
Proceedings, 10th World Congress of Genetics Applied to Livestock Production. 
Vancouver, BC, Canada. August 17-22, 2014 

 
QTL Affecting Skin Traits on CHI19 in an Angora x Creole Goat Backcross Population 

 
S. Debenedetti*, E. M. Cano †, M. A. Poli † and H. Taddeo ‡  

 *Ministerio de Agricultura  Ganadería y Pesca de la Nación, El Bolsón, Río Negro, Argentina,   
†INTA, Instituto de Genética “Ewald A. Favret”, CICVyA, Castelar, Buenos Aires, Argentina,  

‡INTA, Estación Experimental Agropecuaria Bariloche, Río Negro, Argentina. 
 

 
ABSTRACT: Angora and Creole goat breeds differ for 
fleece characteristics. The Angora goats have a single hair 
coat fiber (mohair). It is highly valued due to its resistance, 
flexibility, softness and luster. The Creole goats have a 
double hair coat: cashmere, fine and short seasonal down 
coat and coarser and longer guard hair. Type and 
distribution of skin hair follicle are determinant for fleece 
characteristics. Our goal was identify chromosomal 
segment on CHI19 affecting quantitative skin phenotypic 
trait in an Angora x Creole backcross goat population. A 
total of 354 BC kids from 5 F1 Angora x Creole bucks and 
140 Creole goats were used. Nine microsatellites marker on 
CHI19 were used for genotyping and five skin phenotypic 
traits were used from histological analysis. We report two 
QTL on CHI19 affecting S/P ratio (average secondary to 
primary follicle ratio) and S (number of secondary follicles 
per group). 
Keywords: Angora x Creole goats; backcross;  
skin traits; QTL  
 
 

Introduction 
 
The skin is one of the most important parts of the 

body because it interfaces with the environment and is the 
first line of defense from external factors. Angora and 
Creole goat breeds differ for fleece characteristics. The 
Angora goats have a single hair coat fiber (mohair). It is 
highly valued due to its resistance, flexibility, softness and 
luster. The Creole goats have a double hair coat: cashmere, 
fine and short seasonal down coat and coarser and longer 
guard hair. Mohair and cashmere are determined mainly by 
two types of skin hair follicle, primary (P) and secondary 
(S) and several phenotypes can be drawn from them like 
P/S ratio. Carro et al. (2010) and Debenedetti et al. (2007) 
described some skin histological characteristics on local 
Angora and Creole goats in Argentina and Eppleston and 
Moore (1990) and Ansari-Renani et al. (2011) in Australian 
Angora and Iranian cashmere goats respectively. Skin 
characteristics are highly related with the fiberprice due to 
the fiber diameter and fleece weight depend on the hair 
follicle distribution and type (Merchant and Riach (2003)). 

 
Like most of the economic interest productive 

traits in livestock, goat phenotypic skin traits are classical 
quantitative ones, they can be described by the 
infinitesimal model, which assumes that number of 

locishowing effect on them is infinitely large (Lynch and 
Walsh (1998)). Although this model produces good 
predictions of short-term selection response in fleece traits, 
QTL mapping experiments have been shown that number 
of chromosomal segments controlling phenotypic variance 
of fleece traits islimited. 

 
Genetic control of fiber production and follicle 

initiation in sheep and goats with the focus at the molecular 
level was reviewed by Purvis and Jeffery (2007) 
particularly on the control of fiber initiation and 
development. Additionally, in last decade QTL affecting 
fleece traits have been confirmed in sheep and goats 
(Maddox and Cockett (2007)). Although several QTL 
identification studies have been undertook for wool, QTL 
research in goats are lesser extant to sheep. Cano et al. 
(2007, 2009) found in chromosome 1, 2, 5, 13 and 19 
several segments affect mohair traits in Argentinean 
Angora goats. These results, together with QTL affecting 
conformation traits in Angora goats (Marrube et al. (2007)) 
opened the door for a candidate gene analysis by Abadi et 
al. (2009) for improved cashmere yield and body weight in 
Iranian Rayini goats. QTL affecting fleece traits were 
identified by Debenedetti et al. (2010) on CHI5 in a 
backcross Angora x Creole resource population and 
recently Visser et al. (2011, 2013) found QTL affecting 
fleece and pre-weaning body growth rate traits in South 
African Angora goats. Debenedetti et al. (2012) positioned 
the first QTL on CHI1 affecting secondary to primary 
follicle ratio and in our knowledge up to date there is no 
new report of QTL affecting skin phenotypic traits in goats. 
Based on the previous QTLs found in Angora goat our goal 
was to identify any chromosomal segment on CHI19 
affecting quantitative skin phenotypic trait in an Angora x 
Creole backcross goat resource population. 

 
Materials and Methods 

 
Experimental design. The backcross used was 

generated as follow: 5 Angora rams were mated at random 
with 23 Creole goats producing  35 F1 kids. In the next 
year 5 F1 male were mated with 140 Creole female to 
procreate 354 backcross kids (BC). The population was 
established in three batches (years 2006 to 2008).  
 

Skin traits. Skin samples were taken from kids at 
five month of age (161 ± 10 days). A skin biopsy (1 cm 



diam.) was taken from the unclipped midside of 346 BC 
kids under local anaesthetic. The samples were fixed in 
buffered formalin and processed following the protocol 
described by McCloghry (1997). Then, samples were 
sectioned (8 µm thick) parallel to the surface of the skin 
(transverse sections) at mid-sebaceous gland level. Tissue 
slides were stained following modified Sacpic stain 
protocol (Nixon (1993)). Samples were analyzed at the 
Histopathology Laboratory of INTA Bariloche. Five 
phenotypic skin traits were measured by optical 
microscopy as show in Figure 1: number of primary 
follicles per group (P), number of secondary follicles per 
group (S), average secondary to primary follicle ratio (S/P), 
SP standard deviation (SDS/P) and SP coefficient of 
variation (CVS/P). 

 
Figure 1. BC kid´s skin slide shows grouping of primary 
and secondary follicles with accessory structures. 
Sacpic stain. 100x. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
p: primary follicles. s: secondary follicles bundle. c: connective 
tissue sheath. g: sebaceous gland. f: fiber (yellow). Follicle group 
S/P ratio= 7.33 

 
 

DNA markers and genotyping. The DNA 
isolation, microsatellite genotyping and PCR conditions 
were the same described by Cano et al. (2009). Nine 
microsatellite markers distributed on chromosome CHI19 
were used (BMS0745, LSCV36, BP20, IDVGA46, 
OARFCB193, CSSM15, THRA, SRCRSP06 and 
BMS501) from the available web goat, sheep and cattle 
genetics map.(http://locus.jouy.inra.fr; 
http://www.thearkdb.org;	   http://rubens.its.unimelb.edu.au/)	  
Every offspring and their parents were genotyped for every 
markers which the buck was heterozygote. 
 

Statistical Analysis. Least squares regression 
interval mapping for multiple markers (Haley et al. (1994)) 
was used through web-available software GridQTL (Seaton 

et al. (2006)) in http://gridqtl.org.uk/ and the algorithm 
BCF2 was used. A general analysis under additive model 
for one QTL was used. The fixed effects included in the 
analysis were: sex, year of birth (2006, 2007or 2008) and 
birth type (single, twin or triplets). Appropriates F-values 
for chromosome wise type 1 error rate were generated by 
permutation test of 10,000 iterations (Churchill and Doerge 
(1994)). When a QTL reached at least the 
suggestivesignificance level bootstrap approach (Visscher 
et al. (1996)) was used to estimate the 95% confidence 
interval (CI) using 10,000 bootstrap resample. 
 

Results and discussion 
 

Table 1 provides the phenotypic measurements 
(means and standard deviations) for skin traits in 5 BC 
family’s progenies. Based on the genetic map the interval 
between the markers used was on average 8.6 cM and the 
estimated chromosome coverage was 52 cM, 
corresponding to 54 % of the CHI19. 

 
Table 1. Means ±SD for five skin traits of BC goat 
progeny families. 
Family 

(n) 
S/P 

ratio 
SDS/P 

 
CVS/P 

 
P 

 
S 

 
1 

(72) 
9.09 

± 1.04 
0.99 

±0.36 
10.80 
±3.40 

3.03 
±0.23 

27.36 
±3.70 

2 
(88) 

9.11 
±1.24 

1.08 
±0.42 

11.81 
±3.85 

2.94 
±0.17 

26.58 
±3.65 

3 
(91) 

8.10 
±1.22 

1.04 
±0.39 

12.80 
±4.60 

2.96 
±0.97 

22.77 
±4.53 

4 
(53) 

8.12 
±1.20 

1.01 
±0.41 

12.35 
±4.70 

2.94 
±0.23 

23.57 
±3.76 

5 
(42) 

7.67 
±1.47 

1.03 
±0.41 

13.15 
±4.89 

3.15 
±1.43 

22.00 
±5.52 

(n): kid number 
S/P ratio: average secondary to primary follicle ratio 
SDS/P: S/P standard deviation 
CVS/P: S/P coefficient of variation 
P:number of primary follicles per group 
S: number of secondary follicles per group 

 
 
Two highly significant QTL affecting S/P ratio 

and S were detected on CHI19. The sizes of the QTL effect 
were 0.41±0.12 and 0.45±0.12 for S/P and S, respectively. 
Although the peak and the closest marker are the same for 
both QTLs, the confidence interval of QTL location 
estimated 95% of QTL positions on CHI19 were 58cM for 
S/P and 46 cM for S. 

 
Detail information and the localization of 

chromosomal regions affecting skin traits are provided in 
Table 2 and Figure 2. The F-statistical values and 
thresholds are also shown for the traits with significant 
effects under model “one QTL model”.  
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Table 2. Significant effects for the one QTL model at 
the P<0.01 chromosome –wise level on chromosome 19. 

Trait Position  
(cM) 

Closest 
marker 

ADD 
±SD 

Var 
(%) 

F-
value 

S/P ratio 56 CSSM15 0.41 
±0.12 

2.9 11.31 

S 56 CSSM15 0.45 
±0.12 

3.6 13.75 

S/P ratio: average secondary to primary follicle ratio 
S: number of secondary follicles per group 
ADD: additive effect on mean. If the allele substitution effect is positive 
then the effect of the homozygous QTL genotype is large than the effect 
of the heterozygous genotype 
Var (%): percentage of trait variance explained by QTL 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
Figure 2. Map of F-value depicting the positions of 
putative QTL in a backcross Angora x Creole goats on 
CHI19. The dashed line and solid line are the 
thresholds provided for P<0.01chromosome-wise 
significance for S/P and S, respectively. 

 
 
Compared with other livestock species, there is 

very limited literature on QTL identifications in goat 
populations. The closest study was carry out in a half sib 
Angora goat population by Cano et al. (2009) which they 
found at 49 cM on CHI19 a QTL affecting CVAFD and 
greasy fleece weight. Maybe a gene KRT and KAP or 
closely associated gene expressing during follicle 
development influences the two traits. 

 
In the Visser et al. (2011) study although they did 

a partial genome scan with 88 markers in 22 chromosome 
and used four marker in CHI19 they did not find any QTL 
for fiber traits. Nevertheless Visser et al. (2013) found a 
QTL affecting weaning weight in South African Angora 
goats at 46 cM in CHI19. Recently, Raadsma et al. (2013) 
reported a total of 9 QTL affected skin and fiber 
pigmentation on OAR 19 in sheep. Moreover QTL for 
most fiber pigmentation traits were clustered on 
chromosome 2 and 19. Nevertheless, these chromosomes 

are not equivalent with CHI19 in goat .Up to date there are 
no reports of QTL affecting skin histological phenotypic 
traits in goats. 
 

Conclusion 
 

The two significant QTL affecting S/P ratio and S 
phenotypic traits found on chromosome 19 in an Angora x 
Creole goats BC and the two QTL affecting CVAFD and 
greese fleece weight on the close region in the same 
chromosome in an Angora half sib population jointly with 
the some KRT and KAP gene positioned there show us this 
region as a potential candidate to study deeply. 
Nevertheless, before to draw any conclusion it is necessary 
to narrow the CI and to confirm them in another 
population. With the recently available Goat 50K SNP chip 
will be possible to positioning much more markers in these 
specific segments and make a refinement of each QTL. 
Combining fine mapping and candidate gene approach 
methodologies will make more powerfull the discovering 
of molecular base underlying skin phenotypic traits 
involving hair follicle number and distribution. 
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