Mirzapour-Abibagloo ef al

Iranian
chAurTigc{
OAn%pr’nal
Science

Genome-Wide Scanning for Signatures of Selection Revealed

Candidate Genes Involved in Pelt Quality and Coat Color in the
Karakul Sheep Breed in Compared to other Iranian Breeds

Research Article A. Mirzapour-Abibagloo®, N. Hedayat", R. Khalkhali-Evrigh®,
R. Seyedsharifil, H. Abdi-Benemar®, R. Hassanzadeh? and

A. Tanveer Hussain®

t Department of Animal Science, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran
2 Department of Engineering Mathematics, Faculty of New Technologies, University of Mohaghegh Ardabili, Ardabil, Iran
3 Department of Biological Sciences, Virtual University of Pakistan, Islamabad, Pakistan

Received on: 31 Aug 2023
Revised on: 10 Dec 2023
Accepted on: 31 Dec 2023
Online Published on: Mar 2024

*Correspondence E-mail: nhedayat@uma.ac.ir
© 2010 Copyright by Islamic Azad University, Rasht Branch, Rasht, Iran

Online version is available on: www.ijas.ir

ABSTRACT

Karakul (KAR) is one of the resistant sheep breeds to harsh desert conditions, which is also known for its
excelent lamb pelt quality. This study was performed to identify the signature of selections in the KAR
breed using whole-genome sequencing data (WGS) compared with five other Iranian native sheep. Three
methods, including population differentiation index (Fst), nucleotide diversity (m), and cross-population
extended haplotype homozygosity (XP-EHH) applied to detect the genomic signature of selection. Data
analysis leads to identifying 38 shared genes among three methods as positively selected genes for the KAR
breed. The most of mentioned genes were associated with coat color (KIT, DVL3, YPEL3, ERBB4, ZNF451,
and CTSO), fat and energy metabolism (GDPD3, STARD13, ZNF106, MAPK3, RGS6, PHYH, AP2M1,
SPAGY9, DNAH9, NDUFAF6, and ARSK), muscle function (MYOCD and MCTP1), growth (CPNE4),
altitude adaptation (DNAH9 and SERGEF), and reproduction (TBX6, PHYH, SPAG9, and ARSK). Based on
our results, these candidate genes may have a positive effect on the adaptation of the KAR breed to a desert
environment.

WA 010K Karakul sheep, pigmentation, signature of selection, whole-genome sequencing.

INTRODUCTION

Sheep were domesticated in the Middle East as small
ruminants for meat, milk, wool, and fur production (Cilek
and Petkova, 2016a). Due to the multipurpose rearing of
more sheep breeds, this animal is considered one of the best
animals for use in the different regions as an available
protein source. Due to its diverse climatic types, Iran is
home to various breeds of sheep, including Moghani
(MOG), Ghezel (GEZ), Shal (SHA), Afshari (AFS), and
Makui (MAK). Most of these breeds are scattered in the
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west northern regions of the country and mainly raised for
meat production. Although the Karakul (KAR) sheep
originated in currently Turkmenistan and Uzbekistan
countries as a fat-tailed sheep (Ndsholm and Eythorsdottir,
2011) it is one of the breeds that is bred in different parts of
Iran. In addition to producing meat and suitable wool for
carpets, KAR sheep is well known for the high quality of its
lambskin, especially at an early age (Safdarian et al. 2006)
that differentiated it from other native breeds and ecotypes.
Considering fatty tail and the origin of KAR sheep, this
breed being fatty tail shows very high resistance to harsh
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environmental conditions and can survive in extremely cold
and hot ambient temperatures (Degen, 2013; Cilek and
Petkova, 2016b), and is often bred under a semi-nomadic
management system.

Selective signals are regions of the genome that carry
significant variants, these regions may be under natural or
artificial selection and thus have specific genetic patterns
(Qanbari and Simianer, 2014). When particular traits are
selected over generations, the frequency of alleles involved
in these traits increases in the population and gradually
stabilizes (Chen et al. 2016). By investigating these fixed
patterns, valuable information on the genetic and
demographic structure of different species can be found. In
recent years, many studies have been performed to identify
selection of signatures in different species, including sheep
(Chen et al. 2021), goat (Guo et al. 2018), cattle (Jiang et
al. 2021), horse (Salek Ardestani et al. 2019) and pig
(Huang et al. 2021). In the present study, whole-genome
sequencing (WGS) data were used to identify the selection
signatures on the genome of KAR sheep as a breed known
for pelt quality. The potential biological function of
identified positively selected genes was investigated to
better explain the accossiation between these genes and the
characteristics of KAR breed. Also, we used WGS data of
the other five Iranian sheep breeds to investigate their
population structure.

MATERIALS AND METHODS

Data collection and relationship analysis

The genomic data of six Iranian sheep breeds including
MOG (n=3), MAK (n=3), GEZ (n=3), SHA (n=3), AFS
(n=4), and KAR (n=5) were obtained from the Sequence
Read Archive (SRA) at NCBI public database. After
downloading the data, the relationship analysis was
performed by KING program v.2.1.3 (Manichaikul et al.
2010) to inferred pairwise kinships between the samples.

Quality filtration and mapping to reference genome

The FastQC v.0.11.9 software
(https://www.bioinformatics.babraham.ac.uk/projects/fastq)
was used to perform quality control of the raw sequence
reads. Low-quality bases and reads were removed using
Trimmomatic software v.0.39 (Bolger et al. 2014) based on
the following options: LEADING:5, TRAILING:5, SLID-
INGWINDOW:5:20, and MINLEN:40. There was no
adapter contamination in the studied data. All clean paired-
end short reads were mapped to Ovis aries reference ge-
nome (GCF_016772045.1), using mem command of Bur-
rows-Wheeler Aligner (BWA) v.0.7.17 (Li and Durbin,
2009).
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In the next step, all created Sequence Alignment MAP
(SAM) files were converted into Binary Alignment MAP
(BAM) files using SAMtools (Li et al. 2009). The output
BAM files were sorted, and then duplicated reads were re-
moved using the MarkDuplicates algorithm in Picard
v.2.26.0 program.

Variant calling

Prior to variant calling, by “RealignerTargetCreator” and
“IndelRealigner” modules of Genome analysis toolkit
(GATK) v.3.7-0 (McKenna et al. 2010), a local realignment
around InDels was performed on mark duplicated BAM
files. Also, we used GATK to call the variants for all indi-
viduals by the HaplotypeCaller algorithm in “~ERC
GVCF” mode, and all the samples were genotyped jointly
by the GenotypeGVCFs module to generate a multi-sample
VCF file. Due to the purpose of the study, only single nu-
cleotide polymorphisms (SNPs) were needed for the next
steps of the analysis, so they were selected by option “Se-
lectVariants” of the GATK program. GATK, BCFtools, and
VCFtools (Danecek et al. 2011) were used to filtrate identi-
fied SNPs. SNPs with QD < 2.0 || FS > 60.0 || MQ < 40.0 ||
MQRankSum < -12.5 || ReadPosRankSum < -8.0 || SOR >
3.0 were discarded. We also filtered out those SNPs with a
cluster windows size of 10bp and a cluster size of 3 SNPs.
Finally, we used VCFtools to discard SNPs that did not
meet the following criteria: --minDP 5 --maf 0.05 --min-
alleles 2 --max-alleles 2 --max-missing 0.8 --hwe 0.001. It
should be noted that, sex chromosomes and unplaced con-
tigs were excluded from the final VCF file. The SnpEff
v.5.0e program (Cingolani et al. 2012) was performed to
annotate final SNPs.

Population structure analysis

The genetic relationship between six sheep breeds was in-
vestigated using principal component analysis (PCA) by
PLINK1.9 (Purcell et al. 2007), and then both components
were visualized by R software. The identified SNPs were
pruned using the “indep-pairwise 100 50 0.1” option in
PLINK1.9 before PCA analysis. This command, removes
one of the pairs of SNPs with a square correlation greater
than 0.1 in windows with 100 and a step size of 50 SNPs. A
neighbor-joining (NJ) tree was constructed using an iden-
tity-by-state distance matrix generated by PLINK1.9 and
this tree was using FigTree v1.44
(http://tree.bio.ed.ac.uk/software/figtree). Admixture analy-

visualized

sis was performed using the ADMIXTURE v1.3.0 program
(Alexander et al. 2009) with K values ranging from 2 to 10.
Based on cross-validation error (CV), K= 2 had the lowest
CV and was the best. The decay of linkage disequilibrium
(LD) was calculated by PopLDdecay (Zhang et al. 2019).
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Detection of selection signatures
Three methods of population differentiation index (Fst),
nucleotide diversity () and cross-population extended hap-
lotype homozygosity (XP-EHH) (Sabeti et al. 2007) were
used to the identification of genomic regions under positive
selection in the KAR sheep. In all three methods, the used
sliding widow and step size were 50kb and 25kb, respec-
tively. Estimation of Fst (inter-population) and = (intra-
population) in each window were performed using
VCFtools, and the XP-EHH score for each SNP was calcu-
lated by Selscan v.2.0 (Szpiech and Hernandez, 2014).
Windows containing < 10 SNPs were discarded to reduce
the probability of identifying false positive selected regions.
XP-EHH scores were normalized using the norm program
distributed along with Selscan. The Beagle v.5.2 program
(Browning et al. 2021) were performed with argument
burnin=5 and iterations=20 for haplotype phasing. In the
present study and identifying signatures of selection for
KAR breed, we employed five native sheep breeds (AFS,
MAK, MOG, GEZ, and SHA) as reference population and
KAR breed as a target population. We transformed Fst val-
ues to ZFst:

ZFst= (Fst—pFst) / oFst

Where:
uFst and oFst: mean and standard deviation of Fst values in
all windows.

Also, nt-ratio (m(Other-Five-Breeds)/n(KAR)) were calcu-
lated for each window. The average normalized XP-EHH
score in each window was calculated using an in-house
python script. The genomic windows in the top 1% percen-
tile of ZFst, m-ratio and XP-EHH values were considered
the signature of selection in the KAR breed genome.

Annotation and functional enrichment analysis

Genes in selected windows as a putative signature of selec-
tion were annotated using BEDtools v.2.27.1 (Quinlan and
Hall, 2010) and GTF (gene transfer format) file related to
the sheep reference genome (ARS-UI Ramb v2). Then,
functional enrichment analysis of candidate genes was per-
formed using “g:Profiler” (Reimand et al. 2016) to obtain
significantly enriched GO and KEGG pathway terms. The
calculated P-value for each term was corrected by the Ben-
jamini—Hochberg false discovery rate (FDR) method and
enriched terms were considered statistically significant at p-
adjusted < 0.05.

RESULTS AND DISCUSSION

An estimated kinship coefficient range >0.354 and 0.177-
0.354 corresponds to duplicate/twin and first-degree rela-
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tionships respectively (Manichaikul et al. 2010). Based on
relationship analysis, no duplicated or first-degree related
samples were identified in the current study. The highest
calculated kinship coefficient was between the two samples
MAK?2 and MOG2 (0.131), however, considering the
mentioned ranges of the kinship coefficients, even these
two samples are not closely related. About 4.57 billion
paired-end reads were obtained for 21 individuals of six
indigenous Iranian sheep breeds, and 4.32 billion clean
reads remained after trimming. The average depth was
17.45x per individual, ranging from 11.55x to 22.03x. The
average sequence coverage for MOG, MAK, GEZ, SHA,
AFS, and KAR breeds were 17.33x, 17.14x, 17.73x,
18.02x, 15.36x, and 19.12x, respectively (Table 1). A num-
ber of 22,874,242 SNPs were identified and 9,911,105
SNPs were common among the six breeds (Figure 1). The
number of SNPs identified for MOG, MAK, GEZ, SHA,
AFS, and KAR were 17.19, 17.44, 17.23, 17.17, 18.35, and
19.25 million, respectively. The Ti/Tv ratio was 2.44 for
multi-sample VCF files, indicating the excellent quality of
the detected SNPs.

The fat-tail KAR sheep, which evolved in harsh desert
environmental conditions, is known for unique skin quality
and grey color among other Iranian native sheep breeds.
This study was performed to explore the genetic variants of
KAR sheep and five native breeds (GEZ, AFS, MOG,
SHA, and MAK) using whole-genome sequencing data.
Also, a report on population structure for all breeds and
candidate selective sweeps for KAR sheep was presented.
The PCA was performed to show the genetic relationship
among the six breeds. The PCA results revealed that the
first component of the PCA plot separated the MAK and
MOG breeds from the others (Figure 2a). Also, based on
these results, it was found that the KAR breed is clearly in a
separate group, suggesting that this breed has unique fea-
tures. To investigate the phylogenetic relationships of these
six breeds, the NJ tree was constructed (Figure 2b). The NJ
tree showed that except for MOG and MAK, which dis-
played close genetic relationships, all individuals were clas-
sified into different clusters based on their breed back-
ground. To further investigate the relationships between
populations, ADMIXTURE analysis was performed based
on the Bayesian model with K= 2 to 8. According to the
admixture results, GEZ and AFS, MAK and MOG, and
KAR and SHA showed a similar pattern in the K= 2 (Fig-
ure 3a).

Based on the calculated LD for the breeds, MOG and
KAR showed the highest and lowest LD, respectively (Fig-
ure 3b). By definition, LD is the close and non-random as-
sociation of several alleles in one locus of the genome that
can be influenced by demographic and evolutionary forces
and change their patterns (Ardlie et al. 2002).
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[l Summary information of obtained genomic reads for each breed

Breeds® Sample size Total reads Cleaned reads Cleaned reads (%0) Coverage
MAK 3 627,761,198 590,964,980 94.15 17.14
MOG 3 657,400,728 620,659,296 94.41 17.33
GEZ 3 636,055,925 602,084,813 94.66 17.73
SHA 3 653,269,967 614,026,538 93.66 18.02
AFS 4 807,484,671 766,548,576 94.90 15.36
KAR 5 1,183,671,380 1,128,862,995 95.39 19.12
MAK: Makui; MOG: Moghani; GEZ: Gezel; SHA: Shal; AFS: Afshari and KAR: Karakul.
149735
ﬁl 5662 KAR\
AFS 172408
SHA GEZ 314680
38779 40469 008 214183 211755
MOG 136327
34281
101046 113222 | 657233 | 223028
7 181483 343578 | 0011105 = si10s4 N
249620 263811
21629
142189
\MAK 04817 \ 250765
Overlapping and breed specific identified SNPs in Iranian indigenous sheep breeds
b % i k
--- k. \ II o
. . % e

Genetic relationship among the studied six breeds
(a) represents PCA plot for the first two PCs, (b) shows phylogenetic tree of different sheep breeds based on NJ method
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Manhattan plot of the genome-wide distribution of XP-EHH, ZFst and log2 (z-
ratio) between KAR and five other Iranian sheep breeds. The red line denotes a threshold of
XP-EHH > 2.14, ZFst > 3.79 and log2 (m-ratio) > 1.46. The gene symbols inserted in the
figure were identified as positively selected genes using both methods. The red numbers in
parentheses represent the number of chromosomes. (a), (b) and (c) represent the results of
XPEHH, ZFst and log2 (n-ratio), respectively
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LD levels in KAR sheep were the lowest among other
breeds, possibly indicating higher genetic diversity and
larger effective population size for this breed.

Three main approaches, including Fst, XP-EHH, and ©
were used to identify possible selective signals affecting the
unique characteristics of KAR sheep. After Z transforma-
tion of Fst for each genomic window, a total of 991 ge-
nomic windows containing 641 protein-coding genes were
identified as selective sweep based on a defined threshold
for ZFst (>3.79). By the XP-EHH method and based on a
defined threshold (>2.14), 1003 genomic windows contain-
ing 397 protein-coding genes were found as positively se-
lected genes. In the © method, the top 1% of calculated n-
ratio (>2.76) were selected as signatures of selection, and
based on this threshold, 985 genomic windows containing
646 protein-coding genes were detected for downstream
analysis (Figure 4). Finally, the 38 protein-coding genes
identified by all three methods were considered as posi-
tively selected genes in the KAR breed (Figure 5). Also,
206 genes were found as candidate genes by at least two
methods.

[\

ZFst XP-EHH

Specific and shared genes obtained by three methods including
ZFst, XP-EHH and log2 (m-ratio)

The GO analysis was performed to obtain known bio-
logical functions for a different list of identified genes. For
38 shared genes among all three methods, we found three
enriched terms in the biological process (BP) category, in-
cluding “positive regulation of MAPK cascade” (GO:
0043410), “stem cell differentiation” (GO: 0048863), and
“positive regulation of smooth muscle cell differentiation”
(GO: 0051152). Also, this analysis was performed on 206
genes that were candidates in at least two methods, and in
this regard, 105 GO terms were obtained as significant
terms. By performing GO analysis on candidate genes iden-
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tified using Fst, XP-EHH, and © methods, a total of 248, 52,
and 226 enriched GO terms were obtained, respectively.

In this study, a selective sweep test was performed by
three approaches, including Fst, XP-EHH, and =, and fi-
nally, 38 shared candidate genes among all three methods
were obtained as positively selected genes in the KAR
breed. Most of these genes are involved in skin color (KIT,
DVL3, YPEL3, ERBB4, ZNF451, and CTSO), muscle func-
tion (MYOCD and MCTP1), growth (CPNE4), altitude ad-
aptation (DNAH9 and SERGEF), fat and energy metabo-
lism (GDPD3, STARD13, ZNF106, MAPK3, RGS6, PHYH,
AP2M1, SPAG9, DNAH9, NDUFAF6, and ARSK), and re-
production (TBX6, PHYH, SPAG9, and ARSK).

Studies in pigs have shown that the KIT Proto-Oncogene,
Receptor Tyrosine Kinase (KIT) gene is one of the genes
involved in pigmentation. Mutations in the KIT encode
mast/stem cell growth factor receptor (MGF) that cause
differences in the coat color of domestic pigs (Pielberg et
al. 2002). Huang et al. (2021) stated that KIT is an impor-
tant gene associated with the skin color phenotype. In some
research on cattle (Illa et al. 2021), KIT was reported to be
one of the genes involved in the formation of coat color
patterns and facial pigmentation. Studies in goats (Kumar et
al. 2018; Nazari-Ghadikolaei et al. 2018) and horses (Haase
et al. 2009) have reported similar roles for the KIT gene.
Also, yippee like 3 (YPEL3) and mediator complex subunit
13L (Med13L) genes are two essential factors that play a
crucial role in the wnt signaling pathway. The role of
YPEL3 is to limit the expression of this pathway (Zhang et
al. 2016). Since the wnt signaling pathway is probably in-
volved in regulating the pigmentation process in the skin
(Nigenda-Morales et al. 2018), it seems that these genes
influence the pigmentation of the skin in KAR sheep by
controlling the mentioned pathway. The positive selection
of coat color-related genes in KAR sheep can be viewed
from two perspectives, including artificial selection (breed-
ers’ trend to colored sheep), as well as natural selection
(evolution in harsh desert conditions). The pigmentation
process in the skin is probably one of the most important
mechanisms to deal with the sun's ultraviolet radiation
(Lopez and Alonso, 2014). Since the KAR sheep evolved in
the desert condition, the positive selection of these genes
has probably been one of the natural selection strategies to
adapt this breed to the desert, although further studies are
needed to substantiate this claim. The Erb-b2 receptor tyro-
sine kinase 4 (ERBB4), zinc finger protein 451 (ZNF451),
and cathepsin O (CTSO) are other candidate genes influenc-
ing skin characteristics that have been reported as selection
signals in various studies on cattle, pig, and mice (Gobeil et
al. 2008; Huang et al. 2019b; Bertolini et al. 2021). While
the ZNF451 causes wrinkles on facial pigskin, the CTSO
gene works in a type of malignant skin cancer called mela-
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noma in human. Another skin-related gene identified by
both ZFst and XP-EHH methods was Collagen Type I Al-
pha 1 Chain (COL1A1). This type of collagen is highly pre-
sent in the dermis and connective tissues. Evidence sug-
gests that this gene plays a vital role in the healing of heat-
damaged skin tissue (Liu et al. 2016).

Also, UV radiation can cause skin aging by reducing the
expression of type I collagen (Murai et al. 2018). Hence
this gene seems to be vital for a breed that has evolved in
desert conditions and is prone to damage from the high
level of UV radiation.

The myocardin (MYOCD) and serum response factor
(SRF) are the most important genes that affect the differen-
tiation and development of cardiac and smooth muscle
(Pérot et al. 2009). Among the three methods used to iden-
tify candidate genes, SRF was detected by the Fst method
as the positively selected gene for KAR sheep. This gene
appears to play a vital role in the development and stability
of the cutaneous epithelium (Verdoni et al. 2010). In stud-
ies on broilers (Pampouille et al. 2018), MYOCD was one
of the candidate genes involved in pathways related to mus-
cle structure and development, as well as body weight.
Multiple C2 and transmembrane domain containing 1
(MCTP1) is another active gene in the musculoskeletal sys-
tem and its expression has been reported to be high in the
skeletal muscles of rats (Shin et al. 2005). In studies on
cattle and chicken, the association of the CPNE4 (copine 4)
gene with growth (Illa et al. 2021) and glycogen metabo-
lism (Liu et al. 2020) has been reported.

The glycerophosphodiester phosphodiesterase domain
containing 3 (GDPD3) gene encodes an enzyme that pro-
duces 1-acyl-LysoPA and alkyl-LysoPA. Overexpression of
the GDPD3 gene accelerates the production of lysophos-
phatidic acid resulting in these mechanisms increasing the
uptake of fatty acid (Key et al. 2020). This gene was a sig-
nificant candidate in fat metabolism and degradation of
phospholipids in other genomic studies (Anthérieu et al.
2011; Wang et al. 2017). The StAR related lipid transfer
domain containing 13 (STARD13) gene have a hydrophobic
binding site with compounds such as glycerolipids, sphin-
golipids, and sterols (Alpy and Tomasetto, 2014) and play a
salient role in lipid metabolism. STARD13 is probably as-
sociated with the storage and secretion of hepatic lipids in
rats (Soffientini et al. 2015). In studies on chickens (Sun et
al. 2015) and sheep (Manzari et al. 2019), STARD13 was
selected as a candidate gene for fat and energy metabolism.
Also, the results of some studies (Sevillano et al. 2018; Xu
et al. 2020) revealed that STARD13 and ZNF106 might be
influential in the backfat thickness of the pigs. The mito-
gen-activated protein kinase 3 (MAPKS3) gene, along with
regulator of G protein signaling 6 (RGS6), has recently
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been shown to play a role in the insulin signaling pathway
and lipid metabolism, suggesting that MAPK3 is probably
one of the genes involved in energy metabolism
(Lomas-Soria et al. 2018; Huang et al. 2019a). Phytanoyl-
CoA 2-hydroxylase (PHYH) is a protein-coding gene in-
volved in the alpha-oxidation process. This enzyme plays a
crucial role in converting phytanoyl-CoA to 2-
hydroxyphytanoyl-CoA, and there is probably a link be-
tween PHYH and the differentiation of adipose cells
(Schluter et al. 2002).

The role of PHYH in fat deposition, obesity, and fatty
acid oxidation process has been reported in previous studies
(Wang et al. 2022). Several other genes that we identified
as positively selected genes for KAR sheep were associated
with fat deposition, lipid, and energy metabolism, including
AP2M1 (Yi et al. 2014), SPAGY9 (Zhang et al. 2014),
DNAH9 (Wu et al. 2016), NDUFAF6 (Howard et al. 2015),
and ARSK (Guo et al. 2014).

The T-Box Transcription Factor 6 (TBX6) gene, from the
T-Box transcription factor family, plays a vital role in the
patterning and specification of somites during embryonic
development (Chapman et al. 2003). In a study on mice, it
was reported that this gene might play an important role in
mammalian embryonic development (Yasuhiko et al.
2017). Expression of TBX6 in the early stages of embryonic
formation is essential for tail shaping (Showell et al. 2004).
In addition, in a study on sheep, it was found that TBX6 is
associated with heat stress (Eydivandi et al. 2021). We
found that three of the genes identified in this study are
associated with fertility and sperm motility, including
PHYH (Oliver et al. 2020), ARSK (van Son et al. 2020), and
SPAG9 (Gao et al. 2019).

CONCLUSION

The WGS data of six Iranian native sheep breeds were used
to detect the genome-wide signature of selection in the
KAR breed. Genomic regions under positive selection that
harbor some important genes were identified using three
methods. Some of the identified genes in the present study
were associated with coat color, reproduction, and energy
metabolism, which may have been involved in adapting the
KAR breed to desert conditions. Identification of selection
signatures and genes involved in pelt quality can be very
decisive in the future of pelt producing sheep breeds.
Designing breeding strategies using the results of omics
studies can be effective in rearing of sheep breeds with
maximum pelt quality. It seems that breeding in order to
maintain the quality of the pelt until older ages can give the
farmers the possibility to produce two products (pelt and
meat) instead of one product (pelt).
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