 100X oil

immersion objective and 10X pi On some fons a 6X

ol
was used. The film used was Kodok microfile which wos developed with
Kodak D76 for 10 minutes at ZOOC, washed, then fixed in May and Baker
Amfix for 2 minvtes. The photomicrographs were printed on Kodak 3 or 4

paper Using Kodak developer 163 in a 1 in 3 dilution.

Ch from the pk i phs were carefully cut out and
the karyotypes of the mice from the different geagraphical areas constructed.
The chromosomas were arranged in seemingly homologous pairs and grouped

according to size and the position of the centromeres, namely into

ie, ie and ic groups. As some of the

chromosomes had one pair of very short ams their placing in either the

it of e groups was erbitrary: The X and
Y chromosomes were grouped separately.
2.2.4 lnvestigations of meiotic activity

The cauda eptdidymidis was mocerated in noml saline and exomined
microscopically for the presence of spermla. Meiotic activity within the testes
was investigated by making cell suspensions of testicular material in Isofonic
sodium citrate (2.2 percent wt./vol.) at room temperature after the method
of Evans, Breckon and Ford {(19564). Thereafter the cell suspension was
subject to the same hypotoriic centrifuging and Ffixing procedure as for bone
marrow. The slides were also made and stained in the same manner as for bone

marrow. Clendenin {1969} used homsters pretreated with colchicine for one




or two hours for meiotic studies and these showed a markedly increased
yleld of cells in first meiotic metaphase in comparison with animals with
no pretreatment. For this reason the mice injected with colchicine for
mitotic studies on bone marrow were used for astablishing melotic activity
in this investigation, as the number of mice available was limited.
Clendenin (1969} also feund that hypotonic potassium chloride resulted in
much sharper chromosome definition than 1.1 percent sedium citrate which
is widely used in meiotic studies, Meiotic activity was exomined in fixed
and stained sections as well.

2.2.5 Histological technigues

For histological ination the Juctive organs were di
P o

from mice which had not been pretreated with colchicine, The paired
testes or ovarles plus uteri were then weighed on a torsion balance and
transferred immediately to Bouin's solution, The tissues were dehydrated
in an Eiliot Tissue Processor and wax blocks prepared, Sections of 4

micra thickness were cut and stained with haematoxylin and eosin.




CHAPTER 3

i RESULTS OF CHROMOSOME STUDIES [N
PRAOMYS (MASTOMYS) NATALENSIS IN SOUTHERN AFRICA

3.1 Mitotic_Studies

The chromosomes of the mice from each area are described under

separate headings below. The quarter-degree square from which the

specimens came is inarked on o map of southern Africa, Figure 21, which
appears at the end of the descriptions of the mitatic chromosomes in this

‘ chapter (see Page 47).

3.1 Specimens from the eastern Cape Province

1 Six male and three female specimens of Praomys { Mastomys ) natalensis
were obtained from Addo near Port Efizabeth (mop reference 3325 Ad).
Chromosome counts from mitotic metaphase plates, obtained from bone marrow

1l suspensions of these animals, are given in Table 2,

i Table 2. Results of chramosome counts in Pracmys (Mastomys) natalensis
] from the eastern Cape Province.

i Mouse Sex Chromosome number

‘( number Number of cells counted wi;h

i 6

! M3 d 1 2

i M7 o 30
M8 0 30
My <] )
M2 a 30
M13 o 30
M14 o 2 28
M15 Q 30
M1s o 1 29
Total 9 4 266




Chromosome counts revealed the aumber ta be 36 in all but 4 of
270 cells counted. Karyotypes constructed from photomicrographs of
metaphase plates showed :=

6 pairs of wwbmetaceniric chromosomes

5 pairs of metacentric chromosomes

6 pairs of acrocentric chromosomes
plus the two sex chromosomes. in the female the X chromosomes were the
two largest metacentric chromosomes in the karyotype, and the Y in the mole
was o large submetacentric chiomosome similar fo the largest pairs of
submetaceniric autosomes. Karyotypes of a male (M7) and o femals (M8)
ore given in Figures 3 and 4.
3.1.2 Specimens from the northern Cape Provinee

Only 4 mice were obtained from this orea, one male (M23} and
one female (M 24) from o farm near Kuruman (map reference 2723 Ad) and
two females, M4 and M59, from Viyburg (map reference 2624 Dc).

Table 3 gives the chromosome counts from these mice,

Table 3, Results of chromosome counts in Praomys { Mastomys) natalensis

from the narihiern Cope Province.

Mouse Sex Chromosome number
number Noumber of cells counted with
<36 36
M4 1 29
M23 % 30
24 Iy 30
M5 [¢] 30
Total ! 4| 1 e
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The modal chromosome count of these mice was 36, similar to those from
the castern Cape Province. Fram karyotypes constructed frem mataphase

+ was as foliows =

plates the morphological apr of the

6 pairs of submetacentric chromosomes

4 pairs of metacentric chromosomes

7 pairs of acrocentric chromosomes
plus the sex chromosomes. The X chromosemes were very large metacentric
chromosomes and the Y was a Jarge submetacentric chromosome.
Figures 5 and 6 show the karyotype of a male (M23) and a female (M24)
from this area. These mice differed from the eastern Cope Province mice in
having only 4 pairs of metaceniric chromosomes and one extra pair of
chromosomes, inost probably in the acrocentric group.
3.1.3 Specimens from the northern Orange Free State

Five mice were coliected from this area, 2 males and 2 females from
Heilbron {mep reference 2727 Bd) and one male from Kroonstad (map
reference 2727 Cb). A modal count of 36 chromosomes wos obtained from

the bone marrow suspensions of these mice as shown in Table 4,

Table 4. Results of chromosome counts in Praomys (Mostomys ) natalensis

from the northern Orange Free State,

Mouse Sex Chramosome number
number Numker of cells counted with
<3 3%
Mg d 30
Mét 1 29
Mé2 %‘ 30
M63 o ? 28
Mé4 Q 30
5

Total

i
|
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The karyotypes of these Mastomys showed the distribution of
chromosome types fo be the some os that describied for the mice from the
eastern Cape Province, viz.:=

& pairs of submetacentric chromosomes

5 pairs of metacentric chromosomes

6 pairs of acrocentric chromosomes

i

plus the two sex ch The sex were also the same,

the X being o very large metacentric and the Y one of the fargest

" e oh Examples of these karyotypes are shown in

Figures 7 and 8.

3.1.4 Specimens from the southern Transvaal
Four mice came from this area, one male and two females from a

farm " Vlckfontein", just outside Jof burg (map ref 2427 Bb)

while one female, M51 was collected 16 kilometres from Benoni {map

reference 2628 Ab). Table 5 gives the chromasome counts of these mice.

Table 5. Resulls of chromosome counts in Praomys (Mastomys) natalensis

fram the southern Transvaal,

Chromosome muztber

Mouse Sex
number Number of cets couted with
<36 36
M1z d 1 2
Mg Q 30
M22 Q .30
M1 Q 30
Toral 4 1 ne

These mice had o modal chromosome count of 36 and a keryotype

pattern of ¢

25
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& pairs of submetacentric chromasomes

5 poirs of mefacentric chromosames

6 poairs of acrocentric chromosomes
and the two large sex chromosomes {see Figures 9 and 10 for examples of
this karyotype). This was a similar karyetype to that of the eastern Cape
Province and northern Orange Free State specimens studied,
LN} Specimens from the eastern Transvaal

Seven males and six females were abtained from a farm " Schoemansdal ¥
near Kaopmuiden {map reference 2531 Cb). The chromosome counts for
these mice are given in Table 6.

Table 6. Results of chromosome counts in Praomys { Mastomys ) natalensis
from the eastern Transvaal,

Mouse Sex Chromasame rumber i
number Number of cefls counted with
<32 32
Ma7 oA 1 29
M38 o 30
M37 o 1 29
M40 o] 30
M4z 6
M43 1 29
Mad 30
M46 N
we | & :
M43 o a0
M49 o | 29
M50 Q 30
Méo & 30
Total 13 4 302

Some of the chromosome preparations from these mice failed completely,
while others gave rather poor quality metaphase plates. When they failed

completely It was possible that the colchicine was tao old to be effective,

\
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while those of poor quality indicated bad fixation, probably due to
contaminated methanal,  After these difficulties were overcome the probiems
were not encountered again. Fortunately there ware still sufficient inice
from this area with satisfactory metaphase platas so thot karyotypes cauld be
constructed.

As Table 6 indicates, the modal chromosome count for these mice
was 32 and not 36 as in samples from all the other areas investigated in
South Africa so far. '

Figutes 11 and 12 show representative karyotypes of a male (M60)
and o female {M50) from this area. In these mice there were:~

7 pairs of submetacentric chromosomes

5 pairs of metacentric chromosomes

3 pairs of acrocentric chromosomes
plus the two sex chromosomes. The X chromosomes were again the largest
metacentric chromosomes in the karyolype. The Y chromesome in these mice

was not a suk ic chi hologically similar to the larger

submetacentric chromosomes, as was the case In the mice from the four areas
praviously described in this chopter. In these mice the Y wus the largest
single acrocentric chromosome in the karyotypo.
3.0.6 Specimens from the northern Transvaal

Three male and one female Praomys (Mastomys ) natatensis wore sent
from o form, " Calais", near Tzoneen (map reference 2430 Ab) ond one
female from Magoebuaskloof {map reference 2330 Cc). The chromosome

counts of these mice are given In Table 7.

A
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Table 7. Results of chromoscme counts in Praomys {Mastomys) natalensis
from the nerther Transvaal,

Mouse Sex Chromosome number
number Number of cells ¢ nted with
<2 3
Més d 30
Més [o 1 29
Me o a0
M6 1 29
M70 30
Total 5 2 148

.These mice had the same chromosome number os those from the

eastern Transvaal, Karyotypes of a male (M 65) and a female (M69) in

Figures 13 i + 4 show the

| groups of ¢t to be
the some as for the eostern Transvaal mice, nomely i~

7 pairs of submetacentric chromosomes

5 pairs o1 ..+ icentric chromosomes

3 pairs of acrocentric chromosomes
plus the sex chromosomes. The Y chromosome wos again the !.rgest acrocentric
chromosome, whilst the X chromosomes were two large metacentric
chromasomes in the female.

3.7 Specimens from South Wast Africa

The three male and two female Praomys (Mestomys) natalensis come
frars the Windhoek area of South West A ®ica {map referance 2217 Ca),

As these mice came from territory close to that inhabited by Praomys

e

(Mastomys ) shortridgei, the id of these speci was
by the fact that the females had 16 mammae characteristic of Pracmys

(Mastemys ) natalensis. Chramosome counts of these mice are given in Table 8.

A
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Table 8. Resufls of chromosome counts in Praomys (Mastomys) natatensis

from South West Africa.

Mouse Sex Chromasome number

number Number of cells counted wi;h2
M20 Jd n
wo | & ®
e | & | 2
Total 5 1 149

These mice had 32 chromosomes or 16 pairs and had therefore o
similar chremosome number to the northern and eastern Transvaal groups.
Figures 15 and 16 are karyotypes of amale (M20) and o female (M25).
The keryotypes showed that the morphological divisions of the chromosomes
was similor to that foud in the northern and eastern Transvaal specimens,
namely 3=

7 pairs of submetacentric chromosomes

5 pairs of metacentric chromosames

3 pairs of acrocentric chromosomes

plus the two sex chromosomes, The Y chromosome wos ogoin the Jargest

ic cf and the X ch were large
chromosomes.
3.1.8 Specimens from Rhodesia

Three male and six female Praomys (Mastomys) natalensis were
recelved from the Salisbury disirict of Rhodesia (map reference 1731 Cc).

Table 9 gives the chromosome counts for these specimens,

|
|
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Table 9. Results of chromosame counts in
Praomys (Mastomys) natalensis from Rhodesia.

Mouse Sex Chromosome number
number Number of cells counted with
32
Mm28 Q 30
M29 %‘ 30
M3) 7 13
M3z o 1 29
M33 o} 30
M36 Q 30
M4 o] 20
M58 Q 30
M54 o 30
Total ? 138 252

A medal chromosome count of 32 was found in 8 out of 9 animals,
os in mice from Scuth West Africa, northern and eostern Transvaal. [n the
9th specimen from Rhodesia only 31 chromesomes were found in more then
half of the cells counted. However, s this was observed in only one mouse,
32 chromosomes must be considered the norm for the present population though
the occurrence of a 31/32 animal might suggest a very early stage of o
change. Karyotypes of a male (M32) and a female (M 36} with 32
chromosomes are given in Figures 17 and 18, From these, it can be seen
that the morphological divisions of the chromosomes were slightly different
feom those in the groups of mice with 32 chromasomes from other areas, and
were as follows :~

7 pairs of submetacentric chramasomes

4 pairs of metacentric chromosomes

4 pairs of acrocentric chromasomes

plus the twa sex ct The X o were large ic
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¥ and the Y ct was a large ic cf as
in the other 32 chromosome groups.

The 31 cell line in the 31/32 mosdlc lacked the male acrocentric

4 ¢

¥ plates |

Y chromosome in all the 31

Karyotypes constructed of this 31 chromosome cell line showed that this
chromosome was missing rather than translocated on to one of the autosomes
{Figure 19).
3.1.9 Specimens from Lesotho

Only three mice were obtained from Lesotho; they came from the
area arcund Roma {map reference 2927 Be). The chromosome counts of
the two males and one female are given in Table 1G.

Table 10, Results of the chromosome counts in

Proomys (Mastomys) natalensis from Lesotho,

Mouse Sex Chremosome number

number Number of cells counted with
<36 3

M105 d 30

M10s Q 30

M107 <3 30

Total 3 90

These mice had a modal chromoseme count of 36, the same os that
found in specimens from the northern and eastern Cape Province, northern
Orange Free State and southern Transvaal.

The slides used for bone marrow preparations from these specimens
were too thick to ailow for good resolution in photogrophy. A karyotype of
a female was obiained, though this was not very clear, but no accurate

photagraphs were obtainable from the male metaphose plates. That of the
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female {Figure 20) showed the chromosome morphological grouping to be
the same as that described for the eastesn Cape Province, northemn Orange
Free State and southern Transvaal specimens, namely i~

6 pairs of submetacentric chromasomes

5 pairs of matocentric chromosomes

6 pairs of acrocentric chromosomes
plus the two large X chromosomes. One of these X chromosomes appeared
to be rather more submetacentric thon metacentriu,
3.2 Meiotic Studies

In most spacies of mammals the X chromosome is smoller fn size than
the first pair of autosomes {Vorontsov, 1973). In Mastomys the X is larger
than any autosome and the Y is also one of the largest chromasomes in the

karyotype. The of large X and sometimes large Y

chromosomes in some mammals is of interest to cytotaxonomists. Duplication
of the originel X chrumosome has been suggested by Ohno, Becak and
Becak (1964) as an explanation for the latge X in some mammals.
A hypothesis put forward by Matthey (1965a) is that a pair of homologous
autosomes s transfocated onto the primitive X and Y chromosomes resulting
in large sex chromosomes.

ln mast mammals the XY association ot melosis Is end to end
{ Naodler, 1949), However, if there wos o translocation of homologous

onto the sex cf

a part side by side associalion would be
expected to occur ot meiosis, with possible formation of chicsmata between
the homelogous regions of the X and Y chromosomes. The XY essociaiion

was therefore examined in meicsis of Mastomys with 2n = 36 and 2n = 32

i
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+ pl As colchicine injected mice were used for the
melotic studies in this investigation mostly first meiotic metaphase stages
were to be seen on the slides.

3.2.1 Meiosis in the 20 = 36 chromosome group

The males had 18 bivalents in the first meiotic metaphase.

Figures 22, 23, 24, 25and 26 are photomicrographs of seme of the
meiotic metuphase plates obtained from the specimens. There were 17
autosomal bivalents and the XY bivalent in each plate. Identification of
specific pairs ameng the autosomal bivalents was not possible, but the XY
bivalent was one of the lurgest bivalent:, usuolly identifiable by the
difference in morphology and lengih of the two chromosomes involved.

The XY association In some plates appeared to be port side by side with an
interstitial chiasma {Figures 22, 23, 25 and 26). Other plates showed
an end 1o end ossociation which was probably the result of terminalization
of the chiasma (Figure 24).

These cbservations are similar to those of Hamerton {1958) who
found ferminal association of the XY bivalent and also an XY bivalent with
« subterminal chiosma in 2n = 36 Praomys (Mastomys) natalensis.

Ford and Hamerton {1956b) noted the presence of a prominent unpaired
interstitial loop in the sex bivalent of Mastomys af pachytens, with a
terminal paired reglon at both ends, However no side by side association
between both ends of the XY bivalent was seen Tn the present study.
Huang and Strong (1962) suggested that the biggest bivalent contained the

Mastomys as it showed more

sex ct mes in 2n = 36 cf

p { ion and sef d earlier than the other bivalents at meijosis.




Fig. 22.

Fig. 23.

Metaphuose of spermatosyte meiosis in
Proomys (Mastomys) natalensis M12 from the
eastern Cope Provinca showing 18 bivalents.
Arcow points to the XY bivalent.

Metaphase of spermatocyte meiosis in
Praomys (Mastomys) natalensis M17 from the

southerr Transvaal showing 18 bivalents,
Arcow roints to the XY bivalent.
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Fig. 24. Metaphase of spermatocyte meiosls in
Praomys (Mastomys} natalensis M23 from the
northern Cape Province showing 18 bivalents.
Atrow points to the XY bivalent.
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Fig. 25, Maetaphase of spermatocyte meiosis in
Praomys (Mastomys) natalensis M23 from the
northern Cape Prevince showing 18 bivalents.
Arrow points to the XY bivalent.
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26. Metaphase of spermatocyte meiosis in

Praomys {Mastomys ) natalensis M 23 from the
northern Cape Province showing 18 bivalents.

Arrow poinis to the XY bivalent,

e
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More pronounced contraction of the sex bivalent is evident in Figure 24,
Early separation of the sex bivalent was not found, probably due to the
inhibition of the spindle formation through the action of the colchicine.
The formation of interstitial chissmata in the XY bivalents indicates
the presence of fuitly long homologous regions in the farge X and Y

chromosomes. This suggests to the author that there was an cutosome-sex

t location in the of Praomys (Mastomys) natalensis,

This supports the hypathesis of Matthey (1965a) that large X and Y
chromosomes have been formed by such transiecation in some mammals,
3.2.2 Melosis in the 2n = 32 chromoesome group

There were 16 bivalents in the meiotic metaphase plates of the males
ond the XY was opain the largest bivalent. Figures 27, 28, 29, 30 and 31

1 .

are phs of meiotic phase plates from two South West Africon

specimens. The XY bivalents in some meiotic metaphase plates showed
interstitial chicsmota (Figures 28 and 31). Other plates (Figures 27, 29
anet 30) showed an end to end assoclarion between the X ond Y chromosomes,
which could be the result of terminalization of the chiasmata, |i was not
possible to associate any of the autosomal bivalents with particular chromesome
pairs.

The same pattern of pairing betwaen the X und Y chromosomes
therefore exists in the two ditferent chromosome groups of Praomys (Mastomys)
natalensis. |t would appear then that the chromosome reatrangements
leading to the formation of the large X and Y chromosomes oceurred in a

cemmon ancestor fo both groups.
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Fig. 27. Metaphase of spermatocyte meiosis in
Praomys (Mastomys) natalensis M29 froa
South West Africa showing 18 bivalents.
Arrow points to the XY bivalent.

Fig. 28. Metaphase of spermatocyte mefosis in
Praomys { Mastomys) natalensis M20 from
South West Africa showing 16 bivalents.
Arrow points to the XY bivalent,




Fig. 29,

Fig 30.

[ )
Metaphase of spennatocyte meiosis in
Praomys {Mastomys ) natalensis M20 from
South West Africa showing 16 bivalents.
Arrow poinfs to the XY bivalent.

Metaphase of spermafocyte mejosis in
Praomys (Mastoniys) natalensis M30 from
South West Africa showing 16 bivalents.
Arrow points fo the XY bivalent.




Fig., 31.
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Metaphase of spermatocyte meiosis in
Praomys (Mastomys) natalensis M30 from
South /Wasr Africa showing 16 bivalents.
Arrow points to the XY bivalent,
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CHAPTER 4

DISCUSSION OF CHROMOSOME FINDINGS IN

PRAQMYS (MASTOMYS) NATALENSIS IN SOUTHERN AFRICA

56

The results of the chromosome counts and karyotype analyses are summorized

in Table 11, Alsc included in this table is the fundamental number

(*nombre fondamentol'=N.F, of Matthey, 1945) which refers to the number

of major chrunosome arms in a karyotype. |t is o good indication of the link

in a given taxanomic calegory and will be referred to later in the chepter.

Table 11, Summary of results of ct counts and morphol
divisions of chromosomes from the Praomys (Mastomys} notalensis
specimens obtained in southern Africa.
S = Suk 1 =M e A=A e
Haploid | Diploid Autosomes Sex N.F,
Area Number | Number Chramosomes|
S IM A Y
Eastern Cape 18 36 6 516 | M S 60
Northern O.F.5. 18 36 61 51 6| M s 60
Southern Tronsvaal | 18 36 61 5] 6| M S 50
Lesothe 18 36 6 516 | M S 40
Northern Cape 18 36 61 47| M s 58
South West Africa 16 82 7 513 M A | 58} 57
Northern Transvoal | 16 32 7|88 Mm A | 581357
Eastorn Tranavaal | 16 32 7| 5|3fm | A|s8ls7
H
Rhodesia l 1% 2 |7 |4|a|m | Aalselss
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The resulis of the chromosome counts show that in southern Africa
there are populations of Praomys (Mastomys) natolensis with two different
chromesome numbers, a group to the south and tawards the east with 36
chromosomes and o group 1o the north and spreading westwards with 32
chromosomes. The collections were too sparse to determine the precise
disteibution of these two groups, but the resulis show that the southern limit
of the group with 32 chromosomes coincides with the known distribution
limit of the species in South West Africa. In the Transvaal the results show
that the 32 chromosome group occurs to the north and east, while in the

south there is a 36 ¢l lati The speci studied south of

this collection point have 36 chromosomes. A red line drawn in the map in
Figure 21 (Page 47) is an arbitrary line to show roughly where the divisimn
between the two groups lies.

4.3 Karyotypes of the 2n = 36 Chromosome Population

Mastomys with 36 chromosomes from the eastern Cape Province,
northern Oranye Free State, Lesotho and southern Transvaal all have

karyotypes similer i+~ “arence. This karyotype is the same as that described

by Huang ana .. 762} for a luboratory bred strain of Proomys (Mastomys )

natalensis, which was bred fram mice originating from Baragwanath,
16 kilometres south of Johannesburg in the southern Transvaal .

This more widespread karyotype among the 2 = 38 population is the
fallowing -

6 pairs of submetacentiic chromosomes

5 pairs of metacentric chromesomes

4 pairs of acrocentric whromosomes




plus the sex chiomasomes. Huang and Strong (1962) also encountered
difficulty with the two smallest pairs in the submetacentric group, the
short amms only being recognisable in clear plates or very early metaphese.
Therefore in many cells it was difficult fo distinguish those two pairs from
acrocentvic chromosomes of similar size (Huang ond Strong, 1962).

The two large metacentric X chromosomes in the laboratory bred
Mastomys female were found by Huang (1968) to be generally different in
size and morpholagy when measured. He found one X to be slightly longer
than the other; the lorger X avercred 11,14, with an am ratio of 1.5
while the other X averaged 9.2 with an arm ratio of 1.2 in messurements
of 12 cells, The X chromosome in the male cells resembled the larger of the
two X's In the female.

As has already been discussed, the Y chromasome ls o large
submetacentric morphologicatly similar to the two largest pairs of
submetacentric autosomes. This is similar to the findings of Huang (1968),
though on actual measurement he found that the Y was intermediate in size
between the 2nd and 3rd largest submetacentric autosome pairs.

Only the northern Cape Province Mastomys in the 2n = 36 chromosame
group show a difference in their uutosomal karyotype. These mice have only
four pairs of metacentric chromosomes insteud of the five pairs in those from

the other araas, ond on axtra pair of chromosomes in the acrocentric group.

A change in the position of the ina ic i
most fikely due to o pericentric inversion. This is a turn about of a chromosome
segment, which includes the centromere, through 180° so that the position

is reversed, it involves two breaks in the chromosome, one on either side




of the centromera. In this particuler instance the breckage and

could be di teally rep i as Follows :~

break o

180°

breok . ..K.. !

This rearrangement brings about o reduction in the number of major
chromosome ams by two in o homazygote for this change and would be
reflected in Toble 11 by the NLF. In the northem Cape Province specimens
the NLF, is 58, while it is 60 for the other 2n = 36 Mostomys. This
indicates that a pericentric inversion probably converted a pair of metacentric

chromosomes into o pair of ic cl in the divergence of the

northern Cope Province Mostomys population,

A pericentric terminal inversion involving only one break does not
seem likely as most evidence favours the view that reunion without previous
breckage does not occur {White, 1973},

Unless the two bredks are equidistant from the centromere on either

side, perfcentric i in mitotte p

are roadily d

; i where the two breaks ocaur in the

same chromosome amm, ond an inversion occurs, is not observed in mitotic

metaphase chromosomes.
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4.2 Karyotypes of the 2n = 32 Chromosome Population

Mastomys with 32 chromosomes from South West Africa and the
northern and eastern Transvaol all have karyotypes which oppear ta be
similar with ;-

7 pairs of submetacentric chromosomes

5 pairs of metacentric chremosomes

¥ Lairs of acrocentric chromosomes
plus the sex chromosomes. The X chromosomes in this group are also the
largest chromosomes in the koryotype, and are metacentric. The Y
chramosome is a large acrocentric, [arger than the ucrocentric autasomes.
It is assumed by the cuthor that this is the Y chremosome as it is a lorge
acrosentric chromesome in the male karyotype with na hemologous pair.
With one sex chromosome being a metacentric and the other an acrocentric,
there is o difference in fundamental number (IN.F. } of one arm befween the
males and females in this 2n = 32 chromosome group (Table 11).

The Rhorlesion Mastomys are the only group of 32 chromasome mice
with an obvious difference in karyotype. These mice have only four pairs

of metacentrics instead of the five palrs in the other 2n = 32 groups, ond

arl extra pair of ie ol This cf rear
is probably due to o pericentric inversion, the some as that described for the

northem Cape Province Mastomys with 2n = 36 chromosomes. This similar

pattern of cf in two sep d groups
White's (1973) principle of karyotypic orthoselection or homologous change
in related graups or species. The pericenttic inversion in the Rhodesian group

is reflected in their lower fundamental number then the other 2n = 32
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chromesome groups (Table 11).

4.3 Comparison betwsen the Karyotypes of the Two Groj;s

A scmple of the more generally widespread karyotypes in each of the
two chromosome groups has been lined up in Figure 32 in order to demonstrate
the difference in the karyotypes. The 2n = 36 chromosome karyotype is from
« southern Transvaal male and the 2n = 32 chromosome karyotype is that of
an eastern Transvoal male specimen. These two karyotypes were chosen for
their similarity in size, rather than for clarity of the chromosomes, os the
short arms of the smallest submetacentrics in the southern Transvaal male are
not very clear,

Three pairs of acrocentric autosomes are missing from the 2n = 32
karyotype, and there is an extra pair of submetacentric autosomes, This
extra puir of submetacentric autosomes suggests that there has been o
' Robertsonan ' or centric type of fusion between two non-homologous
acrocentric chramosomes of different lengths to form this submetacentric
chromosome. Controversy exists as to how this fusion occurs, !t is usually
regarded {White, 1973) os a special type of translocation involving a break
near the centromere in each chromosome, one occurring on the long am of
one acrocentric and another on the submicrescopic short arm of the other

fc cf + Transl fon then results in a bl~-armed chromosome,;

and a centric and acentric fragment which are lost in subsequent cell

divisions.

.The diagram Hilustrating this kind of centric fusion appears on Page 63.

A
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- breck

break IO R A acentric fragment

g centric fragment

non-homolagous submetacentric
i ol b
ic

Matthey (1965q, 1973) is of the opinion that more frequently there

s fusion of both of the two ics into a single one, which

Ts closer to the original idea postulated by Robertson in 1916,

b

The possibility of fission of a ie to form ics
must also be considered, but since it requires the occurrence of centromere
doners or a centromere splitting to form two functional centromeres it would
appear to be a much rarer occurrence (Matthey, 1973).

in centric fusion (or fission) the nuber of major chromosome amme
is not altered so the N.F, remains the some, However, the N.F. is
different in the two groups, the females of the 2n = 32 chromosome group
having two less major chromosome eras than the 2n = 36 group (Table 11).
This Is probably accounted for fiia ¢ - * rearrangement involving the
third extra acrocentric chromosome p. 2n = 36 group.

It is possible that the am of an acrocentric chramosome was

translocated onte the tong am of one of the smaller submetacentric

+ Sucha ! would occur in the same manner as the

reciprocal translocation type of centric fusion described above, but here

the breaks in the chromosomes are not both near the centromeres. The

foll.

diagram ill this kind of recip | i
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f centric fragment

- .%. . bragk ey

A longer submetacentric is formed ond the acenfric aid centric fragments are

© acentric fragment
break

eliminated, In o homozygote for this type of translocation the N.F. would be
reduced by two.

In the 2n = 32 karyotype (Figure 32) the largest pair of
submetaceniric chromosomes has an obvious secondary constriction approximately
half way along the fong arm, This shows up in most of the 2n = 32 karyotypes
{Figures 11, 13, 15, 16ond 18), but is not present in the 2n = 36
karyotypes. Could this rw. ne evidence of a weak link where a chromosome
translocation has taken place ?

The other difference between the karyotypes lies in the sex chromosomes.

The ¥ cf is on ic ch

in the 2n = 32 karyotype and
o submetacentric in the 2n = 36 karyotype. This is most ptobobly due to o

pericentric inversion converting a suk fe chi to an (]

in the following manner i~

brack ..qy.. a

LET R | D —

submetacentric Y acrocentric Y
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The chromosome rearrangements described are anly one interpretation
of what might have been the cause of the different chromosome number and
N.F. betwaen the two groups. This Is the simplest explanation. During
evolution of the two groups there may have been a more complicated pattern
of change, but it would require more detatled analysis of the karyotypes

and of ind’ dual cf using banding techni to establish the

g1

precise pattern of the chromosome rearrangements. The two groups may have

come about os a result of ch Fecting the cl

of a common ancestor. As each group diverged its chromosomes probably
changed from those of the common ancestor, which may have hod 36

chromosomes or more.

4.4 External Morpholagy and Behaviows of the Two Clromosome
Groups

The external marphology and characteristics of each of these groups
of Praomys (Mastomys) natalensis are similor. Furthenmore the different
groups live in areas adjacent to each other. Hence one cannot infer that
these are two separate species of mice. A difference in chromasome number
and morphology betwean two indlviduals does not justify o conclusion that
they be considered as two separate species {Hsu and Mead, 1969),
Chromosome variation within a species is not uncommon (Mayr, 1963) as
can be sean in the impala population of the Kruger Natlonal Park where
there are three different chromosome numbers 58, 59 and 60 (Wallace and
Fairall, 1967},

A behavioural difference among the different populations of mice

bacame quite chvlous after the auther had handlud them regularly,




The 2n = 32 chromosome group displayed a more frenzied activity when
disturbed and generally seemed fo be far quicker in their reactions than
the 2n = 34 chromosome group. So striking was the difference that this
level of reactivity was often o guide to their chromosome number even
before it was determined.

Another difference, of which the author also became awere after
constant shservation of these mice, was a slightly more slender or more
topered snout in the 2n = 32 chromosome group than that in the 2n = 36
chromosome group.

This chromosome polymorphism in Praomys {Mastomys) natalensis
is therefore indicative of either variation of chromosome number within a
species, or of two separate specfes. To establish which of these two
possibilities exists in the southern African Mastomys, it was decided to
conduct breeding experiments between the two foms having 32 and 36

chromosomes.
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CHAPTER 5

BREEDING EXPERIMENTS AND CONSEQUENT INVESTIGATIONS

51 Materials

The laboratory bred Baragwanath strain of Praomys (Mostomys)
natalensis with 36 chromosomes was readily available for breeding purposes.
The chromasomes of nine specimens from Rhodesia were examined and found
to be 32 in number. It was then decided to keep the remaining three mice,
two males and one female, from that area to use for hybridization

experiments, Three crosses were therefore sef up us follows:

Pair Baragwanath Laboratory Strain Rhodesia
Numbers {2n = 36) {2n = 32)
1X 2 Q d
I X4 9

5% 6 o

0 Q

Three mice received from South West Africo were all sacrificed
for chromosome analysis. However, when a futther batch of two mice
{amale and o female) arrived from that area, it wes decided to use them
for breseding purposes fir.* and to check their chromosome complements ot a
loter stage. The male (M72) and female (M71) from South West Africa
produced o fitter within o month of thelr arrival, which mode more mice
with 32 chromosomes available for experimental breeding, The parents,
M71 and M72, were subsequently found to have 32 chromosemes each,
with identical karyotypes to those of the earlier batch from South West Africa,
M20, M25 and M30 (see Figures 15 and 16}, Five more males and females

with different chromosome complements were therefore paired off as follows:

A
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Pair Baragwanath Loboratory South West
Numbers Strain (2n = 36) Africa (2n = 32) :
[ S o4 9 :
mox oW =8 Q ‘
v X W ] ¢
Vil X il o Q
X X X 9 o

5.2 Breeding Methods :

The mice were paired off in standard metal mouse breeding vages, 1
30em X 15em X 13cm insize. Thelr diet consisted of standard mouse i

cubes I d weekly with sunfl seeds, cabboge, corrots and i

potatoes. Water was supplied in drop bottles, The mice were kept in o
temperature controlled room at about 21°C and were inspected daily for
litters.

The aggressive and jumpy behaviour of the mice with 32 chromosomes
made them very difficult to handle. Consequently these mice had to be
fransferred to cleon coges in o lorge metal drum, from which escape was
impossible.

The hyperactivity of the mice with 32 chromosomes was manifest also
while they were undisturbed in their breeding cages. They would drag all their
mouse cubes through their feeding buskels in a matter of hours, with the result
that their cages filled up very rapidly ond hod to be changed often. The food
buskets also beceme very light ond the mice were then easily able to push the
basket out of its socket and escape. To prevent this the cages had wide rubber

bands put around them at the position of the food basket.
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5.3 Results of Cross Breeding

The Baragwanath Laboratory Steain crossed with Rhodesian Mastomys
produced litters within six weeks, as the mice used in these crosses were
mature. When the South West African mice had matured at five to six
months of age, the Baragwanath Laboratory Strain crossed with the South
West African mice produced litters, with the exception of one puir,
IX and X, of which the Baragwanoth Laboratory Stroin female died. On
examination of the reproductive system of the dead female, no partly
developed embryos or corpora lutea were seen, The breeding pairs were left
together until they had had two or three litters so that there were many hybrids
for investigation and further crossing, The [THter sizes ranged from one to
eleven and the interval between litters wos 21 to 28 days, which is normal
for Mastomys (OIiff, 1953). After the second or third litter the breeding
paies were separated. The male parents were maved to separate breeding
cages and hybrid daughters were *bock-crossed® to their fathers, while
hybrid sons were ‘back-crossed ! to their mothers. Some of the hybrids from
each type of cross were removed for Inspection and chromosome analysis,
while the remaining F 1 hybrids of each litter were left together as brother X
sister matings In groups of twos and threes in seporate breeding cages.

Nane of the fathar X daughter or mother X son 'back=crosses '
produced any litters, nor did the brother X sistor crosses, though they
were together for up to eighteen months.
5.4 Phenotypic Appearance of the Hybrid

The hybrids were the brownish grey colour of the mafority of Mastomys

from southern Africa, The light pelage colouring, characteristic of the
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South West African Mastomys was nof seen in hybrids of crosses in which

one parent was from that area, The mammae varied in number from 16 to 19,
being the same as in the pavental forms. The behaviour of the hybrids was
clearly similar to that of the 32 chromosome Mastomys. They showed the
same aggressiveness and frenzied activity of that graup. They also

resembled the 32 chromosome mice in having the same slender snouts. Though
young adult “ybrids were the same size s their porents, they gradually

became mu . fatter as they grew older.

5.5 Chra,sosome Investigations In the Hybrids
The chromesomes of twelve hybrids were examined accerding to the
methods described in Chapter 2. A male and a female hybrid from each
original combinaticy was examined os well us an extra hybrid from each
combination, The sex of this extra hybrid was determined by what was
availabie after the brother X sister matings and 'back-crosses ' had been
set up. The mice Investigated were as follows:
Rhodesia &' X Baragwanath Loboratory Strain @ {1 J' 2 9@
Rhodesia © X Besagwanath Loboratery Strain O {1 0 2 QO
South West Africa G X Baragwanath Laboratory Straln Q (2 66‘ 1 9
South West Africa QX Boragwenath Laboratory Strain €7 {2 S8 1 0
Thirty cells in each hybrid were checked for their chromosome

number and the metaphase plates sconned for the presence of the large

ic Y of pected in the male hybrids with Rhodeslan or

South West African fatherse The chromosome counts are listed In Table 12,
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Table 12, Chromosome counts of hybrids chtained from Baragwanath
Laboratory Strain {Bara. L,S.) 2n = 36 crossed with
Rhodesian (Rhod.) or Sauth West African (S W, A. )
Mastomys 2n = 32
Mouse Parents Sex [ Chromesome counts
Number Number of cells with| Chromosome
33 34
M35a  |Rhod.F' X Bera.lSigy| O - 30 | acrocentric
M34 " " Q ! 2 -
M35 " " ) - 30 -
M |Rhod. Q@ X Baral5.8| O ) - 30 |submetacentrie
M102 . " Q 1 29 -
M104 " " Q - 30 -
mes sWASX Barels.@] O 1 29 | acrocentric
M103 " " d 2 28 | acrocentric
Mms2 " . Q - 30 -
M35 [SWAQX Brats. S| & | - 30 |submetacentric
M57 " " di - 30 |submetacentric
M56 " " @ - 30 -
Total 12 5 355

Al together the chromosomes of 340 cells were counted. All the hybrids

had 34 chromosomes, with five cells out of the 360 showing a count of 33.

Karyotypes wore

i from ph

phs of the

plates and

kdryotypes of « male and female reprosentative of each group are shown in

Figures 33 to 40.

No attempt was made to poit the chromosomes in these hybrid karyotypes

as without ¢ritical *banding® techhigues one cannot be sure that any two of the

chromosomes were members of the some hemologous pair. Apart from the centric

fusions and pericentric inversions which ore postulated to hove occurred in the
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evolutionary divergence of the two parental groups (see Chapter 4), other

not so obvious such as p ie i fons and
reciprocal translocations have probably olso occurred. The chromosomes were
therefore separated into anly the three morphological groups, and, os in the
parental karyotypes, the separation of the smaller submetacentrics and the
acrocenirics was arbitrary,

The karyotypes of hybrids from the Baragwanath Laboratory Strain
crossad with Rhodesian Mastomys had

13 submetacentric chromosomes

9 metacentric ¢chromosomes

10 acrocentric chromosomes
plus the two sex chromosomes (Figures 33, 34, 35 and 36). A cerocentric
¥ was present in the male hybrid, where the father was @ Rhodesian Mastomys
{Figure 33) and there was a karge submetacentric Y chromosome where the

father wos o Baragwanath Loboratory Strain Mastomys (Figure 35). This wes

the cf p! to be expected from the naploid chromesome set

coniributed by each parent (see Table 13).

Toble 13. Morphological division of hybrid chromosome complement with
arrows indicating those chromosomes contributed by the
haploid gometes of each parent.

Baragwanath Hybrid Rhodesia

Lab, Strain chromosomes

(n=18) (2 = 34) (n =16)
Submetacentric 6 —_—— 13— 7
Metocentric 5 ety 9 b 4
Acroceniric 8 e 0 < 4

+ 2 sex chromosomes
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Fig. 33. Karyotype of a male hybrid from = Rhodesia O (2n = 32)
X Baregwanath Laboratory Strain Q (2n = 36).
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Fig. 34, Karyatype of a female hybrid from o Rhodesla d (2n = 32)
X Baragwanath Laboratory Strain @ {2n =
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Fig. 35. Karyotype of a male hybrid from a Baragwanath Loboratory
Strain G'(2n =36) X Rhodesia Q {2n = 32)
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Fig. 36. Karyotype of a female hybrid from a Baragwanath Laberatory
Strain O'(2n = 36) X Rhodesta @ (20 = 32)




The hybrids from the South West African Mastomys crossed with {

] the Baragwanath Leboratory Strain had . !
13 submetacentric chromosomes
10 metacentric chromosomes i
9 acrocentric chromosomes

plus the two sex chromosomes (Figures 37, 38, 39 and 40). Where the {

Baragwanath Loboratory Strain provided the fother, the Y chromosome of the

male hybridswas o large submetacentric (Figure 37} and where the fother was

i
a South West African M the Y ch was a large ic i
chromosome (Figure 39)}. This is again the chromosome complement one

H would expect in the hybrid when one considers the haploid chiromosome set

i
cantributed by each parent (Table 14), i

Table 14. Morphelogical division of hybrid chromosome complement with
atrows indicating those chromosomes contributed by the
hapleid gametes of each parent.

] Baragwandth Hybrid South West
: Lab. Strain chromosomes  Africa
(n=18) (20 =34)  (n=16)

Submetorentric 6 — 1 e 7 i
Metacentric 5 —3 10 e 5
Acrocentric 6 ———y 9 &~ 3

+ 2 sex chromosomes H

5.6 Investigation into the Infertility of the Hybrids

As no litters were born of the back-crasses or brother X sister crosses,
it appeared that the hybrids were sterile. The repraductive otgans of the hybrids
. were therefore examined to determine whether there were any obvious signs of

infertility, The methods of preparation of the specis for ination are
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Fig. .  Karyotype of amale hybrid from a Baragwanath Laboratory
Strain G (2n=36) X South West Africa Q (2n =32).
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Fig. 38. Knryorype of o female hybrid from a Baragwanath Laboramy

Strain ' (2n = 36) X South West Africa Q (2n =
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Fig. 39. Karyotype of a male hybrid from a South West Africa d
{2n =32} X Barugwanath Laboratory Strain Q (2n = 36).
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Fig. 40. Karyotvoe of a female hybrid from o South West Africa G
{2n =32) X Baragwanath Laboratory Strain Q (2n =36).
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given in Chepter 2,
5.6.1 Male hybrids

The testes of the hybrids on first inspection were much smaller than
those found in normal breeding mice of the same species. Lorge faf deposits
were found in the abdominal cavity on dissection,

The weights of the testes in a series of hybrids were compared with
those in a se ies of Baragwanath Laboratory Strain Mastomys from the

breeding colony {Table 15).

Table 15, Comparison of paired festes weights of normal breeding
Mastomys O's and hybrid Mastomys O's.

Normol breeding & Hybrid & ]

{Baragwanath Lab, Strain J
Mouse Weight of Number and origin of mouse | Weight of
WNumber | poired testes paired testes
Moo 1190mg M73 Bara.L.5. X S.W.A, 320mp
M9 . 1490mg M74 " " 290mg
M92 1400mg M75 " " 280mg
M3 1230mg M76 " " 280mg
Mo4d 1460mg M8l " " 310mg
M5 1420myg Mas " " 340my
M98 1185mg M85 " " 300mg
M99 1170mg M X Rhod. 280mg
M100 1280mg M103 " X S.W.A, 340mg
Total (9)| 11825mg 2740mg
Mean 1314mg 304mg

The testes of the hybrid mice were less than one quarter of the weight

of the testes of normal breeding mice. In a study of wild living Proomys
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{Mustomys ) natalensis on the Transvaal highveld, the average paired
testes weight of fecund mice was 890mg whilst that of unfecund mice was
350mg (Coetzee, 1967 ). The average paired testes weight in hybrid males

in this | igation (304mg) pared f bly with the weight of

350mg in unfecund males. The averaje paired testes weight of laboratory

breeding males was somewhat higher thon in wild populations, but this could

be expected considering the F ble food and temp: lled

conditions under which leboratory mice lived.

of { cauda ep tubules

of all the hybrids showed no motile sperm. Celi suspensions of testicular

material Hy after in isotonic sodium citrate

and fixing showed no meictic, but a littie mitotic activity,
5.6.1.1 Histological sections
Haematoxylin and eosin stained sections of testicular material

from normal and hybrid M were examined microscopically (Figure 41

to Figure 48),  Figure 41 shows o section through the testis of a Baragwanath

Laboratory Strain male. The tubules were fuli of spermatozoa and
spermatacytes in various stages of meiosis. Figures 42 and 43 show sections
through the testes of hybrid moles M73 and M83. The tubules in the hybrids
were obviously much smaller In diemeter with more interstitiol tissue between

the tubules thon in the nomal mole. Within the tubules there was a complete

lack of s r ids, secondary and post-pachy
stages of primary spermatocytes. There were some early stuges of meiotic cell
division up fo the pachytene stage of the primary spematocytes. Figure 44

shows the progression from early meiosis through to sperm formation in the
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Section through testis of a normal breeding O Mastomys M95
of Boragwanath Laboratory Strain, Sectic * shows seminiferous
tubules with spermatozea and spermatocytes in various

stages of melosis {X125).

AR o
TR A
t | N "-\4

Baragwanath Laboratory Straln O X South West Africa Q
Mastomys. Section shows spermatocytes in early stages of
melosis, leptotens and zygotene. Mote the smailer diometer
of the tubules and jncrease of interstitial Hssue when compared
with the nomal O (X125).

\

.
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Section through testis of hybrid O'M €3 from cross between
Baragwanath Laboratory Strain § X South Yest ivrica
Mastomys., Section of teslis shows spermolocyles In early
Stiges of mejosis, A fow cells here appear to be at early
pachytene, The tubules are smaller with mure interstitis!
tissue than the rormal o (X 125).

Spermalacytes in various stages of melesis can be
sean and spermatozoa Lowards Lhe cenire of the tubute (X 500).



Fig. 45.

Higher magnification of a portion of a tubule in the testis of
hybrid & M73 in Fig. 42, This shows more clearly the
spermatocytes in the leptotene - zygotene stages {X500).

Higher magnification of a portion of a tubule in the testis of
hybrid G*M83 in Fig. 43. This shows stages in meiosis up
to early pachylene in the spematocytes (X 500),




Fig. 47.

Section through the epididymis of nomal d‘&:sfom
showing tubules filled with spermatozoa (X 1257,

e S R

R

s

vs M95

Fig. 48,

Seation through the epididymis of hybrid J' Mes
showing small empty # "wles surrounded by Interstitial
connective tssue (X125).

83
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tubule of o normal Buragwanath Laboratory Strain male. Figures 45 and
46 show the situation in hybrid tubules. 1n M73 (Figure 45) the chromasomes
appeared to be no further than zygotene, while in M83 (Figure 46) there
were well established early pachytene stages before the onset of the growth
phase.

Figure 47 shows o cross section of the epididymis of a normal breeding
male Boragwanath Laboratory Strain Mastomys with the tubules full of
spermatozoa. Figure 48 is a section of the epldidymis of  hybrid male (M 83)
in which the empty tubules were of a much smaller diameter than those of the

naimal male and there wos more interstitial tissve.

5.6.2 Female hybrids

Vihen the abdominal cavity of the females was dissected open o
mass of fatty tissue was seen. The ovaries and uteri of the hybrids appeared
similar to those of normal breeding adult female Mastomys of the
Be.ce gwanath Laboratory Strain. However, os these organs are usually foirly
small, it was decided fo weigh them in order to detect my differences.
The weights of ovaries and uteri in a series of seven hybrids were compared
with those in a series of five nommal breeding Baragwanath Laboratory Strdin
adults {see Table 18). The table indicates that there was o small difference
In the ovarian weights between the two groups, the hybrid ovaries being
slightly larger. There was however a more marked difference in the uterine
welghts, The uterus in the hybrids wos almost double that of the nomal

breeding female, 208gm in the hybrid as compered with 109gm in the

nomal Mastomys,
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Table 16. Comparison of the weights of ovaries and uteri in normal
breeding Mastomys 9 's and hybrid Mastomys 9 s,

Normal Breeding Hybrid 9
Baragwanath Laboratory Strain
Mouse Weight of Number and origin Weight of
bember [ Uteri Ovaries of mouse Uteri Ovarles R
. b |
Mmer 150mg 50mg | M77 Bora.L.S, X S.W.A, 180mg | 70mg
; ] 100mg 50mg | M78 * " 190mg | 70mg
] Me? 100mg 50mg | M79 v 7 " 200mg | 40mg
E M 80mg 40mg |M8O » ¢ " 270mg | 80mg
! Mo7 Nsmg | 65mg |M82 » * " 220mg | 80mg
i
: Me4 v o " 260mg [ 70mg
Mg v v " 135mg | 50mg
Totnl (5)| 545mg | 275mg | Totel (7) 1455mg | 460mg
Mean 109mg 55mg 208mg | 6bbmg

5.6.2.1 Histe'ogical sections

Haematoxylin and ecsin stained sections of hybrid ovaries showed a
rather disturbed picture in comparison with that of a normal ovary. Figure 49
shows @ section through the ovary of a normal mature adult Baragwanath

Laboratory Strain Mastomys female, showing immature follicles with oocytes

and corpora lutea probobly dugenerating. Figures 50, 51 and 52 show sections
through three hybrid ovaries. In the hybrid ovaries there were what appeared

to be groups of atypica follicle cells and also some corpora luted, but thers
were no immature fallicles showing clearly the vocyte surcounded by follicle

cells to be seen in any of the ovaries examined.




Fig. 49.

Section Hrough ovary of normal mature Baragwanath
Laboratory Strain Mastomys Q M96 (X 31.25).

Fig. 50,

Section through ovary of hybrid % M 86 from cross
H

rain OkSouth West Africa Q

between Baragwanath Loboratory

Mastomys (X 31.25).



fig. 51.

Fig. 52.

Section through ovary of hybrid Q M79 from cross
between Baragwanath Laboratory Strain O X
South West Africa Q Mastomys (X 31.25).

'

Section through avary of hybrid Q M 84 from cross
between Baragwanath Laboratory Strain O X

South West Africa Q Mustomys (X 31.25).
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5.7 Discussion
Hybrids are produced from Mastomys parents with 36 chromosome
and 32 c 1 There is no noticeable reduction in litter

size obtained from crossing animals of these two chromoseme groups, nor is
there any altered sex ratio in the litters.

The hybrids are sim!lar in appearance to the parents, but though on
maturing they are initially the same size s the porents, as they get older
they tend to get much fatter. Large deposits of Fatty tissue are found in the
abdomen. In one respect, however, the behavioural pattern of the hybrids
is that of the 32 chremosome group as they are equally aggressive and s
jumpy s their 32 chremosome parent. Their snouts are also slightly more

tapered than in the 36 ck M bling more the

32 chromosome type. The hybrids are infertile when 'back=crossed’ to the
parents or in sibling crosses.

The chromasome complement of 2n = 34 in the hybrid is made up of
a hoplold set of chromosomes contributed by each parent. The reproductive
systems of the hybrids are affected by this combination. The normal
development of the gonads is disrupted and also the meiatic processes which
occur within them, The gonads in the male are small and underdeveloped,
while those of the female are increased in size.

The testes are less than d quarter of the size of those I nome!
reeding males and contain tubules of @ much smaller dicmeter, with an
increase in the amount of interstitial tissue between them. The uterus of the
hybrid female is double the weight of that In a normai breeding female while

the ovary is only slightly bigger,
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However, though the testes are small and underdeveloped, the

of is aie seen in the seminife tubules. It is the

breokdown in the process of meiosis which apparently results in the non-

ytes, sp ids and sp and

formation of secondary sy
hence in the hybrid infertility. The braokdown seems to accur in the pairing
of the chrontosomes at pachytene in the hybrids since no post-pachytene

cells were seen,

The pattern of development in the ovary of the female hybrid seems
to be quite irregular. [t is probable that cogonia are formed, but it cannot
be established from sections of the ovaries whether cocytes are present.

The surface epithelium does give off sterile foilicle cells, which appear to
respond to piluitary gonadotrophins and corpora futea are formed. As the
nueleus of the cocyte enters into the prophase of maiotic divisions
simultaneously with the growth of the oocyte {Balinsky, 1960), it is possible
that this is why no developing cocytes are seen. Melosis probably comes to
the some standstill in the occytes as in the primary spermatocytes; and,
though subsequent stages of melosis are postponed until the end of the period
of growth, the inabtlity to complete the first stage may prevent the growth
of the oacyte.

The great increase in the size of the uterus of the hybrid, when
compared with the nomal is most iikely due to o homonal imbalance. The
fact that follicular cells are formed in the ovary but no ova are ever released,
suggests that there may be o build up of cestrogen by the follicular cells. As
the corpus luteum In rodents does not bacome functional and immediately

begin to secrete progesterone unless pregnancy ensves (Bullough, 1951}
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it is possible that the progesterone fevel in the infertile hybrids is low.
Qestrogen has been found to cause increased vascularization and greater
mitotic activity of the uterus in castrated or infantile females, which resuits
in o great increase in the weight of the uterus { Nalbandov, 1958). Ossirogen
therapy in rats and mice also leads to accumulation of water in the uterine
lumen (Nalbandov, 1958) which would also significantly affect the uterine
weight,

5.7.1 Mechanism of breakdown in mejusis

Melosis is seen to proceed in the primary spermatocyte as far as the
pachytene stage. This means tht the homologous chromesomes have already
become closely approximated side by side, as a result of the process of
synapsis, during the zygolene stage. 2s meiosis proceeds no further than
pachytene it would seem that incomplete pairing of chromosomes at this stage
prevents the process of mejosis from advancing.

The possibility that centric fusion has occurred between twa
acrocentrie chromosomes in the 2n = 32 chromosome Mastomys (s proposed
in Chapter 4) means that a trivalent in the hybrid could be expected between
the two acrocentrics, and the fusion submetacentric. White (1973) hos
suggested, though, that o trivalent in this instance may be realized in only
a minority of cells, the remainder having a bivalent and a univalent, A
trivalent {or bivalent and univalent} would also be expected to occur in a
hybrid, where o translocation has taken place in one of the parent spacies,
as it {5 suspected in the 2n = 32 chromosome Mastomys {see Chopter 4),

Where there is o Rhodesion 2n = 32 chromosome parent ln some of the

crosses there is also o pericentric inversion in one of the hoploid complements
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making up the hybrid karyotype. In an homologous pair of chromosomes
in an individual heterazygous for a pericentric inversion, complete synapsis
can lead to a reversed loop at pachytene, However if an invesion is
sufficiently short the chromosomes might be too rigid to form such « reversed
loop and synapsis between the inverted region would not occur (White, 1973).
Even if it Is theoretically possible for meiosis to proceed with the

three described chromesome rearrangements, it is not known how many

{ complex have eccurred in

each of the parental forms since their divergence. Hence it is not possible

to estimate how many complete synapses of f

to form bi have
taken place in the hybrid, nor is it possible to distinguish any of this detail
from the dividing spermatocytes.

There is no direct evidence that the same situation, of arrest at
prophase | of meiosis, exists in the female oogonia, 1t is however to be
expected thar there would be the same obstructions to pairing of homologous
chromosomes as exists in the hybrid spermatocytes, if the female germ cell
development proceeds thai far,

8.7.2 Male hybrids in some other mammals

A similar pattern of male hybrid infertility hos been found fairly
frequently in males from crosses between closely raloted specles in a number
of different orders of mammals, Perhaps the most frequently studied are the

Equid hybrids. Mules, or hybrids from horse (Equus coballus 2n = 64)

X donkey (E. asinus 2n = 62) parents, «and zebrolds from Grant's zebra
(E. burchelli 2n = 44) X donkey parents and from Gravy's zebrad

(E. grevyl 2n = 46) X horse parents showed a similar histological
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appsorance of the testes to that described earlier in this chapter for
Mastomys hybrids; namely seminiferous tubules with smaller diemeters than
in the parent species, incomplete spermatogenesis with failure of meiosis at

the pachytens to diplotene stages (Benirschke, 1967, King, 1967).

Within the order of Rodent: sther sterile hybrid males with similar
histological patterns have been praduced. Hybrids derived from interspecific
crosses In the genus Meriones were infertile. Disturbed meiosis wus found in

F 1 males of M. crassus (2n = 60) @ X M, tristrani (20 =72) &'

by Zohavi ond Wahrman, 1957, The male hybrid from M. libycus (2n = 44)

Q X M. tristromi (2n = 72) ' showed no spermatogenesis ot spermatozod

(Matthey, 1957). Lay and Nodler (1969) crossed two species of Meriones
(M. showi and M. libycus which are partially sympatric), with the same
chromosome number (2n = 44), but with different karyotypes and differences
in gross marphological features. The males were infertile with absent or
diminished spermatoganesis and arrest of melesis in prophuse 1, though the
seminiferous tubules did not hdve a smaller diameter than that of nomal

N fienlavad

parenis. One P , is but to o lesser dsgree than

the male parent. In three other hybrids o few seminiferous tubules contained

p ids and infrequent, {~heoded, atypical st while a
few others had secondary s; or s ids but no sp
5.7.3 Female hybrids in some other mammals

Less information 1s available on the female hybrids. They are more
frequently fertile thon male hybrids. Often female hybrids are the only hybrids
produced or there is o reduction in the production of male hybrids in mammals,

which is attributed to their being the heterogametic sex (Craft, 1938},
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Benirschke and Sullivan {1966) found that corpora lutea were produced
relatively infrequently in the ovaries of female mules, and primordial ova
were extremely uncomman in 94 ovaries examined, This led to the suggestion
that the female germ cells may have incited the development of granvlesa i

cells, which later responded to pituitary phins normally, while

the gemm cell itself died in melosis (Benirschke and Sulliven, 1964,
Benirschke, 1967}, A similar pattern is described in this investigation of the
female Mastomys hybrids.

The F1 females of o Meriones showl (2n = 44) X M. lbycus (20 =d4) %

cross were fertile (Lay and Nodler, 1969), The F1 females back~crossed
with M. shawl males were fertile and produced nommal sized litters with normal
sex ratios; while the F 1 females back~crossed with M. libycus males
exhibited reduced fertility, small litters and an absence of male offspring,
5.7.4 Systematic implications of results

The infertile hybrids investigated have for the most part bzen
interspecific hybrids between species with different karyotypes and differences
in gross morphological features. The situation in Mastomys described here
is different in that one is dealing with mice with similar morphological
features and which have therefore been considered s ohe species ranging
throughout southarn Africa. Only recently Setzer, (1975 and personal
communication ) has found two separate groups within o Praomys (Musmmﬁ)
natalensis papulation from the Mkuze area of northern Natal, besed on
meaasurements of the rostral portion of the skulls, However the evidence
presented here does show that two very distinct groups are present in

southern Africa. These groups are genetically isolated from each other in that
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onty infertile hybrids are produced when merbers of the two groups cre
crossed exnerimentally, so thot in effect o post-mating, reproductive
isolating mec!ianism operates.
, The ability to form distinct chrumosome races is far more likely to
oceur in spenies which have a fairly low vagility, The maximum recorded

hume range of Praomys {Mastomys) natalensls is 4800m? with mean home

ranges of 2666m2 for males ond 1333m2 for females { De Wit, 1972).

With its seri=domestic nature, Mash is able to occupy a fairly wide

variety of habitats and are ecologically folerant enough to be able to shift to
¢ variety of niches and colonize new geographical regions. 1t is to be
expected therefore that there are distinct chromosomal races emongst Mastomys.

Groups of actually or g fally ing natural

which are reproductively isolated from other such groups are recognized os
species according to Mayr (1963). In many well investigated groups of
mommals and insects, the evidence points rather clearly to cytological races
as the main source of incipient species (White, 1973), but White points out
that cytotaxonomic differences may have come about after spociation, through
chromosome rearrangements arising in young or ancestral specimons. in
Mastomys because it is the chromesome rearrangements which prevent mefosis
proceeding through to the formation of sperm and possibly of ova in a hybrid,

it is more likely to be an example of the former situation in which a cytological

race was the potential source of an lnciplent species. As the two different

ped clear morpk y

groups of Mastomys have not d
characteristics, they should perhaps be considered os sibling species. By

fafintt, Loloal

these are

Hy similar or identiual populdations that are

A
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repraductively isolated (Mayr, 1963}, There is, of course, already a
difference in the behuviour of the two races and, in a natural environment,
ethological isolation might prevent even the production of natural hybrids,
whether the two groups were allopatric or sympetric,
Natural hybrids have been collected at points of contact beiween

burrowing rodents of the complex Spalax ghrenbergi. Hybrids were fond

between the 52 and 54 chromasome group and between the 58 and 60
chromosome group {Wahrman, Goitein and Nevo, 19694, 19696}, Nevo
{1969) suggested there was some degree of ethologica! isolation between the
two groups, in thar there is more pronouncedly aggressive behaviour and a lower

freque’ o+ of copulation between the | ic pairs, when d with

tlie homogametic palrs.
5.8 Gonglusion

Ths . rogenetic evidence presented here suggests that chromesomal
rearrangements hove played o direct causel role in the evolution of Praomys
(Mastomys ) natalensis in southern Afica. As the fors.ction of new species is
a gradual process, it is difficult fo decide when to designate o particulor form
as o race, a sibling species or a full species. What is more sfgnificant than the
terminology thereof is the fact that extensive karyotypic divergence exists.in what
was thought by classical taxenomical methods to be a single uniform monomorphic

species. This is in accord with . sbias' concept of multiformity in chromosome

, ot y o closely paralleled by change in

| Mulss

numbers. ity s one frend found in mammalian evolution,

while the other is the concept of unifomity, or hological diverg with

no change in chromosome numbers (Toblas, 1953),
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CHAPTER ¢

GENERAL DISCUSSION AND CONCLUSIONS

The classification of Praomys in southern Africa is relatively simple. Only
three species of the genus are recognised, P. verreauxi, P. natafensis
and P. shortrldgei (Meester, 1964, Misonne, 1968, P. verreauxi is
placed in the subgenus P. {Myomyscus) verreaux! as it has different
morphological characteristics from the other two species, the most obvious
being the funger tail and narrower teeth. The other two species are placed
in tho subgenus Mastomys, which has a tail usually shorter than the head
and bedy and rother broad molars.

Of the two P. (Mostomys) species only P. (Mastomys) natalensis
has a very wide distribution that includes most of southern Africa except the
wester + Capa Province. Meester (1964} gives the range of natalensis as
eastern and northern Cope Province, Natal, Orange Frec State, Lesotho,

Transvaal, Sweazilond, Mozambique, southern Rhadesia, northern Botswana,

Crprivi Strip and northern South West Africa (see Figure 1 af end of Chapter 1).

P. {Mastonys) shortridge! is found cnly in the Okavango region of northern
South West Africa where it occurs together with natalensi,. The two species

are very similor but shortridgei has 10 mommae where natalensis hos 12 or

wmore, and the colour of shortridgel is dasker than nctalensis (Meester, 1964,

Misonne, 1968). Several subspecies of P. (Mostamys) natalensis have been
described but are doubtfully valid (Measter, 1964) os they are based mainly

on calour variation of the pelage.




P. (Mastomys) natalensis in southern Africa has therefore been

considered o single species on morphological grounds. All chromosome
covats done praviously on these Mastomys have shown o diploid number of
36 chromosomes (Matthey, 1954, 1966a, Ford and Hamerten, 1756b,

Huang and Strong, 1962}, Thosa investigated by Matthey and Huang and

Strong were B h Lat y Strain M but the origin of that

investigated by Ford ond Hamerton is unknown to the author. P, (Mastomys)
natalensis with a diploid number of 32 chromosomes has been reporfed from
sovthern Africa for the first time in this Investigation, though they have

been found in Centrol and West Africa.

6.1 Karyotypes of 2n = 32 Chromosome Group in
Sub-Scharan Africa

A 2n = 32 chromosome fom of @ Praomys (Mastomys) sp. has been
known as far south as the Congo-Brazzoville {Matthey, 1966a) and has also
been found In areas investigated fo the north of this region. These areos are
the Central African Republic (Matthey, 1955, 1986a) the Ivory Coast
{Matthey, 1966a, Bellier, 1975) ond Chad (Matthey, 1966b). In the
present study diploid counts of 32 chromosomes have been found in Mastomys
in areas much further south in the African continent, nomely South West Africa,
Rhodesia and thr northern and eastern Tronsvaal ,

The aufosomal karyotypes of those Mastomys from the Congo-Brazzaville,

Central African Republic and the lvory Coost are simiiar to those described

here for specimens from South West Africa and the northern and ecstern Transvoal .

There are only three pairs of acrocentric autosomes in each kuryotype and

twelve pairs of meta and submetaceniric autosemes in each. Though Matthey
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(1966a) does not distinguish between meta and submetacentric autosomes
in his karyotypes of Central and West African mice, from a personal study
of the karyotypes presented it appears to the author that five pairs are
metacentric as is found In the South West Africon ond nerthern and eastern
Transvaal Mastomys. The only obvious difference betweas the two groups
is In the Y chromosome. In the specimens from Central and West Africa
the Y is a large submetacentric, wherens the southern group have a large
acrocentric Y. This is most likely due to a pericentric inversion converting

a ic Y toan ic, os described in Chopter 4. The X

chromosome in ofl the 2n = 32 graups is a very large metacentric chromosome.,
The 32 chromosome group in Rhedesia, however, has a slightly
different karyotype, with faur pairs of acrocentric autosomes instead of three
as In the other uthern groups. This extra pair of acrocentric autosomes was
possibly due to a pericentric Inversion affecting u pair of metacentric autosomes,
as there is one Jess pair in this group.
This type of periceniric inversion was very well demonstrated in a group
of Mastomys from Fort Lamy, Ched, studied by Matthey (1966b). There
the change was in o very active state as Matthey found two heterozygotes for
the pericentric inversion which hed 7 acrocentric outosomes (3 palrs + 1 single) ;
four specimens with 4 pairs or 8 acrocentric wutosomes {os found in the
Rhodesian specimens) and one mouse wik‘h only 3 pairs or 6 acroceniric autosomes
(as found in all other Mastomys with 32 chromosomes). The Chad Mastomys
had a large submetacentric ¥ similar to the other northemn groups.
The ohove infomation is tabulated in Table 17 for easy reference and

comparison. Also listed in this table is the N.F, (fundamental number, which
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is explained in Chapter 4) which ranges between 55 and 58. The N.F.
in the most widesprecd karyotype is 58; in the hetervzygote for one
pericentsic inversion it is one less, 57, while in the homozygote for one
pericentric inversion it is 56. In the southern graup where a pericentric
inversion hus converted the Y to an acrocentric chromoseme, the N.F.
in the male is one less than that of the female.

6.2 Karyotypes of 2n = 36 Chromosome Group in South Africa

The karyotype potterns found omongst the 2n = 36 chromoseme
Mastomys are shown in Table 18. There is some difference between the
karyotype described by Huang and Strong {1962) and that described by

Matthey {1966 a) for the Baragwanath Laboratory Strain mice, They show

ic and ic

different numbers of in the
group and in the acroceniric group. This could be due to the different authors'

interpretation of acrocentric or ' telocentrie’ chromosomes, varlations in

methods of cf preparation and diff in degree of controction
of the metaphase chromasomes, [n fact the two different karyotypes found by
Matthey were from cells in the same animal in each of two mice, It must also
be remembered, however, that specimens studied by the two authors are
different generations {far apart) of an inbred Mastomys colony, where once
a chromosome rearrangement has occurred it would not be long before it could
be established in the homozygous state.

In the present investigation there is one fairly widespread karyotype

found with eleven pairs of ic and i and

six pairs of acroceniric autosomes, the same as that described by Huang and

Strong (1962). In this karyotype there are two small submetocenirics, in
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which the short amms are very small but recognizable in clear plates.
The NL.F, of these Mastomys is 60, while that of the northern Cape

Province speci is 58. This is explained by a pericentric inversion

converting a pair of e fo o pair of fe
qutosomes, os described in Chopter 4. The X chromosomes in all the
specimens described are the largest chromosomes in the karyotype and are

ic. The Y ch is o Jorge suk ic in all the

specimens.

6.3 Karyotypes of 2n = 38 Chromasome Group in West Africa

The other Praomys (Mastomys) which has been investigated

cytogenetically is what is now considered to be a separate species from

- stalensis, Praomys (Mostomys) erythrol on both mery
(Petter, 1957) and karyclogical grounds {Matthey, 1958, 1965b, 1966a,
Bellier, 1975). This Mastamys from the lvory Coast has 38 chromosomes
and is partially sympatric with the 2n = 32 chromosome group. The number
ot a aach group and the N.F, is given in Table 19, Most of
the spacu .firee males and a female had seven pairs of submetacentric
and metacentric autosomes and eleven pairs of acrocentrle autosomes
{Matthey, 1966a). One female had two cell fines, one with ten pairs of
acrocentric autosomes and the other with ten pairs plus one exira acrocentric
autosome: Matthey suggested this might be due to a pericentric inversion in
one lymphoblastic cell line. This possible pericentric inversion accounts for
the variation in N.F. between 54 and 56. The X and Y chromosomes are
similar to those found in the 2n = 36 chromosonie group, t.e. a very lorge

metucentric X and a large submotacentric Y chromosome.
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6.4 Relationship between the Different Chromosome Groups

Hybrids were produced from crosses betwean the 2n = 32 and
the 2n = 36 chromosome groups, as described in Chopter 5. These hybrids
were sterile and an effective post-mating isolating machanism is therefore
operative between these two morphologically similar groups, For this
reason the author considers that the 2n = 32 and the 2n = 36 chromosome
groups should be referred to cs sibling species, Proomys (Mastomys)
erythroleucus with 2n = 38 chromosomes is already considered a separate
species from the other two groups (see 6.3}, This has been substantiated by
breeding experiments; crosses between the 2n = 32 and 2n = 38 chromaosome
groups, and between the 20 = 36 and 2n = 38 chromosome groups have falled
to produce any offspring { Dickson, 1967).

The number of major chromosome arms {N.F.} is a goed indication of
the link in a given taxonomic category. The N.F, in the three different
chromoseme groups renges from 54 to 60, Changes in chromosome number
without @ shange in M.F. are indicative of Robertsonian fusions/fissions
having occurred. Although centric fusions have played an important part in
the evolution of Mastomys {Matthey, 1966a) the difference in N.F. is

indicative of the of ather | et rearr

Both pericentric Inversions and translocations cause a change in N.F. and

bath of these have been | i to have occurrad

The fact that perlcentric | tons have occutred indey y in

each of the three chromosome groups discussed is of interest. In each case

5 |

of a ic to

the periceniric inversion involves

an acrocentric chromosome, or vice versa, which demonstrates White's
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{1973} principle of homologous change or Tobias' (1956) principle of
parallelism, whereby species in related groups have undergone the same
type of change.

The X and Y chromosomes in each of the groups are unusually large.
The X chromosomes in the females and the single X in the male are always
the largest metacentric chromosomes in the karyotype. The Y in mest of the
groups is o large submetacentric chromasome. Only in the southern 2n = 32
chramoscme group is the Y 4 large acrocentric, probably due te periceniric
inversion.

Melotic studios in Chapter 3on 2n = 32 and 2n = 36 groups in
southern Africa showed part side by side association of some XY bivalents.

This indicated to the author that o pair of homologous autosomes had been

translocated onfo the original X and Y chromosomes, thus accounting for

tani I -

their large size. This of
was postulated by Matthey (19654} in his studies on Leggada, As similar
{arge sex chromosomes are found in all the 2n = 32, 2n = 36 ond 2n = 38
chromoseme Mastomys studied, such a franslocation could have occurred in
a common ancestor to oll three groups. However, part side by side
association of the XY bivalent was not shown by Matthey in his studies of

melosis In these groups of Mastomys (1954, 1955, 1958, 1966a), though it

was demonstrated by Hamerton (1958) in 2n = 36 Mastomys.

1 i

The possible phyl o and cf reerr
inthe 2n = 32 and 2n = 36 groups are represented diagrammatically in
Figure 53. As a personal study of the 2n = 38 ¢hromosome group hus not been

made by the author, this group is not inviuded in the diagram.




Common ancestor .____‘ 2n =7

X~ autosome fusion

[ N—
Y ~ autosome fusion

p — ]

Centric fusion

Reciprocal
translecation

Pericentric inversion
of autosome

Southern Transvaal,

Northern
Y— acrocentric Cape Province narthem Orange
In=36 Free State, Lesotha
and eastem Cope

Province 2n#={

Pericentric
inversion of
autosome

Central and
West Africa
2n=32 Rhodesio Youth West Africa
20=32 aorthiers and eastern
Transvaal 2n=
Fig. 53, Diagram of possible phyl, [ whel ck

rearrangements in 2n = 32 and 2n = 36 Mus}omL.
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6.5 Geographic Distribution

A provisicnal geographic distribution map of the three chromosome
groups was given in Matthey in 1966a. This map is reproduced here in
Figure 54. The souther portion of this map has changed cosiderably with
the information gathered in this investigation., Figure 55 is o similar
outline map of Africa showing the new reduced extent of the 36 chromosome
range and a new known southern limit of the 2n = 32 chromosome group.

it is possible that the 2n = 32 chromosome group exiends, or once

ted from the Congo-Bi Hle area through the chromosomedly
uninvestigated arecs of Zaive, Angola and Zombia to South West Africa
and Rhodesin, as the autasemal karyotype hos apparently not changed
structurally from one end to the other, Only the morpholagy of the
Y chromosome has changed as mentioned earlier in the chopter, The 2n = 32
chromosome grovp from the Central African Republic also produced a
2n = 34 chromosome hybrid when mated to the 2n = 36 chromosome
Mostomys from South Africa (Dickson, 1967 ). Mastomys in the intervening
tersitory In which karyotypic analyses have not been done, may have
undergore subsequent karyotypic change. Chromusome studies in this area

would be very rewarding.

6.6 Behavl | and Other Diff inM ys with
Different Chromosome Complements

The aggressiveness and frenzied achivity displayed by the 2n = 32
chromosome group when compared with the 2n = 36 chromosome group has
been nated in Chapters 4 and 5. More detailed and long term observations

an the behaviour, habitats and habits of the different Mastomys groups are



Fig. 54.

Fig. 55.

MEW  2n=26
2038

m 2n=32

Provisional geographic distribution of the three forms
of Mastomys (from Matthey, 1966a).

Provisional geographic distribution of the three forms
of Mastomys, showing new range of distribution in
southern Africa, resulting from the present investigation,
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necessary before these aspects of their characters could be used os

identifying criteria, Nevertheless, the hyperactivit, und aggressive
behaviour of the southern African 2n = 32 chromosome group when compared
with the 2n = 3. chromosome group, is most noticecble after handling the
two types for any length of time, to the extent thet their chromosome numbers
are often predictable,

Since these observations were made on Mastmys forms in southern
Africa, Beilier (1975) in an abstract of his work on Mastomys in West Africa,
mainly the Ivory Coust, noted that the 2n = 32 chromosome type was mare i
aggressive than the 2n = 38 chromosome fype in that area, Bellier's
acbservations also indicated that those Mastomys capturad in houses or villoges
had a chremosome number of 32, whereas those from the savanna, in forests
or in cultivated or abandoned pitsiariang liex! o1 chromoseme number of 38.
This indicates that their ecological niche and habits ofio differ considorarly. s

In southern Africa the 2n = 36 and the 2n = 32 chromosome forms
are Loth found in feirly close association with human dwellings and Farming
activity, so there is no marked difference in their habits.

The 2n = 32 chromosome Mastomys from southern Africa observed in
the present study appear to have more slender snouts thon the 20 = 36

chromosome mice. This suggests that there may be o possible morphological

1166

in the cranial of the two different groups.
Setzer (1975, and personal communication) has found two separate
groups on morphological grounds within o Praomys (Mastomys ) natalensis

population from the Mkuze area of northern Natal. [n vne group the rastrum

was short and relativel: . <.ad while in the other group " the rostrum is more
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nearly in proportion™ . Presumably the {atter is a longer and relatively
narrower rostrum, This could represent an area where the two different
chromosome groups overlap; on the other hand Setzer does feel that two
kinds of Mastomys were also obtained from the same trap line at other
localities sampled. He does not mention where these areas are. Differences
in cronial measurements have also been found by Bellier (1975) in West
African Mastomys.

6.7 Chromaosome Rearrangements and Speciation

(18 Lok

The karyotype { by the Mastomys in this

investigation (see Chapter 3), considered together with the fact that these
two different groups, those with 2n = 32 and 2n = 36 chromosomes, cannot
breed beyond the first generation are indicative of the groups being
sufficiently isolated fo be cansidlered sepurate species, or in the last stoges
of speciation. Further investigation of the behavioural patterns within the

two groups and their cranial may further sut this

separation. N
The behaviour of the chromasomes of the hybrid at meiosis as presented

in Chapter § suggests that chi were | t in

causing a post-mating iselating mechanism to operate between the 2n = 32
and 2n = 36 chromosome groups It is possible, however, that in their
natural enviranment these different chromasome groups do not come into
contact with each other, 1.e. they are allopatrie, in which case they are
already geographically isolated. [f there is a zone of contact, i.e. the
species ore porapetric, there muy be ethological isolating mechanisms which

break down in the urinatural environment of breeding cages: As Mayr (1970}
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has pointed out, " ethological isolation is the result of an interaction
between external stimuli and the totality of internul drives. If no
appropriate sex padtner is available, internal drives continue to build up
until readiness for mating can be induced even by highly inadequate stimuli™",

In either of these events, the for

causing breakdown of meiosis could have occurred after the isolation of the
new species or group, and thus not be directly implicated in the speciation
pracess,

The distinct possibility remains, however, that the mechanicel
failure of the chromosomes to pair during meiesis could be the primary factor
causing separation of the two groups, The mechanical failure of the
chromosomes to pair would be @ direct result of the chromosomal rearrange-
ments, as is discussed in Chapter 5. In the past, chromosome rearrange-
ments have not received much attention as potentici isolating mechanisms,
but White (1973} has suggested that rearrangements may on occasion, play
a direct rble, os divisive agents in speciation, generating genetic isolating
mechanisms involving hybrid sterility.

The Finding of naturally occursing hybrids (or lack of them) in possible
zones of contact between the 2n = 32 and 2n = 36 chromasome group would

help to clarify the situation.

M 1 ‘ "

on the

one can only y pottern of the
2n = 32 and 2n = 36 chromosome Mastomys, whete the 2n = 36 chromosome
population is confined to a relctively small area in South Aftica and the

2n = 32 chromosome group possibly extends from the northem limit of the

2n = 36 chromosome group northwards to West Africa where it ocours




nz

together with the 20 = 38 chromosome Praomys (Mastomys) erythroleucus.

Did the 2n = 36 chromosome group become geographically isolated
from the rest? As Matthey {1973) has pointed out, there is a strong trend
to accumulate the greatest possible number of centric fusions and consequently
minimal dipleld numbers in the course of evolution. He suggested that
P, (Mostomyn) erythroleucus with 2n = 38 chromosomes is the more
primitive type while Mastomys with 2n = 32 chromosomes is the more
evolved type (Matthey, 1966a}. It does not seem likely then that there

was geographic isolation of the southern group and subsequent increase in

I number. Geographic isolation, It

peci of peripheral

populations, is however the most widely accepted pottern of speciation
{Mayr, 1963, 1970).

With a higher chromosome group to the north and south it is easier to
envisage a common ancestor with a higher chromoseme number and
rearrangements occurring within this range and spreading through the existing
population leaving a group ot elther end, which underwent rearrangements

of their own. White (1968) has proposed a stasipatric medsl of speciation,

based on the geographtc spread of ct through
territory already occupied by the species, derived from his studies of
morabine grosshoppers, In this type of speciation the ancestral groups are
peripheral with derived karyotypes central. Mostoniys are possibly in a
similar situation.

There is also the possibility of an ancestral polymorphic population

resulting from Roberisonian fusions, being divided into seporate units or

species by o genetic isolating mechanism. There also seems less |ikelthood
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of this 55 no populations with 2n = 34 chromosomes have been discovered

as yet 5o it would appear that the two obvious chromesome rearrangements,

the Robertsonian fusion ond the 1 were spread simul by,
6.8 Cytataxonomy of Mastomys in Relatfon to Disease

The importance of cytagenetic and cytotaxonomic studies in the
evolution and classification of the muliimamniate mouse Praomys {Mastomys)
natalensis hos been evident in the preceding sections of this chapter.

Since Chapter 1 wos written, P. (Mastomys) natolensis as o
taxonomic problem has come to the fore in just such @ manner os had been
intimated in that Chapter. The recent emergence of Lassa fever as an
Tmportont virus disec.s has focussed attention on Mastomys. The basic
scology of Lassa fever in man appears to involve enzootic transinission of
the virus in commensal populations of the single murine species Mastomys

natalensis in West and possibly Central Africa {Monath, 1975). Monath

ises that the ic status of M ys will require careful
investigation in view of the two distinct forms of Mastomys in that area,
especiually as most arena viruses {of which Lassa virus is one) are
assocalted with o single host spacies (Monath, 1975). It is unknown what
role Mastomys plays in the Lassa fever cycle, be it a primary reservoir host,
transmission bridge only, or merely a concomitant victim {lsadleson, 1975).

The importance of Mastomys in virus disease transmission cycles is
also shown by the recent recovery of a virus closely related immunologically

to Lassa virus from Hssues of wild Praomys (Mastomys ) natalensis captured

in Mozamblque (Wkly epidem. Rec., 1976}, This locality is not far from

N\
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the area investigated in this study and therefore emphasizes the
importance of the taxonomic study not only in southern Africa, but
Africa os a whole, [t Ts possible that the different forms of Mastomys
may vary in their susceptibility to Lassa virus and other viral and also

bactertal diseases,
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ADDENDUM

Duting the final preparation of this dissertation six Prapmys (Mastomys)
notalensis from Natal were donated by Mr. K. Willan of the Zoology
Department, University of Natal, A male and female were collected ot
Baynesfleld (map reference 2930 Cb) and three males and a female ot
Pietermaritzburg (map reference 2930 Cb), These sites are about

70 kilometres from Durban, the type locality of Praomys (Mastomys)
natolenis.

Chromosome counts of mitolic metaphase plates in bone marrow
suspensions from these mice showed that the modal number was 32, the
same as those Mastomys from the northern and eostem Transvaal, South
West Africe and Rhodesia. Karyotypes constructed from photomicrographs
of metaphase plates showed the the karyotypes of these Natal Mastomys
were similar to the karyotypes of the northern and eostarn Transvaal and
South West Africa specimens, viz. :-

7 paits of submetacentric chromosomes

5 pairs of metacentric chromosomes

3 pairs of acrocentric chromosomes
plus the two sex chromosomes. The X chromosomes were also large metucentric
chromosomes dnd the Y was o large acroceniric chromosome, the some as
described for the northern and eastern Transvaal and South West African
Mastomys. In melotic metaphase spreads thete were 16 bivalents, and the
XY bivalent was seen to have part side by side association In some plates and

terminal association in others.

A
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The finding of 2n = 32 Mostomy. % Natal extends the range of

this form further south east than previously thought. Setzer (personal

) found two morph icatly different forms of Mastomys

at Mkuze in nacthern Natal, A more localised susvey of Mastomys in
Natal is necessary fo ascertain whether the two forms i.e, 2n = 32 and
2n = 36, are possibly sympatric or porapatric in Natal, If 2n = 36
chromosome specimens are not found near Durban, the type locality of
the species, then the 2n = 32 form would have prior claim to the species
name of natalensis, and the 2n = 3¢ group would have to revert to one

of the earlier species nomes used for that group of Mastomys.
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