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ABSTRACT

Two commercial turkey lines: medium-heavy weight (MHW) and heavy-weight (HW) were used for 
a karyotype analysis and study of the frequency of chromosome abnormalities in early embryos (24 h). 
Among the total of 378 embryos, 40 (10.5%) had an abnormal chromosome complement consisting of 
14 haploids, 20 haploid-diploid chimeras, 2 triploids and 4 diploid-tetraploid mosaics. A significantly 
greater frequency of heteroploid embryos was recovered from the MHW (15.4%) than from the HW line 
(8.0%). The discussion points to the negative effect of chromosome abnormalities on hatchability.
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INTRODUCTION

An analysis of the chromosome complements of early chicken embryos has re-
vealed that in domestic fowl various types of chromosome abnormalities can oc-
cur, including haploidy, triploidy, aneuploidy (Bloom, 1972; Miller et al., 1976). 
The chromosome abnormalities are caused principally by meiotic nondisjunction, 
polar body suppression during oogenesis, polyspermy and errors during early clea-
vage (Fechheimer, 1981). The level of spontaneous chromosome aberrations in 
chicken varies depending on line, stock, breed and direction of selection (Reddy 
and Siegel, 1977; Snyder et al., 1979; Jaszczak et al., 1992). Chromosome abnor-
malities in avian embryos can be responsible for their high mortality and hatching 
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losses (Thorne et al., 1991; Jaszczak and Jaszczak, 1993). Elimination from the bre-
eding stock of families or individuals producing a high proportion of chromosome 
abnormalities among the embryos may be of considerable practical importance. 

A majority of karyotype studies performed on poultry were related to chicken 
and sporadically quail or geese (de la Sena et al., 1992; Jaszczak et al., 1999). Cy-
togenetic investigations of turkey embryos were not conducted, despite the fact 
that this species is very important for poultry meat production. The aim of the pre-
sent studies was to estimate the frequency of chromosome abnormalities in early 
embryos of two turkey commercial lines. 

MATERIAL AND METHODS

The cytogenetic study was carried out on embryos from two commercial lines 
of turkeys: Nicholas 300 (medium-heavy weight MHW) and Nicholas 700 (heavy-
weight HW). Samples were collected over a period of one season - from April to 
July. Eggs were collected and stored at 12°C for two weeks and then placed in an 
incubator at 38°C. After 24 h incubation the eggs were opened and examined ma-
croscopically. The blastodisks from fertile eggs were removed and each was tur-
ned into a cell suspension in 2 ml of culture medium containing colchicine. Fur-
ther processing included short culture (2 h), hypotonic, fixation and slide prepara-
tion, according to the method described by Zartman and Jaszczak (1980). Five to 
10 methaphase spreads were analysed by scoring the presence of the 9 largest pa-
irs of autosomes and sex chromosomes ZZ and ZW.  When karyotype abnormali-
ties were detected 20 to 30 metaphases were analysed (if available). The karyoty-
pe analysis was carried out under a light microscope with CCD camera connected 
to a computer supplied with o Multiscan analytic programme.

Differences between the two turkeys lines were estimated by the chi-square 
test. 

RESULTS AND DISCUSSION

Results of the cytogenetic survey of early embryos (24 h) from two lines of tur-
keys are given in Table 1. Among 378 turkey embryos 40 (10.5%) were composed 
of cells with abnormal chromosome complements.

Among 40 embryos with an abnormal karyotype 34 contained haploid cells, 
either alone or in conjunction with diploid cells. The remaining aberrations inclu-
ded 4 diploid/tetraploid mosaics and 2 triploids. A significantly greater frequen-
cy of chromosomal abnormalities was recovered from the MHW (15.4%) than the 
HW line (8.0%). The frequency of  pure haploidy (1A) was specially high in line 
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MHW, while the frequency of other heteroploidy types were relatively low in both 
lines. The sex chromosome complements of aberrant turkey embryos are showed 
in Table 2. In haploid embryos and in haploid cells from the haploid/diploid chi-
meras only the Z sex chromosome was observed. Chromosome W was not found. 
This suggests that, similarly as in chicken, haploid cell lines in embryos, either pure 
haploidy (1A) or haploid/diploid chimerism, are of androgenetic origin (Zartman 
and Smith, 1975; Fechheimer and Jaap, 1978). The occurrence of two triploid tur-
key embryos, with only the ZZZ sex chromosomes, might have resulted from dian-
dry or from digyny, originating from a suppression of meiosis II during oogenesis 
(Fechheimer, 1981; Thorne and Sheldon, 1991; de la Sena et al., 1992). In the 4 
diploid/tetraploid turkey embryos the sex chromosome complement of the diploid 
cells was doubled in the tetraploid cells, what indicates that, similarly as in chic-
ken, tetraploid cells were produced by endoreduplication or suppression of cyto-
kinesis during early cleavage mitosis (Miller et al., 1971). In C- banded diploid/te-
traploid quail embryos, C–band variants of chromosome 4 and chromosome Z in 
diploid cells were also doubled in tetraploid cells (de la Sena et al., 1991).

TABLE 1
Number and percentages (in parentheses) of heteroploid embryos

Line

Total
Abnormality

medium-heavy 
weight 
MHW

heavy 
weight 

HW
Haploidy (1A)
Haploid/diploid chimerism (1A/2A)
Triploidy (3A)
Diploid/tetraploid mosaicism (2A/4A)

10 (7.7)
  8 (6.1)

-
   2 (1.5)

  4 (1.6)
12 (4.8)
  2 (0.8)
  2 (0.8)

14 (3.7)
20 (5.3)
  2 (0.5)
  4 (1.0)

Total heteroploid embryos      20 (15.4)1   20 (8.0) 1    40 (10.5)
Total number of embryos        130     248   378

1 P ≤ 0.043

TABLE 2
Sex chromosome complement of turkey embryos with chromosome abnormalities

Abnormality

MHW line HW line
number 

of 
embryos

sex 
chromosome 
complement

number 
of 

embryos

sex 
chromosome 
complement

Haploidy (1A)
Haploid/diploid chimerism (1A/2A)

Triploidy (3A)
Diploid/tetraploid mosaicism (2A/4A)

10
5
3
-
-
2

Z
Z/ZZ
Z/ZW

-
-

ZW/ZZWW

4
8
4
2
1
1

Z
Z/ZZ
Z/ZW
ZZZ

ZZ/ZZZZ
ZW/ZZWW
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In the literature available there is no data concerning chromosome abnorma-
lities in turkey embryos. A comparison of the frequency of chromosome aberra-
tions observed in the present study, with that reported for other bird species, indi-
cates that in turkeys this is a frequent phenomenon (Reddy and Siegel, 1977; Wo-
lowodiuk et al., 1995; Jaszczak et al., 1999). A significantly greater frequency of 
chromosome abnormalities in the MHW than HW line can result from genetic dif-
ferences between the components used for creating commercial turkey lines. Indi-
vidual lines or strains of chicken are characterized by a large variation in the over-
all rate of chromosome aberrations in embryos (Thorne and Sheldon, 1991; Jasz-
czak et al., 1993). For that reason it is necessary to conduct further cytogenetic stu-
dies of chromosome abnormalities in the parent stock used for creating commer-
cial lines. The results obtained indicate the value of a cytogenetic survey of tur-
keys aiming at an elimination of the carriers of chromosome aberrations, as those 
may be the reason of a lower hatchability of fertile eggs.
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STRESZCZENIE

Nieprawidłowości chromosomowe we wczesnych zarodkach indyków

Badano kariotypy wczesnych zarodków (24 godz.) z dwóch komercyjnych linii indyków: średnio 
ciężkiej (Nicholas 300) i ciężkiej (Nicholas 700). Spośród przeanalizowanych łącznie 378 zarodków 
nieprawidłowości chromosomowe stwierdzono w 40 przypadkach (10,5%); najczęściej występował 
chimeryzm haploidalno/diploidalny (20) i haploidia (14). W badanym materiale były poza tym dwa 
zarodki triploidalne i dwa z mozaicyzmem diploidalno/tetraploidalnym. Istotnie większa częstotliwość 
heteroploidalnych zarodków wystąpiła w linii średnio ciężkiej (15,4%) niż w linii ciężkiej (8,0%). 
W dyskusji wskazano na negatywny efekt nieprawidłowości chromosomowych w reprodukcji.




