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The aim of this research was to investigate variability in each of the five exons of the caprine growth
hormone (gGH) gene, in order to establish the possible relationships with milk traits in Sarda breed
goat. The general linear model procedure was used to analyse the effects of the single strand
conformation (SSCP) profiles on milk traits of 100 lactating goats. Analysis of conformational
polymorphism at exons 1–5 revealed a total of 25 differing banding patterns. Sequencing revealed 21
nucleotide changes (compared with GenBank D00476): 14 were polymorphic and 7 monomorphic;
19 in exonic regions, 5 of which were nonsynonymous. A SNP upstream of the transcription initiation
codon (c.-3A>G) and an indel (c.*29_30insC) in the 3′UTR, were detected. Alignment of 4 cloned
sequences including the entire gGH gene led to the identification of 22 nucleotide variations within
the intron regions, including two indels. Association analysis revealed that each exon, except exon-1,
affected milk yield, exons 1 and 3 influenced milk fat percentage, and all exons, except exon-2, had
an effect on protein percentage, supporting previous results in livestock. The variability detected at
the caprine GH gene might provide useful information for the phylogeny of ruminants and, more
importantly, have implications on the biological function of the growth hormone and on those traits
resulting from its physiological action, including milk production and composition. The caprine GH
gene may become a useful molecular marker for a more effective genetic selection for milk
production traits in goats.
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The growth hormone (GH) is synthesised and secreted by the
anterior pituitary somatotroph cells and its secretion is tightly
regulated, stimulated by growth hormone–releasing hor-
mone (GHRH) and inhibited by somatostatin (SS or GHIH,
growth hormone-inhibiting hormone), both secreted by the
hypothalamus. The GH is released into systemic circulation
and causes the secretion of the insulin like growth factor – 1
(IGF-1) in target tissues, it also causes a series of direct
metabolic effects as it is both hyperglycaemic and lipolytic
(Polkowska et al. 2011). As a consequence, the growth
hormone is directly involved in animal processes such as
metabolism (Barrera-Saldaña et al. 2010), growth (Hua et al.
2009), reproduction (Scaramuzzi et al. 1999) and lactation
(Baldi, 1999).

The GH gene spans 2·6 to 3·0 kbp in most mammalians
and comprises five exons. In cattle, the growth hormone is
synthesised by a single gene, the bGH (bovine GH) gene,

mapped to chromosome 19 (19q22) (Fries, 1993). A close
relationship between genetic polymorphisms at the bGH
gene and milk fat (Falaki et al. 1996) and milk protein
percentage (Lagziel et al. 1999) has been reported in this
species. In addition, a nucleotide (nt) variation located on
the third intron of bGH gene has been associated with milk
yield (Zhou et al. 2005). The ovineGH (oGH) gene has been
mapped to chromosome 11 (11q25) (Ofir & Gootwine,
1997); significant associations between oGH genotypes and
milk yield have been evidenced in Serra da Estrela, a
Portuguese breed of sheep (Marques et al. 2006).
The caprineGH (gGH) gene, syntenic to bovine, has been

mapped on 19q22. The caprine GH is a copy number
variant (CNV), showing two different alleles: the Gh1 allele
has a single copy of the gene (named GH1), while the Gh2
allele is duplicated and contains the GH2 and GH3 copies
(Wallis et al. 1998). Investigations on gGH gene genetic
variability have highlighted significant correlations with:
milk yield and protein percentage in the Portuguese
Algarvia (Malveiro et al. 2001) and Serrana breeds
(Marques et al. 2003); body weights in the Indian Sirohi*For correspondence; e-mail: mldettori@uniss.it
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breed (Kumar et al. 2011); litter size and superovulation
response in Matou and Boer breeds (Zhang et al. 2011).

The aim of this research was to investigate single-strand
conformation polymorphisms (SSCP) in each of the five
exons of the gGH gene, in order to establish the possible
relationships between polymorphic patterns and milk
production traits in the Sarda breed goat.

Materials and methods

Animals and sampling

One hundred primiparous lactating goats of Sarda breed
were randomly chosen from one farm located in Sardinia
(Italy). Six hundred goats, of which 110 primiparous, were
reared on the farm, they were exclusively fed at pasture and
hand-milked once daily. Length of lactation was 220 d for
multiparous and 180 d for primiparous goats; average milk
yield was 200 L, with a milk fat percentage of 4·7 and a
protein percentage of 4·2, which are typical values for the
breed (Pazzola et al. 2011, 2012). Productive parameters of
a single lactation were monitored: at 45, 75, 105, 135 and
165 d after parturition, the daily milk yield was recorded and
one individual milk sample was collected to determine fat
and protein content, using an infrared spectrophotometer
(Milko-Scan 133B; Foss Electric, DK-3400 Hillerød,
Denmark) according to IDF 141C:2000 standard. A blood
sample was collected from each animal for genomic DNA
isolation (Puregene DNA Isolation Kit, Qiagen).

GH gene analysis

The five exons of the gGH genewere amplified by PCR using
the primer pairs and conditions described by Marques
et al. (2003). SSCP analysis was carried out on a D-Code
Universal Mutation Detection System (BioRad): 2·5 μl of
each amplification product was added to 7·5 μl of Stop
Solution (1 mg/ml xylene-cyanol, 1 mg/ml bromophenol
blue, 10mM EDTA in 80% deionised formamide). Samples
were denatured at 94 °C for 5 min and then chilled on ice.
The total volume was loaded into polyacrylamide gels and
then run following the conditions described by Marques
et al. (2003). Products were visualised with SYBR Gold
staining (Invitrogen, Carlsbad, CA). From one to three DNA
fragments showing the same SSCP pattern, were sequenced
in both directions, in order to establish the molecular basis of
SSCP differences. Sequencing was achievedwith an Applied
Biosystems 3730 DNA Analyzer (Applied Biosystems, Foster
City, CA, USA), after purification with the ChargeSwitch®
PCR Clean-Up Kit (Invitrogen, Carlsbad, CA, USA).

Cloning

The caprineGH genewas entirely amplified using the primer
pair GH1F -5′-CAGAGACCAATTCCAGGATC-3′/GH5R-5′-
TAATGGAGGGGATTTTTGTG-3′ to obtain DNA amplicons

of about 1,7 kbp, from four goats showing different SSCP
banding patterns. PCR reaction was performed in a final
volume of 25 μl, containing 25–50 ng genomic DNA,
16 pmol each primer, 1·5 mM MgCl2, 200 μM dNTPs,
1×PCR buffer (20 mM Tris-HCl pH 8,4 and 50mM KCl)
and 1U Taq DNA polymerase (Platinum; Invitrogen). The
PCR program consisted of a denaturing step at 94 °C for
5 min, followed by 35 cycles [94 °C (30 s), 62 °C (30 s),
72 °C (30 s)] and a final elongation step at 72 °C for 5min.
The amplification product was cloned into pCR2·1 cloning
vector and then transformed into chemically competent
Escherichia coli One Shot TOP10 cells (Invitrogen Life
Technologies). The recombinant plasmids were purified
with Qiagen Plasmid Midi Kit (Qiagen GmbH, Hilden,
Germany) prior to sequencing in both directions using the
same primers utilised for exon PCR amplification.
Analysis of the sequencing data was performed using

BioEdit (Hall, 1999) and allele frequencies were measured
with POPGENE V1·32 (Yeh et al. 2000). The nucleotide
changes described were named according to the recommen-
dations of the Human Genome Variation Society (http://
www.hgvs.org/mutnomen/). Alibaba 2·1 software program,
with the TRANSFAC database (http://www.gene-regulation.
com/pub/programs/alibaba2) were used to identify differ-
ences in putative transcription factor binding sites.

Statistical analysis

A repeated measures GLM procedure was used to analyse
the effects of the SSCP profiles on milk traits (Minitab
statistical software; Minitab release 13·32, Minitab Inc.
2000, State College, PA). The model used for all variables
was:

yijk ¼ μþ gi þ Sj þ gSij þ eijk

where yijk is the variable (milk yield, fat percentage, protein
percentage), μ is the general mean, gi is the random effect of
the genotype (i=3 for exon 1; i=2 for exon 2; i=5 for exon 3;
i=6 for exon 4 and i=3 for exon 5), Sj is the fixed effect of the
stage of lactation ( j=5), gSij is the interaction effect and eijk is
the error effect. Only genotypes with frequency higher than
5% were included in the statistical model and model effects
were considered significant at P<0·05; multiple compari-
sons of the means were performed using the Bonferroni’s
method. Only genotypes present in more than 3% of the
sample group were considered.

Results

Sequence analysis

Analysis of conformational polymorphism of caprine GH
gene exons 1–5, including flanking regions of exons 1 and 5,
revealed differing banding patterns (Fig. 1). The number of
polymorphic profiles identified for each DNA fragment, and
the genotype combination of nucleotide changes detected
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Fig. 1. SSCP patterns of exons 1–5 of Sarda goat GH gene.

Table 1. SSCP pattern frequencies and related genotype combination

DNA
fragment

Number
of patterns Genotype combination and frequency (%) of patterns

Exon-1 3 Nt 429† I=AA (26)
II=AG (69)
III=GG (4)

Exon-2 2 Nt 781 I=GG (26)
II=AG (74)

Exon-3 6 Nt 1121/1148/1160/1170/1178 I=GA/TC/GG/AG/CT (48)
II=GA/TC/AG/AG/CT (6)
III=GG/TT/AA/GG/TT (10)
IV=GG/CC/AA/AG/CT (14)
V=GG/TT/AA/GG/TT (18)
VI=GG/CC/GG/GG/TT (2)

Exon-4 9 Nt 1442/1532/1551/1585 I=GA/GG/AA/TT (10)
II=AA/GG/AA/CT (29)
II*=GG/GA/AA/CT (1)
III=GG/GA/GG/CT (2)
IV=GG/GA/GA/TT (8)
V=GG/GA/GA/CT (20)
VI=GA/GA/AA/TC (2)
VII=GA/GA/GG/CT (14)
VIII=GG/GA/GA/‡– (10)
IX=GG/AA/GG/CC (2)

Exon-5 5 Nt 2040/2055/2093ins2094 I=CC/CC/§_ _ (68)
II=CT/CC/_ C (24)
III=TT/CC/CC (4)
IV=CC/TT/_ _ (2)
V=CT/CT/_ C (2)

†Nt: nucleotide positions corresponding to the genotype combination of each DNA fragment, related to the Acc. No. D00476
‡–: information about nt position 1185 was not available
§single nucleotide deletion
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after sequencing, are shown in Table 1. SSCP of the DNA
amplicon containing exon-1 revealed three different
migration patterns, all displaying four bands. Exon-2 showed
two SSCP configurations. Six different polymorphic schemes
were evidenced at exon-3, characterised by a number of
bands ranging between 2 (pattern VI) and 6 (pattern IV).
Sequencing revealed that three SSCP patterns (I, II, IV) had
two or more heterozygous genotypes, the others had
homozygous genotypes, with patterns III and V showing
the same sequence. Exon-4 proved to be the most
polymorphic, with 9 different conformations, characterised
by a number of bands between 4 (pattern I) and 10 (pattern
VIII). Exon-4 SSCP profiles showed one (pattern I, II), two
(II*, III, IV) or three (V, VI, VII) heterozygous genotypes after
sequencing, only pattern IX displayed a homozygous
genotype combination. Patterns II and II* had the same
banding scheme, but showed a different sequence, then all
the subjects with profile II were sequenced, revealing that
pattern II* was unique. The DNA fragment including exon-5
had five different polymorphic patterns: I, III and IV showed
different combinations of homozygous genotypes.

Sequencing of the differing SSCP profiles allowed the
identification of 21 nucleotide changes compared with the
reference sequence D00476 (Kioka et al. 1989) (Table 2).
Out of these mutations, 14 were polymorphic and 7
monomorphic in the goat sample group analysed. Exon-1
did not show any sequence variation, however, a nucleotide
change localised 3 bp upstream of the transcription initiation
codon (c.-3A>G) was detected. Three nt variations were
identified at exon-2, two of them were synonymous and
monomorphic, and the third (c.104G>A) produced a

deduced amino acid change (G35S). Exon-3 encompassed
5 nt changes, one causing a putative amino acid change
(G89S). Five nt changes were identified at exon-4, three
SNPs led to a deduced amino acid change (c.309G>A,
c.399A>G and c.452C>T) and two were synonymous, one
of which was monomorphic (c.445G>C). Analysis of the
DNA segment including exon-5 revealed 6 synonymous
single nucleotide polymorphisms (SNPs), four occurring in
100% of the goats tested. In addition, a polymorphic indel
(c.*29_30insC) was detected in the 3′UTR region.

Cloning

The whole caprine GH gene of four subjects showing
differing SSCP patterns was cloned and sequenced in order
to reveal some of the possible haplotypes existing within
the Sarda goat population. The sequences obtained were
published with Acc No. GU355686-9, and haplotypes
identified, for all the nt changes revealed after comparison
with Acc. No. D00476, are shown in Table 3. The alignment
of the 4 sequences led to the identification of three
additional synonymous mutations (at exons-2 and 4),
which had not arisen with the sole SSCP analysis, and to
22 nucleotide variations within the intervening sequences,
including two indels, which add to the one detected in the 3′
UTR region (Table 4).

Association analysis

Table 5 shows the effects of genotype and stage of lactation
on milk traits of 100 Sarda lactating goats. The stage of

Table 2. Polymorphisms in the caprine GH gene of Sarda goats

Polymorphism Nt. No.† Location Deduced AA change Frequency Reference

c.-3 A>G 429 5′UTR‡ — 0·389 This paper
c.16 G>C 693 Exon 2 — 1 This paper
c.25 G>C 702 Exon 2 — 1 This paper
c.104 G>A 781 Exon 2 G35S 0·370 Hua et al. (2009)
c.217 G>A 1121 Exon 3 — 0·275 Dettori et al. (2009)
c.244 C>T 1148 Exon 3 — 0·439 Dettori et al. (2009)
c.256 G>A 1160 Exon 3 — 0·459 Dettori et al. (2009)
c.266 G>A 1170 Exon 3 G89S 0·347 Dettori et al. (2009)
c.274T>C 1178 Exon 3 — 0·347 Dettori et al. (2009)
c.309 G>A 1442 Exon 4 R103H 0·418 Gupta et al. (2009)
c.399 A>G 1532 Exon 4 D133G 0·684 Gupta et al. (2009)
c.418 G>A 1551 Exon 4 — 0·622 Gupta et al. (2009)
c.445 G>C 1578 Exon 4 — 1 Gupta et al. (2009)
c.452 C>T 1585 Exon 4 R151W 0·591 Gupta et al. (2009)
c.529 G>C 1938 Exon 5 — 1 Gupta et al. (2009)
c.552 G>C 1956 Exon 5 — 1 Gupta et al. (2007)
c.636 C>T 2040 Exon 5 — 0·170 This paper
c.645 G>C 2049 Exon 5 — 1 Gupta et al. (2009)
c.651 C>T 2055 Exon 5 — 0·030 This paper
c.654 G>C 2058 Exon 5 — 1 Gupta et al. (2007)
c.*29_30insC 2094 3′UTR — 0·170 This paper

†Nucleotide numbers (Nt. No.): nucleotide positions relative to gGH genomic DNA sequence D00476
‡UTR: untranslated region
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lactation significantly influenced (P<0·01) milk production
and fat and protein percentage in a pattern that was typical of
that reported for dairy goats lactation curve (Park et al.
2007), thus the mean values were not reported. There were
no significant genotype×stage of lactation interaction effects
on milk traits in this herd of goats (data not shown).
The mean values showing the effect of genotype on

milk traits were presented in Table 6. SSCP analysis of the
amplicon including exon-1 revealed that, on average,
pattern I goats produced milk with the highest fat and
protein percentage. Goats with pattern I at exon-2 showed
higher milk yield than pattern II, but no differences were
found for fat and protein content. The gGH exon-3 genotype
significantly (P<0·01) influenced milk traits: animals
with patterns III and IV had the highest milk yield; goats
with pattern V showed higher fat percentages than goats with
patterns I and IV, and goats with patterns I and V had higher
protein percentages than goats with pattern IV. Goats with
patterns V and VII at exon-4 showed the highest milk yield
(P<0·01), and goats with pattern II (exon-4) had the highest
protein percentage (P<0·01). Genotype at gGH exon-5
significantly (P<0·01) influenced milk traits: goats with
pattern I had the lowest milk production, while goats with
pattern III showed the lowest protein percentage. These
results are preliminary and a large number of samples will be
analysed in order to arrive at a final conclusion.Ta
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Table 4. Nucleotide changes detected in gGH sequences
Acc. No. GU355686-9

Polymorphism Nt. No.† Location
AA
change

c.13+11 A>G 455 Intron 1
c.13+119 G>A 563 Intron 1
c.14�49 A>G 643 Intron 1
c.14�46 C>T 646 Intron 1
c.29 C>T 706 Exon 2 —

c.175+62 C>T 914 Intron 2
c.292+16 G>T 1212 Intron 3
c.292+31 G>A 1227 Intron 3
c.292+45T>C 1241 Intron 3
c.292+73 C>T 1269 Intron 3
c.292+88 G>C 1284 Intron 3
c.343 G>C 1476 Exon 4 —

c.385 G>T 1518 Exon 4 —

c.454+18 G>A 1605 Intron 4
c.454+35 G>A 1622 Intron 4
c.454+45 C>T 1632 Intron 4
c.454+51T>C 1638 Intron 4
c.454+54 _58delCCTGG 1641_1645del Intron 4
c.454+61T>A 1648 Intron 4
c.454+63 G>C 1650 Intron 4
c.454+131T>C 1718 Intron 4
c.455�120 G>C 1744 Intron 4
c.455�84 A>G 1780 Intron 4
c.455�61 C>T 1803 Intron 4
c.455�3_32ins C 1831_1832ins Intron 4

†Nucleotide numbers (Nt. No.): nucleotide positions relative to gGH
genomic DNA sequence D00476
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Discussion

The SSCP variability of the caprine GH gene comprises
two levels of complexity. The first is due to the different
three-dimensional conformations of denatured DNA single
strands, derived from sequence differences. The second
is due to allelic polymorphism of the gGH gene (Wallis
et al. 1998), which could result in two (Gh1/Gh1), three
(Gh1/Gh2) or four (Gh2/Gh2) gene copies, for diploid
genome. At present, no information is available in the
literature which allows selective amplification of the caprine
GH1, GH2 or GH3 genes. Then, any polymorphism
identified by SSCP is not attributable to any of the three
genes, but indistinctly to the caprine GH gene.

The DNA regions corresponding to exons 1 and 2 showed
the least SSCP variability, in agreement with Malveiro et al.
(2001) and Marques et al. (2003), which detected only 2
patterns for each fragment in Portuguese Algarvia and
Serrana goats, respectively. The present study has revealed
that exon-1 was monomorphic. Analysis of the 5′UTR

sequence (nt �1/�72) with Alibaba 2·1 software revealed
the occurrence of a putative PEA3 transcription factor
binding site (GTCCTGCTGAC, nt �13/�23), and showed
that the nt change identified (c.-3A>G) apparently does not
introduce any differences in the potential transcription factor
binding sites of this region. The SNP detected at exon-2
(c.104G>A) causing the putative amino acid substitution
G35S, may affect the functionality of the hormone, due to the
shift from non-polar to polar uncharged amino acid. In fact,
exon-2 encodes the N-terminal region of the mature peptide,
which is involved in the binding sites with the two GH
receptors, necessary to mediate its function (Juárez-Aguilar
et al. 1999). This polymorphism has been revealed also in a
population of Boer bucks where it has been associated with
growth traits (Hua et al. 2009).
Six different SSCP profiles were detected at exon-3, in

agreement with previous studies (Marques et al. 2003).
Surprisingly, patterns III and V had the same sequence, with
homozygote genotypes for five sites of variation. This
prevents attribution of the observed banding differences to

Table 5. Analysis of variance showing the effects of genotype (G) and lactation stage (S) on milk traits

P-value

Exon 1 Exon 2 Exon 3 Exon 4 Exon 5

G S G S G S G S G S

Milk yield (g) 0·066 0·000 0·002 0·000 0·000 0·000 0·000 0·000 0·005 0·000
Fat% 0·004 0·476 0·114 0·005 0·004 0·002 0·207 0·003 0·110 0·585
Protein% 0·000 0·177 0·270 0·054 0·000 0·001 0·000 0·001 0·000 0·171

Table 6. Mean values (± SEM) of milk traits associated with PCR-SSCP patterns of the gGH gene

DNA SSCP Animals
Milk yield (g) Fat% Protein%

Fragment Patterns N Mean SEM Mean SEM Mean SEM

Exon 1 I 26 607·2 2·69 5·99B 0·01 4·53C 0·00
II 69 626·0 1·03 5·63A 0·00 4·33B 0·00
III 4 772·5 17·48 5·23A 0·06 3·82A 0·02

Exon 2 I 26 708·0B 3·80 5·88 0·02 4·31 0·01
II 74 596·9A 1·34 5·62 0·01 4·38 0·00

Exon 3 I 48 616·4AB 0·74 5·48A 0·01 4·37B 0·00
II 6 558·0A 5·95 5·63AB 0·06 4·30AB 0·01
III 10 683·2B 3·57 5·69AB 0·04 4·32AB 0·01
IV 14 693·1B 2·55 5·57A 0·03 4·18A 0·01
V 18 589·3A 1·98 6·26B 0·02 4·49B 0·00

Exon 4 I 10 559·4A 5·19 5·63 0·04 4·23A 0·01
II 29 566·1A 1·85 5·50 0·01 4·53B 0·00
IV 8 498·0A 6·49 6·02 0·04 4·38AB 0·01
V 20 680·6B 2·60 5·85 0·02 4·39AB 0·00
VII 14 688·4B 3·71 5·75 0·03 4·21A 0·01
VIII 10 613·8AB 5·19 5·83 0·04 4·40AB 0·01

Exon 5 I 68 588·8A 0·97 5·64 0·01 4·38B 0·00
II 24 676·1B 2·75 5·88 0·01 4·38B 0·00
III 4 772·5B 16·49 5·23 0·09 3·82A 0·02

Different letters in the same column indicate values significantly different; A, B, C=P<0·01
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the occurrence of different haplotype combinations. But
they may be due to more than one stable conformation of
the same sequence (Rubio et al. 1996), or to nt variations not
detected by sequencing, e.g. if one single nt variation
occurred only once over three (Gh1/Gh2) or four (Gh2/Gh2)
copies of the gGH gene, the relative peak in the sequencing
chromatogram would not be sufficiently visible in terms of
spacing, width or height, to be recognised as heterozygous,
and it would be considered as background. Exon-3 showed
the highest proportion of polymorphic loci (P=1), defined
as the number of polymorphic loci/total number of loci
sampled (Frankham et al. 2007), when compared with exon
4, where P=0·8, and exons 2 and 5, where P=0·33. The
highest number of SSCP profiles was detected at exon-4,
as reported for Serrana goats (Marques et al. 2003).
The nt variations c.399A>G and c.452C>T, causing the
amino acid substitutions D133G and R151W respectively,
were polymorphic in Sarda goats, while they were mono-
morphic in dairy Jakhrana goats (Gupta et al. 2009). Five
SSCP profiles were described at exon-5, lower than Jakhrana
goats where 6 patterns have been observed (Gupta et al.
2009).

All the nucleotide changes detected in this study
were biallelic, while c.309G>A and c.399A>G (exon-4)
were reported to be triallelic in Black Bengal goats (Gupta
et al. 2007). In addition, the silent mutation c.651C>T
(exon-5), has been reported as c.651C>G, resulting in the
amino acid change C215W, in Jakhrana goats (Gupta et al.
2009). This may be due to a different evolution of the three
copies of the caprine GH gene (GH1, GH2, GH3), which
may have caused sequence differences between geographi-
cally distant breeds.

All the monomorphic SNPs (7 out of 21) found in the
goat sample group analysed indicate that new gGH gene
haplotypes, different from Kioka et al. (1989), occur in the
Sarda goat, as confirmed by the alignment of sequences
related to the 4 subjects cloned. Two new haplotypes were
found: one was the same in three subjects (GU355686-8),
which showed differing SSCP polymorphic patterns and
intron SNPs, the second belonged to Acc. No. GU355689.
Among the many nt changes detected in this study, a marked
density of insertion/deletion events emerge: three indels over
about 1785 bp, two of which were revealed based on the
analysis of only four subjects. Indels are often linked with an
increasedmutation rate in theDNA regionwhere they occur,
and in the past, theywere considered to be the cause of those
mutations (Tian et al. 2008). Currently, a new hypothesis
suggests that DNA repeat sequences, instead of indels, may
be responsible for the accumulation of clusters of mutation
in specific DNA regions, with indels occurring within or in
proximity to the repeat sequences (McDonald et al. 2011).
This might be applied in the case of the c.*29_30insC
mutation, which can be considered as a contiguous indel,
in fact it occurs immediately next to a CCCC homopolymer
repeat. While c.455-33_32insC might be considered as a
proximal indel, as it is located 6 nt upstream of a CTCTCT
repeat, and c.454+54 _58delCCTGGdoes not fall into these

categories, but is located in a 30 bp long region of DNA
where 5 nt changes were detected, over the indel. The
nucleotide changes identified in both coding and non
coding regions of the caprine GH gene may have
implications for its biological functions (Mattick, 2009) and
then on all of those traits resulting from the physiological
action of the growth hormone, including milk production
and composition.
All DNA fragments analysed, except the one containing

exon-1, affected milk yield, while in other goat breeds, a
correlation was reported only for exons 4 and 5 (Algarvia
goats, Malveiro et al. 2001), and for exons 2 and 4 (Serrana
goats, Marques et al. 2003). SSCP profiles of the DNA
fragments corresponding to exons 1 and 3, influenced milk
fat percentage, in contrast with the aforementioned papers,
which did not find any correlation. Exon-3 affected bothmilk
yield and fat and protein percentage. All the DNA fragments
analysed, except exon-2, affected the protein percentage,
while Marques et al. (2003) found correlations with this trait
only for exons 1 and 2.

Conclusions

The genomic region corresponding to the caprine GH gene
showed huge sequence variability, with nucleotide substi-
tutions, insertion/deletions, and repeat sequences clustering
together, which may provide useful information for the
phylogeny of ruminants and, more importantly, might affect
in different ways the productivity of animals.
Apparently each exon, except exon-1, affected milk

yield, exons 1 and 3 influenced milk fat percentage,
and all exons, except exon-2, had an effect on protein
percentage, supporting previous results in livestock. The
SSCP technique proved to be a good method for the
screening of populations, keeping costs low, and giving an
overview of the variability of the genes studied, however
complex, which could be correlated with production
traits. Nevertheless, an investigation aiming to highlight the
sequence differences between the three allelic copies of the
caprine GH gene, would allow attribution of the numerous
mutations detected so far, to the single gGH alleles. The
molecular information thus obtained, may be exploited for a
more effective genetic selection for dairy traits in goats.
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