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ABSTRACT 

Allelic variation in the structural or  regulatory 
sequences of growth hormone and its receptor genes 
might directly or indirectly affect milk traits. This 
possibility prompted us to investigate the eventual 
relationships of restriction fragment length polymor- 
phisms at  the locus of bovine growth hormone (using 
Tag1 and MspI restriction enzymes) and its receptor 
(using TaqI restriction enzyme) to PTA of milk 
production traits of bulls. Ninety-one Italian 
Holstein-Friesian bulls were used in this experiment, 
and data were analyzed with a fixed linear model. 
The restriction fragment length polymorphisms a t  the 
growth hormone locus did not affect the milk traits 
studied. Six restriction enzyme TaqI bands of 7.1, 6.2, 
5.7, 5.4, 4.2, and 3.3 kb with nine patterns were 
observed after hybridization by a cDNA probe con- 
taining the coding sequences for the intracellular C- 
terminal part of the receptor. The effect of this poly- 
morphism on PTA for milk protein percentage was 
highly significant and was favorable for the rare 
(6.6%) 5.7- and 5.4-kb pattern. Our results indicate 
that further study is needed to explain the DNA 
polymorphism and to  obtain more definite conclusions 
about effects on milk traits. 
( K e y  words: milk traits, growth hormone, growth 
hormone receptor, restriction fragment length poly- 
morphism) 

Abbreviation key: GH = growth hormone, GH-MspI 
= generated fragments using the restriction enzyme 
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MspI on the GH gene, GHR = GH receptor, GH-TaqI 
= generated fragments using the restriction enzyme 
TaqI on the GH gene. GHR-TaqI = generated frag- 
ments using the restriction enzyme TaqI on the GHR 
gene, MAS = marker-assisted selection, QTL = quan- 
titative trait loci, RFLP = restriction fragment length 
polymorphism. 

INTRODUCTION 

The expanding technologies of molecular biologlv 
permit the investigation of variation in primary gene 
structure and cause animal breeders to approach 
selection decisions in a new and challengng way. 
Current developments in molecular genetics permit 
identification of single loci and modifications of their 
sequences. Substitutions. insertions, or deletions at 
restriction enzyme cleavage sites may produce 
changes in the resulting length of Dh-A fragments 
known as restriction fragment length polymorphisms 
(RFLP) ( 8 ) .  The RFLP may directly affect gene 
expression by changing the splicing of mRNA, stabil- 
ity of mRNA, rate of gene transcription, or the se- 
quence of the gene product. The RFLP may also serve 
as genetic markers if linked to quantitative trait loci 
( QTL) ( 7 ,  33) .  Hence, the determination of the con- 
tribution (direct or as a marker) of RFLP to produc- 
tion traits before their subsequent use in selection 
schemes is of great interest. 

Various studies have shown that a number of sin- 
gle genes that are inherited in a simple Mendelian 
manner and that can be screened for and identified in 
the animal are associated with quantitative traits of 
economic importance. Examples are associations of 
lactation production with milk protein alleles (9 ,  19 1, 
a-amylase-1, blood B antigen system, major histocom- 
patibility complex, and genetic defects ( 12 I .  

Recently, the contribution of genetic markers to 
genetic improvement of dairy cattle has been studied 
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by Kashi e t  al. ( 2 2 )  and Meuwissen and Van Aren- 
donk ( 2  7 1. Kashi et al. ( 2  2 studied progeny-testing 
schemes that used genetic markers to preselect young 
bulls entering progeny test and to predict an  increase 
in genetic gain of 15 to 30%. Between 5 and 20 QTL 
coding for milk production were traced from grand- 
parents to the young bulls. With a different approach, 
Meuwissen and Van Arendonk ( 2  7 ) studied the ef- 
fects of inclusion of marker information for determi- 
nation of PTA for bulls in both progeny-testing and 
nucleus breeding schemes using multiple ovulation 
and embryo transfer. Additional returns resulted 
from increased accuracy of prediction of PTA. Predic- 
tion of genetic gain with genetic markers needs fur- 
ther investigation because some aspects were not con- 
sidered, such as reduction of generation intervals and 
the overlap between response from marker-assisted 
selection ( MAS) and classic selection. Furthermore, 
MAS would be more accurate if all information, not 
just information on grandparents, is included. 

Growth hormone ( GH) has a key role in mammary 
gland development and milk production (1, 5 ,  11). 
Also, GH has a tissue-specific action that is either 
direct or indirect via IGF-I, and the effect of this 
action depends on the GH receptor (GHR) and 
several other hormones ( 4  1. Some parameters of GH 
secretion, for example, frequency of GH peaks and 
total daily secretion of GH, were associated with 
higher PTA in studies comparing GH secretion of 
more highly selected and control lines of cattle (15, 
281, sheep(l31,  andp igs (3 ) .  Klindt(23)  foundthat 
the inclusion of parameters for GH secretion in the 
prediction of PTA for dairy bulls improved the ac- 
curacy of predictors of progeny performance. In 
studies of' British Friesian calves, L~vendahl  et al. 
( 2  5 found a positive association between GH release 
induced by GH-releasing factor or thyrotropin- 
releasing hormone and PTA for milk production. 

Allelic variation in the structural or regulatory 
sequences of the GH or the GHR genes would be of 
interest because of possible direct or indirect effects 
on milk production and growth performance. Also, 
variations in introns or  flanking sequences have 
potential usefulness as genetic markers. The RFLP 
have been detected a t  the GH gene in cattle, and a 
restriction map of this gene and its flanking se- 
quences has been developed (10, 16) .  Two RFLP have 
been identified around the bovine GH gene: 1 )  an  
insertion-deletion of 0.9 to 1.0 kb in the 3' region and 
2) a n  MspI polymorphic site in the third intron (6,  
10, 16, 19, 36). 

Consequently, because GH is involved in lactation, 
GH and GHR genes have potential as markers for 
genetic variation in milk production traits; linkages of 

RFLP around these genes with QTL for milk traits 
may be possible. 

The objective of this study was to investigate the 
effects of RFLP for GH and GHR on the PTA for milk 
production traits of Italian Holstein-Friesian bulls 
and genetic indexes grouping PTA for several traits. 

MATERIALS AND METHODS 

Bulls 

Genomic DNA was extracted from semen of 91 
registered Italian Holstein-Friesian bulls that were 
commercially available as described by Lucy et al. 
(26 ) .  The PTA from July 1994 evaluation were ob- 
tained from the milk registration codes of the Italian 
Holstein-Friesian breeder association ANAFI (As- 
sociazione Nazionale Allevatori Frisona Italiana, Cre- 
mona, Italy). The PTA for linear conformation traits 
and final scores were also obtained and were half of 
the EBV. 

The PTA for production traits were obtained with a 
single-trait animal model using repeated records 
(more than 7,400,000 records available in 1995) as 
described by Aleandri et al. ( 2 )  and Canavesi (1995, 
personal communication). The model was 

y = HYSPi + pej + a + e 

where HYSP = group i for herd-year, season, and 
parity (parity is 1 or > l ) ;  pe = permanent environ- 
mental effect of the cow j;  a = additive polygenic 
genetic effect ( 2  x PTA), and e = residual error for 
each observation. 

Different preadjustments included lactation ex- 
tended to 305 d for twice daily milkings, mature 
equivalent adjusted within parity and area of produc- 
tion ( to  84 mo of age, calving during January),  days 
open ( to  120 d) ,  and phenotypic adjustment for heter- 
ogenous variances. Heritability and repeatability 
were assumed to be 0.25 and 0.5, respectively, for all 
traits. 

Also analyzed were the PTA for final conformation 
scores and the genetic indexes: ILQM and ICM. The 
ICM is obtained by combining additive PTA for scores 
of linear conformation traits expressed as stan- 
dardized PTA with mean of 0 and standard deviation 
of 1. The ILQM is the selection decision criterion for 
the Italian Holstein-Friesian cattle population; its for- 
mula is as follows: 

ILQM = (0.90 x ILQ) + (180 x ICM), 

where ILQ = 4.5 [-0.173 ( 2  x PTA for milk) + (2  x 
PTA for f a t )  + 11.3 ( 2  x PTA for protein)], and ICM = 
[0.18 (standardized PTA for udder attachment) + 
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0.16 (standardized PTA for udder height) + 0.05 
(standardized PTA for rear udder width) + 0.20 
(standardized PTA for ligament) + 0.25 (stan- 
dardized PTA for udder depth) + 0.16 (standardized 
PTA for teat size)]. 

Because all of these PTA were obtained with an 
animal model, relationships between animals are in- 
cluded. Our strategy was to test the polygenic addi- 
tive genetic merits for their association with certain 
patterns. Means and standard deviations of PTA for 
milk production traits of the bulls sample are 
presented in Table 1. 

Southern Blot Protocol 

The RF’LP at  the GH gene using TuqI or MspI 
restriction enzymes ( GH-Tag1 and GH-MspI, respec- 
tively) and RFLP at  the GHR gene using the TaqI 
restriction enzyme ( GHR-TaqI) were revealed by 
Southern blot analysis as described by Sneyers et al. 
( 3 5 ) .  

The GH probe was produced in our laboratory as 
follows: a 1505-bp BamHI-SmuI fragment, which 
covers the bovine GH gene from base 7 of exon 1 t o  
base 21 of the last exon 5 described by Gordon et  al. 
( 141, was amplified by polymerase chain reaction 
from bovine genomic DNA and cloned in plasmid 
pBluescript KS+. Methods of ligation, transformation 
of Escherichia coli (line J M  1051, plasmid amplifica- 
tion, and plasmid purification followed the method of 
Sambrook et al. (30) .  The insert was excised from the 
vector by digestion with BumHI and SmuI restriction 
enzymes, separated from plasmid DNA by agarose gel 
electrophoresis, purified by use of a commercial kit 
(Gene Clean, Westburg, The Netherlands), and uti- 
lized as a probe after verification of the nucleotide 
sequence. The GHR probe was produced as performed 
for the GH probe and consisted of a 1040-bp EcoRI- 
EcoRI insert cDNA (341, which contained the coding 
sequences (from position +1194 to  +2233) for the C- 
terminal intracellular region of the receptor ( 17 1. 

Statistical Analysis 

Statistical analysis was performed using the GLM 
procedure of SAS (31). The following linear model 
was used to look for associations between GH-TaqI, 
GH-MspI, or GHR-TuqI polymorphisms and PTA for 
milk traits: 

where ylj = PTA or genetic index of bull i; p = mean of 
all observations; gj = fixed effect associated with GH- 
TaqI, GM-MspI, or GHR-TuqI pattern j ;  and eij = 
random residual effect. 

Dependent variables were PTA for milk, fat, and 
protein production and percentages of fat and protein. 
Additional analysis were performed on PTA for final 
conformation scores and genetic indexes ICM and 
ILQM. 

RESULTS AND DISCUSSION 

RFLP 

Two restriction fragment bands of 6.2 and 5.2 kb, 
denoted by A and B, were detected using the TuqI 
restriction enzyme and a GH probe (Figure 1). Two 
GH-TuqI patterns, AA and AB, were observed with 
frequencies of 70.3 and 29.79’0, respectively The GH- 
TuqI bands seemed to  be identical to those previously 
reported in other studies and explained by an 
insertion-deletion of 0.9 t o  1 kb (10, 16, 29) for 
Holsteins. Also, in our study, the frequencies of the 

AB AA 
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Figure 1. The patterns generated using the restriction enzymes 
1 ) TaqI and 2 )  MspI on the growth hormone gene observed for 91 
Holstein-Friesian Bulls. The sizes of digested fragments are on the 
left, and the patterns are a t  the top. Fragment length ( in  base) was 
estimated relative to the DNA size markers XiHindIII and @X174 
DNAlHaeIII fragments. 
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TABLE 1. Means of PTA for milk production and conformation traits of 91  Italian Holstein-Friesian 
bulls. 

- 
Trait X SD Minimum Maximum 

Milk, kg 
Fat, kg 
Protein, kg 
Fat, % 
Protein, % 
FCS1 
Accuracy2 

ILQM 
Rank4 

I C M ~  

+811 
+28.24 
+27.02 
-0.0103 
+0.0319 
0.4220 
0.86 
0.6560 

+1683 
80 

190 
7.17 
5.89 
0.0798 
0.0354 
0.3159 

1.0519 
+360 

13 

+324 
+6.00 

+11.00 
-0.1650 
-0.0750 
-0.2550 

0.76 
-1.9200 

+741 
45 

+1261 
+96.50 
+44.50 

+0.2200 
+0.1200 

1.1650 
0.99 
3.3400 

+2517 
99 

1Final conformation score. 
ZMean accuracy of PTA (because heritabilities are different). 
3ICM = Genetic index combining principal linear conformation traits; ILQM = genetic index 

4Rank of bulls based on the ILQM index: for example, a bull with rank of 90 is classified in the best 
combining PTA for milk, fat, and protein yields and linear conformation traits. 

10% of evaluated bulls. 

GH-TuqI bands A (85.2%) and I3 (14.8%) were not 
very different from those found by Rocha et al. ( 2  9 ) 
(88 and 12%) for Holsteins. 

Southern blot analysis for RFLP yielded MspI res- 
triction enzyme DNA fragments of 7.0, 5.0, 0.7, and 
0.3 kb, denoted arbitrarily by A, €3, C, and D, respec- 
tively. Two hybridization GH-MspI patterns, ABCD 
and BCD, with frequencies of 34.1 and 65.9%, respec- 
tively, were revealed (Figure 1 1. The genetic origin of 
MspI RFLP at  the bovine GH gene was demonstrated 
in other studies to be two MspI restriction sites in the 
fifth exon and the third intron, and the second site 
was polymorphic (10, 16, 19, 20, 36); the polymorphic 
MspI restriction site was localized at the 5' position 
+830 in the third intron ( 20).  Using the same proce- 
dure as in our study (Southern blot analysis for 
RFLP), Cowan et al. ( 1 0 )  found, in a sample of 14 
Holstein bulls, three bands of 0.45, 0.7, and 0.8 kb; 
two patterns were distinguished by the presence or 
absence O F  the 0.7-kb band. Our C and D bands 
probably correspond to the 0.7- and 0.45-kb bands 
reported by those researchers ( 10) .  However, Cowan 
et al. ( 10:) did not observe the A and B bands, and 
h r the r  studies are needed to characterize the molecu- 
lar event responsible for their presence, which might 
be an insertion-deletion nucleotide sequence. This dis- 
parity might be explained by differences in sample 
sizes or in the genetic background of the animals 
examined. 

Highly polymorphic restriction fragments were ob- 
served at  the locus of the bovine GHR using the TuqI 
restriction enzyme. The six bands detected were 
denoted A, B, C, D, E, and F for bands of 7.1, 6.2, 5.7, 
5.4, 4.2, and 3.3 kb, respectively; nine patterns oc- 

curred (Figure 2) .  Most bulls exhibited the BC 
(29.7%) or the BCD (33.0%) patterns, and the fie- 
quencies of the remaining patterns varied from 2.2 to  
9.9% (Table 3). We have no knowledge of any previ- 
ously reported RFLP at  the bovine GHR locus. H@j et 
al. (20  ) did not observe any RFLP with the restric- 
tion enzymes TuqI, BgEII, DruI, EcoRV, HzndIII, PstI, 
or PvuII and hybridization with a rabbit GHR cDNA 
probe for 58 Red Danish calves and 32 Norwegian 
Red heifers. 

Relationship of RFLP to Milk Production 

The results of the statistical analysis are presented 
in Tables 2 and 3. Statistical models and analyses 
similar to  those in this study were previously used for 
studies of RFLP effects on PTA and genetic indexes 
for production traits (26, 32). 

The effects of either GH-TuqI or GH-MspI patterns 
on PTA and indexes for milk production and type 
score were not significant (Table 2) .  To our 
knowledge, all previous studies of dairy cattle were 
restricted to  comparisons of frequencies of GH-TuqI or 
GH-MspI allele between different lines or breeds; 
those studies did not investigate the effects of the 
alleles on milk traits. H0j et  al. ( 2 1 )  reported a 
significant difference in frequencies of insertion ( I )  
and deletion ( D )  alleles, which corresponded to the 
GH-TuqI bands A and €3, respectively, between lines 
of Red Danish and Norwegian Red selected for high 
and low milk fat production; the D allele was more 
frequent in the lines selected for high milk fat produc- 
tion (28 vs. 5%). Finally, the lack of variation in PTA 
for the tested animals might be because the 91 sires 
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Figure 2. The generated patterns using the restriction enzyme TaqI on the growth hormone receptor gene observed in 91 Holstein- 
Friesian Bulls. The sizes of digested fragments are on the left, and the patterns are a t  the top. Fragment length ( in  base) was estimated 
relative to the DNA size markers MHindIII and +X174 DNAIHaeIII fragments. 

were all positively tested bulls, which could limit the 
detection of a substitution effect. Also, in further 
studies, these methods need to  be extended to less 
selected population (e.g., all bulls that  were tested 
and have first results of progeny testing). 

The Leu-Val polymorphism a t  the bovine GH gene 
has been investigated by other studies; using poly- 
merase chain reaction and the restriction enzyme 
AZuI, Zhang et al. (38) revealed two alleles that  were 
responsible for alternative forms of bovine GH with a 
Leu or Val residue at  position 127. Those researchers 
( 3 8 1 obsei-ved substantial variation of these allelic 
frequencies among eight evaluated breeds; mean fre- 
quency of the B allele in beef breeds was three times 
higher than expression in the Holstein breed. 
However, in a similar study of Holstein cows (24) ,  
differences in frequencies of these alleles were not 
significant between a control line and a line selected 
for milk pi-oduction. This GH Leu-Val polymorphism 
was also investigated in cattle by Lucy et  al. ( 2 6 )  and 
Schlee et al. ( 3 2 1,  who did not observe any significant 
effect on rnilk production traits. 

The PTA for milk production of bulls showing the 
GHR-TuqI CD pattern were significantly lower than 
the PTA off bulls with the patterns ABCD, ABD, BC, 
BCD, or CDEF (Table 3).  However, the group of CD 
bulls had significantly higher mean ( &SE) PTA of 
milk protein content ( P  < 0.005) by 0.063 f 0.017%, 
0.048 k 0.017%, and 0.064 & 0.020% than BC, BCD, 
and BCEF bulls, respectively. The negative effect of 
CD on milk production and its positive effect on milk 
protein percentage might be explained by the nega- 

tive genetic correlation between these two traits. The 
least squares mean of PTA for milk production of 
bulls exhibiting the relatively frequent (3 3% ) GHR- 
TaqI BCD pattern was significantly inferior ( P  < 
0.05) to that observed for the low frequency (2.2%) 
CDEF pattern; the difference was 271 f 135 kg of 
milk. For protein production, PTA were higher for 
bulls with GHR-TuqI CDEF than for bulls with AB, 
BC, BCD, BCEF, or CD ( P  < 0.05). Also, the least 
squares mean of the selection criterion index, ILQM, 
was significantly higher in bulls with the CDEF pat- 
tern group than for bulls with the AB, ABC, BCD, or 
BCEF groups, probably because of the favorable in- 
fluence of CDEF on protein production. For conforma- 
tion traits, the effects of GHR-TuqI RFLP on the final 
conformation score or the ICM index were not signifi- 
cant. 

Because of the high polymorphism of GHR-TuqI, 
our  statistical analysis was limited by the low num- 
ber of the bulls in some pattern groups, especially for 
the interesting CD and CDEF groups, as in the study 
by Lucy et al. ( 2 6 )  of the Leu-Val GH polymorphism. 
A different experimental approach, such as the grand- 
daughter design (371, with more animals is neces- 
sary to obtain more definite results and conclusions. 

CONCLUSIONS 

Three interesting findings resulted from the analy- 
sis of the relationship of GHR-TuqI RFLP to milk 
traits: 1) the positive effect of the low frequency 
CDEF pattern on ILQM, the index used as the selec- 
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tion criterion for the Italian Holstein-Friesian cattle 
population, 2 ) the higher PTA for milk production for 
cattle with this pattern than with the more frequent 
BCD, and 3 ) the favorable influence of CD on PTA for 
protein content. 

These results indicate that further studies are 
needed at the DNA level to  obtain more definite 
conclusions concerning the molecular events underly- 
ing the GHR-TuqI RFLP as well as its effects, direct 
or via a linked QTL, on milk production traits. 
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