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Statistical data from breeding experiments suggested that a 

reciprocal chromosomal translocation had spontaneously occurred in 

a line of S. C. White Leghorn fowl. Approximately 50% of the 

embryos from matings between suspected translocation hetero- 

zygotes and normal birds died early during incubation. In an effort 

to obtain cytological proof of this translocation, mitotic and meiotic 

chromosomes from normal birds and translocation heterozygotes 

were studied. 

For study of mitotic chromosomes leucocytes obtained from 

peripheral blood were cultured in vitro. Mitosis was arrested with 

colchicine and the cells subjected to a hypotonic environment prior 

to fixation in Carnoy's acetic -alcohol. Air dried preparations of 

these cells were stained with Giemsa or Acetic - Orcein. 
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For study of meiotic chromosomes testicular tissue was sub- 

jected to hypotonic treatment prior to fixation in Carnoy's. Cells 

were then resuspended in 45% acetic acid. Air dried preparations 

were stained with acetic orcein and viewed with phase contrast 

optics. 

Study of mitotic chromosomes revealed no demonstrable dif- 

ference between normal birds and translocation heterozygotes. Ex- 

amination of meiotic chromosomes from translocation heterozygotes 

showed an abnormal association of chromosomes two and three 

during diplonema and diakinesis. It appeared that the short arm of 

chromosome two and the long arm of chromosome three had under- 

gone a mutual exchange of a small amount of chromatin material. 

The cytological demonstration of this unique spontaneous reci- 

procal translocation will aid in establishing relationships between 

gene linkage groups and their residual chromosomes. 
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A CYTOLOGICAL STUDY OF A SPONTANEOUS 
RECIPROCAL TRANSLOCATION IN THE DOMESTIC 

FOWL GALLUS DOMESTICUS 

INTRODUCTION 

It is now well established that the chromosomes constitute the 

physical basis of heredity (White,1954 p. 1; Swanson, 1957 p. 82; 

DeRobertis, Nowinski, and Saez, 1960 p. 257; Sager and Ryan, 

1961 p. 66). In the past 60 years cytologists have spent considerable 

time and effort working out the characteristic chromosome number 

and morphology for a wide variety of organisms. In his Atlas of the 

Chromosome Numbers in Animals, Makino (1951) lists the chromo- 

some numbers for 3,317 species of animals of which 563 species 

are vertebrates. As might be expected the chromosomes of eco- 

nomically important species have been studied by more investigators 

and in more detail than have those of animals of less immediate im- 

portance to man. One animal in particular that has been studied 

repeatedly by cytologists between 1906 and 1965 is the domestic 

fowl Gallus domesticus. Shoffner (1965, p. 164) in a paper sum- 

marizing our knowledge about the chromosomes of the domestic 

fowl enumerated some major deficiencies in our knowledge of fowl 

cytogenetics. 

1. The chromosome number is uncertain, 
2. The microchromosomes are unclassified as to 

number, size, shape, heterochromatic condition, 
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random distribution and function. 
3. The constancy of either meiotic or mitotic 

division products for the microchromosomes 
is questionable. 

4. There is little or no knowledge about the oc- 
currence or effects of aberrant chromosomes 
such as translocations or inversions in fowl 
populations. 

5. There is little knowledge about incidence or re- 
sults of abnormal chromosome behavior such as 
aneuploidy, trisomy, or nondisjunction. 

6. The female is the heterogametic sex, distinguished 
by a single X or Z chromosome (fifth in size 
among the macrochromosomes). The existence 
of other sex determining elements or loci is un- 
certain, 

7. Except for the sex chromosome, association is 
unrecognized between the many known genetic 
marker loci and their residual chromosomes. 

8. Cytogenetics in the fowl is almost a complete 
void. 

There immediately comes to mind the question - -why should 

so little be known about the chromosomes of an organism which has 

been subjected to such intensive cytological study? (Table I in the 

Appendix modified from Miller (1938) and Brant (1952), listing the 

results of all the important chromosome studies of the fowl between 

1906 and 1965, demonstrates the general lack of agreement among 

poultry cytogeneticists.) Several authors (Hance, 1926; White, 

1932; Hutt, 1949 pp. 24 -26; Newcomer, 1952; and Owen, 1965) 

have discussed the reasons why chicken chromosomes have been 

found so difficult to study. First of all, the chromosomes of the 

chicken are numerous and very small, the smallest (less than 0.2 

micron in length) being at the limit of microscopic resolution. As a 
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result, those studies in which sectioned material was used show a 

considerable variation in chromosome number even among cells 

taken from the same tissue. Even those investigators who employed 

squashing techniques, while having somewhat greater success were 

unable to achieve fully satisfactory results. The second factor caus- 

ing difficulty in chicken cytogenetics involves the response of these 

chromosomes to fixation and staining. White (1932) pointed out that 

unless fixation was instantaneous, the smaller chromosomes (micro - 

chromosomes) clump together in the metaphase plane making accu- 

rate counting difficult. In addition, the small chromosomes tend to 

destain more rapidly than the large ones which may lead to errors in 

counting (Hutt, 1949 p. 24). 

In spite of these difficulties, several early investigators were 

partially successful in demonstrating what is now believed to be the 

correct karyotype of the domestic fowl. Hance (1926a), using a 

tissue culture technique to obtain a thin, easily fixed layer of rapidly 

dividing cells, found from 60 to 70 "chromatic bodies" in prophase 

cells. He felt, however, that this was an abnormally high number 

and was the result of fragmentation of larger chromosomes. He 

found that as metaphase was approached, the number of distinct 

chromosomes became less, presumably through the "coalescence of 

certain chromatin granules and rods which previously had seemed t ̂ , 

be separates' (Hance, 1926a, p. 157). Although the work of Hance 
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was more precise than that of any preceding investigator, some idea 

of the difficulties he must have encountered can be gained from noting 

that he identified the largest chromosome as the sex chromosome, 

being unpaired in the female but paired in the male. In 1930, 

Suzuki (as cited by Brant, 1952) in his study of embryonic gonads, 

counted 37 pairs of chromosomes in the male and 36 pairs plus one 

unpaired element in the female. In addition, consistent with modern 

theory, he identified the sex chromosome as being the smallest of 

four large V- shaped elements (the third largest chromosome is a 

rod while chromosomes one, two, four and five appear as J's or 

V's at metaphase). M. J. D. White (1932), using sectioned material 

from 40 -hour embryos as well as smears of adult testes, found the 

chromosome number to vary from less than 60 up to a high of 66 in 

male cells. He also pointed out that unlike the situation which exists 

in reptiles, there is no sharp division into "macro -" and "micro - 

chromosomes" but rather a complete gradation from largest to 

smallest. Perhaps influenced by the work of earlier investigators 

(especially Guyer, 1909 and Hance, 1924), White identified the sex 

chromosome as the largest pair in the male. 

It was not until the middle 1930's that Unger (as cited by 

Miller, 1938) working with sectioned embryonic gonads verified the 

above mentioned work of Suzuki by demonstrating that the sex 

chromosome was the fifth largest element. This finding was 
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subsequently verified by several investigators (Sokolow, Tiniakow 

and Trofimow, 1936; Miller, 1938; and Yamashina, 1944). The 

works of Miller and Yamashina deserve special mention because of 

their success in characterizing the diploid chromosome set. 

Yamashina, in a study of spermatogonial and oogonial cells from 

11-13 day embryos, compared the morphology of chromosomes in 

17 races of domestic fowl. This embryonic gonadal tissue was 

fixed with Herman's mixture, sectioned at 10 microns, stained with 

iron haematoxylin and counterstained with light green. The results 

of Yamashina's investigation can be summarized as follows: 

1. In each race studied, the number and morphology of the 

chromosome set was constant: 78 chromosomes consti- 

tute the diploid set in the male and 77, the diploid set in 

the female. 

2. The constitution of the diploid complement is divided into 

two distinct size groups; the macrochromosomes and 

microchromosomes. The number of the macrochromo- 

somes is 16 in the male and 15 in the female. These con - 

sist of two homologous pairs of extremely large V- shaped 

elements, a pair of long rod - shaped ones, a pair of J- 

shaped ones having subterminal attachment, a medium 

sized distinct V- shaped element which is paired in the 

male cell, and three pairs of rod - shaped ones. The 
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microchromosomes, 62 in number, all appear to be 

telomitic in structure and vary in shape from short rods 

to minute grain -like ones in a graded series. 

After the work of Yamashina there was no further progress in 

chicken cytogenetics until a series of technique improvements per- 

mitted cytologists to break away from the use of sectioned material 

and to begin studying cells from other than embryonic and gonadal 

tissue. These critical technological improvements are four: 

1. The use of tissue culture where cells are either suspended 

in a nutrient medium or form a monolayer on a glass sur- 

face. Such a technique allows for rapid and thorough 

fixation, and in addition permits the investigator to sub- 

ject the cells to any of a number of pretreatments designed 

to improve the number and appearance of chromosomal 

figures. 

2. Colchicine pretreatment. In the middle 1950's Ford and 

Hamerton (1956) and Tjio and Levan (1956) observed that 

the chemical agent colchicine, which had been used for 

almost twenty years by plant cytogeneticists to prevent 

spindle formation during mitosis, had the same effect on 

animal cells. It thus became possible to block mitosis at 

metaphase and accumulate large numbers of cells suitably 

for cytogenetic analysis. 
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3. Hypotonie pretreatment. Once again applying a technique 

borrowed from plant cytologists, Makino and Nishimura 

in 1952 showed that by placing animal tissues in a hypo - 

tonic solution (distilled water) for a few minutes prior to 

fixation, the chromosomes of dividing cells could be dis- 

persed throughout the cytoplasm, thus reducing the 

clumping and overlapping of chromosomes that had plagued 

cytogeneticists for so long. 

4. Air drying of pretreated cells. Although the use of col- 

chicine aided in accumulating cells suitable for study and 

hypotonic pretreatment scattered the chromosomes, such 

cells were difficult to study because the chromosomes did 

not all lie in a single focal plane. The squash and air -dry 

methods force the chromosomes to lie in one plane on the 

surface of the slide where they can easily be studied with 

a minimum of focusing. Photomicrographs of such 

chromosomal spreads are easily taken and errors in 

chromosome characterization minimized. 

Through the application of these techniques and through the 

efforts of a number of investigators (Ohno, 1961; Krishan, 1962; 

Stenius, Christian and Ohno, 1963; Ford and Woollam, 1964; Ohno 

et al. 1964; and Owen, 1965) we now (1966) have the following 

knowledge of the chromosomes of Gallus domesticus. 
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1. The diploid chromosome number is in the upper seventies- - 

most likely 78. 

2. The five largest chromosome pairs are as described by 

Yamashina (1944) above. 

3. The next four pairs of chromosomes were described by 

Owen (1965) as follows: 

a. Pair six are obvious acrocentric chromosomes similar 

in shape to pair three but of little more than half the 

size. 

b. The seventh pair are approximately half the length of 

pair six and have a definite short arm. 

c. Pair eight are acrocentric chromosomes of about the 

same size as pair seven from which they can be dis- 

tinguished by the absence of the short arm. 

d. The ninth pair of chromosomes are of similar length 

to the preceding two pairs but have a medially placed 

centromere. 

In the present study it was often difficult to accurately sepa- 

rate these last two pairs of chromosomes and in some cases (Plate 

IV) the eighth largest pair appeared to have a medially placed centro - 

mere while pair nine was acrocentric. 

4. The next thirty pairs of chromosomes form a continuous 

series in size from the acrocentric tenth pair to the 
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smallest elements which appear as paired dots. 

5. Although some investigators (Newcomer, 1957, 1959; 

Newcomer and Brant, 1954; and Donnelly and Newcomer, 

1963) have questioned the nature of these smaller elements, 

suggesting that they are supernumeraries and vary in num- 

ber from cell to cell, it now appears well established 

(Ohno, 1961; Ford and Woollam, 1964; Krishan, 1962; 

and Owen, 1965) that there is no essential difference in 

structure or behavior between the large and small chromo- 

somes. 

6. The sex chromosome, paired in the male, is fifth in size 

among the large elements. The actual mode of sex deter- 

mination, whether ZO or ZW is still disputed. 

[Recently, however, using refined techniques, Frederic (as cited by 

Owen, 1965), Schmid (1962), and Owen (1965) have found what is 

believed to be an unpaired chromosome ranking in size between the 

sixth and eighth longest elements. Owen (1965, p. 605) found this 

chromosome to be "of slightly shorter length than the seventh pair 

of chromosomes and which can be distinguished from them by the 

fact that its centromere is placed more medially. " Thus it appears 

probable that the mechanism of sex determination in the domestic 

fowl is ZW with the female the heterogametic sex.] 

In spite of these recent advances in chicken cytogenetics, it 
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has not yet been possible (with the exception of the sex chromosome) 

to establish an association between any of the known linkage groups 

and specific chromosomes. In an effort to establish a relationship 

between the six known linkage groups (Hutt, 1949 pp. 486 -496) and 

their residual chromosomes, geneticists have searched, unsuccess- 

fully, for birds in which two chromosomes have exchanged parts. 

Such an exchange, or reciprocal translocation, would result in a 

corresponding change in linkage relationships. It would then be 

possible to examine the chromosome complement of such birds, 

determine which chromosomes had exchanged parts, and thus gain 

some knowledge of which genes lie on which chromosome. Through 

the examination of a series of such translocations it would be pos- 

sible to work out the exact association of each linkage group with its 

respective chromosome. Unfortunately, prior to this study, no 

spontaneous translocation had ever been observed in the fowl. 

Workers at the University of California, Berkeley, have ex- 

posed the semen of unpedigreed birds to varying doses of x- radiation 

and then used this semen in breeding experiments (Inouye, 1962), 

As a result of these studies a number of birds suspected of being 

carriers of translocations have been produced. One of these birds, 

a S. C. White Leghorn male, has been cytologically investigated 

(Newcomer, 1959) and found to carry a reciprocal translocation in- 

volving chromosomes one and two. 
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The presence of such a translocation can be detected in 

several ways. If gene linkage groups have been established for the 

organism under consideration, theoretically a translocation can be 

detected as a change from the normal linkage pattern. In the hypo- 

thetical situation illustrated below (Figure 1) genes 1, 2, 3 and 4 are 

linked in the normal individual while genes 1, 2, 8 and 9 form a new 

linkage group in the translocation homozygote. 

Normal Translocation 
Pair I Pair II 

51 5' 
6+ 61 

711 711 

8i 8i4 
9 ¡9¡ 

Pair 

2 2 

88 9 

Homozygote 

Pair II 

5; 5 
61 GI 

7 71 
31 3 
4 4, 

Figure 1 , Hypothetical reciprocal translocation (points of 
breakage shown by arrows in normal chromosome 
complement). 

Other indirect evidence for a translocation can be gained by crossing 

an individual heterogygous for the aberration with a normal individu- 

al as shown in Figure 2, 

I 

I I 

2 2 

3 34 4 4 
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Normal Translocation Heterozygote 

22 
33 44 

51 51 

GI G, 

71 71 X 
81 81 

9! 9! 

A 13 

á61 1 

I2 G51 
71 71 

44 q 4 

21 2 

41 8 
D 

5; 5; 
G¡ G 
7i 7¡ 

8' 31 

D, 4 

C D 

i 5i I 
I 5i 5; 

C 61 2 61 61 

i 

71 71 

3 
7171 

d8; 4' 4 4 
d41 

Figure 2. Hypothetical chromosomes of normal and translocation 
heterozygote (above) and chromosomes of their off- 
spring (below). 

When such a cross is made, assuming that no primary non- disjunc- 

tion occurs as a result of abnormal meiotic pairing configurations, 

one quarter of the offspring are genotypically and phenotypically 

normal and one quarter are heterozygous for the translocation but 

usually phenotypically normal. Half of the offspring, however, 

(individuals C and D in Figure 2) receive an abnormal complement of 

genes. In the hypothetical illustration individual C receives only one 

I I I I 

l' I I 

2 

3 

91 

2 
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each of genes 3 and 4 but three each of genes 8 and 9. Individual D, 

on the other hand, receives three genes 3 and 4 but only one each of 

genes 8 and 9. Such abnormal zygotes, lacking a normal comple- 

ment of certain genes while carrying other genes in excess, will 

usually die at an early stage in development. This explanation of 

semi - sterility in translocation heterozygotes was first suggested by 

Belling (1925) and has since been used to detect translocations in a 

variety of organisms. 

In some translocations, where relatively large regions are 

exchanged, crossing over during meiosis may result in a high inci- 

dence of primary non -disjunction in the chromosomes involved. In 

such cases early death might be expected in as many as two -thirds 

of the F1 zygotes instead of the 50% predicted in Figure 2 (Swanson, 

1957, p. 175). 

A third means of detecting and studying a translocation is 

through direct examination of the chromosomes. This approach 

however, would usually only be attempted after one of the above 

mentioned means of translocation detection had given some indica- 

tion that such an aberration existed. 

In studying the chromosomes both mitotic and meiotic material 

can be used. If the translocation involves a relatively large amount 

of chromosomal material and if the portions exchanged are unequal . 

in length, an immediate, observable alteration of the mitotic 
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karyotype would result. If such is not the case, it may be necessary 

to examine the meiotic chromosomes to obtain cytological verifica- 

tion of the exchange. In an individual heterozygous for a reciprocal 

translocation there will be an alteration in the pattern of synaptic 

pairing. Instead of the two normal bivalents expected during 

pachynema, the two hypothetical chromosomes shown in Figure 2 

would form a cross - shaped configuration (Figure 3). 

I I 

Z 

43 $2 
431 reS 

7 
G ,G 
51 15 

Figure 3. Pairing configuration of meiotic chromosomes from 
an individual heterozygous for a reciprocal trans - 
location. 

The present study consists of a cytological investigation of the 

first spontaneous reciprocal translocation ever observed in the 

domestic fowl. 

In 1953, Dr. Paul Bernier of Oregon State University found 

that a particular male (S. C. White Leghorn #1847) when mated to 

12 S. C. White Leghorn pullets produced 146 fertile eggs which 

showed an incidence of 45.9% early death. These same pullets when 

2 

7 
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mated to another male produced 186 eggs with an early death inci- 

dence of only 6. 5 percent. Additional matings between male #1847 

and normal pullets produced 748 fertile eggs of which 353 or 47 per- 

cent showed early death. Embryonic death was found to occur during 

the first four days of incubation; however, a wide range was noted in 

the stage reached by affected embryos some being only in the primi- 

tive streak stage with others showing high somite counts. In all 

cases, however, there was a marked reduction in the size of the 

embryo (Bernier, 1953). 

Between 1953 and 1959 additional matings were studied. In 

1960, on the basis of segregation results, the dominant lethal was 

tentatively identified as due to a chromosomal aberration (Bernier, 

1960). Matings between two homozygous carriers, and between 

homozygous carriers and normal non -carriers, produced zygotes 

with no abnormally high rate of early death. However, when birds 

heterozygous for the aberration (the progeny of homozygous carriers 

and normal noncarriers) were mated to either normal noncarriers 

or homozygous carriers the result was the typical 50 percent lethal- 

ity normally associated with a reciprocal translocation. 

The subject of this thesis is a study undertaken to obtain cyto- 

logical evidence of this translocation and if possible, to demonstrate 

what portions of which chromosomes were interchanged. 
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METHODS AND MATERIALS 

The initial attempts to demonstrate, cytologically, this sus- 

pected reciprocal translocation consisted of an examination of the 

mitotic chromosome complement. It was assumed that if the trans- 

location involved a relatively large part of the chromosomes and the 

portions of the two chromosomes exchanged were of different size, 

the aberration would be readily seen in the mitotic chromosomes of 

a bird heterozygous for the translocation (Figure 4). 

Normal Translocation Heterozygote 

Figure 4. Hypothetical reciprocal translocation (arrows 
indicate points of breakage). 

In studying the mitotic chromosomes a technique was used in 

which leucocytes were cultured and prepared in a manner similar to 

that developed by Moorhead et al. (1960) for studying human chromo- 

somes. In this technique whole blood was obtained via cardiac punc- 

ture, treated with phytohemagglutinin to facilitate agglutination of 
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erythrocytes, and subjected to centrifugation to separate the serum - 

leucocyte fraction from the other formed elements. It is of interest 

to note that phytohemagglutinin, while originally used simply to en- 

hance this separation of leucocytes, is now known to initiate mitosis 

in these cells. Nowell (1960), and Elves and Wilkinson (1963) found 

that this chemical had the effect of stimulating the alteration of 

monocytes and large lymphocytes to a blast -like state which is 

capable of division, 

Following separation of the leucocytes from the blood these 

cells were inoculated into a nutrient medium where cell division 

could occur. This cell suspension was then incubated at 38. 5oC for 

three days by which time a logarithmic growth phase was achieved. 

A mitotic arresting agent such as colchicine was then added to ac- 

cumulate cells in metaphase. After three hours of exposure to 

colchicine the cells were harvested by centrifugation and placed in a 

hypotonic solution to swell the cells and disperse the metaphase 

chromosomes. The cells were fixed in Carnoy's solution (3: 1 acetic - 

alcohol) and the resulting suspension of fixed cells air dried onto 

a clean slide and stained with either Giemsa or aceto- orcein. The 

chromosomes were then observed under both bright field and phase 

contrast optics. Photographs of selected spreads were made using 

a Polaroid camera, Both normal birds and suspected translocation 

heterozygotes were studied in this way and karyotypes of these 
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animals established (Plates II and IV). An examination of these 

karyotypes showed that there was no demonstrable difference between 

the normal birds and those suspected of being heterozygous for the 

translocation. This result was not unexpected since previous investi- 

gators found that the chromosomes of many vertebrate organisms 

normally show a variation in length from cell to cell and even between:. 

the homologous chromosomes of a single cell. Yamashina (1944) 

in his study of chicken chromosomes carefully measured the overall 

length of the macrochromosomes (Appendix Table 2) as well as 

their length relative to the third largest chromosome (Appendix 

Table 3). As can be seen from these measurements considerable 

variation in relative as well as absolute length occurs even among 

normal birds. Patau (in Yunis, 1965, p. 155) referring to human 

chromosomes states: 

Individual chromosomes can be characterized by the 
length of their two arms or by their total length and 
arm ratio, i.e. , the length of the long arm divided 
by that of the short one.... Unfortunately, these 
quantities are given to considerable variation be- 
tween homologs of the same nucleus. It is not un- 
common for one member of a recognizably homo- 
logous pair to be appreciably less contracted and 
correspondingly thinner than the other.... Since 
there is also some variation in contraction between 
arms of the same chromosome, the arm ratio, too, 
is far from constant. 

Table 4 (Appendix) lists arm ratios in chicken chromosomes 

as determined by Yamashina (1944). 
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It thus became apparent that the normal variation in chromo- 

some length was probably so great as to mask any real variation that 

might exist as a result of this particular translocation. 

At this point several conclusions were possible. (1) There 

was no translocation and the abnormal hatching ratios were the re- 

sult of some other, undetermined, factor; (2) the translocation did 

exist but the portions exchanged were of exactly or nearly the same 

Length; or, (3) the translocation involved only a very small part of 

each chromosome. To evaluate these possibilities a study of meiotirr2 

chromosomes was begun. 

To obtain fresh testicular tissue, birds were killed by cervical 

dislocation and the testes removed and treated according to one of 

the following techniques: 

Method One. The testicular tissue was placed in distilled 

water in a Petri dish and macerated with razor blades until a fine 

suspension of cells was obtained. A drop of this suspension was 

then placed onto a glass slide and covered with a 1% solution of 

aceto- orcein. After five minutes an albuminized cover slip was 

placed over the stained suspension, the slide turned coverslip down 

onto absorbent paper and squashed by bringing the full weight of the 

body to bear through the thumbs onto the slide. The slide was then 

examined under the microscope to determine if any meiotic figures 

were present. If so, the slide could then be made permanent. To 
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do this the coverslip was soaked off the slide by placing the slide 

cover glass down on glass rods in 15% acetic acid. After a few 

minutes the coverglass would fall free and could be removed for re- 

staining in aceto- orcein for 30 minutes. The coverslip was then de- 

hydrated through an alcohol series plus xylol and mounted with 

Euparal on clean slides. 

Method Two. The testis material was placed in a 0. 7% sodium . 

citrate solution warmed to 37°C. Sections were cut from the center 

of the testis and the fibrous outer membrane removed from the dish. 

The soft material remaining was then cut into minute cubes and left 

undisturbed for ten minutes. Then, using a Pasteur pipette with 

bulb, this material was repeatedly drawn up and forcibly ejected 

back into the dish. The result was a cloudy suspension of cells. 

This cell suspension was left undisturbed for an additional 20 min- 

utes. At that time, the suspension was filtered through four layers 

of cheesecloth and transferred to 12 cc conical centrifuge tubes. 

These were centrifuged at 660 RPM (60 RCF) for five minutes. The 

supernatant fluid was removed and 2 ml freshly prepared acetic - 

alcohol (3 parts ethanol: 1 part glacial acetic acid) was added drop 

by drop. After two minutes the cells were resuspended with a pip- 

ette. After fixation in acetic- alcohol for 30 minutes at 4°C the 

cells were again centrifuged down for five minutes at 660 RPM, the 

supernatant fluid removed and the cells resuspended in fresh 
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acetic -alcohol fixative. After one or two such washings with fixative 

the cells were resuspended in fresh acetic -alcohol and drops of the 

suspension were pipetted onto clean, dry, grease -free coverslips 

warmed on a hot plate to about 60°C. After drying, the cells were 

stained in 0. 5% acetic -orcein for 30 minutes, dehydrated through 

an alcohol series (without xylol) drained of excess alcohol and 

mounted in Euparal. 

Method Three. After following all the steps outlined in tech- 

nique two above, up through the 30 minute fixation in acetic -alcohol, 

the supernatant was removed and the cells resuspended in 45% acetic 

acid. Centrifugation and resuspension in 45% acetic acid was re- 

peated once more, and finally drops of the suspension were pipetted 

onto clean coverslips warmed to 60oC. These coverslips were then 

treated as in technique two above (Ford and Woollam, 1964). 

Although it was through the use of the first technique that the 

translocation was first observed, techniques two and three eventually 

proved to be more useful in that they provided a much flatter spread 

of chromosomes. 

It was found that after resuspension of the cells in 45% acetic 

acid (Method Three), the fine detail of the chromosomes was re- 

vealed to a greater degree than when such treatment was omitted 

(Method Two), Unfortunately, the meiotic figures treated according 

to Method Three tended to be incomplete - -often lacking two or more 
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chromosomes, and thus were often unsuitable for study. As a re- 

sult, if was often necessary to search several slides before a satis- 

factory spread could be found. 

In an effort to make full use of the birds used in this study, 

each animal was injected intraperitoneally with a 1.0 mgm /ml solu- 

tion of Colcemid (Ciba) at a dose rate of 0.005 ml per gram of body 

weight three hours prior to sacrifice. This was done in the hope 

that in addition to the meiotic figures a number of mitotic figures 

would also accumulate. Such proved to be the case. As a result, 

it was, in several cases, possible to study both the meiotic and mito- 

tic chromosomes on the same slide. (All birds used in this study 

were routinely injected with the same quantity of Colcemid three 

hours prior to death. ) 

The slides prepared by these methods were coded for easy 

reference as to source of the material and method of preparation. 

These slides were then examined using a Zeiss phase contrast re- 

search microscope with a graduated mechanical stage. The slides 

were initially surveyed entirely under 190X magnification and the 

rectangular coordinates of all potentially useful meiotic figures 

noted. It was then possible to further examine such chromosome 

spreads under oil immersion (1250X) and photograph those in which 

the chromosomes could be profitably studied. The criteria for 

selection of a spread for photography were (1) completeness all 
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macrochromosomes apparent, (2) flatness of field to the extent that 

all parts of all chromosomes were in focus at once, (3) intensity of 

staining to insure that good photographic contrast could be obtained, 

and (4) freedom from any extraneous debris which might prove con- 

fusing in a photograph. 

Photomicrographs were made on black and white Polaroid 

Polapan Type 52 film with a Polaroid MP -3 industrial view Land 

camera. The cytological data collected from these various studies 

were as follows: 

1. General mitotic chromosome morphology, 

2. Meiotic chromosome morphology in normal birds, 

3. Meiotic chromosome morphology in birds heterozygous for 

the translocation. 
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PRESENTATION OF DATA 

In this study it was first necessary to establish the normal 

chromosome morphology, both mitotic and meiotic, before any eva- 

luation of the abnormal situation could be made. In Plates I and II 

below the normal mitotic chromosome complement is displayed 

while in Plates III and IV the same chromosomes as found in abnor- 

mal birds are shown for purposes of comparison. In each case a 

photograph of the chromosome spread as viewed through the micro- 

scope is followed by a karyogram prepared from that spread. While 

the microchronzosomes are easily seen in each spread they were not 

all included in the karyogram since their presence was not pertinent 

to this study. In Plate V the normal meiotic chromosomes are 

shown and can be compared with Plate VI, the meiotic chromosomes 

as they appear in birds heterozygous for the translocation, In Plate 

VII spreads of meiotic chromosomes from both normal birds (VII 

A, B, and C) and translocation heterozygotes (VII D, E, and F) are 

included on a single page to facilitate visual comparison of the two 

situations. 
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Plate I Mitotic chromosomes from normal male fowl. 
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Plate II Partial karyogram of normal fowl. 
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Plate III Mitotic chromosomes from male fowl ( #5110) suspected of 

carrying translocation. 

r r- eaa 

_I) 

1 

o 

4. 

" -Abe 

Alb 



28 

2 3 4 

Z G 

6 

. 
9 0 2 

Plate IV Partial karyogram of suspected translocation 

heterozygote (male #5110). 
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Plate V Meiotic prophase I chromosomes from normal matt fowl. 
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Plate VI Meiotic prophase I chromosomes from translocation 

heterozygote (male #3857). 
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Plate VII Meiosis I chromosome spreads from normal (left) and 

translocation heterozygotes (right). 
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DISCUSSION 

The normal meiotic complement of macrochromosomes, six 

bivalents, is shown in Plate V and Plate VII A, B, and C. In good 

preparations it was possible to identify, consistently, four of these 

six chromosomes. Two bivalents, the fourth and fifth largest ele- 

ments, are so similar in length that their positive identification was 

always difficult. However, while it was difficult to tell these two 

chromosomes apart it was always possible to distinguish them from 

the other four large bivalents. The description of the normal meiot- 

ic complement which follows will be of value in comparing these 

chromosomes with those of the translocation heterozygotes. These 

six bivalents, numbered according to decreasing size, are as follows: 

Chromosome one, the largest element, is submetacentric with the 

position of the centromere indicated by a bend (Plate V). Although 

some terminalization of chiasmata occurs as metaphase I is ap- 

proached, it was usually possible to count up to eight or nine such 

structures in this chromosome. Chromosome two on the other hand 

was never seen to have more than four or five chiasmata by late 

diakinesis. This chromosome, like number one, is submetacentric 

with its long arm being about the same length as the short arm of 

number one. Chromosome three, which in mitotic chromosome 

material is seen to be acrocentric, forms a tapered rod during 



33 

metaphase I of meiosis with its centromere toward the center of the 

spindle. It was usually possible to count three or more chiasmata in 

this chromosome. Even in disrupted figures this third largest 

chromosome could be consistently identified by comparing it in length 

to chromosome one. In all cases, it was found to be at least one - 

half the total length of number one while the next two elements, 

chromosomes four and five, were always less than this length. In 

both chromosomes four and five, pronounced terminalization of 

chiasmata occurred as prophase progressed; as a result these bi- 

valents usually assumed an 0 -shape or a figure 8 -shape by meta- 

phase I. Chromosome six is about half the size of chromosome five 

and by metaphase usually appeared as an 0- shaped structure (Plate 

VI and VII). Following these six largest bivalents are a series of so- 

called microchromosomes ranging in size from slightly smaller than 

number six down to barely resolvable dots. In well spread figures, 

it was possible to count up to 33 such microchromosomal bivalents. 

Plate VI and Plate VII D, E, and F, meiotic chromosomes from 

birds heterozygous for the translocation, show chromosomes two and 

three associated as a quadrivalent. The conclusion that chromo- 

somes two and three were involved in this abnormal configuration 

was arrived at first by careful examination of the quadrivalent and 

second through a process of elimination. In this process of elimina 

tion it was first necessary to assume that while some rearrangement 

- 
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of chromosomal material had occurred as a result of the transloca- 

tion, all of the macrochromosomes must be present in the abnormal 

birds. Such an assumption was based on the premise that any zygote 

totally lacking an entire pair of macrochromosomes would probably 

not survive to hatching let alone to maturity. With this assumption 

in mind, it was possible to identify, using the description and know- 

ledge obtained from normal birds, the other four macrochromosomal 

bivalents (chromosomes one, four, five and six). Chromosome one 

was identified mainly on the basis of overall length supplemented by 

counts of chiasmata. Chromosomes four and five were identified by 

comparison with number one (in no case did the length of either ex- 

ceed one -half the length of number one), and by their appearance as 

either O- or figure 8- shapes. Chromosome six was identified by its 

size relative to chromosomes four and five and by its 0-shaped ap- 

pearance. Thus, since chromosomes one, four, five and six could 

consistently be identified in their normal bivalent condition, through 

the process of elimination it was concluded that chromosomes two 

and three were associated in the quadrivalent, Further study then 

centered on a more detailed analysis of the quadrivalent. 

In analyzing the quadrivalent two points became evident. First, 

it appeared that the portions exchanged in the translocation were 

quite small. Had large parts of the chromosomes been translocated 

the quadrivalent would have more the appearance of a cross with 
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arms extending outward from the open space between the ends of the 

bivalents. The observed rate of early embryonic death, about 47% 

in the Fl generation of a cross between a translocation heterozygote 

and a normal bird (Bernier, 1960), provides additional evidence that 

only small regions were exchanged. Had large portions been trans - 

located, chiasmata would form in the arms of the pachytene cross 

producing a high incidence of primary non -disjunction (Swanson, 

1957, p. 175). The probable result of such non -disjunction would 

be a change from the expected rate of 50% early embryonic death 

(White, 1954, p. 110). 

The second point that emerged from an analysis of the quadri- 

valent was that the chromosomal segments exchanged were probably 

similar in length. Had these segments been of significantly different 

length, it should have been possible to detect the translocation in the 

mitotic chromosomes. As had been pointed out previously, such 

was not the case. Furthermore, in the case of an uneven exchange 

of material, the resulting quadrivalent would be asymmetrical with 

one arm of the cross longer than the other. Again such was not 

found to be the case in the translocation heterozygotes. 

An exact determination of which arms of the two chromosomes 

were involved in the exchange was not possible; however, the fol- 

lowing tentative evaluation of the quadrivalent is presented. 

1. The shorter member of the quadrivalent is chromosome 
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three with its centromere at the extreme end of the figure 

(Plate VI). This hypothesis is reasonable when we con- 

sider the morphology of the mitotic chromosomes. Since 

number three is an acrocentric chromosome there is little 

or no room beyond the centromere for a translocation to 

occur. Furthermore, if such an addition of material to 

chromosome three had somehow occurred this should have 

been visible in the mitotic chromosomes. It was not. 

Further indication that the centromere of chromosome 

three is at the extreme end can be found in Plate 7 E 

where the quadrivalent projects in toward the center of 

the spindle just as if chromosome three were in its nor- 

mal orientation as seen in Plate V. 

2. The longer member of the quadrivalent is chromosome 

two, with its short arm involved in the translocation. If 

the longer arm of number two had been involved then its 

centromere would have been toward the end of the quadri- 

valent. If this were the case, we might expect to find this 

end bent back toward the center of the figure in order that 

this centromere be included in the spindle apparatus. 

This was observed in only one case. 
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SUMMARY AND CONCLUSIONS 

Both mitotic and meiotic chromosomes from a line of S. C. 

White Leghorn fowl suspected of carrying a spontaneous reciprocal 

translocation were analyzed in this study. In the examination of 

mitotic chromosomes, colchicine, or its derivative Colcemid, was 

used to arrest mitosis at metaphase and thus accumulate large num- 

bers of cells suitable for study. These cells were also subjected to 

hypotonic treatment prior to fixation in order to prepare them for 

cytogenetic analysis. Several different tissues were used as a source 

of cells; however, best results were realized after in vitro culture 

of leucocytes obtained from peripheral blood. Unfortunately, it was 

not possible in this study to observe the translocation in spreads of 

mitotic chromosomes. 

In the study of meiotic chromosomes cells were obtained from 

testicular tissue from both normal males and males suspected of 

being heterozygous for the translocation. Members of this latter 

group were identified after noting an unusually high rate of early 

embryonic death in their offspring. The testicular tissue obtained 

from these birds was subjected to a hypotonic pretreatment, fixed 

in an acetic acid and alcohol solution, and then resuspended in 45% 

acetic acid. This suspension of cells was air dried onto slides and 

stained with acetic- orcein. In such preparations of cells from birds 
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suspected of carrying the translocation an abnormal pairing configura- 

tion was consistently observed in the chromosomes at metaphase I 

of meiosis. This abnormal configuration was analyzed and found to 

involve the second and third largest bivalents arranged end to end in 

the typical cross - shaped figure normally associated with a reciprocal 

translocation. Evidence obtained from further examination suggested 

that the shorter arm of chromosome two and the longer arm of 

chromosome three had exchanged a small segment of chromosomal 

material. The small extent of the translocation is consistent with 

the fact that the aberration was not observed in mitotic chromosomes. 

The identification of this spontaneous reciprocal translocation, 

the only one of its kind yet observed, may be of considerable value 

to poultry cytogeneticists. For the first time it should be possible to 

establish a definite relationship between two of the linkage groups 

and their residual chromosomes. In addition it may now be possible 

to determine the general location of certain individual genes on these 

chromosomes. Unfortunately, since this translocation is apparently 

of minor extent and thus not easily observed in mitotic chromosomes, 

it probably will not be possible to use this aberration in the establish- 

ment of marker cell stocks for use in immunological and other stud- 

ies where identification of individual cells is required. 

Now that this aberration has been established in a homozygous 

condition, breeding studies should soon reveal the true relationship 
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between linkage groups and chromosomes. And, by studying this 

translocation in relation to the induced translocation previously 

studied and shown by Newcomer (1959) to involve chromosomes one 

and two, it should be possible to definitely establish which genes lie 

on chromosomes one, two and three. Since it is already known 

which linkage group lies on chromosome five (the sex chromosome), 

by a process of elimination it may be possible to determine which 

genes are linked on chromosome four. 

The commercial importance of a reciprocal translocation 

should also be pointed out. By mating normal birds with transloca- 

tion homozygotes it will now be possible regularily to produce birds 

heterozygous for the translocation. Such birds presumably would 

produce eggs at a normal rate but the hatchability of these eggs 

would be poor. A breeder could utilize such a translocation to insure 

that no one could profitably propagate his stock and expect good 

hatching results. 
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APPENDIX 



fable 1. A partial survey of chromosome studies of the fowl, 1906 -1965. 

Method of Diploid No. Sex Sex 
investigation Material Preparation Chromosome Inheritance Chromosome 

Loyez 1906 female gonads sectioned 12 N. D. N. D. 

Sonnenbrodt female gonads sectioned at 16 -32, prob. N. D. N. D. 
1908 2 -10 microns 24 

Guyer 1909 adult testis smeared 16 -18 or more XO largest, male 
heterogametic 

Lacaillon 1910 maturing oocytes not given 24 N. D. N. D. 

Cutler 1918 adult testis not determined 18 -20 N. D. N. D. 

Boring (on adult testis and not given 18 -22 N. D. N. D. 
Stevens) 1923 embryonic gonads 

Shiwago 1924 Embryonic and not given 32 

adult gonads, 15 -17 
day embryos, Soma 

Hance 1924 Embryonic gonads not given 17 pair + 1 

& tissue culture, 18 pair 
Soma 

Hance 1926a tissue culture & sectioned 30 -35 pair 
embryo soma (prophase) 

17 pair + 1 

18 pair 
(metaphase) 

XY one of largest 

XO largest, female 
heterogametic 

not given not given 

cont. on next page 



Table 1, continued 

Method of Diploid No. Sex Sex 
Investigation Material Preparation Chromosome Inheritance Chromosome 

Hance 1926b gonads & cultured sectioned not given not given not given 
tissue 

Hance 1926c adult testis, 7 -9 after Hance 1926b 15 -18 pair XO Longest, paired 
day gonads prob. 17 pair in male 

Akkeringa 1927 embryonic gonads not determined 15 -22 pairs XY largest 
(varies with 
variety studied) 

Suzuki 1930 embryonic gonads not determined 37 pair (male) XO smallest of four 
36 pair + 1 large v- shaped 
(f em ale ) 

White 1932 adult testis & smears and section- 33 pairs + 1 XO largest 
embryonic gonads ing 

Popoff 1933 embryonic gonads sectioned 15 -22 pair XY largest 
(metaphase) 
30 -35 pair 
(prophase) 

Sokolow and embryonic gonads sectioned 16 -30 pair + XO 2nd largest 
Trofimow 1933 and soma in male soma 

26 pair ( +1) in 
embryonic gonad 

cont. on next page 



Table 1. continued 

Investigation Material 
Method of Diploid No. Sex Sex 
Preparation Chromosome Inheritance Chromosome 

Unger 1936 embryonic gonads and sectioned at 7 22 -30 pair XO 5th largest 
soma microns + 1 

Sokolow, embryonic gonads and not determined see 1933 XO 5th largest 
Tiniakow and other tissue report 
Trofimow 1936 

Miller 1938 young and adult sectioned at 10 38 -40 pair XO 5th largest 
testis, gonad of microns prob. 40 
ovariotomized 
female 

Scaccini 1944 

Yamashina 

Newcomer and 
Brant 1954 

embryonic gonads sectioned at 6, 8, 25 -35 pair N. D. N. D. 
and 10 microns 

embryonic gonads, sectioned at 10 invariably XO 5th largest 
one testis of adult microns 39 pair, 
White Leghorn 38 pair + 1 

in female 

young mature testis smears and sections 6 pair + not determined not determined 
variable No. prob. one of longer 
microchromo- J- shaped 
comes 

cont. on next page. 



Table 1, continued 

Investigation Material 
Method of 
Preparation 

Diploid No. 
Chromosome 

Sex Sex 
Inheritance Chromosome 

Newcomer 1957 gonads of 10 -13 day hypotonic pretreat- 6 pair + vari- 
embryos ment, colchicine, able no. of 

sme ars "chromosomoids" 

not determined not determined 

Ohno 1961 gonads of 9 -12 day hypotonic pretreat- upper 70's possibly ZO 5th largest bi- 
embryos ment, squash valent 

Krishan 1962 somatic embryo colchicine pre- variable, not determined 5th largest 
treatment, squash near 39 pair 

Stenius, bone marrow of 3 -day colchicine, air dry 9 pair + about not determined 5th largest 
Christian, and old chick 60 acrocentrics 
Ohno 1963 

Ford and 
Woollam 1964 

adult testis hypotonic pretreat- 
ment, resuspension 
in 45% acetic acid, 
air drying 

Ohno. tool. gonads and spleen hypotonic pretreat - 
1964 from embryos, chicks, ment, squash 

and adults 

Owen 1965 spleen, thymus, 
bone marrow from 
embryo 

hypotonic pretreat- 
ment, Colcemid pre- 
treatment, resuspen- 
sion in 45% acetic 
acid, air dry over 
flame 

probably 40 pair 

about 80 

probably 78 

not determined not determined 

probably ZW 5th largest 

ZW 5th 
largest = Z, 

between 6 & 7 

largest = W 

5th largest 

do 



48 

Table 2. Length of the macro -chromosomes of the White Leghorn shown in N. (Yamashina, 1944, 

p. 283). 

Cells 
Examined a b 

Chromosomes 

c d e f 

no. 1 (d) 9, 9 6. 8, 7 4.4, 4.8 4. 2, 4.2 3.8, 3.8 2. 8, 3 

no. 2 ) 6. 8, 7 5. 6, 6 4. 4, 4. 4 3, 3 3, 3 2. 2, 2.2 

no. 3 ( d ) 6. 8, 6. 8 4. 4, 4. 8 4, 4. 2 2. 6, 2. 8 2. 2, 3 1. 8, 1. 8 

no. 4 (d ) 8, 8 5. 8, 6. 2 4. 4, 4. 6 3. 8, 3. 8 3. 6, 3. 8 2. 4, 2. 4 

/». 5 ( d ) 7. 4, 7. 6 5. 6, 6. 2 4. 4, 4. 6 4, 4. 2 3. 4, 3. 6 2. 4, 2.6 

no, 6(d) 8. 4, 8.8 5. 8, 6. 2 4. 2, 4. 2 3. 9, 4 3. 8, 4 2. 4, 2. 4 

no. 7 (y ) 7. 2, 7. 4 5. 8, 6 4.4, 4. 6 3. 2, 3. 2 3. 1 2, 2 

no. 8 ( Q ) 7. 8, 8 6. 4, 6. 6 4. 3, 4. 4 3. 7, 3. 8 3.4 2. 2, 2. 4 

no. 9 ( ) 8, 8. 4 5. 2, 6 4, 4. 8 3. 6, 3. 8 3. 7 2. 2, 2. 4 

no. 10 ( Y ) 8, 9. 4 6. 8, 7 4. 6, 5 3. 2, 4 . 3. 8 2. 6, 2. 6 

no. 11 ( Q ) 5. 8, 6. 9 4. 2, 4. 4 3. 2, 3. 2 2. 8, 3. 1 2.. 6 2. 3, 2.3 

no. 12 ( y ) 7. 6, 8. 8 6. 2, 6. 6 5, 5. 2 4, 4. 6 4 2. 8, 2.8 

Range of 

variation 5.8 -9.4 4.2 -7 3.2 -5.2 2.6 -4.6 2.2 -4 1.8 -3 

Average 7.62 5.9 4.38 3.62 3.43 2.38 
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Table 3. Relative length of the macro -chromosomes in the White Leghorn (Yamashina, 1944, 
p. 284). 

Chromosomes 
Cells 

Examined 
a b c d e f 

no. 1 (d ) 1.95, 1.95 1.47, 1.52 1 0.92, 0.92 0. 83, 0.83 0.62, 0.65 

no. 2 ( d ) 

no. 3 ( d) 

no. 4 ( d) 

no. 5 ( d) 

no. 6 ( d) 

no. 7 ( d) 

no. 8 ( d) 

no. 9 ( d) 

no. 10 ( ) 

no. 11 ( y ) 

no. 12 ( ? ) 

1. 54, 

1. 66, 

1. 77, 

1. 64, 

2, 

1. 6, 

1. 8, 

1. 82, 

1. 67, 

1. 8, 

1. 49, 

1. 58 

1. 66 

1. 77 

1.68 

2. 1 

1. 62 

1. 83 

1.91 

1. 95 

2. 15 

1. 73 

1. 27, 1. 36 

1. 07, 1. 17 

1.29, 1. 38 

1.22, 1. 35 

1. 38, 1. 47 

1. 29, 1. 33 

1. 47, 1. 52 

1. 18, 1. 36 

1. 42, 1. 45 

1. 31, 1. 37 

1. 22, 1. 29 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0. 68, 0. 68 

0. 63, 0. 68 

0. 84, 0.84 

0. 89, 0.93 

0.93, 0.97 

0. 72, 0.72 

0. 85, 0. 87 

0. 82, 0. 86 

0. 67, 0. 83 

0. 87, 0.97 

0. 78, 0.9 

0. 68, 0. 68 

0. 54, 0. 73 

0. 8 , 0. 84 

0. 75, 0.8 

0.91, 0.97 

0. 69 

0. 78 

0. 84 

0. 79 

0. 82 

0. 78 

0. 5 , 0. 5 

0. 44, 0. 44 

0.53, 0. 53 

0. 53, 0. 58 

0. 57, 0. 57 

0.45, 0. 45 

0. 5, 0. 55 

0. 5, 0. 55 

0. 54, 0. 54 

0. 72, 0. 72 

0. 55, 0. 55 

Range of 
variation 1.49 --2.15 1.07 --1.52 1 0.63 --0.97 0.54- -0.97 0.44 --0.72 

Average 1.78 1.33 1 0.82 0.78 0.55 
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Table 4. Ratio between the length of the long arm and the short arm in the a- and b- chromosome 
of the White Leghorn. (Yamashina, 1944, p. 285) 

Cells Examined 
Chromosomes 

a b 

no. 1 ( d ) 

no. 2 ( d ) 

no. 3 ( d ) 

no. 4 ( d ) 

no. 5(a) 

no. 6 ( d ) 

no. 7 ( d ) 

no. 8 ( d ) 

no. 9 ( d ) 

no. 10( y ) 

no. 11 ( y ) 

no. 12(y ) 

Range of 

variation 

Average 

1.43 

1. 43 

1. 66 

1. 62 

1. 76 

1. 88 

1. 53 

1. 52 

1. 55 

1. 64 

1. 48 

1. 82 

1.93 

--1. 93 

1.65 

1.65 

1.66 

1.71 

1.88 

1.85 

1.90 

1.73 

1.95 

1.71 

1.65 

2. 15 

2.07 

2.75 

--2.75 

1.92 


