
 
Proceedings, 10th World Congress of Genetics Applied to Livestock Production. 

 
Preliminar Refined Localization of QTL for Fleece Traits in Five Goat Chromosomes Using  

SNP Markers in a Backcross Population. 
 

D. Roldan*, S. Debenedetti †º, E. M. Cano*,  H. R. Taddeo ‡ and M. A. Poli* 
*INTA, Instituto de Genética “Ewald A. Favret”, CICVyA, Castelar, Buenos Aires, Argentina,  
† Ministerio de Agricultura  Ganadería y Pesca de la Nación, El Bolsón, Río Negro, Argentina,   

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

ABSTRACT: This study aimed to confirm and improve the 
identified chromosomal regions associated with genetic 
variation in fleece traits in a backcross Angora x Creole 
goats design. Five caprine chromosomes (CHI1, CHI2, 
CHI5, CHI13 and CHI19) were studied by genotyping 297 
offspring from 5 F1 (Angora x Creole) families using 2918, 
2544, 2038, 1514 and 1107 SNPs on each chromosome and 
nineteen fleece fiber traits recorded.  QTL detection was 
based on linkage analysis and on the joint linkage (LA) and 
linkage disequilibrium analysis (LDLA) using the QTLmap 
software. Six putative QTL detected in previous 
microsatellite based study were confirmed here and at least 
12 additional new QTLs were identified from both LA and 
LDLA method. Nevertheless to refine deeply these regions 
should be necessary to use more elaborate analysis 
approaches.	  
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Introduction 
 

Angora and Creole goat breeds are widely distributed in 
north Patagonia region in Argentina. In 1999 the “Programa 
Mohair” was lunched together by the national and 
provincial governments and almost for ten years a breeding 
program using a dispersed nucleus scheme to improve 
quality and quantity of mohair was implemented.  Family 
herders increased and obtained significant money income 
from fiber sales (Arrigo and Sapag (2007)). Together with 
the progress made with quantitative selection on mohair 
traits and fleece production the genomics advances in the 
last decade will provide new opportunities and tools for 
scientist and breeders to explore the molecular bases of 
productive traits and use them in breeding programs.  Up to 
date there are a few reports of QTL detection in Angora 
goats around the world and all of them used different set of 
microsatellite markers. In an Angora x Angora (AxA) 
paternal half sib design Cano et al. (2007, 2009) found in 
chromosome 1, 2, 5, 13 and 19 several segments affect 
mohair traits and in the same population Marrube et al. 
(2007) reported five QTLs affecting conformation traits in 
four chromosomes. Based on the previous report Abadi et 
al. (2009) carried out a candidate gene analysis for improve 
cashmere yield and body weight in Iranian Rayini goats and 
they found QTL affecting fleece traits on chromosome 
(CHI) CHI1, CHI2 and CHI19. QTL affecting fleece traits 

were identified by Debenedetti et al. (2010) on CHI5 in an 
Angora x Creole backcross (BC) resource population and 
recently Visser et al. (2011, 2013) found three QTL 
affecting fleece weight and two QTL affecting fiber 
diameter and six putative QTL affecting pre-weaning body 
growth rate traits in an analysis of twelve half sib South 
African Angora goats. In an attempt to confirm the previous 
reported QTL and improve the identification of new QTL 
that would affect fleece traits in goats, in this study we 
extended the analysis using a set of SNP on five goat 
chromosome in an Angora x Creole backcross design. 

 
Materials and Methods 

 
Animal population. The experimental population 

was generated at INTA Pilcaniyeu Experimental Farm, 
(north Patagonia, Argentina) in three batches (years 2006 to 
2008). A backcross design was set up as follows: 5 F1 
Angora x Creole bucks were backcrossed with 127 Creole 
and 27 Angora females. These mating resulted in 378 
backcross kids. 

 
Fleece traits measurements. Mid-side 10cm x 10 

cm fleece samples were taken from kids at 5 months of age. 
Fleece samples were analyzed at the Animal Textile Fibers 
Laboratory of INTA Bariloche according to IWTO-12-03. 
Nineteen phenotypic fleece and fiber traits were recorded: 
average fiber diameter (AFD, µm), standard deviation of 
AFD (SDAFD, µm), coefficient of variation of AFD 
(CVAFD, %), proportion of fibers over 30 microns (F30, 
%), proportion of medullated fibers (PMF, %), continuous 
medullated fibers (CONT, %), discontinuous medullated 
fiber (DISC, %), kemp fiber (KEMP, %),  spinning fineness 
(SF, µm ), down diameter (DD, µm), standard deviation of 
DD (SDDD, µm), hair diameter (HD, µm), down 
proportion (DP, %), standard deviation of DP (SDDP, µm), 
average curvature of fiber (ACF, % mm), staple length (SL, 
mm), clean yield (CY, %), sample greasy fleece weight 
(GFW, gr) and sample clean fleece weight (CFW, gr). 
These phenotypic data were corrected by three fixed effect 
(year, sex and litter size) and the age was included as 
covariable. 

 
Genotype Information. A total of 478 goats (10 

grandparents, 5 F1 sires, 135 dam of backcross and 328 
backcross kids) were genotyped with the Goat 50K SNP 
chip. The average initial call rates were 94.33% for the SNP 



and 94.35% for the individuals. Quality control of genotype 
included essentially SNP call rate (>92%), animal call rate 
(>87.5%), minimum allele frequency (>5%), Hardy 
Weinberg equilibrium (p<1x10-6) and pedigree consistency. 

 
QTL analysis. Our QTL mapping covered 

specific caprine chromosomes CHI1, CHI2, CHI5, CHI13 
and CHI19. QTL detection was based on linkage analysis 
(LA) and on the joint linkage and linkage disequilibrium 
analysis (LDLA) using the QTLmap software (Elsen et al. 
(1999)). The haplotype length was set to 4 SNP and the 
genome scans were performed using a 0.1 cM step. 
Chromosome-wise significance thresholds were determined 
by permutation from the experiment by 1000 iterations 
(Churchill and Doerge (1994)). We considered a QTL to be 
genome-wise significant if it showed a chromosome-wise 
p-value <1.76x10-3 or a p-value <3.46x10-4 as these values 
are equivalent to a genome-wise p-value of 0.05 or 0.01, 
respectively. 

 
Results and Discussion 

 
After editing, a total of 47,359 out of 53,347 

synthetized SNPs were validated for further analyses. The 
number of SNP markers carried on the five selected 
chromosomes was: 2,918, 2,544, 2,038, 1,514 and 1,107 in 
CHI1, CHI2, CHI5, CHI13 and CHI19, respectively. SNP 
density was 16 to 19 SNPs/cM range. A total of 429 
animals (7 grandparents, 5 F1 sires and 120 dams, and 297 
backcross progenies) constituted the mapping population. 
The average call rate that remained was higher than  
95.75% for grandparents, 96.00% (F1 sires and dams) and 
96.50% for backcross kids. 
 

QTL study. 
 
A total of 71 SNP out of 10,121 showed either at 

chromosome wise or genome wise level significant values 
in the five chromosomes studied by LDLA. Table 1 show 
by chromosome and trait the number of SNP significant and 
map position. On CHI1 we found that the QTL for GFW 
detected by Cano et al. (2009) in an AxA design mapped 
close to the MAF046 MS would be the same detected with 
two SNP by LDLA in the BC design mapped at 147.1 Mbp 
and 147.3 Mbp (1Mbp ~1cM) due to the large CI in the 
former report. Although for F30 we found three SNP 
affecting this trait positioned between 81.3 and 89.8 Mbp 
the QTL position map found in the AxA design by Cano et 
al. (2009) was quite different.  In the same chromosome 
also we found one SNP affecting CVAFD positioned at 
132.9 Mbp. At 140 Mbp was the closest MS (MAF046) 
reported for the QTL in the AxA design. For the trait 
mentioned above in this chromosome the most related QTL 
found by Visser et al. (2011) would be those reported as 
standard deviation of fiber diameter (SFD).  Five SNP (p 
<0.01) affected DISC trait and other three the SDDD trait at 
the same level were detected in this study and they were not 
report before.  

On CHI2 although one QTL was reported for SL 
at 12 cM in AxA population in this work we found three 
SNP at 78-90 Mbp in the BC population. On the other side 
one QTL was reported associated to DISC by Cano et al. 
(2009) at 32 cM and by LDLA we found 11 SNP ranged 
among 7.3-101.4 Mbp. Three new SNP (p<0.05) involved 
in KEMP trait were mapped among 103.3 -135.3 Mbp. Also 
in this chromosome two new QTL were found at 134.9 and 
62.7 Mbp for PMF and CY traits, respectively. On CHI2 
Visser et al.(2011) did not find any QTL for fiber 
characteristics but they report a QTL for fleece  weight at 
position 1. 

 
Table 1. QTL detected with SNP in joint linkage and 
linkage disequilibrium analysis (LDLA). 

§CHI: Caprine chromosome. 
¥ Traits: DISC=discontinuous medullated fiber, SDDD=standard deviation 
of down diameter, CVAFD=coefficient of variation of average fiber 
diameter, CFW=clean fleece weight, GFW=greasy fleece weight, 
ACF=average curvature of fiber, SL=staple length, KEMP= kemp fiber, 
PMF= proportion of medullated fibers. 
‡Significance level: * chromosome wise (p<0.05), ** genome-wise 
(p<0.01). 

 
 
 Debenedetti et al. (2010) run 14 microsatellite 

markers, nine of these covering 0-12 cM range and five MS 
from 20 to 79 cM (~11.8cM between markers) on CHI5 in 
the BC population used in this work. They reported a 
significant position (5% chromosome wise) associated to 
clean and greasy fleece weight at 5 and 8 cM. In the present 
work, two SNP reached significant threshold at 31.6 and 
35.5 Mbp when LDLA was performed but in the LA these 
SNP failed to be significant. Nevertheless other four SNPs 
were the most significant SNP associated to the same traits 

CHI§ LDLA 
Trait¥ N SNP Position, Mbp 

1 

DISC 5*,** 1.8-109.6 
SDDD 3*,** 102.2-108.7 
CVAFD 1* 132.9 
CFW 3* 146.2-149.4 
GFW 2* 147.1-147.3 
ACF 1* 154.5 

2 

DISC 11*,** 7.3-101.4 
SL 3*,** 78.0-90.6 
KEMP 3* 103.3-135.3 
PMF 1* 134.9 

5 

ACF 1* 0.88 
SDDD 2* 2.5-2.6 
DISC 13*,** 10.6-83.7 
CFW 2* 31.6-35.5 
GFW 2* 31.6-35.5 

13 
DISC 8** 4.9-65.0 
ACF 2* 37.4-37.5 

19 

DISC 2* 7.5-12.0 
SDDD 2* 10.5-10.6 
GFW 2** 12.3-16.8 
CFW 2** 12.3-16.8 



(110.8 to 111 Mbp) by LA. Also new QTL were found for 
ACF, SDDD and DISC traits in CHI5 with one, two and 13 
SNP, respectively involved. 

 
We did not find any consistent result with the 

previously reported QTL on CHI13 whatever the proportion 
of Angora breed. Nevertheless, two SNP were detected 
associate to ACF trait, eight SNPs with DISC. Twenty SNP 
(from 0.5-2.3Mbp) affecting the proportion of medullated 
fibers when the LA was conducted. Otherwise, Mohammad 
Abadi et al. (2009) founded QTL affecting cashmere yield, 
at three different ages, covering 0-26 cM region, in Rayini 
goats and Visser et al. (2011) reported one QTL related 
with comfort factor at 31 cM in South Africa Angora goat.  

 
 On CHI19 in the AxA population Cano et al. 

(2009) founded a chromosome region affecting GFW at 50 
cM but in our study we found two SNP associated with this 
trait. Ones of them at 12.3Mbp (5% chromosome-wise) and 
the other at 16.8 Mbp reached at 1% genome-wise 
threshold. Recently Debenedetti et al. (2014) founded QTL 
affecting two skin traits: secondary to primary follicle ratio 
and number of secondary follicles within follicle group in 
this chromosome. These traits are highly correlated with 
CVAFD and GFW. 

 
In summary, whatever the QTL detection method 

used, we have confirmed QTL on CHI1, CHI5 and CHI19 
for fleece weight and mainly in CHI1 and CHI2 for fiber 
diameter. Both fleece weight and fiber diameter are 
important traits that affect profit in the fleece industry. 
Discontinuous medullated fiber QTL were found in all five 
chromosomes and 39 SNP were involved showing very 
large Mbp range between them except in CHI19.  

 
Also is interesting to note that most of these QTLs 

identified were segregating in one F1 family (data not 
shown). This family was the largest included and it was 
thus more likely that a segregating QTL could be detected. 
In addition, several new putative QTLs on these five 
chromosomes were identified to 1% genome-wise level 
with this method: SDDD on CHI1, CHI5 and CHI19;  
KEMP on CHI2;  DISC on CHI1, CHI5, CHI13 and CHI19 
; ACF on CHI1, CHI5 and SL on CHI2). From 19 
phenotypic trait recorded we found QTL by LDLA in nine 
on them and for AFD, F30 and CY QTL were detected with 
LD.  Not one QTL was detected in seven traits (SDAFD, 
CONT, SF, DD, HD, DP, SDDP). 

 
 
 
 
 
 
 
 
 

 

Conclusion 
 

Some previously QTL identified on Angora x 
Angora and Angora x Creole backcross population were 
confirmed and these can be considered as strong candidate 
to more deeply studies. Also new QTL were detected 
someone at 1% genome-wise significance level. 
Nevertheless these regions need to be confirmed using more 
elaborated analyses i.e. multi-trait tests, as well as a whole 
genome analyses. Due to that in the LDLA used we did not 
consider the haplotypes breed origin it became as the first 
step to carry out to show if Creole or Angora genetic 
background would have any potential influence on fleece 
traits.  
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