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Table 1- Descriptive statistics of wool quality traits in Zandi sheep

allicl gUad  jislaa Jilaa il GBI yadl  (aSilie olis
Standard ~ Maximum Minimum Standard Mean Traits
error deviation
0.035 19.00 6.00 3.92 11.25 Jelial Jsbo
Staple length (cm)
0.032 39.04 22.40 3.25 29.85 N[V
Fiber diameter (um)
0.764 68.35 19.7 7.84 43.12 N | VA-SCH S-SV VP-N
Fiber diameter coefficient of variation (%)
0.998 43.10 12.04 10.42 27.04 Yool sida b gslns S GLI ) e
Sy Sae
Proportion of fiber that are equal or more
than 30 pum (%)

La 5T o ouldienl oy 9o (sla ,S0Lil Sladdia -Y J gua
Table 2- Summary of characteristic SNPs used in the analysis

aSals SNP aluas Baa SNP sluas KL glaad KGLAS ulaas Jsb p9IS09S
onalols  jleadi3ia Sl jleads  JNS jlams Sy 3 g (Mb)  Chromosome
(Kb) snp - Callrate - T gl 8 s shs  Length
Average SNP SNP from No. of cut SNP No. of SNP No. of SNP
interval call rate from MAF after QC before QC
53.05 88 526 5168 5694 275.41 1
61.01 73 436 4036 4472 248.97 2
60.03 60 581 3191 3772 224.00 3
56.02 56 570 2098 2668 119.22 4
60.01 54 568 1778 2346 107.84 5
59.02 52 523 1957 2480 116.89 6
54.02 50 266 1845 2111 100.01 7
54.07 50 305 1653 1958 90.62 8
61.09 49 487 1546 2033 94.58 9
59.03 48 279 1461 1740 86.38 10
62.01 47 184 991 1175 62.17 11
60.05 45 308 1301 1609 79.03 12
65.02 45 322 1270 1592 82.95 13
63.02 42 182 991 1173 62.57 14
63.01 39 305 1278 1583 80.78 15
61.04 38 306 1170 1476 71.69 16
60.02 35 171 1204 1375 72.25 17
57.02 34 172 1201 1373 68.49 18
63.01 31 241 954 1195 60.45 19
60.05 30 244 845 1089 51.05 20
59.03 23 142 841 983 49.99 21
54.01 22 175 935 1110 50.78 22
63.02 18 147 985 1132 62.28 23
66.03 17 119 628 747 41.98 24
54.05 18 74 824 898 45.22 25

60.07 14 84 728 812 44.05 26




WAY Lo 1Y oyled YA uls / old pole (gl ying}y &y il

. uﬁb (o VAA

225 T sl 5o olas 5l Ll <€ Jaea ganaY
Origed 5 Solde ua (SB35 opli Ll 4 lacases
Lloyl wallles S s Wl e goglinsa Gl
oblle Hu € hy wla alype Koo b1 005
dallas w)5e daola S Sedoe S (S P5 Oan
GRS GBS 50 (Y oA sl gile 5 O sesmg) adb oo (S
ofe @l (ualS 4 saie Wl e lina o))
SlUT g oaaie slagis, 0SB gl (né )0
s ol o2 &I 8 8 K5I8 o b e 33 i gy slealy
($obad (g S5 L PCA HUT «S ol suds &1
EMMAX (shu afins g bl sleds, GBLUP
Oaoiage 5 (MDS) gaay sy sy (ubide s MLMM
MDS 5051 51 Gain3 Gl Lo bl ge Lagsss ol
Olsie 4 Lasals SuIBT 5o gui gl sa (o sad Blad (sl s
ks soldiial (e g0 cule il JLAS o sl S
I ot sualie Sy dlali «S golasl by, ol
Identity By State iy, oulwl 0 sas 0 mus g
055 (o S BlaS Gl oo ls e plulis
el J5ES 50 o se)T ool slasals Go el Blad 450G
Sl 58 s Sl el ol 531 4 S e w86l gl Jas
P55 S Y 5o (fohle dlie ¥ plulid 4 st
3 MDS 5051 gl (388 5l o b Slls Lo o
el al3l) ol G Yl 5wl Yl 531 Gainean
e @B Wilgee € Gllge Olsie 4 (Ohae
dbie ¥ 4 oKila slaas opl S slas) o2y
los osdhe iy GRAlS 895505 S ¥ (555 aishla

el sad G118 50 Q-Q w0 b g e slacy
shran (g LY cul Gaddie sy Hu 4S5 shiles
ATV Ll S5 4 aS aas oo plas |, e
FDCV MDF olie sl V/++8 5 V/+0% A/)+)
S ahail a8 8 Ku olie 4.0 5 SL § FD>30
il o S5 bl 5 LIEAT o g s suian ol b
ook 4 wd 438 K LIS @ 3adaS Gl 59 S MDS (53]
slagss, sSos 51 PCA iy, Ol S5l llaadl (K
il o5 olalbs jo mlB JAS 58 Jolaie
slassls «€ el ol wie3ls PCA by, ) suliiel

oo il Gals gldaa din Jlo b o) 55 soldiul o) 50

S J S Gl Jal pe 3 Juola gl
soliienl b g3y o3 olaiden € 51 Ll 4% 383 ol Lo
i) ad w83 cmad suiden € 50K slagsl,T 3
AP SR RO IR FURCNVIRENpY - PRSRINV O, JCRIREN
Bl can (i Gl @l € 38 I8 Ge)]
Otipad ol GLES 1) sad ol cacda p S 63
@88 I8 (o0 050 s ¥ 53 (s OIS (loae
Bl JolS Slpaan (L8 ol b la €pas onl il
ol lisabl K 955 (YU a5l 3 ol 4
(338a3 Cpl Ho 85, LIS 4 LIS OFYFY 6 sans )
I cud€ oS il Jalye sl s Sl F-AVA
Jlaa Juls 0 Slas YWY (K ek o aul XK
£ dals o LSLES VeV /00 51 S T Sl 58
Jals 0 SSSLES VAV e gad 58 53780 5 i S 933
Goo Slas \oFY (Soaly sasla Jubad ase
5 GALAL cualse b SSLES YAVE 5 X a5 5058
720 53 5iaS Siali 65 (S8 Jals 4 el ¥ (pinan
laad s 5500 508 il & LA Sl slaal Lad B3a
S JHUS ams g JiS a5 5095 5o 51l 4 La Silas
9 pOoses S o SSE G sad i (sla Silas ulass
sola HLES Y Jgua Lo LaSNP s o dlald S5k

RU PR

et Y Al maaial g Jgl peb obuidl Jyiis
gl a (510 9 Faran

Jilaa (0 533 Gl g olalllas 5o [SELES alaad (2l I L
cuaal (Lol g olidl) (adgse oie @S Ol
el sl (gl guanie G gl S o lasy 530
L Ol LT Cnstage J S usl ssn (o83 s
Sordsa (pelats) ol slled 23S £ 5 slag se)]
G Sl 5 Puoi @lsa (IS el
s 5Ll (slala o S5 oy 4 P ) el & 5 um
S mala Bhad o (YN0 ollKes 5 Sily) oS
Ol 909 aafie il (g5l JBlaa g (958 s
2ol 6 oy LS B ol il gy i suliid
G s JOLSAL 5 alsa wldne sl maal
g Shasea



Vaq 69505 S ) ey S Slas wisbla g bl 5 ures ganaY g )l le adllas

3508 @B as e (pl o S 0l el Gl )l S
OBss o sran su Y maal 5o sl ol
(VoA 525 ) 23l (o PCA

MFD (3=1127) .o
o

= Sus fg
o
-]

Expected Significance beg1001ip)

7 sL (A=1.009)

-

Expected Significance boeg10{1/p)

e FD=30(3=1.059)

3 Otiaad oLl |y cno gans 0l MDS g1 «Silla
558 e il 155 Lo ol Ll PCA (53
59 il e Lgstig ol ) G 1BS &€ ay, S 4 5l 5

omle (B, 5 wilgge MDS sebl i lla S

T FDCV(=1.101) .

Expected Significance logi0{1/p)

Expedied Significance log10{1/p)

Jsk (FDCV) Sl jlad &l juais o s (FD) Sl jlod Gldis ju Jarea guads¥ byl 65 Q-Q slacdly -\ Jsu
(53 e 95 oI35 5 (F230) Jhog sSaa ¥ 51 535,53 s 5 ghoss oS Ll a9 (SL) Syl
Figure 1- Plots Q-Q for evaluation of stratification for Fibre diameter (FD), fiber diameter coefficient of

variation (FDCV), Staple length (SL), and the proportion of fiber that are equal or more than 30 um (F>30) in
Zandi sheep breed
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Table 3- Association haplotypes with wool production traits

P-value  lgjecde  slaas) om0l Y- Sl - Sl 33334355
Related-trait (SNP SNP-2 SNP-1 JLlss

Window size Chr- Mb

(no.SNP)

1.55x10° - 15 OAR1_144015756_X.1 OAR1_143087719.1 1-132
1.59x10* - 20 OAR1_205123535.1  OAR1_204033889.1 1-189
2.34x10* - 15 OAR1_278980576.1  OAR1_277983951.1 1-257
1.00x10° - 20 OARG6_50026575.1 OARG6_49035950.1 6-44
4.12x1073 - 15 OARG6_79610534.1 OARG6_78519354.1 6-72
2.96x10® FD 15 OAR11_42487494.1 s18734.1 11-39
2.45x107 FD, FDCV 20 §45227.1 $55896.1 13-56
1.07x10° - 15 OAR13_65432300.1 = OAR13_64379923.1 13-59
6.11x10° - 10 OAR15_84885513.1  OAR15_82519111.1 15-76
2.36x10* - 15 OAR17_6510526.1 OAR17_5778603.1 17-5
4.28x10°3 - 20 §42375.1 OAR18_17194010.1 18-17
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Introduction: Identifying of genes with large effects on economically important traits, has been one
of the important goals in sheep breeding. Over the last decade, by the advent of genome-wide panels
of single nucleotide polymorphisms (SNPs), it has become possible to identify and localize QTLs for
complex traits in many livestock species. One important obstacle in association studies is the
confounding effect of population structure. Because this effect generally increases in proportion to
population size, population structure remains a major concern in association analyses. To date, 98
QTLs for wool traits have been reported via genome scan based on marker-QTL linkage analyses
(http://cn.animalgenome.org/cgi-bin/QTLdb/OA/index, 27 Aug, 2017). Compared with traditional
QTL mapping strategies, a GWAS has major advantages both in its power to detect causal variants
with modest effects and in defining narrower genomic regions harboring causal variants for
economically important traits. In this study, we assessed population stratification and performed a
genome-wide association study (GWAS) of wool quality traits in Zandi sheep.

Material and methods: A total of 96 Iranian Zandi sheep was used in the study. The following four
traits were analyzed: staple length (SL), mean fiber diameter (MFD), fiber diameter coefficient of
variation (FDCV), and the proportion of fiber that was equal or more than 30 um (F>30). Animals
were genotyped using 50 K SNPChip panel. Quality control of the genotype data consisted in
removing SNPs with a call rate less than 95 %, SNPs with a minor allele frequency (MAF) less than
5 %, SNPs with more than x % missing genotypes, and SNPs that deviated strongly from Hardy—
Weinberg equilibrium (P < 107®). The PLINK was used to generate the matrix using the GLM
algorithm. In this study, although the resources of this breed were very clear, we still examined the
distribution of the test statistics obtained from the numerous association tests. We also assessed their
deviation from the expected distribution of no SNPs being associated with the trait of interest using
a quantile-quantile (Q-Q) plot, which is commonly used to analyze population stratification in
GWAS. We use SNPEVG tool to show the (Q-Q) plot. The Bonferroni method was used to adjust for
multiple testing from the number of SNP loci detected. We declared a significant SNP at the genome-
wide significance level if the raw P-value was0.05/N, here N is the number of SNP loci tested in the
analysis. The exact positions of the annotated genes were extracted from the latest sheep genome
Oar_v4.0 assembly along with the NCBI annotation release 102 of the sheep genome. To investigate
if the significant SNPs detected in this study were within the range of previously identified QTL for
relevant traits, we searched for meat or production QTL in the Animal QTLdb within a 1-Mb region
on both sides of each significant haplotype.

Results and discussion: After quality control, 2 individuals were excluded, leaving 94 sheep for the
association analysis. Additionally, we removed 1070 SNPs with call rates less than 95% and 7717
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SNPs with MAF less than 0.05. A total of 40,879 SNPs passed these quality-control filters and were
retained in the dataset. These SNPs were distributed across 26 autosomes, with the number of SNPs
per chromosome ranging from 747 to 5694, and with a mean distance between adjacent SNPs ranging
from 50.4 to 68.7 kb. Wool MFD was 29.85+0.03 pm with an individual sheep range of 22.4-39.04
pum. The overall coefficient of variation of fiber diameter was 43.12%+0.7% with an individual sheep
range of 19.7%-68.0%. The average percentages of fiber that had equal or more than 30 um were
27.04+0.03% with an individual sheep range of 12.04-43.10%. Average wool staple length was
11.25+0.03 cm with an individual sheep range of 6-19 cm. The result from genomic control showed
weak population stratification for SL, MDF, FDCV and F>30 between populations of Zandi sheep.
The genomic inflation factors (Agc) for the four traits were equal to 1.127, 1.101, 1.059, and 1.009 for
MDF, FDCV, FD>30 and SL, respectively. However, the Q-Q plots clearly showed there was no
evidence of any systematic bias due to population structure or analytical approach in our case.
Overally, two significant SNPs at the genome-wise level were identified for FD, and FDCV. No
significant SNPs was identified for SLor FD>30. Two Haplotype region within ERBB2 and GNAS
genes previously reported in human growth and development hair and skin. Haplotypes were located
with previously QTL reported to affect fiber diameter and fiber diameter coefficient of variation in
Merino and INRA401 breed sheep. The functions of all of the above genes are directly or indirectly
related to skin and hair development. Hair follicles are skin appendages and produce hair; therefore,
we hypothesize that these genes control hair follicle development and fiber diameter trait.
Conclusion: The results of this study could provide a suite of novel SNP markers and candidate genes
associated with wool traits and hence, may play an important role in understanding the biology of
wool traits in fat-tailed sheep.

Keywords: Candidate gene, Genome-wide association study, Population stratification, Wool quality,
Zandi sheep.



