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ABSTRACT 

Banding patterns on meiotic chromosomes of the male 

Chinese hamster were induced by modification of existing 

techniques previously used with mitotic preparations. The 

two bivalents (numbers one end two) comprising group A 

were analyzed in the diplotene, diekinesis ~nd metaphase I 

stages. Progressive condensRtion is evident in comparing 

diplotene bivalents to diekinesis and metephase bivalents. 

The number or bands as well as bivalent size decreases 

correspondingly rrom diplotene to metephese I. Accurate 

identification of the two meiotic bivalents was possible~ 

Landmarks and banding patterns on both bivalents are con

sistent and correspond to similar bands on the chromosomes 

identified as one and two from mitotic preparations. 
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INTRODUCTION 

Recent advances in cytogenetic techniques have enabled 

researchers to identify and analyze Chinese hamster 

(Cricetulus griseus) chromosomes. The relatively large size 

end low diploid number of chromosomes is responsible for 

wide use of the species in cytological investigations. In 

1951, Matthey reported a diploid number of 22 chromosomes 

for the Chinese hamster. Sachs (1952) and Yerganian (1952) 

confirmed the full complement to be 22. 

Early attempts to analyze the chromosomes of the 

Chinese hamster were made by Bender end Gooch (1961), Hsu 

end Zenzes (1964) end Bregman (1972). As a result of their 

analyses a karyotype was constructed. Hsu and Zenzes (1964) 

proposed a method of classifying the chromosomes into four 

groups. Their system is based upon the size of the chromo

somes and the location of the centromere end is widely 

used today. A modification of this system proposed by 

Kato (1967) subdi vides ~nd numbers the arms of the chromo

some into units ~nd measures the units from the centromere. 

This modification ~llows for greater uniformity and is very 

similar to the system later adopted by the Paris conference 

{1971) standardizing measurement of human chromosomes. 
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Positive identification of the sex pair in the Chinese 

hamster was unresolved fore number of years. Pontecorvo 

(1943) referred to the lergest spermatogonial metacentric 

as the X chromosome and e medium submetacentric or J-shaped 

chromosome as the heteromorphic and smaller Y chromosome. 

Matthey (1951) arrived et a similar conclusion for the X 

chromosome but differed with Pontecorvo (1943) in regard to 

the identity of the Y chromosome. Actual identification of 

the sex pair was not resolved until 1958 when Yerganian 

(1958) reported that the deteils of several karyotypes did 

not support Matthey's (1951) inferences. Yerganian (1958) 

indicated that the sex bivalent is the third largest of 

the complement, resembling the J-shsped "isomorphic" 

chromosome pair VIII. 

The chromosomes of the Chinese hamster are divided into 

four groups (Hsu and Zenzes, 1964). Group A consists of 

two pair of large submetacentric chromosomes indicated as 

numbers one and two. Group B consists of three pair of 

medium submetacentric chromosomes numbered three, four and 

the sex pair. Group C consists of three pair of medium 

acrocentric chromosomes indicated as five, six and seven. 

Group D consists of three pairs of small metacentric chromo

somes indicated as eight, nine and ten. 

The previous method of classifying chromosomes has 

been improved. Recent techniques heve employed pretreatment 

of chromosomes to induce a banded appearance. The majority 



of these techniques were devised to induce banding on 

mitotic chromosomes. Pretreatment techniques have enabled 

researchers better to discriminate between individual 

chromosomes within groups and have also allowed identifica

tion of chromosome segments. 
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At present, application of mitotic banding techniques 

to meiotic preparations has allowed, at best, only limited 

success. This is probably due to the large number and 

small size of human chromosomes, on which the majority of 

banding has been attempted. Experiments using Chinese 

hamster chromosomes should prove more fruitful because of 

their low diploid number end relative large size. Applica

tion and modification of existing techniques to meiotic 

banding of Chinese hamster. chromosomes should therefore 

produce bands suitable for analysis and identification of 

bivalents. 



CHAPTER II 

LITERATURE SURVEY 

Identification of chromosomes of the Chinese hamster, 

as well as other species, has been studied by different 

methods. Recent studies have proven that various stains 

and/or pretreatments will induce a banded appearance on 

mitotic chromosomes. Casperason, et .!l,, (1970) were the 

first to report that staining human chromosomes with 

quinacrine mustard (QM) yields temporary fluorescent 

patterns which are characteristic for each individual 

chromosome. The patterns are not only typical for the 

chromosomes, but are reproducible and can be used for 

chromosome identification. The QM fluorescent technique 

involves no pretreatment of the chromosomes. This 

technique poses some problems for the researchers. First, 

the fluorescent pattern fades in two to four hours and 

cannot be fixed permanently. Second, a special ultraviolet 

microscope is required to view the fluorescent patterns. 

Another method of inducing a banded appearance on 

chromosomes has been achieved by various pretreatment 

techniques. Pretreatment techniques, subsequent to Giemsa 

staining, induce cross bands (referred to as G bands due to 

Giemsa stain) in human and other mammalian chromosome 

complements (Ridler, 1971). Drets and Shaw (1971) 
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pretreated human chromosomee with sodium hydroxide (NaOH) 

and rinsed with 12 X SSC (SSC is 0.15 M sodium chloride--

0.015 M sodium citrate) to induce G bands. Also the 

aceto-saline-Giemsa {ASG) technique (Sumner, Evans and 

Buckland, 1971) achieved a banded appearance when human 

chromosomes were incubated for one hour at 60°c in 2 X SSC. 

Another technique employed by Seabright (1971) involved 

pretreating chromosomes with a variety of proteolytic 

enzymes to induce a banded appearance in human chromosomes. 

The technique of Arrighi and Hsu (1971) pretreated 

with a hydrochloric acid (HCl) solution followed with 

2 X SSC rinse and then sodium hydroxide (NaOH) for two 

minutes to icduce banding at the ceotromeric regions of 

human chromosomes (C bands). Essentially this involves 

differentially staining the heterochromatic regions of the 

chromosomes. 

In 1971, Dutrillaux and Lejuene reported another 

technique in which banding can be induced. These investi

gators pretreated human chromosomes with enzymes and heat 

{85° - 100°c for ten minutes) to induce a banded appearance 

that is the reverse of G bands, called reverse {R) bands. 

All the major pretreatment techniques typically employ 

a Giemsa stain as part or the procedure. Giemsa is favored 

because it is inexpensive, readily available and is an 

effective chromosome stain. All pretreatment techniques 

permanently rix the chromosomes and no special microscope 
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or attachments are required for observation. 

Specific banding of mitotic chromosomes has been 

successfully induced by various techniques in the Chinese 

hamster. G and C bands were reported by Kakati and Sinha 

(1972) of Chinese hamster mitotic chromosomes. Their 

technique involved treatment with trypsin and SSC solution. 

Hsu,~ al. (1973) induced mitotic cross banding by treating 

cells with a variety of chemical agents prior to fixation. 

Treatment with compounds such as actinomycin D (AMD) 

(Shafer, 1973), Ethidium bromide (EB) (Hau,.!:!?., al., 1973), 

daunomycin, azure B, cytoxan, and combinations or AMD and 

EB arrested the hamster chromosomes in a stretched state 

during metaphase. Pretreatment or mitotic chromosomes has 

resulted in a well-banded appearance, allowing for analysis 

and identification of individual chromosomes. 

Since the first QM fluorescent bands were reported by 

Caspersson, !! al. (1968), investigators have tried to 

explain the mechanism by which the chromosomes appear 

banded. Researchers have discussed probable mechanisms 

for Q, C, and G bands and the reports indicate thet each 

type of banding is due to a peculiar and separate mechanism. 

Caspersson, il al. (1968) have investigated QM banding 

extensively and propose a mechanism to account for the 

banded appearance. Apparently the QM binds to DNA but not 

protein molecules. Also QM binds to DNA in two ways: one, 

through the alkylating groups, which react primarily with 



DNA-guanine; two, by intercalation of the quinacrine group 

in the double helix (Cespersson, et al. 1968). 
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The mechanism for centromeric banding has been investi

gated but no generally accepted mechanism has been offered. 

Yunis and Sanchez (l973)state that there is little doubt 

that C bands generally represent pericentromeric hetero

chromatin and are enriched in highly repetitive satelite 

DNA. There is general agreement that repetitive DNA is 

involved in the banding phenomenon but the specific involve

ment of DNA is unresolved. 

Apparently repetitive DNA is not involved in G banding 

of chromosomes. Hsu, tl al. (1973) indicates that a DNA

protein relationship, not protein alone, is responsible for 

the G and R banding types. Schnedl (1973) indicated that 

removal of histones and DNA from the chromosome, which 

causes a change in the supercoil structure of the oucleo

proteio, seemed to be involved. Interband regions may 

uncoil while the area banded remains condensed. A report 

from Bath (1976) observed "knots 11 on the surface of human 

chromosomes which were tightly compacted fibrils. Bath (1976) 

states that the bands appear due to extreme compacting of 

chromosome fibrils after examining chromosome surface 

ultrastructure. All of the explanations are hypothetical 

and helpful in grasping the banding phenomenon but lacking 

in definitive evidence. 

Pretreatment of meiotic chromosomes has not yielded 



the success attained with mitotic chromosomes. Casperason, 

et al. (1968) were the first to investigate chromosomes 

using a QM fluorescent technique to band the meiotic 

bivalents. They also indicated that fluorescent patterns are 

sufficiently characteristic for each individual chromosome 

to permit identification or human bivalents (Caspersson, 

!!_ al., 1970). Yet they did not critically analyze the 

bivalents nor attempt comparison against mitotic bivalents. 

Casperssoc, tl al. (1968) had little success with QM banding 

of meiotic preparations of the Chinese hamster. The work 

of Oud (1973) also employed the QM fluorescent technique to 

investigate Chinese hamster bivalents at diakinesis. He 

agrees with Casperason, !! al. (1970) that the eleven 

chromosome bivalents are identifiable because of their 

morphology, in combination with the characteristic fluores

cent patterns. On the basis of the fluorescent intensity 

patterns of each bivalent, Oud (1973) classified each 

bivalent into the appropriate group and separated some of 

the bivalents within each group. However, the differences 

were too small for identification in some cases (Oud, 1973). 

Bath and Gendel (1973) attempted to induce banding of 

human meiotic chromosomes using a Giemsa staining technique. 

They indicated that good banding has been obtained on pachy

tene and diplotene/diakinesis stages of meiotic bivalents. 

Identification of the centromere was possible in the 

majority of the bivalents (Bath and Gendal, 1973). 



comparison of meiotic and mitotic chromosomes was not 

attempted and further analysis was indicated to determine 

a consistent and reliable pattern for identification. 

Application and modification of existing mitotic 

techniques to meiotic preparations should yield success 
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with Chinese hamster chromosomes. Pathak, et al. (1976) 

investigated G banding of mitotic cells of the Chinese 

hamster and compared mitotic bands with pachytene chromomers 

patterns. They reported that pachytene should be the ideal 

stage for indicating chromosome aberrations, due to the 

abundance of this stage and the extended nature or the 

bivalents. 



CHAPTER III 

METHODS AND MATERIALS 

Specimens of Chinese hamster were obtained from the 

Chickline Company of New Jersey. The hamsters were 

sacrificed individually and the testes removed and placed 

in a hypotonic potassium chloride solution (0.075 M) 

buffered to pH 8.5 with a phosphate buffer. The testicular 

tunic was then removed. The seminiferous tubules were finely 

minced and allowed to remain in the hypotonic solution for 

one hour with periodic agitation. Tubules were removed 

from the cells by straining through gauze. The resulting 

cell suspension was centrifuged for ten minutes (800 rpms) 

and the supernatant discarded. Methanol-glacial acetic 

acid (3:1) fixative was added to the cells for 15 minutes, 

then centrifuged for six minutes and the supernatant dis

carded. The cell pellet was washed with fixative several 

times in this manner and finally resuspended in fixative 

and stored at 4°c in a refrigerator. After storage for one 

month, the cells were resuspended in fresh fixative to give 

a suspension with a hazy appearance. 

Five to six drops of the suspension were placed on a 

clean, chilled microscope slide by dropping from approxi

mately three inches. The slides were flame dried and 

allowed to air dry for one hour. Slides were immersed in 
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0.2 M hydrochloric acid (HCl) solutioo for one hour and 

rinsed in 2 X SSC (SSC is 0.15 M sodium chloride and 0.015 M 

sodium citrate). After rinsing, the slides were incubated 

in buffered 2 X SSC (pH 7.0) at 6o0 c for one hour. The 

slides were removed from the salt solution and rinsed with 

distilled water for three to five minutes. Finally, the 

slides were stained in 6 percent Giemse for 10-30 minutes. 

The stain was buffered to pH 7.0 with Mcilvains buffer. 

Several modifications or the above procedure were 

tried in an attempt to enhance the banding along the biva

lents. Some slides were treated in warm hydrochloric acid 

(6o 0 c) for 15, 30 or 60 minutes. Other preparations were 

allowed to remain in 2 X SSC for varying periods of time 

(2-6 hours) before staining with Giemsa. A phosphate buffer 

at pH 7.0 and a borax buffer et pH 8.5 were also used in 

conjunction with the hypotonic treatment. 

Two additional procedures used for mitotic banding 

were employed on the meiotic material. A few slides were 

treated in a solution 0.1 N sodium hydroxide for 15, 30 or 

60 seconds. Also some bivalents were exposed to trypsin 

for ten seconds, a routine procedure for mitotic banding. 

Microscope slides were examined and photographed using 

a Ziess photomicroscope equipped with a green filter. Photo-

grs.phs were taken with Kodak panatomic X film and developed 

by standard procedure. Prints were made on Kodabromide 

F4 contrast, single weight paper. 



CHAPTER IV 

RESULTS 

In Figure la, a photomicrograph shows bivalent one 

of the Chinese hamster in diplotene. A line drawing or 

the major bands discernible from the photograph is dis

played in Figure lb. Seven major bands can be observed 

along the short arms of the bivalent and nine major bands 

on the long arms. Two chiasmata are located on the short 

arms at band 1 and band 5. On the long arms, a chiasma is 

found at band 5. Figure le is a line drawing of all bands 

which can be observed with the microscope. In this figure 

20 bands can be resolved from the nine major bands shown 

in Figure lb along the long arms. The short arms of 

bivalent one have seven major bands but can be separated 

into 14 minor bands. 

Another diplotene stage of bivalent one is shown by 

photomicrograph in Figure ld. Eight major bands are 

observed on the short arms and six major bands on the long 

arms of bivalent one (Figure le). One terminal chiasma is 

found on the long arm at band 6. Two chiasmata are found 

on the short arms, one at band 1 and the other at band 6. 

Microscopic observations indicate that tee minor bands are 

evident in the short arms. The six major bands of the 

long arms are separable into 12 minor bands (Figure lf). 



a 

d 

Figure 1 

a & d Photomicrographs of bivalent one in diplotene. 

b & e Line drawings of microphotographs showing major 
bands. 

c & f Line drawings of minor bands evident under 
microscope. 

13 
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A photomicrograph of bivalent one in diakinesis is 

shown in Figure 2a. Nice major bands (Figure 2b) can be 

seen on the short arms of bivalent one during diakinesis 

and seven major bands on the long arms. Again three 

chiasmata are present, oce at band 5 oc the long aI'Dls acd 

two oc the short arms at bands 1 and 8. Microscopic 

observations ot this bivalent revealed 10 minor bands along 

both the long and the short &I'Dls (Figure 2c). 

A second diakinesis bivalent is shown by photomicro

graph (Figure 2d). The short arms apparently have seven 

major bands (Figure 2e) and a chiasma at band 4. Six 

major bands can be observed on the long &I'Dls of this biva

lent with a chiasma along bends 1, 2 and 3. Micro

scopically nine minor bands compose the six major bands 

in the long arms (Figure 2f). The seven major bands or the 

short arms are seperable into ten minor bands as indicated 

in Figure 2f. 

In Figure 3a, the major bands are evident in a photo

micrograph of bivalent one in late diakinesis. Four major 

bands are visible on the short arms with a chiasma at band 

3 on this bivalent. Five major bands are evident on the 

long arms 01' the bivalent with a terminal chiasma located 

at bands 4 and 5 (Figure 3b). Further observations 

indicate that eight minor bands form the four major bands of 

the short arms and seven minor bands compose the five major 

bands of the long arms (Figure 3c). 
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a & d Photomicrographs or bivaleot ooe in diakioesis. 

b & e Major bands or diakioesis bivaleots evideot 
from photographs. 

c & f Minor bands indicated with microscopic observa
tion. 
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Figure 3 

a & d Photomicrographs of late diakinesis bivalent 
one. 

b & e Line drawings of photographs showing major 
bands. 

c & f Line drawings of minor bands evident under 
microscope. 
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A photomicrograph (Figure 3d) displays bivalent one in 

lete diakinesis. As can be seen in Figure 3e, six major 

be.ads are apparent on the short arms 01' this bivalent and 

five major bands on the long arms. Microscopically 13 

minor bands can be resolved along the bivalent (Figure 3f). 

In Figure 4a, the photomicrograph shows a metaphase 

stage of bivalent one. Five major bands are evident on 

the short arms and three major bands are seen on the long 

arms ot· this bivalent (Figure 4b). A terminal chiasma is 

located at band 5 on the short arm and another chiasma is 

found at band 1 or the long arm. Microscopic observations 

indicate nine minor bands on the short arms and five minor 

bands along the long arms of the bivalent (Figure 4c). 

A second metaphaae stage of bivalent one is shown in 

Figure 4d. There are but eight major bands (Figure 4c) 

identifiable from the photograph, four on each arm. The 

short arms have one chissma at bend 3. Two chiasmata are 

located in the long arms of this bivalent, one at band 1 

and another terminally. Detailed observations with the 

microscope revealed that eleven minor bands are visible 

along the entire bivalent (Figure 4f). 

In all eight bivalents an apparent space (indicated by 

arrows) can be observed with an immediate distal dark band. 

regioo is Observable in the short arms of This interband 

appears t o correspond to a similar all the bivalents and 

ide ntified as chromosome cumber one area on the chromosome 
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b & e Major bends evident from microphotographs. 

c & f Minor bands evident with aid of microscope. 
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from mitotic preparations. Another constriction is evident 

in the long arms proximal to the most distal dark bands 

(indicated by arrows) of this bivalent. Again, this inter

band region is observed in all eight bivalents and corre

sponds to a similar area on the chromosome identified as 

number one from mitotic preparations. 

Figure 5a displays a photomicrograph of bivalent two 

of the Chinese hamster in diplotene. The line drawing, in 

Figure 5b, indicates the major bands located on the short 

and long arms or the bivalent. There are eight major 

bands on the short arms with a chiasma at band 5. Nine 

major bands are found along the long ams or this bivalent 

with a chiasma at major band 8. A line drawing (Figure 5c) 

of the minor bands indicates 13 bands along the short arms 

and 14 bands on the long arms or this bivalent. 

A second diplotene stage or bivalent two is shown with 

photomicrograph in Figure 5d. Seven major bands are round 

on the short arms or this bivalent and nine major bands 

along the long arms from the line drawing (Figure 5e). 

Microscopically nine minor bands can be observed along the 

short arms or this bivalent and ten minor bands can be seen 

5f) Locations of the chiasmata in the long arms (Figure • 

are at band 9 of the short arms and bands 2 and lO or the 

long arms. 

Shows bivalent two in diakinesis 
The photomicrograph 

(Figure 6a). 
en major bands on the Figure 6b indicates sev 
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8 & d Photomicrographs of bivalent two in diplotene. 

b & e Line drawings of diplotene bivalents showing 
major bands. 

c & f Line drawings of minor bands observed with 
microscope. 

20 
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short arms and e ight major bands along the long arms or this 

bivalent. Observat ions through the microscope reveal the 

minor bands comprising the major bands as indicated in 

Figure 6c. Ten minor bends are observed along both the 

long and short arms of' this bivalent. The short arms have 

a chiasma at band 6 and two chiasmata are located on the 

long arms at band 1 and band 7. 

A diakinesis stage of bivalent two is shown in Figure 

6d photomicrograph. Five major bands can be identified 

on the short arms and six minor bands on the long arms of 

the bivalent (Figure 6e). With the aid or the microscope 

a line drawing was made (Figure 61') indicating the minor 

bands rorming the major bands observed in Figure 6e. Nice 

minor bands are observed on the short arms and seven minor 

bands are seen in the long arms. A chiasma is seen at 

band 7 (Figure 6f) on the short arms and one at band 3 in 

the long arms or the bi valent. 

In Figure 7a, the photomicrograph illustrates a late 

diakinesis stage of bivalent two. Figure 7b is a line 

drawing illustrating the major bands as seen on the photo

graph. Three major bands are observed along the short arms 

and eight bands on the long arms of the bivalent. Micro

scopic observations indicate eight minor baads 00 the short 

arms of the bivalent and a terminal chiasma (Figure 7c). 

at band 8 are apparent on Twelve minor bands with a chi asma 

the l ong arms of t he bivalent. 
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Figure 6 

8 & d Photomicrographs of bivalent two in diakinesis. 

b & e Major bands evident from microphotographs of 
bivalents. 

c & f Minor bends evident with aid of microscope. 
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a & d Photomicrographs of bivalent two in late 
diakinesis. 

b & e Line drawings from microphotographs showing 
major bends. 

c & f Minor bands evident from microscopic 
observation . 
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A late diakinesis stage of bivalent two is shown by 

t he pho t omicrograph, Figure 7d. Five major bands can be 

observed along the short arms with 8 terminal chiasma 

in volving the last 2 or 3 bands (Figure 7e). Three major 

bands are present on the long arms. Observation of the 

bivalent through the microscope allows identification of 

six minor bands on the short arms (Figure ?f). Seven minor 

bands are apparent along the long arms. 

Figura 8a is a photomicrograph of bivalent two in 

metaphase. The line drawing (Figure 8b) indicates five 

major bands along the short arms and four major bends on 

the long arms. The short arms have a chiasma at band 2 

and the long arms ha ve a terminal chiasma. No additional 

bands were observed with the microscope along the short 

arms of the bivalent. The long arms ha ve six minor bands 

that comprise the fou r major bends as seen in the photo

graph (Figure 8c). 

Another pho~omicrogr~ph (Figure 8d) of bivalent two in 

metaphase shows three major bands on the short arms and 

four major bands along the long arms. In Figure Be, a 

line drawing indica t es the major bands clearly. A line 

drawing (Figure Sf) indicates the twelve minor bands that 

make up the major bands on the bivalent. Five minor bands 

are presen t along the short arms with a terminal chiasma 

d are Observed on the long arms with and seven minor bans 

chi asmata at bands 2 and 7. 
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Figure 8 

8 & d Photomicrographa of bivalent two in metaphase I. 

b & e Major bends indicated from microphotographs. 

c & f Line drawings of minor bends observed with 
microscope. 
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In all eight bivalents an apparent apace (indicated by 

arrows} can be observed in the long arms proximal to the 

most distal dark banded area. This interband region appears 

to correspond to a similar area on the chromosome identified 

as number two f'rom mitotic preparation. 

Aa can be observed from Figure 9, the banding patterns 

of the two meiotic bivalents identified as number 1 and 2 

agree well with the published patterns !'or the mitotic 

chromosomes 1 and 2. The bands in the meiotic preparations 

appear to be consistent along the two homologous chromo

somes. Also the banding patterns appear to be consistent 

between different bivalents of the same stage as can be 

seen in Figure 9. 

In Figure 10, the meiotic chromosomes are karyotyped 

according to bivalent size and ce □ tromere location. The 

karyotype separates the bivalents into groups and illus

trates the difficulty in accurately identifying individual 

chromosomes within groups. 
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Figure 9 

a & d Line drawings of mitotic banding patterns of chromo
somes 1 and 2, respectively, taken from Kakiti and 
Sinha (1972). 

b Linear drawing of meiotic bivalent one in metaphase 
taken from Figure 4c . 

c Drawing of bivelent one in metephese from Figure 4f. 

e Diagram of Figure 8c of meiotic bivalent two in 
metaphase. 

f Line drawing of bivalent two in metaphase taken from 
Figure 8f. 



A 1-2 
B 3-4 

la, 
C 5-7 

D 8-10 

XY 

Figure 10 

Meiotic karyotype of Chinese hamster bivalents in Metaphase 
I. 
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CHAPTER V 

DISCUSSION 

Procedural modifications to enhance the quality of 

banding were found to give negative results. Preparations 

left in warm {60°) 2 X SSC solution had no apparent 

effect on production of bands on the bivalents. Cells pre

treated in warm hydrochloric acid were of poorer quality 

due to failure or bivalents to stain with Giemsa. This 

was probably due to hydrolysis of much of the chromosome 

material which reduced the ability of the bivalents to 

combine with the stain. The bivalents treated in the 

hypotonic solution buffered with phosphates at pH 7.0 were 

observed to be stained uniformly with Giemsa. This same 

phosphate buffered at pH 8. 5 did produce banding which 

indicates that the pH and not the type of buffer is more 

significant. However , t he borax buf fe r solution also at 

pH 8.5, resul t ed in extremely fuzz y bivalents. Banding was 

noted along the bivalents, although of very poor quality. 

Slides treated with sodium hydroxide or trypsin were 

observed to be of no usable value. 

As has been pointed out previously {Monesi, 1965; 

Utakoji, 1966) , mammalian testicular tissue fixed for cyto

logical analyses is usually fuzzy and of poor definition. 

These investigators have demonstrated that the meiotic 



30 

chromosomes are in an active synthesis stage and therefore 

the DNA fibrils are expanded. Pathak,~ g. (l9?6) 

attempted to overcome this poor morphology by suspending the 

sperrnatocytes ate low temperature over a four hour period. 

It was reasoned that during this time the synthetic activity 

of the chromosomes would be drastically reduced and yield a 

more suitable morphology for analysis. Attempts to dupli

cate their results did not produce equivalent results. 

However, it has been possible to find appropriate stages in 

which bivalents were of sufficient quality for photographing 

and analyzing. 

The generally accepted manner for illustrating 

chromosomes is to align them so that the short arm is up. 

Bivalents have been arranged in this standard position which 

was established by the Paris Conference on chromosome 

identification (1971). The bands are numbered consecutively 

on both arms beginning adjacent to the centromere and 

proceeding distally. This also approximates the numbering 

system used for identifying mitotic bands suggested by the 

Paris Conference (1971). Each bivalent will therefore have 

two bands identified as one or two, etc., referring to the 

bands in both the short and long arms. 

b d and photographed eight Of the numerous cells o serve 

cells were selected to illustrate stages beginning at 

h I Progressive condensa-early diplotene through metap ase • 

tion is evident from diplotene to metaphase I as exhibited 
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by reduced bivalent si ze and numbe r of bands. 
The continu-

ous reducti on in number of bands is due to fusion of bands 

as the bivale nts progress through divis i on. 

All the bivalents (Figures 1-4) identified show two 

recognizable and consistent landmarks which correspond to 

re gions on the chromosome identified as number one from 

mitotic prepar ations. The most obvious or these two areas 

appears on the short arms of the bivalent just above the 

centromere. At that position there is an apparent space 

with a very dark band located distally. The second area is 

observed in the distal portion of the long arro of the 

bivalent and is also bounded distally by a dark band. Both 

01' these areas agree with the banding patterns reported 

by Kakati and Sinha (1972) tor chromosome number one. 

The bivalents identified as number two (Figures 5-8) 

have a light space evident proximal to the most distal dark 

bands on the long arms of the chromosomes. This interband 

region is visible in all eight bivalents and serves as a 

landmark to aid in identification. The interband re gion 

appears to correspond to a similar area on the chromosome 

iden t ified as chromosome two from mitotic preparations 

reported by Kakati and Sinha (1972). 

Figure 9 is a comparison between the reported major 

b d numbered One and two as seen in mitotic ans of chromosomes 

2 ) and line drawings of preparations (Kakati and Sinha, 197 

the bands f r om me i otic bivalents in met aphase I. From this 
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comparison it i s evident that the bands of the meiotic 

bivale nts are grossly similar to their mitotic counterparts. 

Bival ents in diplotene and diakinesis were not compared with 

t he mi totic chromosomes because they are in a different 

stage of division (prophase as opposed to metaphase). 

The meiotic chromosomes are karyotyped and shown in 

Figure 10 for the Chinese hamster. The sex pair is 

synapsed terminally and shown separately from group B. 

This karyotype indicates the grouping of the bivalents with 

their relative size and centromere location. The fuzziness 

of the bivalents is apparently inherent to the Chinese 

hamster chromosomes. 



CHAPTER VI 

SUMMARY 

The two bivalents comprising Group A in the stages 

of diploteae, diakiaesis and metaphase I were selected for 

analysis. From the cells observed and photographed, 

eight were chosen to illustrate the banding patterns of 

chromosomes one and two. In both chromosomes, progressive 

condensation can be observed from diplotene through 

metaphase I. This is exhibited by a reduced number of 

bands as well as a decrease in the size or the bivalents. 

In Figures 1-l~, the bivalents show two recognizable 

and consistent landmarks which correspond to regions on the 

chromosome identified as number one from mitotic prepara

tions. The bivalents appear to be in agreement with the 

banding patterns reported by Kakati and Sinha {1972). 

Figures 5-8 indicate bivalents that have a single 

landmark and are identified as chromosome two. The landmark 

corresponds to a similar area on the chromosome identified 

as chromosome two from mitotic preparations reported by 

Kakati and Sinha {1972). 

A comparison between the bands on mitotic preparations 

and meiotic metaphase bivalents (Figure 9) indicates a gross 

similarity in the banding patterns of the two divisions. 

The meiotic chromosomes are karyotyped in Figure lO. Size 
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of bi~alents, centromere position and the number and 

iocation of chiasmata are apparent by observing the karyo-
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