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Summary. Comparison of  two inbred chicken lines (F x > 
99.9%) revealed significant differences in shape of  the red 
blood cells (RBC). The length-width index was lower for 
both sexes in IC-line (1.46) when compared to CB-line 
chickens (1.88). Phenotypic expression of  this character 
in FI hybrids and both backcross groups corresponded to 
the common manifestations of  the metric parameters. The 
index in F~ hybrid chickens deviated from intermediate 
values with the dominant tendency to oval RBC. An anal- 
ysis o f  the segregating first backcross generation chickens 
did not show any association between RBC shape and the 
genotype in the blood group systems B, C, I, and D and 
the IgG allotypes. The differences in RBC shape were 
probably not associated with the survival of  RBC in the 
blood circulation. 
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Introduction 

The results of  the evaluation of  variations and differences 
in the haematological characters within individual species 
are discordant and depend largely on the origin and phys- 
iological state of  the animals compared (Tanaka and Ro- 
senberg 1954; Lucas and Jamroz 1961). 

The comparison of  the inbred lines in which a certain 
phenotypic uniformity of  the characteristics corresponds 
to genetic homogeneity may disclose some more distinct 
differences between the lines C and W, which had been 
brother • sister mated for over 20 generations, Jaffe 

(1960) found a reduction in the number o f  red blood cells 
(RBC) in the C line. In addition, he observed differences 
in resistance of  the RBC from both these lines to osmotic 
pressure. Karakoz et al. (1977) investigated the haemato- 
logical characteristics of  4 inbred chicken lines and con- 
firmed that erythrocyte concentration, haematocrit values 
and haemoglobin content (mg %) were lower in C-lines 
chickens compared to the W- and l-line chickens. 

In this study, we have compared the size and shape of  
RBC in IC- and CB-line chickens, F~ hybrids and in both 
groups o f  backcrosses, that is, IC • F1 and CB • FI .  The 
possible relationship between RBC shape and the geno- 
type in some blood group systems and the IgG allotypes 
has been investigated. 

Material and Methods 

The inbred chicken lines IC and CB were described in earlier pa- 
pers (H~la et al. 1966; Hagek et al. 1966). All chickens were reared 
under standard conditions in houses at the farm of the Institute of 
Molecular Genetics, Czechoslovak Academy of Sciences, at Kole~. 
Five adult cocks and 5 adult hens from each of the inbred lines 
and from the F I hybrid groups were used in the experiments. The 
groups of the first backcross (B 1 ) generation chickens included 38 
birds. 

The size of the RBC was def'med as lengths and widths mea- 
sured with an ocular micrometer at a magnification of 60 • 15. 
The shape of the RBC was expressed in terms of a length-width 
index. The two characters were estimated on dry unstained smears 
of at least 60 cells from each chicken. 

The relationship between RBC shape and the blood group 
systems B, C, I, and D (system designations conform to the inter- 
nationally accepted nomenclature, allele designations will be those 
currently used in our laboratory) was investigated in segregating 
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chickens of both B t generations. Antisera were prepared by the 
standard procedure (Hila 1977). 

IgG aUotypes were detected by double diffusion in agar (Derka 
1971) using alloantisera produced in inbred chickens. 

The haemoglobin patterns and their migration were studied by 
starch gel eleetrophoresis using the Tris-EDTA-boric acid buffer, 
pH 8.9 (Gahne et al. 1960; Stratil and Valenta 1976). 

The survival time of RBC in the circulation was estimated by 
the elimination of chromium (s' Cr)qabelled erythrocytes (Hart- 
manov~ and H~la 1976). 

The significance of the differences was determined by the Stu- 
dent t-test and the intra- and interline variations by the analysis of 
variance. 

Results 

The lengths, widths and length-width indexes of  RBC are 
shown in Table 1. RBC were shorter (P < 0.01) and wider 
in IC-line compared to CB-line chickens and the values 
were significantly higher (P < 0.01) for males versus fe- 
males. Because the RBC shape was not markedly influ- 
enced by sex, the values for males and females could be 
evaluated simultaneously. The results clearly showed that 
IC-line chickens had round RBC with a length-width index 
of  1.46, whereas oval RBC (index 1.88) were characteris- 
tic for CB-line birds. This difference was highly significant 
(P < 0.01). The difference between the lines was seen 
even when the native preparations were evaluated. 

The results of  crosses suggest that the genetic determi- 
nation of  RBC shape is probably not a simple one. The 
length-width index of (IC • CB)FI hybrids was approxi- 
mately intermediate (1.75) with the predominant shape of 
RBD tending to an oval form. In view of  the high degree 
of  homozygosity of  the IC and CB lines it could be sup- 
posed that the distribution of  individual values in these 
lines and their F1 hybrids essentially represented a non- 
genetic variability of  RBC shape. The discrete phenotypic 
categories were not carried in the segregating backcross 
populations. In the first back-cross generation chickens of 
the IC • F~ combination, a shift of  the values in the 
direction of  the IC line and a slight increase in variability 
was seen. The differences in RBC shape between individu- 
al groups were significant (P < 0.01) except for the differ- 
ences between Ft hybrids and the backcross populations 
to the CB line. The expected variations between the 
groups were considerably higher than the within-group 
variations (Table 2). 

The analysis of  variance in the B~ progeny segregating 
in the major histocompatibility B system (Table 3) as well 
as in the C, I, and D blood group systems did not reveal 
any association between the respective genotype and the 
RBC shape. Nor was any relationship found between the 
IgG allotypes and the length-width index of RBC (Ta- 
ble 4). Just as Jaffe (1960) observed no difference in elec- 
trophoretic mobility of  haemoglobins between the C and 
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W lines, we also found that the IC and CB lines had the 
same electrophoretic patterns. 

The survival time of RBC in the blood circulation was 

essentially the same in both lines examined, thus suggest- 
ing that it was not associated with the differences in RBC 
shape. We tried to influence the shape of RBC in CB-line 
females by repeated blood collection. The CB- and IC-line 

hens were bled six times within 14 days. A total of  100 ml 
of blood was collected which corresponded to approxi- 
mately 10% of their body weight. Repeated collections 

had no influence on the shape of RBC. The length-width 
was 1.87 for CB-line chickens. 

Table 2. Analysis of variance of red blood cell shape in groups of 
chickens examined (IC, CB, F~ and 2 BI generations) 

Variance SS df MS F 

Intergroup 0.9866 4 0.2466 104.7 a 
Intragroup 0.1461 62 0.0024 

Total 1.1327 66 

SS = sum of squares; df = degrees of freedom; MS = mean square 
a Execceds the high-significance level (0.01) 

Discussion 

Inbred lines provide a suitable material for studies on gen- 

etically determined differences. Differences in some pro- 
perties of RBC have been shown in females of the C and 

W lines which have been maintained by brother x sister 

mating from 1932 and 1944, respectively (Jaffe 1960; 

Karakoz et al. 1977). In the present experiments, there 
was a significant difference in the length-width of RBC 

between the CB and IC lines. Oval RBC with a mean index 
of 1.88 were typical for CB-line chickens, whereas round 

RBC with an index of 1.46 predominated in IC-line birds. 

The length-width index of RBC was found to be a relative- 

ly stable character of an inbred line. This has been observ- 
ed for 3 generations. 

The indexes in (IC x CB)F1 hybrids deviated some- 
what from intermediate values with the tendency to an 

oval form of RBC. No distinct segregation for the discrete 
phenotypic categories occurred in backcrosses. Only in BI 
generation chickens of the 1C x (IC x CB)was there a 

shift towards the lower values of the index. A slight in- 
crease in the variability of individual values was also noted 
in the two B1 groups. 

Table 3. Analysis of variance of red blood cell shape in B~ generation chickens se- 
gregating in the B system 

Group Variance SS df MS F 

Between segregants 
6 IC X 9 (IC X CB) F 1 B13/B13 and B 1/B 13 0.0020 1 0.0020 0.61 

Within segregants 0.0488 15 0.0033 

Total 0.0508 16 

Between segregants 
6CB X 9 (IC X CB) F~ BI/B ~ and B~/B ~3 0.0035 1 0.0035 1.12 

Within segregants 0.0595 19 0.0031 

Total 0.0630 20 

See Table 2 for explanations 

Table 4. Indexes of red blood cell shape in B~ crosses in relation to the genotype of some blood group loci and the IgG allotype 

Blood group locus 
Mating 

B C I D AUotype 

B~3/B '3 B~/B 13 C~3/C '3 C1/C 13 P3/I~3 I~/I ~3 D'3/D ~3 D~/D ~3 IC/IC IC/CB 

Mean 1.62 1.66 1.64 1.65 1.65 1.64 1.60 1.66 1.64 1.65 
IC X (CB X If) F~ n 6 11 10 7 11 6 4 13 10 7 

B'/B 1 B'/B '3 C'/C'  C'/C '3 I ' / I '  I ' / I  '3 D' /D'  D'/D '3 CB/CB CB/IC 

Mean 1.75 1.72 1.73 1.75 1.75 1.71 1.73 1.74 
CB X (CB X IC) F~ NT n 14 7 12 9 13 8 12 8 

n = number of birds in group, NT = Not tested. The genotype could not be determined because only antiserum against D1 antigen was 
available 
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The phenotypic expression of  RBC shape in the origi- 
nal parental lines and hybrid groups essentially corre- 
sponded to the manifestations of  the common metric 
characters. An analogous problem of the analysis of  size 
and shape o f  the head and other parts of  sperms in inbred 
lines of  rabbits and mice had been described in the litera- 
ture. Beatty (1971) reported high coefficients of  herita- 
bility from 0.56-0.97 for some parameters. In our experi- 
ments we found the expected high variations in RBC 
shape between the groups (MS = 0.2466), whereas the 
within-group variations were very low (MS = 0.0024) 
owing to the high degree of  inbreeding of  the original 
parental lines (F x > 99.9%). Although the variations in 
the RBC length-width index within individual chickens 
were not included in the analysis, it could be concluded 
that this intra-individual variability was high. The intra- 
individual variation coefficients were 6.7-9.4, whereas the 
coefficients for individual chickens within a group were 
on average substantially lower (v = 2.6). The intra-individ- 
ual variations in the index illustrate how much RBC shape 
is affected by the non-genetic factors. 

The intra-individual variations in RBC shape may be 
due to a simultaneous presence of  cells of  various develop- 
mental stages in the blood circulation. The differentiation 
of  individual RBC types during embryogenesis and in the 
beginning of  postembryonic life has been described in de- 
tail (Alexander and Schjeide 1953; Lucas and Jamroz 
1961; LemeZ 1964, 1977; Barrett and Scheinberg 1972; 
and others). According to Bruns and Ingram (1973), oval 
cells with oval nuclei are the predominant mature defini- 
tive RBC (90.4%) in adult chickens. In addition, mature 
round cells with round nuclei (9%), mature oval cells with 
round nuclei (0.2%), and immature erythrocytes (0.2%) 
are present. More than 95% of  mature oval cells have been 
reported in adult ducks (Attardi et al. 1970). 

Our present study was mainly cytometric in nature, 
the evaluation was done on dry, unstained smears, and 
therefore the frequency of  residual RBC types could not 
be estimated. Nevertheless, it could be expected that the 
majority of  the cells were of  the definitive type. The sur- 
vival time of  RBC in the blood circulation of  both starting 
parental lines was approximately the same. The length- 
width index did not change after repeated blood collec- 
tions, and this character could therefore not be taken as a 
typical one for the early maturation stages of  RBC. 

According to Barrett and Scheinberg (1972), RBC of  
deKmitive shape appear after the last mitotic division, that 
is, during postmitotic maturation. The shape of  RBC, as 
of  other cell types, has been thoroughly studied in rela- 
tion to the role of  the microtubules or microfilaments 
(Barrett and Dawson 1974). Many investigators believe 
that spectrin, a membrane protein, is an effective regula- 
tor or modulator of  the shape of  the erythrocyte (Birch- 
meier and Singer 1977; Shohet and Greenquist 1977). The 

present results suggest that the pleiotropic or other 
genetic effects of  the blood group antigens examined are 
not reflected in the changes of  RBC shape. The differ- 
ences in the length-width index of  RBC are not associated 
with the differences in IgG allotypes, nor are they caused 
by differences in the electrophoretic patterns of  haemo- 
globins which are identical in both lines. In agreement 
with Gilbert (1965) we found that RBC were larger in 
male chickens than in female chickens but the length- 
width index was practically the same for both sexes. 
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