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INTRODUCTION



INTRODUCTION

The discovery in 1949 that patients with sickle cell
anaemia carried a haemoglobin which was electrophoretically
different from normal haemoglobin, has opened up a new area
of research on biochemical genetics. The studies on
biochemical genetics progressed rapidly with another break-
through in evolving a new technique‘for separation of serum
proteins by the starch-gelQelectrophoresis. During recent
years extensive work has been conducted in animals to have
intimate acquaintance with the gene profile through electro-
phoretic studies of the proteins, enzymes and red cell
antigens. The existence of a widespread genetic variation
in these biochemicals provoked keen interest to explore the
possibility of its utilisation for assessing the changes that
may come about due to planned breeding in the process of

evolution of new breeds/strains.

In any study of population dynamics, there is a need

for gene markers, by which, changes in the genetic variation

or the resemblarce between different populations may be measured.
The markers should show simple inheritance and be fairly neutral
with regard to the production, viability and reproduction. The
loci controlling the polymorphic proteins and enzymes serve the
pﬁrpose in excellent manner for application in the parentage
control and for the gepeﬁic inyestigations. The gene frequencies

of alleles at different loci controlling proteins/enzymes in
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livestock can be employed in studies of relationship among

breeds and.breed structure.

Kerala possesses 2.0 million goats, which produce 74
thousand tons of milk, forming about 8 peﬁ cent of the ‘total
milk produced in the State, Nearly 4 lakhs of‘goats are
slaughtered every year in this State, which do not includé
animals slaughtered privately in clandestine manner. The goat
husbandry is one of the most important livestock eﬁterprise
among the rural community in Kerala, Réalising the importance
of goats in the rural economy of Kerala, Indiian Council of
Agricultural Research sanctioned an All India Coordinated,
Research Pfoject on Goats for Milk to Kerala Agricultural
University. Two breeds of Switzerland viz. Saanen and Alpine
were used to cross the goats of Malabari breed at this centfe,
for evolying a new breed of goat for inecreased milk production

adapted to the agro-climatic conditions of Kerala.

Although goats play an important role in the uplift of
rural population in India, very little information on Indian
goats is available, atleast with regard to biochemical
polymorphism and no information is available on the native gbats
of Kerala, The present investigation was, therefore, undertaken
with the following objectives:

i) To study the haemoglobin, transferrin, albumin
ard amylase types and their gene frequencies in
Malabari goats and their exotic cross-breds.
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1ii)
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To study the inheritance of these biochemical
variants in these. groups.

To study the association, if any, between these
biochemical variants amnl traits of economic
importance such as birth weight, body weights

at 3 months, 6 months and 12 months, age at first
kidding, first lactation milk yield, peak yield
aml interkidding interval.
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REVIEW OF LITERATURE

Studies on the genetic polymorphism of blood proteins/
enzymes as a means for discovering genetically determined
differences between various breeds of goats were carried out
in several laboratories in India as well as abroad. Literature
of the studies en polymorphism of haemoglobin, transferrin,

albunin and amylase in goats are reviewed as hereumler:

Haemoglobin

Haemoglobin, the oxygen carrying component of blecod, is
composed of large spheroid molecules having a haemoprosthetic
group combined with a protein moiety, globin. Each melecule
consists of four polypepbtide chains normally occarring in two

pairs of identical chains.

Work done abroad

Pouling et al. (1949) studied haemoglobin in man by
means of paper electrophoresis and found a fraction (Hb S)
4which was different from the normal haemoglobin (Hb A). This
finding gave a further scope of electrophoretic study of
| haemoglobin and othervproteins. |

Bernhardt (1964) made some preliminary investigation to
establish different haemoglobin types in 250 German goats. Three
phenobypes HbAA, HbAB and HbBB were reported., Efremov and
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Braend (19653) studied the haemoglobin polymorphism in the
native Norwegian goats with starch-gel~electrophoresis. They
observed only one type of haemoglobin which was indistin-

guishable from HbBB of sheep.

Boyer (1967) observed that p was replaced by 1’ in the

anaemic goats and sheep. He also observed that_HbCAdiffered

from H_bA and HbB only in the beta chain and that the beta c¢hain

was the product of a distinctive gene.

Braide and Enyenihi (1969) reported three haemoglobin
types in Nigerian goats on the basis of electrophoretic mobility.
These types included haemoglobin with relatively fast migration
towards anode, another with relatively slower migration and a

third type with intermediate electrophoretic mobility.

 Ogterhoff and Wardcox (1972) investigated some biochemical
pqumorphic systems of goats in South African breeds viz. Angora,
indigenous and Boer goats. They found three Hb phenotypes HDAA,
HbAB and HbBB which were controlled by two codominent alleles

HbA and HbB.

Osterhoff et als (1972) analysed 54 families of goats in
South Africa and reported that there was no significant difference

between aborting and non-aborting goats with respect to

haemoglobin gene frequencies.
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Odermatt (1973) reported two haemoglobins in Toggenburg
and Grisons striped (GS) goats. ' '

Enyenihi (1974) carried out electrophoretic analysis of
414 Blood samples from adult Nigerian Red Sokoto, Kano Brown and
 Sahel (West African Long-legged) goats. In the first two breeds
..he found atleast three electrophoretically distinct haemoglobin
types. These were similar to those described for Kano-Brown
goats by Braide and Enyenihi (1969). Sahel blood samples
revealed atleast four electrophoretically distinct types, three
of which were identical with those of the first two goat breeds
(Hb~N, Hb=-S and Hb~-F). The fourth type (Hb-S') was extremely

slow in migration towards anode.

Kunz (1974) studied the blood samples from 105 Appenzell,
118 Verzasca and 122 Valais Black neck (V-B) goats of Switzerland.
Except few Appenzells all thé animals had only HbAA type. Few
animals of Appenzell breed were of HbAB type. |

Schmid and Kunz §974) described that fostal haemoglobin
could persist in kids upte the age of 34 days. The change over
from foetal Hb to adult Hb took place in steps, and in individual

kids it oceurred at different times.

Garzon Garrido Espiga et al. (1976) demonstrated haemoglobin
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polymorphism‘in 30 Granada goats by using electrophoresis. :The

gene frequencies of HbA and HbB’were 088 and 0.12 respectiﬁely.

Antova and Mkrtchyan (1977) investigated 567 Russian Altal

Mountain goats for haemoglobin polymorphisms. The Hb system

included the usual alleles HbA and HbB and also a new allelé
designated as HbH at a frequency of 0.0044. The frequency of

Hp™ allele was found to be higher (0.82). The heterozygote

animals were slightly heavier (by about 3 per cent) than the
homozygotes and significantly exceeded the homozygotes in under=
coat yield. Double heterozygote animals for both haemogiobin
and transferrin were ;ignificantly heavier than single hetero-

zygotes.

Bannister gt al. (1979) typed 327 inbred goats of Malta
in flocks of 10 = 30 animals for haemoglobin. 109 goats were'
found to be of type AD and 29 of type D. The frequency of HBD
was found to 6e 0.255, compared with an expected value of 07065;
Analysis of Hb from goats homozy gous for type D revealed that
these animals also carried 1 to 5 per cent type C, which waé
controlled by Hbc, a gene not allelic with HbA and Hch

| Mosfaghni (1979) investigated heemoglobin polymorphism in
208 Iranian goats employing electrdphoresis on cellulose acetate.
Three types of haemoglobin (A, B and C) were identified with four

phéhotypes viz. B, AB, BC and ABC. The gene frequencies of HbA,
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HbB and Hbc were 0.194, 0.577 and 0.229 respectively. In éheep
and goaﬁ HbA had been shown to switch to Hbc when the animals

were made anaemic.

Watanabe et al. (1979) studied 37 native Japanese, 25
Ogasawara, 5 Yakushima, 80 Phillipine, 122 Thailand and 3
Pakistan goats, and reported that all the animels were of HbAA
type. In 2 population of Japanese Saanens (79 and 21 respsctively)
all'weré of HbAA type, exceﬁt very few animals which were of

B

HbAB Typee. The frequency of Hb~ gene was 0,013 and 0.074 in the

two populations respectively.

Buvanendran et al. (1981) studied haemoglobin variants in
104 adult Red Sokoto goats and 49 kids and reported three

N and Hbs

haemoglobin variants viz. HbF, Hb with five phenotypes
vize HbNN, HbNS, HbFS, HbNF and HbSS. The gene freguencies for
mof, 1" and HoS were found to be 0,077, 0.591 and 0.327
respectively; The heterozygote animals (viz. HbNS) had

significantly low helminth egg counts than homozygotese.

Using starch-géluelectrophoresis, Fesus et al. (1983)
typed 224 Hungarian aative female goats for haemoglobin. Two
phenotypes viz. HbAA and HDAB were-repdrted. The gene frequencies
for Hb™ and HL® were found to be 0.954 and 0.046 respectively.
There was no apparent relatibnship of Hb type with female

reproductive performances.



Work done in India

Khanolker et al. (1963) reported the existence of three
haemoglobin phenétypes HbAA, HbAB and HbBB in Indian goats
sontrolled by two codominant alleles Hb® and HO®.

. Joshi et al. (1975) studied haeﬁéglobin'types of 76
ABarbari and 70 Jamnapari goats using horizontal paper electropho-
resis. They‘reporte? that the percentage of A, B and AB types
in Barbari were 89.5, 26 and 7.9 and in ngnapari gqaﬁs were

90.0, 1.4 and 8.6 regpectively.

Naik (1975) investigated haemoglobin polymorphism in 166
‘Indian goats along with some other species of animals. He
could report only two;haemo lobin variants which were determined
by codomlnant alkallc genes. He also indloated that the cattle
HbA like variant was found in all ruminants except spotted deer

and the last variant in cattle kuh (Hb-D) was found in goat only.

Goel and Neir (1976) studied blood samples from 224 goats
belonging to Alpine, Beetal, Alpine x Beetal and Anglo~Nubian
breeds by using starch-gel-electrophoresis.v In these 4 breeds
thg gene frequency of-HbA_was 0.88, 0.92, 9.94 and 0.92 respect-

ively. -

Gopinathan and Nair (1976) studied haemoglobin types in
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129 goats:belonging %o Alpine, Beetal and cross-breds involving
8 sire groups. The -data were recorded on birth weight, age at '
first kidding and lactation milk yield. Females of HbAA pheno-
type had a significantly lower age at first kidding (by 2.5
‘months) than females of other Hb phenotypeé. |

Singh et al. (1977) typed 275 non4deséript, 33 Barbpari,
16 Beetal and 63 Barbari x Beétal goats for haemoglobin poly-
'mbrphism. They observedlonly‘one phenotype (HbAA) in Barb#ri,
Beetal and its crosses. But HbAA and HBbAB were found in non=

dascfipt goats with freguencies of 0.9382 arnd 0.C518 respe¢tive1yo

Boruah and Bhat (1980) studied 230 goats belonging to
Jemnapari, Black Bengal and Barbari breeds for haemoglobin
polymbrphism. In Jamnapari and Black Bengal only HbAA phenotype
was observed, but in Barbari goats two pheﬁotypes HbAA and}

HbAB controlled by two codominant alleles HbA and HbB were

B

observed. ' The gene frequenoies of I—IbA and Hb~ were 0.97 amxi

0.03 respectively.

Transferria

The transferrin is a specific iron binding protein, whose
major function is transportation of iron to bone marrow and
tigsue storage organs. The transferrin also participates |
directly in the regﬁlation and control of iron absorption and

protects from iron intoxication.
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Work done abroad

Detection of genetically controlled transferrin
heterogenity in human beings by Smithies (1957) initiated

extensive investigation in various other species.

Ashton and McDougall (19358) reported transferrin
variants-in cattle, sheep and goat. They described it as
P—globulin polymorphism fesulting from 2 codominant alleles
p en p°. |

Efremov and Braend (1965) showed that there was only

one transferrin phenotype in Norwegian goats.

Watanabe et al. (1965) studied 1944 serum samples of
goats from 7 different breeds. Three transferrin phenotypes

were identified. There were marked breed differences in the

frequency of types.

Watanabe and Suzuki (1966) reported three transferrin
phenotypes viz., TfI-I, TfI-II and TfII-III controlled by two

codominant autosomal alleles T£Y and T£it

in various breeds

of goats from Japan and several other countries. The frequéncies
of TfI and TfII in the various breeds of goats were respectively
as follows: Japanese Saanen 0.915 and 0.085; Tokara 0.966 énd
0.0343 Rhukyu native 0.979 and 0.021; German coloured (sic)

0.882 and 0.118; Italian Alipine 0,404 and 0.596; Hungarian
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Saanen 0.462 and 0.538; Swiss Saanen 1.00 and zero. The
frequency of TfI varied from 0,654 to 0.981 among the 7

populations of Japanese Saanen studied.

Salerno et al. (1968) studied the transferrin variants
in South Italian goats. Two alleles pe? ang 168 were reported

with frequencies of 0.835 and 0.165 respectively.

Osterhoff and Wardcox {1972) reported four transferrin

c

variants TfA, TfB, £~ and TfD in South African goats viz.

Angora, indigenous and Boer goats.

Osterhoff et al. (1972) investigated transferrin
polymorphism in 54 families of Angora goats. They - observed
no significant differences between aborting and non-aborting

goats with respect to gene frequencies of transferrin types.

T jankov (1972) observed that significant differences
existed betweennToggenburg, native Bulgarian and Toggenburg X
Bulgarian goats in the frequencies of TfA and TfB genes. All
Toggenburg goats had only TfA/TLfA genotypes In thelnative
Bulgarian goats and in the Fy and F2 crosses, the frequency of
7eh was 0.78, 0.36 and 0.96 respectively. The increage in the
frequency of 72® in the F, generation was attributed to the

continuous use of TFfA/TfA males for several years.
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Odermatt (1973) could find only two transferrin types in -
123 toggenburg and 127 Grisons=-striped (G3) goats.

Watanabe and Suzuki (1973) observed a new aldele g

among serum transferrins of Korean, Phillipine and Thailand
goats with frequency of 0,072, 0.019 and 0.006 respectively.
It was concluded that the transferrin in goats c¢lassified into
six phenotypes were genetically controlled by three codominant

alleles T£*, 7¢® ang 75,

Kunz (1974) observed only ’I_-‘,f.AA .gen@t&pe in the three
breeds studied viz. Appenzell, Verzasca and Valais Black neck
(v-B). o

- Garzon Garrido Espiga gt al. (1976) typed 30 Granada
female goats for transferrin polymorphism. Three transferrin

fallelesnyA;.TfEAand~ch Withlfrequencies of 0,64, 0.34 and

002 respectively were reporteds

_ Antova and Mkrtchyan (1977) studied 419 Russian Altai
Mountain goats for transferrin variation. Three phenotypes j
Aﬂand TfB were

observeds The frequencies of TfA and ng'were 0«74 and 0.26

T£fAA, TfAB and TfBB controlléd.by two alleles Tf

respectively. Double heterozygote animals (HbAB; TFAB) were
significantly heavier than AA/ABlanimals.
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_lFesus et al. (1983) analysed serum samplés from 224
Hungarian native female goats for transferrin polymorphism. -
Twc alleles TfA and TfB with frequencies of 0.588 and 0.412
respectively were reported. There was no apparent relationship

of Tf type with female reproductive performance.
Work done in India

Goel and Nair (1976) observed transferrin polymorphism
in 224 Alpine, Beetal,3A1pine X Beetal and Anglo-Nubian goats..
Two alleles Tfé and TfB were reported., In the & breed groups
rea?ectively!the_gene frequency of TfA was found to be 0.89,
Olihry 0.47 and 0.30.

Gopinathan and Nair (1976) typed serum samples from 129
Alpine, Beetal and cross-bred goats involving 8 sire groups for
transferrin polymorphism. Data were recorded on birth weight,
age at first kiddipg and lactation milk yield. No significant

difference was observed with respect to transferrin type.

Singh et al. (1977) studied transferrin polymerphism in
275 non-descript, 38 Barbari, 16 Beetal and 63 Barbari x Beetal
goats. Two transferrin variants TfA and TfB with three phenctypes
viz. TfAA, TfAB and T{BB were reported. The fast moving variant
was designated as TfA while the slow moving one as TfB. The gene
 frequencies of T£h amd T£° were 0.47 and 0,53, 0.12 and 0.88 and

0.40 and 0.60 in Barbari, Beetal and their crosses respectively.
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Baruah and Bhat (1980) conducted studies on transferrin
polymorphism in 230 geats of Jamnapari, Black Bengal and Barbari
Breeds, Three transferrin phenotypes TfAA, TfAB and TfBB
controlled by two co-dominant alleles TfA and TfB were observed.
The gene frequencies of TfA and TfB were 0,27 and. 0.73, 0.37 and
0.63 and O.44 and 0.56 in Jamnapari, Black Bengal and Barbari

breeds respectively.

Trehan et al. (1981) analysed serum samples from 905 goats
belonging to vafious bréeds vizs Alpiney; Beetal, Nubian, Saanen,
Alpine x Beetal and Saanen x Beetal to étudy the transferrin
polymorphism. The transferrin polymorphism was found to be
comtrolled by atleést.B co-dominant alleles. It was suggested
that there might be more than 3 alleles at the transferrin locus.

¢ showing 5

The 3 co-dominant. alleles were TfA, TfB and Tf
phenotypes viz. TfAA,; TfBB, TfAB, TfBC and TfAC. TfA& ami ﬁfBB
were represented by 2 bands éach on the starch .gels. Fasteﬁ
band of TfBB corresponded with the slower band of TfAA.
Phenotypes TfAB and TfBC were represented by 3 bands each and

TFAC was represented by 4 bands.

Albumin

~ Albumin is one of the most important serum proteins in blood.
This protein is of great importance because of its relative

abundance, homogeneity, osmotic and transpoft fuﬂétioné,
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Work done abroad

Albumin variants were first described by MeIndoc (1962)

in the domestic fowls.'

Efremov and Braend (1965) could not find albumin -

polymorphism in 108 Norwegian goats studied.

Watanabe and Suzuki (1967) studied the serum albumin
type of 1628 goats of various breeds from Japan and several
other countries. Three albumin phenotypes AA, AB and BB
controlled by two autosomal alleles Ale and Ale were reported.
The frequency of Ale in the various breeds were as follows:
Japanese Saanen 0.951, German coloured 0.289, Hungarian Saanen
0.801, Italian Alpine 0.171, Swiss Saanen Zefo, Rhukyu native
0.745, native goats aml their crosses ih Formosa 0.304 and Angora
.and their cross-breds-in Formosa 0.471. The frequency of Ale

varied from 0.845 to 1.0 among 6 populatioms of Japanese Saanen.

By employing horizontal starch=-gel-electrophoresis
Salerno et al. (1968) reported albumin polymorphism in 100
goats, bred in Bucania (South Italy). Three phenotypes FF,

FS and SS, controlled by two co-dominant élleles Ale and AlbS

were observed. FF phenotype was found only in three animals.

Osterhoff gt al. (1972) did not find any significant
difference of gene frequencies of albumin between aborting and

“mfnonﬁaborting Angora goats in 54 families.



17

Osterhoff and Wardcox (1972) studied serum samples for
albumin polymorphism in three African breeds of goats viz.
Angora,’indigénous'ani Boer goéts. Two albumin variants Ale

and Ale were observed.

Tjankov (1972) described two types of albumin alleles

F‘.in Toggenburg, native, Bulgarian and Toggenburg x

3

S

Alb™ and Alb

Bulgarian goats. The frequency of Alb allele was found to be
higher (0.83 in the Toggéhburg and 0.77 in the native goéts).
In the Fy and F, generations the frequency of Alb® was 0.68
and 0.91 respectively. Only.Albé males had been used for
service for many years, thus the frequency of this allele was

increasing.

' 'Lee (1975) reportéd three albumin phenotypes AA, AB and BB

in Korean goats controlled by two alleles Ale and Ale. The

B

gene freqdencies of Ale and Alb were 0.16 and 0.84 respectively.

In a study conducted by Fesus et al. (1983) in the
Hungarian native female goats, all the animals had the same

albumin type.

Work dong in India .

Singh et al. (1977) studied 275 non-descript, 38 Barbari,
16 Beetal and 63 Barbari x Beetal goats for albumin polymorphism.
They did not find ahy albumin polymorphism in these Indian goats.
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Bhat and Boruah (1980) could not observe albumin
polymorphism in 230 goats belbnging to Jamnapari, Black.
Bengal and Barbari breeds. Each albumin phenotype was

represented by two bands on the starch gels.

Anmylase

Mammalian amylases are mainly alpha-amylase which
hydrolyses starch and glyeogen by splitting central gluco-=
sidic linkages. Beta amylases which are found in plants,
splits maltose units from the non-reducing end of carbbhydrate
chains. Gamma amylase which was observed in the small
~ intestine of rat (Dahlgvist and Thomson, 1963) converts

starch to D-glucose.

Work done abroad

Polymorphism in amylase in cattle was first observed by
Ashton (1958). He named it as thread protein.

Meyer (1967) could not find amylase polymorphism in

horses, sheep, goats, dogs and minks.

, Fetchier and Pretorius (1970) carried out investigation

to study amylase polymorphism in 85 Angora goats. Three amylase
phenotypes viz. A which was designated as fast moving type,

S as slow moving type and AS as intermediate type wefe 6bserved.
Out of 85 goats, 81 were A type, 2 AS type and 2 3 type found

to be inherited in a co-dominant fashion.
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Osterhoff and Wardcox (1972) studied amylase polymorphism
in three South African goat breeds viz. Angora, indigenous
and Boer goats. They observed that amylase phenotypes were
determined by two co-dominant alleles AmA and AmB in all the

three breeds.

Kunz (1974) studied serum samples from 105 Appenzell,
118 Verzasca and 122 Valais Black neck (V-B) goats. No poly-
morphism was observed in the amylése system.

Fesus et al. (1983) investigated 224 Hungarian native
goats to study amylase polymorphism. Two slleles Au” and Am"
with three phenotypes viz. AmAA, AmAB-and-AmBB were reported.
Only one animal was of AmBB type. The gene frequencies for

. AmA and Amg were 0,996 and 0.004 respectively.

Work done in India

Singh et al. (1977) did not observe any polymorphism
in the amylase system in 275 non-descript, 38 Barbari, 16 Beetal

and 63 Barbari x Beetal goats.

Bhat and Boruah (1980) gtudied 230 goats belonging to
Jamnapari, Black Bengal and Barbari breeds for amylase poly=-
morphism usingAstarch—gel~electrophqresis, Two amylase
phenotypes Am-1 and Am-1-2 were observed. Animals with Am-2
type were not observed. The gene frequencies of Am-1 and Am-2

were found to be 0,995 and 0.005 respectively.
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MATERIALS AND METHODS

' Blood samples collected from 188‘goats belonging to
Malabari breed and its Sasdnen halfbreds and Alpine halfbreds,
maintained in the farm under All India Coordinated Research
'Prdjéct on Goats for Milk, Kerala'Agricultural University,
Manﬁuthy,'formed the materials for the study. Out of these
188 goatsg, 40 belonged to Malabari, 72 Saanen X Malabari

(halfbreds) and 76 Alpine x Malabari (halfbreds), The ége of

the animals varied from 3 months to 6 years.

The flock was managed under semi-intensive system of
management., Suiltable shelters were provided with necessary
arrangements: for optimum feeding and watering. A regular
health calendar involving periodic vaccination and parasitic
control were regulxly followed as suggested by the experts.

All animals that entered the experimental flock were identified

by tatooing, with respect to its sire; dam etc.

Collection of blood samples

About 10 ml of fresh blood was collected aseptically by
Jugular vein puncture in two sﬁerilised test tubes. For
haemoglobin:studies, the blood'wés collected in a tube whieh
contained Q.5 ml of amticoagulant. lThe composition of the

anticoagulant used was as follows:
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Sodium citrate 20 g
Sodium chloride 5z
Distilled water 1000 ml

For other proteins/enzyme the blood samples were ocollected in

the test tubes without anticoagulant.

For haemoglobin, the samples were centrifuged first for
10 minutes at 2500 rpm and supernatant plasma was discarded.
The red cells were then washed 3 times in normal saline solution
(0.9 per cent solution of sodium chloride) in order to free the
cells from plasma proteins. The washed cells were kept in the

refrigerator until they were used.

For other proteins/enzyme, the blood samples were kept
at room temperature for 3 = 4 hours. The separated serum was
centrifuged at 2000 rpm for 10 minutes to free the serum from
red cells. The supernatant serum was collected in small
penicillin vials. The samples were stored in the deep freezer

at -10°C until they were used.
Starch Gel Electrophoresis
Preparation of gel

The gels were prepared using 11 per cent hydrolysed potato
starch (Sigma Chemical Cg) in 250 ml of gel buffer in a 1000 ml
filtering flask., To a required amount of hydrolysed starch,
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the gel buffer was added and the mixture was heated over a
naked flame with constant and vigorous swirling. The heating
wag continued until the temperature of the gel reached 9000,
when the consiétency of the gel was fluid amnl the gel fluid
became transparent. The next step consiéted of applying a
vacum for about 30 = 40 seconds to remove air bubbles from the
gel. The hot gel was poured quickly into a glass plate

(25 cm x 20 om x 0.5 cm) which was edged by two pairs of
removable glass bards (20 om x 2 cm x O.5 om and 21 cm x 2 ¢m X
0.5 cm). The plate was filled until the gel came just above
the top, then a glass plate of 25 cm x 20 cm x 0.5 cm size

was gently placed over the surface of the gel. Care was taken
to avoid trapping of air bubbles. The gel was kept for 1 hour

at room temperature and then 1% = 2 hours in the refrigeratbr;

After removing the cover plate gently the gel was cut
and the saﬁples were inserted in the gel linearly after soaking
on appropriate whétman chromatography paper cut into small |
" bits of 1 x 0.5 om size. The -excess solution of the small
paper bits was removed by placing it over a thick filter paper.
The samples were inserted in the gel at a distance of 3 cm from
the cathode bridge. The interspace between the samples were
5 mm. The gel was placed on an electrolyte vessel having
platinum electrodes. Comnections between the gel and the vessel

buffer were made. by wicks, made of Whatman filter paper No.l.
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The gel was covered with plastic sheet to prevént evaporation.
The.voltage applied and the duratioﬁ of electrophoresis, varied
with different protein/enzyme systems. After the,electrophofesis,
the gel was bisected horizontally using a thin nylon thread

and the upper half was thrown away. The lower half was stained

for characterisation of different phenotypes.

Staining, destaining and fixing of the gels

R

The gels were stained employing appropriate staining
techniques, which varied with different proteins., After staining

the gels were destained and fixed in a destaining fluid.

The details of buffers and staining techniques employed

for different proteins/enzyme systems were as follows:

Haemoglobin

A continuous buffer system deseribed by Gahne et al. (1960)
was eﬁployed_for the haemoglobin typing; The gels were prepared
by adding 27.5 g of hydrolysed starch (Sigma) in a filtering
flask with 25 ml of tris buffer and 225 ml of distilled water.

The tris buffer consisted of:

Tris (hydroxymethyl) aminomethene  «» .. 40.4 g

Ethylenediamine tetra acetic acid
(EDTA) e us 4,0 g

Boric aCid ) s X 3.0 g
. Distilled water ad o e ee 2 litres
Buffer was adjusted to pH 8.9.
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The same buffer was used as the véssel buffer also.
The haemoglobin solution was made by haemolysing 0.25 ml of
washed cells in 2.5 ml of distilled water. Wnatmen chromato-
graphy paper No.I cut into small bits of 1 x 0.5 ¢m size,
soaked with haemoglobin solution was used for charging the

gel.

Electrophoresis was done at 15 mA. After 2 minutes the
paper pieces were removed. Care was taken to avoid air
bubbles in fhe place of insertion of the sampleé.' Then the
eledtrophoresis was continued for one and half hours at ﬁ5 mA.
After completion of the electrophoresis; the gels were sliced
horizontally using a thin nylon thread. The lower half was

stained with Benzidine stain containing:

Benzidine .o o 250 mg
Hydrogen peroxide 30% s . 0.4 ml
Glacial acetic acid .. e 1.5ml
ﬁistilled water ad .. e 100 ml

The stain was allowed to act on the gel for 3 minutes
and then the excess stain was removed by washing with tap water.
The destaining and fixation of thevgel_waé‘dohe in méthanol -
- water - acetic acid (53 5 : 1) (Smithies, 1955).

Transferrin

The transferrins were‘separated employing horizontal
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electropho:esis in starch gels, ﬁsing the discontinupus buffer
system. The gels were prepared by takihg 27.5 g‘of'hydrolysed
starch (Sigma) in a filtering-flask with 14 ml of stock soln
(A), 18 ml of stock soln (B) and 218 ml of distilled water.
The pH of the gel buffer was adjustéd to 746

Gel Buffer -

__Stock_Solution A

Citric acid . .o e 105 g
Distilled water ad .. . 1 litre

Stock Solution B_

Tris {hydroxymethyl)

aminomethane .. os 23 g
Distilled water e oo 1 litre
Vessel Buffer
Boric acid .o oo 3575 g
Sodium hydroxide .. .e 8.0 g
Disgtilled water ad .. . 2 litres

Buffer was adjusted to pH 8.6.
Whatman chromatography paper No.3 was used for charging
the gels. | | |

At the begimning, the electrophoresis was run at 25 mA
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for 30 minutes. After 30 minutes, the paper bits were removed
and the electrophoresis was continued at 25 mA till the borate

line moved 10 cm from the point of insertion of the samples.

After completion of the electrophoresis; the gels were
'élioed horizontally using thin nylon thread. The upper half
wag thrown away and the lower half was stained with a mixture
of a saturated solution of 1 per cent amido black and Q.5 per
cent solution of nigrosin (1:1). The gels were kept immersed
in the staining solution for 3 minutes aml then the excess
stain was removed by washing the gel under running tap waters

The gels were fixed in methanol-water-gracial acetic acid

(5:53 1)

Albumin

The separation of albumin was employed on a& discontinuous

buffer system in horizontal starch-gel-electrophoresis (Poulik,
1957) .
Gel Buffer

Stock solution A (15 ml) + Stock Solution B (10 ml)
adjusted to pH 5.8 was used as gel buffer.

__Stock solution A

Citric acid .o ee  10.5 g
Distilled water ad oo oo 1 litre
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Stock sdlution B

Tris (hydroxymethyl) aminomethane .. 23 g
Distilled water ad v ee 1 litre

Bridge Buffer

Boric acid .o es 375 8
SOdiu.m hyd_rox.ide ) o 800 g
Distilled water ad e | oo 2 litres

Buffer was adjusted to pH 8.6,

For charging the gels, Whatman chromatography paper

No.3 was used,

The starting current was 10 mA. After 5 minutes the
paper pieces were removed and the electrophoresis was continued
at the same current until the borate line had moved 10 cm from -

the point of insertion of the samples.

The staining of the lower half of the gel was done in
amido black ( 1 per cent) for 2 - 3 minutes and excess stain
was washed in running tap water. The gels were then destained

and fixed in the methanol-water-acetic acid (5:5:1) solution.

Amylase

The technique employed for the separation of amylase was

essentially the same as described by Hesselholt et al. (1966).
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A discontinuous buffer system in the horizontal starch-gel-

electrophoresis was employed. The buffers used were as follows:

Gel Buffer

Stock solution A (10 ml) and stock solution B (10 ml)
adjusted to pH 7.0 was used as gel buffer.

Stock solution A

Citric acid .- ve 10.5 g
Distilled water ad oo oo 1 litre

Tris (hydroxymethyl)

aminomethane oe .o 25 g
Distilled water ad .- e 1 litre
Vessel Buffer
Boric acid .o .o 37.5 g
Scdium hydroxide .o - 8.0 g
Distilled water ad . .- 2 litre

Buffer was adjusted to pH 8.6.

The gels were charged with serum samples, soaked in
1 x 0.5 cm rectangular pieces of Whatman chromatography paper
No.3.
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The electrophoresis was rua at 20 mA, After 15 minutes,
the paper bits were removed. The electrophoresis wag continued
at the same current till the borate line had moved 8 om from-

the point of insertion of the samples.

After bisecting the gels horizontally the lower halves
‘were incubated in 0.1 M sodium acetate buffer (pH 5.5) at 37°C,
with 2 ml of calcium chloride (0,005 M) in the incubator over-
night, After incubation the géls were transferred to chilled
20 per cent alcohol and kept at 4% in refrigerator for
3 = 4 hours. The amylase bandﬁ‘became,yery distinet when the
gels were kept on a glass plate for 1 hour at 37°C. The gels

were preserved in glycerine, -

Collection of data

For studying the association, if any, between the blood
protein polymobphism systems and traits of economic importance,

data were collected on the following traits:

1. Body weight at birth

2. Body weight at-3 months

3. Body weight at 6 months

4. Body weight at 12 months

5. Age at 1st kidding |

6. First lactation yiela (120 days)
7. Peak yield |

8. Inter kidd ng interval,
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Analysis of data

The gene frequencies at different loci and phenotype
frequencies were calculated by direct counting method, eg.

the gene frequency of HbA in a population N was calculated as:

. q HbA = %&&_i_‘&g

2 N
X? test was applied to find out whether the populations

were in equilibrium or not, with respect to'the particular

proteins/enzyme polymorphism systems.

Statistical methods as deséribed by Snedecor and Cochran
(1967) were used to compare the gene frequencies at different
loci in different genetic groups and to determine association

between transferrin types and economic traits.

Analysis was carried out to deiermine fhe heterozygosity
in different populations. The genetic variability of the
population was measured as per the method described by Nei and
Roychoudhury (1974). The heterozygosity of kB 1ocus (nk) could

be defined as:

nk = 1 - gk
‘where Jk =Zk'2 th
L1 is the homozygous at k™ locus
ard ' Xi.é s s denotes the gene frequency of ith
' n

allele at kth locus.
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The average heterozygosity (H) of a population was

calculated as the average of hk over all loci.

1‘1
H = -n ws we a2

r
k =1

where r is the number of loci examined.
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RESULTS

Haemoglobin

One hundred'and eighty eight goats belonging to three
 genetic groups viz. 40 Malabari, 72 Saanen halfbreds and 76

Alpine halfbreds were typed for haemoglobin polymorphism.

Two haemoglobin phenotypes HbAA and HbAB (controlled by
two alleles, the faster HbA and the slower HbB) were observed
in the present study (Fig.1)., HbAA was faster in mobility

towards anode. HbDAB had one component of-HbA and other of .

Hb,  Phenotype HbBB was not observed in the present study. .
The phenotype frequencies and gene frequencies of haemoglobin
types in different genetic groups are presented in table 1.
Phenotypes HbAA and HbAB were found in ail the genetic groups.
The frequency of phenotype HbAA was highest in Saanen halfbreds
(0.9583) and lowest in Alpine halfbreds (0.9342). Comparatively

higher frequency of HbAB was observed in Alpine halfbreds.

The gene frequency of HbA in Malabari, Saanen halfbred

and Alpine halfbred goats was 0.9750, 0.9792 and 0.9671 respect-
ively, and that of HbB in these genetic groups was 0.,0250, |
0.,0208 and 0.0329 respectively. The diagramati¢ representation
6f gene frequencies in different genetic groups are shown in |
Fige2. |

Assuming Hardy-Weinburg equilibrium, the expected number



Fig.1. Stained starch-gel showing different
haemoglobin phenotypes in goat.
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Table 1+ Phenotype frequencies and gene frequencies of
haemoglobin types in Malabari goats and their
exotic halfbreds. ‘

Phenotype frequencies Gene frequencies
Population No. g]f_ T T A 3
animals HbAA HbAB  HbBB Ho Hb
Malabari 40 0.9500  0.0500 e« 0.9750  0,0250
| (38) (2) |
Saanen halfbred. 72 0.9583 0.0417 .s 0.,9792 0,0208
: . (69) (3)
Alpine half- ' :
bl"ed 76 ' . 0 . 9342 0 00658 oo O”O 9671 9] . 0329

()~ (5)

Figures in parentheses indicate the number of animals.

ce
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of goats with different haemoglobin phenotypes was calculated
(Table 2)., When compared with the observed number, a good
agreement was obtained in all the genetic groups indicating
that the pOpulétions were randomly mating and were in genetic

equilibrium. -

A comparison of gene frequencies among different genetic

groups was done employing '7(?.tést (Tabie 3)e

It may be seen from table 3, that the frequencies of
HbA and HbB genes in different genetic groups were not signifi=-

cantly different,

In this study, all matings between HDAA animals produced
only HbAA offspring lndicatlng that HbAA may be homozygous.

The association between the haemoglobin types and economic

traits was not determined as the population was more homogenous.

Transferrin

Serum transferrin polymorphism was investigated in 188
goats belonging to tThree genetic groups viz. Malabari, Saanen
halfbreds and Alpine halfbreds. The nomenclature followed in

the preseut study was in accordance with Trehan et al. (1981).

The study revealed the presence of four transferrin

phenotypes viz. TfAA, TfAB, TfBB and TfAC and three alleles



Table 2. Observed and expected number of animals with
different haemoglobin types according to
Hardy-Weinberg law.

af

No’ Of e géemoglobig;phenotypes , 2
Population animals ——_._HDAA HbAB HoBB - x
e obs. _ @Xp. _Obs. ©xp. obs. &xp.. | _
Malabari 40 38 38,025 2 1,950 = 0.025 0,0263
: .. NS
Saanen - ’ ‘ _
halfbred 72 69 69.036 3 2.933 -~ 0.03T 0.0325
- NS
Alpine : -
halfbred 76 71 71.082 5 4.836 -~ 0.082 0,0877
NS -

NS = Not signific¢ant.

14



Table 3. Comparlson of gene frequencies of HbA and Hb 1n
Malabarl goats and uheir exctic halfbredss

_ e o ~ Genetic group |
Allele Malabari Saanen halfbred” ~ Alpine halfbred 7(?
A 0.,9750 T 0.9792 0.9671 2.55
Hb | NS
HbD 0.0250 ' 0.0208 0.0329 0.29
< . NS

NS = Not significant.

o¢
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TfA, TfB and ch. The alleles are thus designated based on

~ the order of decreasing anodal mobilities. Phenotypes TfBC

and TfCC were not observed in the population that was studied.
Phenotypes TfAA and TfBB were represented by two bands each on
the starch gel. Faster band of TfBB corresponded with the

. slower band of TfAA., Phenotypes TfAB and TfAC were represented
by three and four bands each respectively (Fig.3). In TfAA

and TfBB types, the faster band stained lighter than the slower
band. In T£AB phenotype the fastest band was weakly stained
whereas the other two bands were deeply stained. In TrAC
phenotype, the bands one and three were weakly stained and the
bands two and four deeply stained. The diégramatic representation
of different observed transferrin phenotypes on the basis of

number and mobility of bands is shown in Fig.h4.

The phenotype frequencies and gene frequencies of
transferrin types in different genetic groups are shown in
table 4. In Malabari goats the frequency of TfAA, TfAB and
T£BB phenotypes was 0.2250, 0.4500 and 0.3250 respectively.
Phenotype TfAC was not observed in this breed. In Saanen X
Malabari crossbreds the frequencies of TfAA, TfAB, T£BB and TFAC
were 0,2500, 0.4583, 0.1945 and 0.0972 respectively. The
frequencies of TfAA, TfAB, TfBB and TfAC in Alpine x Malabari
crossbreds were 0.2631, 0.5132, 0.1974 and 0.0263 respectively.
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Table 4. Phenotype frequencies and gene frequercies of
transferrin types in Malabari goats and their
exotic halfbreds.

, . ﬁo. of - Phenotype_freguencies | " Gene frequencies _
Population ,iina1s TfAA  TEAB  TEBB  TfAC  TEBC'  TECC et T £°

] 0.2250 ©.4500 0,3250 - = - 0.4500 0,5500  0.0000
Malabari 40 (9) | (18) (1 3) | .
Saanen 72 0 [ 2500 O 04583 O . 1945 O ® 0972 - - 0 [ 5278 O . 4236 0 . 0486
halfbred (18)  (33) (14). (7
Alpine 76 092631 Oo5132 001974 000263 - | 0.5329 0.4539 0.01 32

halfbred (20) (39) (15) (2) -

Figures in parenthesks indicate the number of animals.

8¢
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The gene frequencies of Ti‘A‘,_ TfB and ch in Malabari

goats were 0.4500, 0.5500 and zero respectively., The fpequn
encies of coyresponding allelés were 0.5278, 0;4236 and 0.0486
in Saanen halfbreds and 0.5329, 0.4539 and 0.0132 in Alpine
halfbreds respectively. 7The diagramatic representétion of

gene frequenciés in different genetic groups is shown in Fig.5.

Comparison bf the gene frequencies among different genetic

groups, presented in table 5 did”not show significant difference.

The observad éndiexpected values were compared in order
to assess whether ﬁheEPOpulations were in genetic equilibrium
and whether these ﬁdpulatipﬁs were mating at randan with
respect to tranaferrin genes (Table 6). A good agreement was
-obtained between the ébserved and expected values in all the

populations.

The results ofimatings between various transferrin'types
are presented in table 7. Mating of TfBB x T£BB produced only
T£BB Offspring‘arﬂ thé observed nunber was ihe same as expected
in Mendelian inheritance. In mating between TfAB x TfAA, out
of-8 offspring, 3 Qéve’of T£fAA and 5 were of TfAB type. The
expected mmber of TfAA and TfAB individuals in the offspring

were 4 and 4 respeéﬁ;vely. The difference was not significant.

In TEAB x TfBB and its reciprocal'mating, the observed number .
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Table 5. .Comparison of transferrin.gene frequencies in

Malabari goats and their exotic halfhreds.
h 3 .

Genetic group _

2

e - Ge , as
Allele Malabari  Sasnen halfbred Alpine nalfbred

A 0.4500  0.5278 0.5329 b2 2
TF ~ N
s

pgD 0.5500 0.4236 0.4539 2.87 2
NS

7 - 0.0486 0.0132 hbs 2
NS

NS = Not Significant.

o



Table 6. Observed and expected number of animals with
different transferrin types according to
Hardy-Weinberg law.

Transferrin phenotypes

NOoe Of =ewecccamccccae——— -
Populatlon  opimals TEAA TEAB  TEBB_______ TEAC
- ———eoon Obs.  ®XD. __ _ODS. _ _EXD. obs. _.__BXp, _obs. exp.
Malabari 40 9 8,100 18 19.800 13 12.100 - -
Szaanen o
halfbred 72 18 20.060 33 32.19% 14 12,919 7 3.69%
Alpine ' '
halfbred 76 20 21.580 39 36.770 15 15.660 2 1,070
(Corltdo—ro vee Q)-

L7



(Contd, table 6)

. No. of ——
Population animals o_._TfBC T£CC - ;(?
- - obs. = @Xp. obs BXDPe
Malabari - 4o - - -~ = 0.3306
NS
Saanen : o o '
halfbred 72 - 2.963 - C.170 6.4139
. NS .
Alpine : S I '
halfbred 76 - 0.910 - 0,010 2,0070

NS

NS = Not Significant.

ey



Table 7. Segregation of trangsferrin types in offspring
from different matings. .
Mating No. of  No. of cmmem—e-transfervin ohenotypes | 2 ir
classes matings offspring =~ =~ TfAA ~ TfAB ~~ 'IfBB = TfAC . TLBC K
= : ~ obs. - - 5 - -
BB x BB .5 5 oxp. - - 5 - - -
obs. 3 5 - = - 0.50 1
AB x BB . , obs. = - 7 5 - - 0.33
BB x AB 12 12 expe = 5 6 - - NS 1
) . obs. 1 7 2 - - 1.80
4B x AB 10 10 expe 245 5 2+5 - - NS 2
| « obs. 1 - < 3 - 1,00 |
AC x AL & b G, - - 2 - NS 1
: obs. 3 1 - -2 - 3433 :
AC x AB 6 ®©  exp. 1.5 1.5 - 15 1.5 NS 3

NS = Not Significant.

¢h
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of offspring with TfAB and TfBB types were not significantly
different from that expected.

When TfAB individuals were mated between themselves, the
observed number of offspring with phenotype TfAA, TLAB and
TfBB was not significantly different from that of the normal

1:2¢1 ratio.

Similarly, non-significant differences between observed
and expected offsprihg with different transferrin phenotypes

were observed in matings between TfAC x TfAA and TfAC x TfAB.

The coat colours of all the animals were recorded to see
whether there was any association between coat colours and
transferrin types.A The results are presented in table 8. The
association between these two factors was stﬁdied using;x? test
for the 4 x 4 table. The value of the ;K? showed that there was

no association between coat colours and transferrin types.

-

- The mean -values of all the traits with different trans-

ferrin types in all the genetic groups are presented in table 9.

. The analyses of variance for different economic traits in
Malabari goats are given in table 10. It may be seen from table
10 thaﬁ first lactation yield (120 days) and peak yield were
significantly affected by the transferrin types (P< 0.05). The
critical differences presented in table 13 indicated that TLAA



Table 8. Observed and expected numbers of animals with
different -coat colours in different transferrin
types, ,
Coat S 2
Tf colour  Black White  Brown  Mixed = Total K=  df
types e —— -— -
10 13 17 7 L7
TLAA (11.75)  (13)  (14.25) (6)
TPAD 27 - 24 26 13 . ) ' ‘
(22.,50) (28.72) (27.29) (11.49) 0 111vé11 9
10 17 12 3
T£BB. (10.50)  (13.40) (12.73) (5.36) 42
0 6 . 2 1 .
TEAC (2:25) (2.87) . (2.73)  (1.15) -9
Total 47 60 57 24 188

Figures in parentheses indicate expected numbers of animals.

NS = Not Significant.

G



Table 9.

Mean values with standard error of some economic traits

with different transferrin types.

-Genetic group - Malabari

1st lactation

Body weight (kg) Age at Peak  Inter kidding
Pranse =m—m—e—caetes =24 s yield :
ferrin at at at at 15%d§ld?lng (120 days) %iig) 1?§:?§?1
types birth 3 months 6 months 12 months ys (1it) Y
1.80 6'01 .10;03 16,87 557 .83 55.18 0;95 372420
Teaa 0.1 #0338 40.86 130 +56.83 +8.62 +0,18 18,60
.; (9)- (9) (9) (9) ~(6) (6) (6) (5)
, 1,51 5.3 9.27 14,88 603 .06 40,78 0.62 385,10
TEAB  +0.09 30,29 °  +0.47 +0.72 +31,68 +2,86 +0,05 +h4, 28
(18) (18) (18) T18) (16) T(16) (16> (10)
1457 4,91 8.10 13.46 606 .40 3744 059 416.00
TEBB  +0.11  +0.36  20.45 +0.87 430,15 3457 +0,06 +33,60
(i3) T TG T (10) {16) i) X5
(contdecss)

o



o
Genetic Group - Saanen halfbred.

(Table © contd...)
' ’ 1st lactation

, Body weight (kg) | . Age at e Peak Inter kidding
Trans=  =- - - - R . yield ) .
_ ferrin . at at . at at . 1St(§;‘ld§;)"% (120 days) 3&15%31 i?g:f v’?l -
types  birth 3 months 6 months 12 momths =~ 0oV : (1is) o sl
2.35 683 11.09  18.77 535426 65,84 0.87 326,00
TEAA +0.15  +0.43 +0.77 +1.05 +22.41 +10.14 #0409 +17.85
(17) (7)) (15) T15) (15) (15) (15) (6)
1.89 .6.66  10.81 18.78 542,10 59+14 0+84 347,46
TLAB +0.08 +0.32 +0.69 +0+80 £25.93 . - 15.87 +0:07 +12.41
(27) ~(27)  T23) T23) (19) T19) —(19) (15)
‘ 1.30 6.10 10.16 16.98 564,92 55433 0.79 380.63
T£BB +0.12  +0.30 +0.62 +0.75 +30.85 +5479 +0.65 +11.40
(14) ~(14) T14) T14) (14) 14) - T(14). (11)

(contdeeecases)

Ly



(Table 9 contde..) Genetic group = Alpine halfbred.

Body weight (kg) | - Age at 1st lactation .
Trans- : “"""1st kidding yield Peak Irrl;e? kidding
ferrin at at at at (days) (120 days) yield interval
types - birth 3 months 6 months 12 months ys) 'li‘i:)'y' (1it) (day s)
2,02 6.21 10.20  17.72 648.64 63.58 .  0.98 382,88
TLAA +0.11 40,42 +0.57  +#0.82 | #29.60 #7.31 . 30,10 +23,20
(18) Ti8) T15) (15) (11) (11) (11) (9)
' 1.92  6.90 10.63 17.39 . 634.89 55492 0.90 352459
TAB +0.09 0,32 +0.32  +0.48 = +23.21 ol 40,06 +16.27
(36) (356) G1) (31) (28) (28) (28) (22)
172 6419 10,10  18.74  565.22 43,47 . 0.64 274,14
TL£BB . _—i;O 013 .‘!'_O O56 i1 .14 ’_*'.1 .ll-8 ) i34 062 : il*'ooll‘ . i0006 121007
| (15) “(15) (11) (11) (9) (9) (9) (7)

Figures in parentheses indicate the number of observations.,

g
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Table 10. Analyses of variance for different
economic traits in Malabari goats.

10(a). Body weight at birth.

Source - af Ss MSS F
' Between transferrin : ' o
types 2 0.49 0.25
. ' ' 1.78 NS
Error A 37 5.29 O.14
NS = Not Signifiocant. .
10(b) . Body weight at 3 months.
Source o 'df':"" SS MSs ' F
Between transferrin ‘ o o
types : 2 . 6,40 .  3.20
2.53 NS
Error , 37  46.64 1.26
NS = Not Significant.
10(c). Body weight at 6 months.
" 'Sourge a4 88 MSS  F
Between transferrin
types . 2 21.32 10.66
' ' ' 2.88 NS

Error ] 37 136074 ) 3-69

NS = Not Significant.
(contdeeces)



Table 10 (contdes.) _ 4
10(4d) s- Body weight at 12 months.

Source = afg 35S - MSS F

Between transferrin S "
types _ e 61,79 30.89 -

2.88 NS
Error 37 396,47 10.71 -
NS = Not Significanc.
10(e). Age at first kidding.
Source af 83 M35 F
Between transferrin . o
types 2 10615.00 * 5307.50.
T ' S - 0.37 NS
Error 29 419560.00 14467459
NS = Not Significant.
~ 10{£). First lactation yield (120 days)
‘ Source' """"""" @€ =~ = 'SS e M$§ ‘ F
Between transferrin . I a
types . o 2 1268.05 - 634.02 :
. : b ' ’ 3044*
Error : ' 29 '5348,16 ©  184.42

# Significant at 5% level.
(contdavees)
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Table 10 (contdees)
10(g). Peak yield.
Source - d4f 388 MSS F
. Between transferrin S N
types . 2 0.60 0.30 .
o _ - o 5.00 *
Error 29 1.78 0.06
* Significant at 5% level.
10(h) . Inter kidding interval.

Source af SS MSS F
Between : R o
transferrin types 2 5401,10 2700.55

ST ' 1.47 NS

Error 17 31139,70 1831.74

NS - Not significant.
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type was significantly different from TfAB and T£BB type with
_respect to first lactation yield and peak yield. Animals with
TfAA type had significantly higher first lactation yield and
higher peak yield than animals with other transferrin types.
Though not significant,.animals_with TfAA type showed higher
body_weights-at_birth,_B months, 6 months and 12 months than

.; animéls;with other Tf types. As regards to age at first kidding
and inter kiddi ng interval, the TfAA phenotype showed a

favourable trend.

In Saanen halfbred goats, body weight at birth and inter-
kidding intervel was £qund to be significantly different with
transfernin‘types (Table 11). The-critical differences
presented in table 13 indicated that TfAA type was significantly
different from TFfAB and TfBB types for body weight at birth;
For interkidding interval TfAA type was significantly different
from T£BB type, but the difference between:TfAA and TfAB types
was not significant. .Animals with TfAA type had significantly
higher body weight at birth (2.35 % 0.15 kg) and lower inter-
kidding interval (326,00 + 17.85 days) than animals with other
Tf types. Although no signifiéant association between Tf tYpes
and other economic traits was observed, a positive trend was
exhibited by TfAA type in all the body weights except at 12
months. The enimals with TfAA'type kidded earlier than the
animals with other Tf types. First lactation yield and peak
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Table 11. Analyses of variance for different
economic traits in Saanen halfbred.

11(a), Body weight at birth.

Between transferrin
types - . 2 2,53 1.27  5.08 #**

Error 55 13.68 0.25

*¥ Significaht at 1% level,

11(b). Body weight at 3 months.
Source R at = ' 8S° MS3S F

o e - - LT - -— - e W om e

Between transferrin

' types - 2 442 0 2,21
| o 0.87 N8
Error ' 55 139.45 2.53
NS = Not Significant
11 (¢). Body weight .at 6 months.
Source . dr . ss MSS F
Between transferrin , _ :
types 2 6+63 3432 0.38 NS

Error 49 430,64 8,79

NS = Not Significant.
(con‘td'- eée )



Table 11 (Contd.)
11(d) . Body weight at 12 months.

Source aft SS MS3S F
Between transferrin
types 4 2 32.90 16.45
. 1.23 NS
Error 49 655,56 13,38 . :
NS = Not Significant.
11(e). Age at first kidding.
Source ar ss MSS F
Between transferrin
types 2 7013.34 3506,67
o 0.31 NS
Error 45 508599.66 11502.21

NS = Not Significant.

11(£) . First lactation yield (120 days).

Source B af . 8S . MSS P

Between transferrin
types 2 706,60 553430

. 0.40 NS
Error 45 39497.40 877.72 -

NS = Not Significant.

(contdes.)
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Table 11 (Contde..)

11(g) Peak Yield.

- Source = df sS° MSS = ' F

Between transferrin S - _
types 2 0.04 0.02
, ' 0.20 NS
Error ' 45 4451 0.10
NS = Not Significant.
11{h) Interkidding interval.

T Source T fdf' 88 MS3S ‘ " F
Between o o S
transferrin types 2 13125.92 6562,96 3.39 *

Error 29 56224,28 1938.77

* Significant at 5% level.
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yield were highest in animals with TfAA {type though not
‘'significant. |

In Alpine halfored goats, significant difference was
observed between transferrin phenotypes in their peak yield
- and interkidding interval (Table 12). The critical
differences presented in table 13 indicated that T{fAA and
TEAB types were significantly different from TLBB type with
respect to peak yield and interkidding interval. Animals
with TfAA and TfAB having the peak yield of 0,98 * 0.10 and
0.90 + 0.06 lit. respectively were significantly superior
than animals wifh TEBB type with peak yield of 0.64 + 0.06 lit.
Animals_With TfBB type had significantly lower interkidding'
interval (274.14 + 21.07 days) than that of animals with other
Tf types. Other economic traits were not found to be signi-

ficantly different among transferrin types.

Albumin
One hundred and eightyeight goats belonging to three
genetic groups viz. Malabari, Saénen halfbreds and Alpine half-
breds were typed for albumin polymorphism.
' The albumin phenotype was represented by two bands on the
starch gel (Fig.6). No polymorphism was observed in any of'the

genetic groups studied.



ig.6. Stained starch-gel showing albumin
phenotypes in goat.



Table 12,

12(a). Body weight at birth.
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Analyses of variance for different
economic traits in Alpine halfbred.

Source S df = ss MSS F
Between transferrin . L
types 2 0,78 0.39
' ] 1.56 NS
Error 66 16.52 0.25
NS = Not Significant.
- 12(b), Body weight at 3 months,
Tf‘SOurcé':f‘ g 8s’  MSs " F
Between transferrin | ’ o
types 2 8.30 4.15
' ' 1,12 NS
Error 66 245,18 3.71
NS = Not Significant.
12(c). Body weight at 6 months.,
- Source df - 88 MsSS " F
/ . <
, Between transferrin o
.. types 2 3.25 1.62 |
Y | ' 0,29 NS
/1/ Error 54 303,63 5.62
A

NS = Not Significant.

(contdeees)
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Table 12 (contdess)

12(8). Body weight at 12 months.

Source df s .~ MSS. F
Between transferrin ‘ B
types 2 14,91 T+45
. S 0.67 NS
Error 54 595,96 1104 1
NS = Not Significant.
12(e) . Age at first kidding.
"'Sour¢e 7 4¢° 8 7 Mss . F
Between transferrin o ‘ o ‘
- types 2 41046,21 20523,10
T ' ' 1.56 NS
Error 45  590082.79 13112.95
NS = Not significaate.
12(f). First lactation yield (120 days).
Souwrce df ss MSS F

- cp oun - - e R S aud S (S st SAS CHp S Jup W eyl CED Awm ekt wvp SEE saD WO cww uy) S

Between transferrin
types

Error 45

2 2024,77 - 1012,39
2973444 482.99

2.09 NS

NS = Not significant., :
(contdo oo)
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Table 12 (contdees)

12(g) . Peak yield.

‘Source odf .88 7 MSss by

D s 0 et S S e Y D P Y T S0 S = Ay .

Between transferrin S 8
types 4 2 0.64 0.32

o L, Q0%
Error 45 3.67 0.08
¥ Significant at 5% level,
12(n). Interkidding interval,
Source daf SS M3S F
Between transferrin , S . '
types : 2 49329.,13 24664,57 4.80 *

Error 55  179651.07 5132.89

* Significant at 5% level.
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Table 13. Comparison of mean values between
transferrin types in different gemetic
‘Eroups.

Genetic group - Malabari

merw an wn s -y - out - op =a - LT - ey wn

Transferrin B Mean values

types Flrst lactation yleld(lit.) Peak yleld (1it.)
TEAA 55418 - 0.95
T£AB 540.78 o 0,62
TfBB 3744 0.59
CD (P<0.,05) to compare B
AA and AB 13,29 | ‘ 0.24
AA and RB 14.34 0.26
AB and BB 11.19 0.20

Genetic group - Saanen halfbred

_Mean values

Transferrin Body weight at - “Interkidding

" types ~ ‘birth (kg) © 7 interval (days)
TLAA 2,35 | 326,00
TEAB 1.89 347,46
TfBB 1.90 " 380.63

CD (P<0.05) to compare

AA and AB 0,30 43,49

AA and BB 0.36 - | 45.69
AB and BB 0.32 35.74

(Contdo ooo)
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Table 13 (contd...)

Genebtic group = Alpine halfbred.

Mean values

T”insggrrin Pesk yield  Inter kidding imGerval
- CYPES, - (ll‘t) ‘(days)’l_ v
TEAA 0,98 382.88
T£AB 0.90 352,59
IfBB 0.64 27414

¢D (P < 0.05) to_compare

AA and AB 0.20 57 « 54

“AA and BB 0.25 73.29
AB and BB 0.22 63.11
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Amylase

The electrophoretic picture of amylase phenotype is
shown in Fig.7. The amylase phenotype was represented by a
single band on the starch gel. No polymorphism was observed

in any of the genetic groups studied.

Heterozygosity

‘The genetic variability measured by the average hetero-
zygosity per locus for three genetic groups of goats viz.
Malabari, Saancen halfbred and Alpine halfbred is presented in
table 14. Maximum heterozygosity was observed at the transferrin
locus, in all the genetic groups, highest being in Saanen
nalfbreds (0.5396) followed by Alpiné halfbreds (0.5098) and
Malabari (0.4950) goaﬁs.‘ The average heterozygosity was also
found highest in Saanen halfbreds (O.2902)lfollowed by Alpine
‘halfbreds (0.2867) and Malabari (0.2719) goats.



Fig.7. Stained starch-gel showing amylase
phenotypes in goat.




DISCUSSION



DISCUSSION

Haemoglobin

In the,Maiabari_breeddbf.goats and their Saanen half-
bredsrand_Alpine‘hqlfbredé, an invéstigation_of‘gene~determihed—
electromcrphs{oftb;ood protein using,étérch-gel-electrophoresis
revealed the presence of two haemoglobin phenotypes HbAA and
HbAB controlled by Ho™ and Hb® alleles. Out of the three
possible phenotypes HbBB was not observed in any of the genetic
groups. This finding is in agreement with those reported by
Naik (1975), Goel and Nair (1976), Singh et al. (1977) and
Baruah and Bhat (1980). However, Khanolker et al. (1963) and
Joshi:gz_gi. (1975) reported the existence of HOBB phenotype .

in indigeheus goats atleast in a very low frequency.

In the present_study the frequency of_HbA allele wag higher
innMalabari‘goats (0.9750);_ Khanqiker &t al. (1963), Joshi et al.
(1975), Naik (1975), Goel and Nair (1976), Singh et al. (1977)
and Béruah and Bhat (1980) also reported very high frequency of
Hp® allele in some Indian breeds of goats.

Watanabe et al. (1965) reported high frequency of HbA allele

in Saanen goats (Japanese Saanen 0.915; Saanen from Switzerland
1,00). Goel and Nair (1976) reported higher frequency of H A
(0.88) iﬁ,Alpine goats. In the present study Saanen halfbred end

Alpine halfbred goats also had higher frequency of HbA (0,9792
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and 0.9671 respectively). Considering the higher frequency of
allele Hb® in Indian breeds as well as exobic breeds, a higher
frequency of HbA allele was naturélly expeqtéd in the Saanen
halfbred and Alpine halfbred goats. The present results are in
agreement with the earlier report of Goel and Nair (1976), who
have found a higher frequency of HbA allele (0.,94) in Alpine
X Beetal crossess |

A good agreement was obtained betwéen the observed and
~ expected haemoglobin phenotypes in all the genetic groups. There-
fore, it can be concluded that theée populatidné,were in Hardy-
Weinberg eQuilibrium Wifh respe@tito gene frequency and phenotype
frequency., This was expected as the selection was not gone on
the basis of haeﬁcglobin fypes of the animals. Baruah and Bhat
(1980) also obsefved genetic equilibrium with respect to
haemoglobin types in Jemnapari, Black Behgal and Barbari goats.

Comparison.of the frequencies of HbA,énd HbB alleles among
the three genetic groups shqwed,significént'similarity in allelic
frequencies at Hb locus. This may be atﬁributed to the similarity
in Hb locus of exotic and Indian breeds.,

In the present study all matings between HbAA animals
produced only HbAA offspring indicating that HbAA may be homozy-
. gouss Other matings point out that Hb‘A and HbB alleles may be

co=dominant.
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Association between haemoglobin types and some traits of
ecconomic importance was not studied, as the number of animals

in HbAB phenotype was too small to draw any valid conclusion.

~ High freqguency of HbAA phenotype, compared to the frequéncy

of HbAB in all the populations of three genetic groups studied,
indicates homogenity in goat population with regard to
haemoglobin locus. This finding is in contrast with that
reporied in cattle, in which the phenotype frequencies did not

show wide difference (Khamna et al., 1970).

Transferrin

Studies on transferrin polymorphism in Malabari, Saanen i
halfbred and Alpine halfbred goats revealed the existence of
four phenotypes viz. TfAA, TfAB, TfBB and TfAC, controlled by
three alleles T£*, Tf° and T£°. The phenotype TfAC was observed
only in Saanen halfbred and Alpine halfbred goats with low
frequencye. PhenétypesvaBC,and_TfCQ were not observed in any
of the three genetic groups. :TfAB_ha@Ithe highest frequency in
all the genetic groups_(Malabarilo.ABOO, Saanen halfbreds 0.4583
énd Alpine.halfbreds‘0r5132)., In Malabari goats the frequency
of TfBB (0.3250) was more than that of TfAA (0,2250). In Saanen
- halfbred goats the frequency of TLAA (0.2500) was more than that
of T£BB (0.1945) and TSAC (0,0972).. In Alpine halfbred goats
also the frequency of TfAA (0,2631) was more than that of TLBB
(0.1974) and T£AC (0.0263).



Table 14, Heterozygosity in different genetic groups.

, Hetérozygosity gEAdiffereht loci Average .
Genetic group Hb T AlD ' Am heéterozygosity.
Malabari 0.0488 0.4950 - - 0.2719
Saanen halfbred ' 0.0408 0.5396 - - 0.2902

Alpine halfbred
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Juneja and Choudhury (1970) observed three transferrin
phenotypes in Barbari apd Beetal goats.  Singh et al. (1977)
reported the presence of two transferrin variants TfA'and ng
and three transferrin phenotypes TfAA, TfAB and TfBB in Beetal,
Barbari and their crosses., They also observed high frequency
of TfAB phenotype in Barbari and Barbari x Beetal crosseé_and
higher frequency of TfBB in Beetal goats. Baruah‘and_Bﬁat'
(1980) reported the presenge of three transferrin phenotypes
TfAA, TLAB and TLBB iﬁ Jamnapari, Black Bengal and Barbari goats.
They also reported a higher,frequenoy_ofVTfAB type in all the
three breeds, except in Jamnapari followed by TfBB and TfAA
type. In Jamnapari goats TfBB type had highest frequency
followed by TfAB and TfAA type. Trehan gt al. (1981) reported
the existence of three phenotypes TfAA, TfAB and TfBB in Beetal,
Nubian and Alpine. x Beetal goats and'five_phenotypeslviz. TfAA,
TfAB, TfBB, T£AC and TLBC in Alpine goats. In Saanen x Beetal
goats two. phenotypes TPAA and TfAB were observed. All the
Saanen goats tested were of TfAA phenotype. Except Beetal all
the other breeds had highest frequency of TfAB type followed by
TfAA and TLBB type. In Beetal the frequency of TfBB type was
highest followed by TEAB and TfAA type. It can therefore be
postulated that a substantial number of goats of both Indian
breeds and their exotic crosses are heterozygous with respect to
transferrin locus. The absence of TfBC and TfCC phenotypes

might be due to the rarity of TfC allele.
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In the present study, the frequency:of TfB allele was
higher them that of Tfiin Malabari goats, whereas in Saanen
halfbred and Alpine halfbred goats T£® allele had the highest
frequency followed byATfB_and ng.' These findings are in
agreement with the earlier reports of Juneja and Choudhury
(1970), Singh et al. (1977), Baruah and Bhat (1930) and
Trehan et al. (1981), who also reported higher frequency of
TfB allele in Indian goats and thaﬁ of Irehan et al. (1981)
who additionally réported_highér frequency of peh allele in
Saanen and Alpine cross-breds. High frequency of TfA allele in
exotic breeds was also reported by Salerno gt al. (1968),
Tjankov (1972) and Odermatt (1973).

. Among the three genetic groups, the allele 1£C was found
only in exotic cross-breds. The presence of 7¢° was not reported
in any of the Indian breeds, whereas its presence has been
reported by Osterhoff and Wardcox (1972) in Angora and Boer breeds,
Watanabe and Suzuki (1973) in native goats of Korea, Phillipines
and Thailand and_Garzbn Garrido-Espiga et al. (1976) in Granada
goats. Trehan et al. (1981) reported the existence of ch allele
in Alpine goats. The presence of‘TfC in Saanen halfbreds and
Alpine halfbreds in the present study indicate the inheritance

of the gene from Saanen and Alpine bucks.

Bach allele is represented by two bands on the starch gél}
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Similar observations were made by Ashton and McDoughall (1958)
while studying B-globulin polymorphism in goat. The p-globulins
were later on shown to be transferrins by labelling with Fe59

by Suzuki and Watanabe (1968).

Phenotype TfAB is represented by three bamis, the middle
was common and the 6ther two bands were of each allele., Phenotype
TfAC indicated the presence of the third allele ch. Phenotype
TfAC was represented by four bands. It can be assumed that
allele ch is also co-dominant and is represented by two bands.

The faster_band,qf_ch corresponded with khe_slower band of
allele TfB, From the above discussion it can be concluded ﬁhﬁt
TEAA, TFAB, TEBB and TEAC had T£P Teh, 1% 768, 2¢B 24® ang
7e* 17¢% as genotypes respectively, ‘and these genotypes were
controlled by three alleles giz. T£Y, Tr® and TC.

In pedigree studies, it was observed that no progeny possessed
any transferrin varient unless possessed by either one or both
parents. The absence of significaﬁt differehce between the observed
. and expected number of qffgpring inAeacn mating indicates that
the genes controlling the transferrins follow the simple Mendélian
inheritanbe. Sirce no segregation was observed in TIBB x TIBB
mating, it cah be concluded that TLfBB is homozygous. Other

pedigree suggest that, the transferrin polymorphism was controlled
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atleaét by three co-dominant alleles vize TfA, TfB and ch.

This is in agreement with the observations of Osterhoff and
Wardcox-(1972), Watanabe and Suzuki (1973) and Trehan gt al.
(1981). |
It was observed that the transferrin types were not
significantly different from their number expected assuming
the population in Hardy-Weinberg equilibrium. Hence, it can
be concluded that, these genetic groups were in Hardy-Weinberg
equilibrium with res@ect to transferrin locus. Comparison of
the gene frequencies of TfA ng and ch'revealed that the
dlfferences of their frequenCLes among the three genetlc groups
were extremely ‘narrow indlcaming no genetic leePSlty existed

betiween these genetic groupS'w1th respect tc transferrin locus.

‘No association was observed between coat colours of the
goats and,their.transferrin,tyges; Coat colour of animals might

therefore, be independent of transferrin types.

 Studies on the associ ation of transferrin types with some
eoonomid traits in Malabarl goats showed that differences in
first lactation yield and peak yield of different transferrin
types were signifiqant (P /_ 0.05). Animals with TfAA phenotype
had significantly higher first lactation yield and higher peak
yield than animals with other transferrin phenotypes. Other
'economic traits were not found to be signifieantly related to

transferrin types.
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/In Saanen halfbred goats, body weight at birth and inter-
kidding interval were found to be significantly affected by
transferrin types. Animals with TfAA phenotype had significantly
higher body weight at birth and lower interkidding interval
than animals with other trahsferrin phenotypes. No association

was observed between transerrin types and other economic traits.

In Alpine halfbred goats, peak yield and interkidding
interval weré_founito be significantly different with transferrin
types. .Animals'with TfAA_anq'TfAB types having peak yield of
0.98 + 0.10 amd 0.90 * 0,06 lit respectively, were significantly
superior than animals with TfBB phenotype with peak yield of
©.64 + 0,06 1lit. Animals with TLBB type had significantly lower
interkidding interval (274,14 * 21,07 days) compared to that of
animals with.othér transferrin phenotypes. Other economic traits

were not found to be related to the transferrin types.

To conclude, animals with TfAA phenotype were found to be
. superior than animals with other Tf types in birth weight, first
;?I§¢£ation yield and peak yield in all the genetic groups, whercas
such a trend could not be seen with regard to other economic
traits uniformly in all the genetic groups. However, TLAA type
was found to be superior in Malabari and Saanen halfbred goats
as regards to age at first kidding and body weights at birth,
3 months and 6 months. But, this trend was not seen in Alpine
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halfbred goats in which superiority was exhibited by TfAB type
in body weights at 3 months and 6 months and by TfBB type in
body weight at 12 months and age at first kidding.

Albumin

Polymorphism in albumin was not observed in aay of the
three genetic groups of goats bresently studied, although two
albumin variants Ale and,Ale.have been reported by Watanabe
and Suzuki (1957) in Japanese goats and Salerno gt al. (1968)
in South Italian goats: AlL the samples in the present study
showed two bands, the slower band was densely stained as compared
to the faster band which was lighter. Similar situation was’
reported by several workers in Indian goats (Juneja émiA
Choudhury, 19703 Singh et al., 1977; Bhat and Baruah, 1980 and
Avora and Khanna, 1982). | |

Albunin polymorphism could not be observed in exotic breeds
such as Norwegian goats, Alpine goats and Hungarian goats (Fesus
et al., 1983). As regards to albumin, the three genetic groups

were homogenouss

Amylase -

Polymorphism in amylase system was not observed in the
present study in any of the three genetic groups of goats. Each
amylase phenotype was represented by a singie band on the starch

gel.
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Amylase polymorphism was first deseribed in goaté by
Fetchter and Pretorius (1970) and Osterhoff and Wardcox (1972)
in Angora goats. Of the two amylase variants AmA and AmB,
the frequency of An® was very low, Fesus et al. (1983) also
reported a low frequeacy of AmB(O.OOA) in Hungarian native
goats. '

The present findings ére,in agreement with those of Juneja
and Choudhury (1970), Singh et al. (1977) and Arora and Khanna
(1982)'who could not observe amylase polymarphism in Bafbari,
Beétél and Black Bengal goatse

Bhat and Baruah (1980) reported the presence of two amylase
variants An~1 and Am-2 in Jamnapari end Barbari goats. The
frequency of Am-2 was very low in both the breeds (0.0051 and
0.02 in Jamnapari and Barbari respectively). Most of the exotic.
breeds of goats studied so far did not exhibit polymorphism at
this locus (Meyer, 19673 Tjankov, 1972; Osterhoff and Wardcox,
1972 ard Kunz, 1974). ‘

Heterozygosity

Polymorphism in a population reflects genetic variability.
The variation in the populations enables to_practice selection
and breeding, for if none exists, there would be little swpe
for selection for further improvement, Rendel (1967) suggested

that blood groups and protein variants might prove to be very
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useful tools for estimating variability between the populations.
Such an estimate of divergence would help to choose parents for
cross-breeding in order to exploit heterosis or to select desirable

segregants.

, In the present study,Saaﬁen»halfbred goats had the highest
- average heterozygosity (0.290) follo&ed by Alpine halfbreds
(0.286) and Malabari (0.271). Maximum heterozygosity, though
non-significant, was observed at the transferrin locus in all
the genetic groups. Nendakumaran et ai. (1982) also reported
similar findings_in_crogsebred cqttle.,,Heterozygosity at the
haeﬁoglobin locus wés very low in all the populations, which has
cégsed the average heterozygosity to be low. Pirchner gt al.
(1971) reported that animals heterozygous at the 'transferr_ih
1qcusvgccﬁrred more than the homozygous animals in Australian
breeds.

The finding that genetic,divergence'measuréd in terms of
':heferoz_ygosity, was similar in Malabari brfeéd and its two cross-
bred groups strengthéns the belief that the Malabari géat is
a mixture of two or more types of goats of Indian as well as

foreign origin.



SUMMARY



SUMMARY

Blood samples collected from goats maintained in the
farm under All India Coordinated Research Project on Goats
for Milk of the Kerala Agricultural University, Mannuthy,
formed the materials for this study. These blood samples
were typed employing horizontal starch-gel-electrophoresis
to study the polymorphism of haemoglobin, transferrin,
albumiﬁ and amylase. inter and intra population variability
was also studied. In all 188 goats comprising 40 Malabari,
72 Saanen x Malabari (halfbred) and 76 Alpine x Malabari
(halfbred) were involved in the present study.

Statistical analysis on the association between trans-
ferrin phenotypes and some economic traits namely (1) birth
weighﬁ, (2) body weight at 3 months, (3) body weight and
6 months, (4) body weight at 12 months, (5) age at first
kidding, (6) first lactation yield (120 days), (7) peak yield
and (8) interkidding interval was carried out to identify
their use as indicators of selection in goats.

Haemdglobin

Two haemoglobin variants, the faster Ht* and slower Hb®
and two haemoglobin phenotypes HbAA and HDAB were identified.
HbBB.phenotype wags absent in all the three genetic groups of

goatse.
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The phenotype frequency of HbAA in Malabari, Saanen
halfbred and Alpine halfbred goats was 0.9500, 0.9583 and
0.:9342 respectively and that of HbAB in these three genetic

groups was 0.0500, 0.0417 and 0.0658 respectively.

The gene frequency of HbA‘in.Malabari, Saanen halfbred
and Alpine halfbred goats was 0.9750, 0.9792 and 0.9671
~ respectively and that of_HbB.in these three genetic groups
was 0,0250, 00208 and 0.0329 respectively. |

The population of Malabari breed of goats and their
two exotic halfbreds were in Hardy-Weinberg equilibrium as

far as the haemoglobin locus was concerned.

The differences in the allelic frequencies at Hb locus

among the different genetic groups were not significant.

The phenotypes HbAA bred true and hence, they were homo-

ZYE0ous.
Transferrin

Four transferrin phenotypes namely TfAA, TfAB, T£BB and
'T£AC controlled by three co~dominant alleles TfAi TfB and
ch in the descending order of mobilities towards anode were
observed. Phenotypes TLBC anl TfCC were not observed in any

of the three genetic groups of goats.
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In Malabari goats the frequeacies of TfAA, TfAB and TfBB
types ﬁere_0.2250, 0.4500 and 0.3250 respectively. IfAC
type was not found in Malabari goats. The frequencies of TfAA,
T£AB, TEBB and TAC types were 0.2500, 0.4583, 0.1945 and
0.0972 in Saanen halfbred goats and 0.2631, 0.5132, 0.1974 and
0.0263 in Alpine halfbred_go;ts reSQeétively. The frequency
of TfAB type was higher in all the genetic grouﬁs‘ '

- The gene frequencies of TfA, TfB_and_ch in Malabari goats
were 0.,4500, 0,5500 and zero respectively. Three Tf alleles

C

namely TfA, Tf3 and T£” were revealed in the populations of

crossbred goats with a preponderance of TfA allele., The frequ-

encies Qf_TfA, Tfs.and_TfC

were 0,5278, 0.,4236 and 0.0486 in
Saanen halfbreds and 0.5329, 0.4539 and 0.0132 in Alpine halfbreds
respectively. TfG ailele was not observed in Malabari breed.
The population of these three genetic groups were in
Hardy-Weinkerg equilibrium with respect to transferrin locus

and inter population variability was extremely narrow.

The autosomal co-dominant mode of inheritance for If
alleles was demonstrated by analysis of segregation patterns

observed in pedigrees.

Significant association was observed between the TTAA
phenotype and economic traits such as birth welght, first lactation

yield and peak yield.
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Albumin and amylase
No polymorphism was observed for the albumin and amylase

gystems indicating that the population of three genetic groups

were in homogenous condition.

Heterozygosity

The highest average heterozygosity was recorded in Saanen
halfbreds (0.2902) followed by Alpine.hélfbreds-(0.2867) and
Malabari (0.2719) indicating similarity in genetic divergence.
This finding strengthens the belief that the Malabari breed is
a mixture of two or more types of goats of‘Indién as well as

foreign origin.

Among the four biochemicals of ‘blood studied, transferrin
reflected a great scope for serving as a genetic marker to be

used in selection of goats for improved milk production.
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ABSTRACT

Blood samples collected from goats maintained in the
farm under All India Coordinated Research Project on Goats
for Milk of Kerala Agricultural University, Mannuthy, formed
the materials for this study. These blood samples were
typed employing horizontal starch-gel-electrophoresis to
study the polymorphism of haemoglobin, transferrin, albumin
and amylase. In all 188 goats comprising 40 Malabari, 72
Saanen x Malabari (halfbred) and 76 Alpine x Malabari.
(halfbred) were involved in the study. Inter and intra
population variability was studied. Genetic interrelationship
among some growth, production and reproduction.traits ViZe
body weights at birth, 3 months, 6 months and 12 months, age
at first kidding, first lactatioﬁ yield (120 days), peak |
yield and interkidding interval was determined.

Two haemoglobin variants, the faster HbA and slower HbB
with two phenotypes HbAA and HbAB were observed. The gene
frequency,of_HbA in Malabari, Saanen halfbred and Alpine
halfbred goats was 0.9750, 0.9792 and 0.9671 respectively and
that_qf»HbB in these ﬁhree genetic groups was 0.0250, 0.0208
and 0.0329 respectively. The frequency of ot allele was
higher in all the populations.

Four transferrin phenotypes TfAA, TfAB, TfBB and TfAC‘

controlled by three co-dominant alleles TfA, TfB and ch were
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observed. The fast moving variant was designated as TfA
followed by TP and TfC. In Malabari goats T£AC was not
observed. The frequency of TfAB type was higher in all the
genetic groups. The gene frequencies of TfA, TfB and ch in .
Malabari goats were 00,4500, 0.5500 and zero respectively.

ch allele was not observed in Malabari goats. Three Tf
alleles namely TfA, TTB and ch were revealed in the crossbred
populations with a preponderance of TfA éllele. The frequ-

encies,of,TfA, TfB’and ch

alleles in Saanen halfbréds were
0.5278, 0.4236 and 0,0436 and in Alpine halfbreds were 0.5329,

0.4539 and 00,0132 respectively.

.The'allelic frequencies of haemoglobin and transferrin
loci were suggestive of Hardy-weinberg equilibrium in all the
three population of goats. Magnitude of inter population

variabllity among the three genetic groups was negligible.

 The autosomal co-dominant mode of inheritance for Tf
alleles was demonstrated by analysis of segregation patterns

observed in pedigrees.

Significant association was observed between the TfAA
phenotype and economic traits such as birth weight, first lacte
ation yield and peak yield.

Polymorphism was not observed for the albumin and amylase

systemse
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';_Maiimum heterozygosity was obéerved at the transferrin -

locus. Highest average heterozygosity was exhibited by the .

Saanen halfbred goats.

Among the four:biochemicals of blood studied, transferrin
- reflected a great scope for serving as a geneticvmarker to be

used in sgelection of goats for improved milk production. -
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