Techniques and Methods % S=Pabis

N Lomessemmmi
. . Progress in Biochemistry and Biophysics
i 2015, 42(7): 674~684

FIFH AIMs 7 HTIE 9 >4 FERFIREVRFIREE 1 -

RIEAE D P D ONIAY BB XPFIT O XRFAE Vv
OPERIKFEBEEEFRER TR, Jbat 100193; 2 RILKZFE2ER, JH 110819;
D RHARMCR SRR BE, W 650201)

WE 615 B AR (ancestry informative makers, AIMs) Rl F K M A4 ) dt AL 45 4. A5 A H Tllumina OvineSNP50 its A
L FI SNP A7 55, fE e G 4R AT HA 8 AN PN AR LR LL Rosenberg 45 5¢ LI Informativeness St v 4 i ik 77 7%, EHL
Informativeness {55 = I HT 207 50+ 100+ 500 > SNP A7 i 55 AH N H FTBEAHL SNP A7 5 20 71 FIRAE Tt A ) st A 5 4y J
TS 73 M AT fastSTRUCURE HfEWTAH JC A IR 735, PRAY AIMs £ 30700 045 “EREARasAL 450 7P IG4E . wFgs i, A
i B = A S A AR ] AIMs, TR A M TE SR ) SNP AL U8 H . BT 50 N AIMs T A ZUCHURE A SR REAR S b 4
AR, X 5FHAFERA SNPs 7347 19 B 0 BE AR 45 0 1t — B0, B 8 25 - BE 44 blackbone Sl 2y — 38, P 44
changthangi Al tibetan 44 —3%, & IN$71K banglandeshi. banglandeshiGarole F 44 Fl Ell & [ IndianGarole BEAA Uk — KR,

H A= ABER(ENEE JE P V. sumatran. garut FEARFTENEE(F) deccani FER)ITMBUT K —38. X 4 REBEAE AIMs LA AE B E 4
b, R IR L7 kA B TT DA ST REACRR A R G R LA LR .

KR MUGEEARC, 4R, BEREEH, BT, OGN, Bk R AL

ZRPES Q38

TR G540 S AR AT A% DC IR S LA DG 1)
—ANEB R, SEE AT RS [ SR A
A, 253 case F control 2 1] [¥) 5540 FE DA A4 HY
IR ZE, DRI 3k s 28 g R DR R 22 T) B0 S 5 R R
6, B RSB R OCEE. Rl 2 e KA
SR RS FEE PRt A AR S mid () DGR A BTy, AR &
P B 15 DG IR (10 ) j B kg e BSOS [ 4H S ok
AR I S JE AU (1) 22 S AR &5 5 R BE A 2y )2
MG, (HXECT AL bR i AE08 S WU A IR AH S SR YA
AT s, AR AR T IR SO AR R s AR R . 15
o, FLHERE(lactase, LCT)ZEK L F)—> SNP ZERK
PHINHEH BT 52 3 0E ) R £ H AT B s i A,
1M/ European American " ifF 5% 44 iy 55 3 PR R4 () 56
RIS, S GRS U R R AL A RO, AL,
5 PRSI 5 FE AR K SNP FRic rs1799971 7 i
RNFE R, BT REH A2 B0 BRI
NGRS, IXEC bR ], W R A 4 N 408
AT TT(GWAS) H 200 S0 A4 (1 AH 2 R, AR

DOI: 10.16476/j.pibb.2015.0062

BN 2 G TR BA R I bRd s B —J7
1, XLEFRICAERE ARG RIS B B X
LN T IX LE AN [ TR A 2 T) e DRI A 6 222 S i K 1)
2 & M AL 8RR A %8 B FR D (ancestry
informative markers, AIMs), AIMs ] H] T-#F 5T B
ARG, HEWTRHSEAMA S O3 B ist A 2E A O R0,
HAT, CHREATVFZ 750 DR IE R AR 45
Koy, 9D 0 QIR A3 M 1 S e, B G i PR A 95 1
(genomic control, GC)!*¥, Z 448§ Jy ik—&
J% 43 47 M7 (principal component analysis, PCA) M,
DA TR A S AR A fin N RT AR Ty 2 21 oA v S 2
KR FEMEIATRHAR 25 AL 1E 1 77X EMMA/EMMAX)

* [E K AREN#EE 4 (U1136605), B0 #0112 5542(20120008110049)
IV 5% 3 K FE K5 150(201112X.08009-001) 5 B 301 H .

% AL RN, Tel: 010-62733933

X34, E-mail: deng@cau.edu.cn

X% T.. E-mail: dengxuegong@tom.com

Wk H . 2015-03-10, #5%2 HIM: 2015-06-03



2015; 42 (7)

SKEESE, % FIA AIMs ST 9 4B F RHARYBH KRS

*675¢°

S0 PCA ITEAE NI KSR S5 it 5 rh
Nz, 1 H PCA 4 BT LUHSRAER, EW
SRR [0 ) RGO, DA PCA 7 V504 B
REF T . REREAAR I A% oy AT HEWT, 1
A& I BE AR S5 4 40 B 3%, A STRUCTURE
BAPUOGAT AT, RO H K, R
PRI R SE B EAT HEWT, T I WA 2
() (R4 AR

AHFFE A 47 2 Tllumina OvineSNP50 (1) SNP
HBds, 0T CABEARIET) 9 AN AR ERE AR
RN, R T BE AR A0 5845 BAR e 47 55
(AIMs). A FR I 5] ATMs £ & FAH [ %50 H R BE AL
SNPs S5 XX 9 AN BET PCA 20 M 1
LA o HEWT, LR P2 SNP A5 A 7E A I B A4 &5
P b 2e e, RN LR ATMs 75 281 I BE R S5 4 5
AL A1 SNP 4 45 B M BEAA L5 K 2 AT &
WU, AMs n] LA b HEWT 9 9 453
PRIPIEERGE R, AIMs T3 A 5 b4y 1) 2050 R S 25 40
TBEAHL SNP.  AIMs 7EAS [RIHE A4 2 [R] R0 26 22 S A
Ko A REAWTFOX LA R E R AL AR IR B A1

1 MR57E

1.1 #H#ARRES SNP HiiEEIE

TEn 8 20, BENLREE 60 K% 40 11
SRR YTREIL.  BUPUEEL 20 wl, %% U 1 23
P ¥ DNA. £k % & 4% )5, F H Nllumina
OvineSNP50 % &1 47 FE AR AT 4 5L K 41 1) SNP
Gy M. SNP ¥ 4% 2 2% SCHR [17] 1) 4% J7 ik
a. LRI E/NT 0.99 [ SNP {745 b, L4
RIGE RATAETEE ) SNP 7 s ¢ BRI ZEMN
SNP {7 iis d. ZEBRASF G IS AR AR~ R 7 25
M ISGC (international sheep genomic consortium)
B 8 P PNAREREARIE R 21 SNPELHR: . AT 5T
BN R LR E A, LR M AR IR A K i I
® 1. WG IFS A, R 9 PPN EL
P, K G £33 SNP HHT LX) 3452 5 % HE A
41 OAR3.1 b, Hrpi gk L) SNP 2 41 753
A~ SNP {7 s B 22 5 B, BRI AT R EON H
PLINK"(--het) 1 5. @i PLINK"™ 57k, LBl
H 5 LD ) SNP(--indep-pairwise 50 5 0.5), 45
Y€ 513 51 39 158 4N SNP, JH T )5 4 AIMs fiiik.
ANRIAR R BRI 16 45 R W3 1.

Table 1 Genetic diversity and population

size of each population
Abbrev  n F He
Bangladesh BGE 24 032 031
Bangladesh BGA 24 028 0.30

Population District

BangladeshiBGE*

BangladeshiGarole*

Changthangi*  Changthang, China CHA 29 0.17 0.35
Deccani* Deccan, India DEC 24 0.16 0.33
Garut* Indonesia GAR 22 0.17 032
IndianGarole* India IGA 26 028 0.29
Sumatran* Western Indonesia  SUT 24 024 0.31
Tibetan* Tibet, China TIB 37 020 034
Blackbone Yunnan, China BLB 60 022 0.32

Genetic diversity indices measured within population. n gives the
number of individuals used to calculate the AIMs, expected
heterozygosity or gene diversity (He), the inbreeding coefficient (F).
District, from where the samples were collected. Abbrev, abbreviation
of each population. *Data of these populations were downloaded from
International Sheep Genomics Consortium(ISGC, www.sheephapmap.

org)
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Table 2 F'st statistics between populations reveal the genetic relationship among sheep populations

BGE BGA CHA IGA SUM GAR TIB
BGA 0.06728
CHA 0.09656 0.1045
DEC 0.08755 0.09508 0.06551
IGA 0.09283 0.09659 0.1208 0.1094
SUM 0.1084 0.1149 0.1087 0.09923 0.1305
GAR 0.117 0.1226 0.09652 0.09781 0.1412 0.1207
TIB 0.1182 0.1258 0.03239 0.08767 0.142 0.1294 0.1168
BLB 0.1499 0.1577 0.07084 0.1215 0.1722 0.1589 0.1472 0.06829

IGA

GAR

j— CHA

Fig. 1 Genetic relationship between sheep
populations based on Fst statistics
Fst values were estimated by a subset of 39 158 SNP identified by
LD-based SNP pruning through PLINK (--indep-pairwise 50 5 0.5).
Neighbor-joining tree was generated to show the genetic relatedness
between populations.
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Fig. 2 Population structure within the sheep populations

Principal component analysis of genetic distance was performed using a subset of 39 158 SNPs identified by LD-based SNP pruning through PLINK

(--indep-pairwise 50 5 0.5). Individuals are color coded to present their populations.
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Fig. 3 Individual ancestry infered using
a subset of 39 158 filtered SNP
Regional ancestry inferred with the fastSTRUCTURE programs and
plotted with the Distruct program. Each individual is represented by a
vertical line partitioned into colored segments whose lengths correspond
to the ancestry coefficients in up to K inferred ancestral groups. (a) K=3.
(b) K=4. (c) K=5.
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Fig. 4 Population structure PCA plots by different SNP subsets and top50 SNPs frequencies within 9 sheep populations

Principal component analysis of genetic distance was performed using different subsets of SNPs. Individuals are color coded to present their

populations. (a ~h) PCA population structure generated by SNP subsets top20, top50, top100, top500, random20, random50, random100 and

random500, respectively. (i) Alleles frequencies of topS0 SNPs within different sheep populations.
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Fig. 5 Individual ancestry inferred by random SNPs subsets(a~ d) and top SNPs subsets (e~ h)

Regional ancestry inferred with the fastSTRUCTURE at K =4 and plotted with Distruct program. Each individual is represented by a vertical line

partitioned into colored segments whose lengths correspond to the ancestry coefficients in up to four inferred ancestral groups. N means number of SNPs

used in individual ancestry inferring.
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Table 3 GO Annotations
Category Term P Value Genes

Biological Process GO0:0055007 cardiac muscle cell differentiation 0.03183 ATGS, FOXP1

Biological Process GO0:0007517 muscle organ development 0.03478 ATGS, FOXP1, SERP1

Biological Process GO0:0035051 cardiac cell differentiation 0.03862 ATGS, FOXP1

Biological Process G0:0048738 cardiac muscle tissue development 0.07714 ATGS, FOXP1

Biological Process GO:0006412 translation 0.07765 ZNFXI, EIF4Al, EIF2A, SNORA67

Molecular Function GO0:0005524 ATP binding 0.00626 DDX27, KCNT2, PIK3CB, ZNFXI1, EIF4A1, SNORAG67,
PRKG2, ATP8B4

Molecular Function G0:0032559 adenyl ribonucleotide binding 0.00669 DDX27, KCNT2, PIK3CB, ZNFXI1, EIF4A1, SNORAG67,
PRKG2, ATP8B4

Molecular Function GO0:0030554 adenyl nucleotide binding 0.00863 DDX27, KCNT2, PIK3CB, ZNFXI1, EIF4A1, SNORAG67,
PRKG2, ATP8B4

Molecular Function GO0:0001883 purine nucleoside binding 0.00929 DDX27, KCNT2, PIK3CB, ZNFXI1, EIF4A1, SNORAG67,
PRKG2, ATP8B4

Molecular Function GO:0001882 nucleoside binding 0.00961 DDX27, KCNT2, PIK3CB, ZNFXI1, EIF4A1, SNORAG67,
PRKG2, ATP8B4

Molecular Function GO0:0000166 nucleotide binding 0.01226 DDX27, KCNT2, PIK3CB, ZNFXI1, EIF4Al1, MSI2,
SNORAG67, PRKG2, ATP8B4

Molecular Function GO0:0032555 purine ribonucleotide binding 0.01786 DDX27, KCNT2, PIK3CB, ZNFXI1, EIF4A1, SNORAG67,
PRKG2, ATP8B4

Molecular Function G0:0032553 ribonucleotide binding 0.01786 DDX27, KCNT2, PIK3CB, ZNFXI1, EIF4A1, SNORAG67,
PRKG2, ATP8B4

Molecular Function GO0:0017076 purine nucleotide binding 0.02188 DDX27, KCNT2, PIK3CB, ZNFXI1, EIF4A1, SNORAG67,
PRKG2, ATP8B4

Molecular Function GO:0042623 ATPase activity, coupled 0.04325 DDX27, EIF4A1, SNORA67, ATP8B4

Molecular Function GO:0016887 ATPase activity 0.06245 DDX27, EIF4A1, SNORAG67, ATP8B4

Molecular Function ~ GO:0003743 translation initiation factor activity 0.07262 EIF4Al, EIF2A, SNORA67
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Fig. 6 Comparison of distribution of informativeness () and F'st statistics

(a) The correlation relationship between /, and Fst, Pearson's correlative coefficient =0.95. Density distributions of Fs¢ (b) and 7, (¢) are similar.
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Population Structure of 9 Asian Sheep Populations Inferred by AIMs
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Abstract Ancestral information Markers (AIMs) can be utilized for analysis of population genetic structure. In
this study, AIMs were selected from Illumina OvineSNP50 chip in blackbone sheep and other eight kinds of Asian
sheep populations by Informativeness-statistic defined by Rosenberg. Then subsets of 20, 50, 100, 500 SNPS loci
with higher Informativeness value and the corresponding number of random SNP loci were used to infer the
population genetic structure, respectively. Principal component analysis (PCA) and fastSTRUCURE methods
evaluated AIMs' role in distinguishing the population structure of these 9 Asian sheep population structure. AIMs
screened in our study are usefulness in assigning samples to different genetic groups, helping reducing the number
of SNPs in sheep genetic researches. The top 50 AIMs can be used effectively to cluster sheep populations into 4
groups, which is consist with the result by the genome-wide SNPs: 1)blackbone group, 2)changthangi and tibetan
group; 3)group of banglandeshi, banglandeshiGarole and IndianGarole, 4) group of sumatran, garut and deccani.
Alleles Frequncies of AIMs are significantly different among these sheep populations, inferring these markers may
be useful in the genetic evolution analysis of these 9 sheep population.
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