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Abstract In this article, we carried out genome resequencing and SNP mining for cultivated apples in Shandong
Province, for the sake of the rapid identification of apple varieties, germplasm evaluation, and utilization. Genomic
DNA was extracted immediately from leaves of each sample, and Paired-end Illumina genomic libraries were
prepared and sequenced on an Illumina Hiseq 4000 platform following the manufacturer's instructions.
Resequencing of the 31 apple genomes generated a total of 363 Gb high-quality cleaned sequences, with an
average of 12.5 Gb per accession that represented approximately 15.9x coverage of the apple genome. The data

volume fully meets the needs of downstream analysis and SNP mining. When we used the nucleotide mismatch
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parameter from 1-12, the mapping rate gradually increased to saturation. There was a highly significant correlation
(P<0.0001) between the total mapping rate, mapping rate of pair-end data, and mismatch parameter. Univariate
fourth-order equation (regression coefficient r > 0.99) were predicted. As the mismatch rate increases, the accuracy
of mapping decreases; the genome coverage gradually increases, and the accuracy of heterozygous sites gradually
increases. In this study, the SNP mining was obtained by the two algorithms, and the intersection was further taken
based on the 'chromosome-+site information' as the eigenvalues to obtain a highly reliable single nucleotide variant
dataset. A total of 374 404 SNP locus were detected. On average, one mutation can be detected every 1 896 loci.
The accuracy of the Sanger verification test is as high as 98.1%. Annotation analysis shows that among the 373
763 SNPs, 25 047 (6.7%) are located in the gene coding region, 143 269 (38.27%) are located in the intergenic
region, and 179 426 (47.92%) are located in the 2 kb region upstream or downstream of the genes. Among the
coding region SNPs, 13 422 are non-synonymous mutations, and 11 625 are synonymous mutations. The ratio of
non-synonymous to synonymous SNP is 1.15: 1. Using filtered 4DTV sites, clustering analysis results constructed
by neighbor-joining algorithms are in line with the trend of the classification of cultivated apples in Shandong

province.
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Table 1 Statistics of apple genome resequencing for each accession
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AR BB AN pair-end 4 X LE X R 2 ILIE
P AN S (B 1), T 5 i O T 28328 B (K &
—AMEARAE . P AL HEXT 2 Total Mapping Rate 54
BCZR AR H S I EARDS, FFE UM T #E: y=—3x
107°%*+0.001 1x°-0.014 5x2+0.086 4x+0.741 8, [FIIH &R
L R?=0.999 5; BN 132 B I EE X % Paired Mapping
Rate SESHLA MRS 2ILEM IS, FF6 VUM 2
y=—3x10"x*+0.001 2x’-0.014 9x°+0.086 3x + 0.712 6,

FE i 24 PR A BB A R £ Q20 HA1(%) GC H1(%) B
Sample name Clean reads Clean bases Q20 ratio (%) GC ratio (%) Coverage
C18-01B 82285 164 12 275 896 018 96.81 38.40 17.05
C18-02A 89077 308 13313277 436 97.01 38.59 18.49
C18-03A 83072 050 12 394 531 092 97.09 39.12 17.21
C18-04A 97 305 218 14 527 586 044 96.95 38.58 20.18
C18-05A 86 562 736 12 940 574 192 97.20 38.27 17.97
C18-06A 80 125972 11 965 621 824 96.95 38.08 16.62
C18-07A 74 530 532 11 122 786 992 97.06 38.96 15.45
C18-08A 75995 538 11 356 852 292 97.21 38.62 15.77
C18-09A 90 068 930 13407 382 642 96.73 39.20 18.62
C18-10A 101 224 890 15134111712 97.17 38.73 21.02
C18-11B 69 321 342 10 326 757 324 96.82 38.29 14.34
C18-12A 100 502 502 15 007 629 504 97.05 38.33 20.84
C18-13-1A 71054 910 10 597 863 906 96.82 38.84 14.72
C18-13-2B 81 541 908 12 157 333 396 96.49 38.36 16.89
C18-14B 68947 114 10 293 832 588 96.67 38.84 14.30
C18-15A 76 776 466 11 445 569 550 97.06 38.26 15.90
C18-16A 78 836 884 11 769 458 430 96.76 38.36 15.95
C18-17A 63 602 864 9494 133 904 97.12 38.35 13.19
C18-18A 77 680 304 11 605 708 802 96.72 38.31 16.12
C18-19B 54 867 846 8 184 033 800 97.30 38.48 11.37
C18-20A 85924 614 12 849 242 938 97.07 38.37 17.85
C18-21A 81 690 936 12211 575 458 97.07 39.10 16.96
C18-22A 92 507 878 13 784 235 218 96.65 38.42 19.14
C18-23B 76 286 322 11 396 088 188 97.32 38.46 15.83
C18-24B 82 677 084 12 345 285 852 96.41 38.34 17.15
C18-25B 85568 414 12 765 677 658 97.03 38.26 17.73
C18-26B 74 209 450 11 075 213 404 96.99 38.54 15.38
C18-27B 78 213 462 11677 414 082 96.92 38.56 16.22
C18-28B 62 762 662 9363 987 448 96.90 38.49 13.01
C18-29B 61273 994 9125 369 346 96.72 38.49 12.67
C18-30B 51288314 7650 121 178 96.49 39.08 10.63
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Table 2 The effect of mismatch parameters on the mapping rate

HECZH SO ESBE S B(%)  XUm B B X B X R (%) S B K S i BT R (%)

Mismatch  Total mapped  Total mapped Paired mapped Paired mapped Single mapped Single mapped
parameter reads ratio (%) reads ratio (%) reads ratio (%)
1 60 771 756 0.8139 56 597 900 0.784 1 1207 208 0.016 7
2 64 742 356 0.867 1 60363 941 0.836 3 968 921 0.013 4
3 67102 418 0.898 7 62 547 086 0.866 6 824 506 0.0114
4 68 579 887 0.918 5 63 851 818 0.884 6 737 760 0.0102
5 69 526 126 0.9312 64 652 170 0.895 7 686 368 0.009 5
6 70 157 055 0.939 6 65 158 530 0.902 7 651 959 0.009

7 70 594 321 0.945 5 65 487 645 0.907 3 629 492 0.008 7
8 70 909 166 0.949 7 65 708 543 09104 612 792 0.008 5
9 71 144 151 0.952 8 65 862 926 09125 602 451 0.008 3
10 71 325 235 0.9552 65976 100 09141 595493 0.008 3
11 71 468 805 0.9572 66 060 122 09152 590 686 0.008 2
12 71 584 809 0.958 7 66 124 046 09161 587 561 0.008 1

[FH R % R2=0.999 45 fJm, HufiLbXT % Single-end  #=x;
Mapping Rate 5 #5752 1) 28 10 e 35 2 B0 A AH G, 4% :::
B VU TR : y=2x10%*7x10°%*+0.000 9x0.005 4y + o=

0.021 2, [A1J4 R H0H R2=0.999 3., e

1.3 $4E0 583 SNP i s B ST H 40 :::Z:j s s s
v 1 " i il 1 1

R R T ARSI 25O A SR AR B LT il

FHGT, LU 115 SR Chrl 1 ABICE 2): AR et e —

VFAETC R 38 0, fE a0 () Chrl 1 XK, AT LR 5 =y

B 2, P78 55 BN 11 IR = & 19, 7R \\ / //

B N EIALA A A, RS 55 T #RE A I

AR, UL BT ORI T T2 G "B s oms o o s s s s i s e

wExK A c ] T

ARSI o T DAL i T R B v BT ™8 P ARG s B R -

P PRI, EA R T RS, B e o e
*E#@E‘ﬁﬁ %Z—}iﬁ Qiﬂiﬁlﬁ \iﬁ@%%.éﬂﬁ/ﬁ\ wEXSs A ¢ [NE T A T A A A ¢ B ¢
RER ST MRS I R, SRR, R M 0 Tt e e
KEEAEY) o X T R SEAEPI I SNP A7 4248, —J7 11 7 o EN BE B KB KR EKY
kY N HEX AC or ar or AT or A AT AT o " " 15
ﬁ ;E,_J‘{]jllJﬁi_‘/%K.éﬂﬁﬁﬁE %gﬁﬁ%]ﬁ mEX0 A or ar cr AT cr A AT AT cr ” L
L2 ST or (14 or AT or A AT AT or " A
Total mapped % Paired mapped % Single mapped % woxniol o Bal o DAl o Al ~ B o Bl »
98.00% 94.00% 1.80%
92.00%
e oo o ] 2 SIS HON 26 & SNP L AR B
92.00% 88.00% 1.20% Figure 2 The effect of mismatch parameters on accurate of het-
90.00% 86.00% 1.00%
88.00% 24.00% 0.80% erozygous SNP genotyping
86.00% 82.00% 0.60%
84.00% 80.00% 0.40% '
saon oo oavs B MBI B SHG XT2A R e
80.00% 76.00% 0.00%

0 s 10 15 [ 5 10 15 0 5 0 15 E(J SNP 14,“\?23@@1%%&%‘?)\(0
1 BT S MO MR, RO 00 3 0 H 26 2o
@, FHE ST SR lﬁk TR S Tzﬂﬁ? b AR AR T RS
Figure 1 The effect of mismatch parameters on the mapping of
total data, paired data and single-ended data T B8 AR b 1 VR PR 45 & BCFtools I



L AR 2 AR S SRS R L F 7 e SNP S5 Ay A s P24 5

Rl : bwa-sam-bam-pileup-bcfools 515, e J& A& Ml 2
28 997 212 M5, (U4 HHgEE SNP 26 758 563 1,
¥E4d N\ short insert 1 060 691 >, EGH 2 short deletion
1177 95 Ao ZBE TR I & PP R AR S, i 2% S
For I R AR v, V¥ BB 27 AN R REAS Rl B —
NSt

R R FRERES AR EHF KD
in-house %% H[ : bwa-sam-bam-pileup-column 5. 7%t
Rl 2 1147 801 ANAR 5, % FLFE BV AR B 0T LR
SNP [PAI] , 3% LeAR 55 251y B SNP, 1T A8 S A
MR B EAR . ~FIIEERR 618 /M7 AU REE K 2 —
AN

ShE MR IS B AL R, R © Gtk + fir
RS B AR AR 3 — P A B, TIA5 3 vy ] SE1
FAGRIE SNP A s B4, b SR AR . i 2
374 404 NAL S, TR B B, (A AR IR AR S 350
R FE SNP. T2 EE0E 1 896 AL A HEBS K& 2] — 4
Ao 1000 ANFE AL £ 0 [FE SNP % 15| ¥ 9F
BEAT PCR 4, FEXT 44 72 ¥) Sanger M 7, 45 R 3R
B it a6 % (1) SNP A7 sUE P ol 5~ & 35 & 2
98.1%.

1.5 SNP (L R EEFEH 51

SNP DRk B AT R4 R B oR, 7842
373 763 A~ SNP 4L 5 1A 143 269 /1~(38.27%)hi T
FERIH] X, 25 047 1N(6.7%)00 TR gwfig[X , 143 2694
(38.27%)hL T FE K A] [X, 179 426 /N (47.92%) fr T F&
R E ik — R 2 kb XK. 76T E 4afiB X SNP
B, A 13 422 A2 AR SCRARAS FAL AT, 11 625 4
se [ XA A i AR (3K 35 B 3). JE[A) L5 [F] L SNP
FIEL A SNP HE Ky 1.15: 1.9E R X SNP, S FRES S
SNP, M &b —Fh g B FRAT N o) — PP LR T R
RUEA s [7] LSNP XHRUTER AL, BA R EERAE, 1)
Yt [F] —Fh e BB AN RE T R BB . SIS H A
REE K HEAE AR EYIA LU, IR DRI ZH B nT T A%
X 7 2R B A 1) 2% 57 L 51 45 (Duan et al., 2017).
1.6 BHER L H A MHIE

R SN A A 2 () 4). Bk
BRI K E B AN 0.7665 1B REAL AR , 1%
P& 2 MR EE B i Le Bl 2e il . A BF, 1% R
Guit A o . ARHEFUCREE L AR EE R R
F BN E L TeI G (L) R DU K A R H
fhAATH G o (HAR IR : (1) C18-23 FE & 7EHT

- Variants FF%E

UTR3PRIME  EXON SPLICEACCEPTOR INTRON SPLICE DONOR  EXON
SRR S4BT HUSK  WAT  BURK  HEF

" B

INTERGENIC DOWNSTREAM
BRER

INTERGENIC
i) P00

UTR_S_PRIME  UPSTREAM
SERR 2

Kl 3 TEAN [F)EE R X 42 SNP 7347 1%L
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Table 3 Number of effects by type and region

RAFLHY e H tel RAZ X 42k e H LAl
Mutation type Count Percent Mutation region Count Percent
3" B ARRe 7906 1.09% AR T BRI 20 0.00%
3' UTR variant Stop_lost

5 L ARG A AR A IR AT 485 0.07% ok A LR V3¢ 19 0.00%
5" UTR premature_start codon_gain Stop_retained variant

5 AR 2773 0.38% T X FAE 11 625 1.61%
5" UTR variant Synonymous_variant

HLP R R AR 174 403 24.13% H P Bl R AR 170 706 23.62%
Downstream_gene_variant Upstream_gene variant

e TR 2 0% NI 174 403 24.22%
Initiator_codon_variant Downstream

S A 1) 276549 38.27% T 25443 3.53%
Intergenic_region Exon

W& TRA 61125 8.46% S A i) 276 549 38.40%
Intron_variant Intergenic

B X RAE 13 422 1.86% WET 59 074 8.20%
Missense_variant Intron

TERD G A IR TR AL 289 0.04% LLES-SLS 97 0.01%
Non_coding_transcript_exon_variant Splice_site_acceptor

TG R A TEAL 356 0.05% LLEEZASEN 60 0.01%
Non_coding_transcript_variant Splice_site_donor

B SRR 97 0.01% BYFZAR X [] 2273 0.32%
Splice_acceptor_variant Splice_site region

By D) AR AR 7 60 0.01% LIS 356 0.05%
Splice_donor_variant Transcript

B 5 2541 0.35% FH EJEX (Sk LAA) 170 706 23.71%
Splice region_variant Upstream region of gene (within 5k)

(SR TRR IS S 24 0.00% 3" B ARRERIX 7906 1.10%
Start lost Utr_3 prime

ZIEE TR 292 0.04% 5" b ARRESIX 3258 0.45%
Stop_gained Utr_5_prime

SEREE AR T4 v W 78 05 FE, AR T 07 U2 AR
HRAEFTWAEN N R ESHEIE, 221
L

Wisg, AT REE— D0 1E BT A R AR
B f£ Bwa LX) mismatch 2 %{(Li and Durbin, 2009),
H AR B EVER T — M E A LR S
i 7795 & 26 M NCBI (Pruitt et al., 2005) T #5455
SRS HEBRA T, B %R A Blast $04
P o SR JEAEM 7 Htts T BEALAME 1 000 S5 BdhAT A%
. Blast, 7 Blast 45 % 41 %} mapping ratio /%, J5 4t
715 550 %% read 1) Identity AHLRE, HHULHE BWA
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50 fE mismach ZH KN —E R &E T2
FEMARN T2 BN AR EL R R/RZT. 2K
FEfh 23 5 /2 BB 8 B 32 B (M. sieversii in Xinjiang)
5 27 A 3% B (Malus domestica 'Redlove Era') 2432 # Hr
mi M B G R R 275 R K20 3 R Golden Deli-
cious (M. domestica) B3zt , N 1) FAT 118 543 B (1) H
mismach Z (5 K, N 7; TS 1 55555
DRI 2HL A J8 4 0 2R, 215 4% 00 Z Al , AR B 1) RATTIS SH A5
2 i H mismach Z85 /N, N 4.

XA i FORH RS I 26 808 T VEAE AT S 2
K H(Duan et al., 2017; B J54, 2017). 552 HEH 1)
mismatch 2% — 77 [l GE 3R A5 2 0% = 000 7 75 55 B2
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MEmAE, o BIFSRH BWA 454 SAMtools 14>
Hrifife, B BWA-Sam-bam-pileup. R & 7E A4 i 1
pileup A2 J5 R AN A SR % 5E SNP, H S £
}%5XLL VCF . hapmap 80 71 £6A4% Ao 3 oA R A
PN PIAS P A iR, R AR B B ) —
9 VCF ST, 2EF) H G (AR 1 AL A A5 B A 46 )
ARG AT A5 P B B A

REZEEESaRy
1M

KW FEIM 31 ANARIGE R, KBz,
TR ERGRE LR UINR S R E R
F— A i R, AR RS R R HUE Bk E
Hh PR B S IE 5 BT ] 5K SR B R M) s
PR T LR R R AR . U H
A, B b R % 1 7R A 3 B S AR b
FEHLIX . MRS B, S TE 2 HEE T T A A
R RFENE(E 4).

FE20184E 6 H 15 H ~20 H, HkZHRE
AR AR TRRS I A S B 5 S R A B, MEA 23
25.26 =/NRES I AONEERS T BT R RE S
HEARiE DNB #2507 1%, it DNA 5 2 5d BiE
PRBER AT T &L, #5500 5 2R J5 T 4 XK PE 150
Mg FRE , IR AT KA (BGFE Hiseq-4000 ¥ &
SER -

3.2 P BRI AL B R G it o3

AR T S A — > Perl 5 JAS (H1 A 2R
R AN % 5 ) £ Bk PCR BN IIFFHEE . Ak
AU, 3T BA A FIF A2 B AF B ID KT Reads,
JU& Pairl 8(# Pair2 7E 15~135 bp [ [X 8] [7] B Hi I
564 — U el A 40 B 57 9 PCR S B0 I 7 3
S, XFEBIEYL pE L. 24T /& : "drop_dup_bo-
th end.pl raw_fql raw_fq2".

4 Bk PCR I 5 &2 1) B 45 £ 28 Trimmo-
matic3.0 BRI I8 L B LI F sk, 2 (K R =
Br. RXFERSEA BRI EEE . 74472 "trimmo-
matic PE -thReads 75 fq.1 fq.2"-

EFE N e SRR G, W FFR E Gt BBt
W Gt M EL X mismatch S8 € . fn 21T 72
"fastqc -q trimmed_fql trimmed fq2".

33 SEELRIITHE
PL C18-06A FEM I (E H—5) N, £ %) BWA
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Table 4 List of variaties in this study with habitat and pedigree information

RE TR LYLES i AR A R
Accession number Variety name Type of breed Location
C18-1 Eatll & a7

Golden Delicious Golden Delicious Muping, Yantai
C18-2 FAEAN =TTy W IEY X5 LR

Starkrimson (Netherlands) Delicious short spur Jiaonan, Qingdao
C18-3 TR UES TrEaT B

Pingyin Spur Delicious Pingyin, Jinan
C18-4 R JEI A & 721

Kangtun Spu Delicious Muping, Yantai
C18-5 47 R4 JeIh AR & AR

Xiyanghong Delicious Yantai Institute of Agricultural Sciences
C18-6 T JeI AR = pNEIT

Qingdaol Delicious Daze Mountain, Yantai
C18-7 KeEss B ROTI=EDY) & 1

Akifu 5 Fuji (YuanshuaixGuoguang) Muping, Yantai
C18-8 KeE 15 BA GROE i

Akifu 1 Fuji Laixi, Qingdao
C18-9 KE 15 BER JEGHE R B

Nagafu 7 Fuji Rongcheng, Weihai
C18-10 KE2%5 LR B 2R Pl

Akifu 2 Fuji Rongcheng, Weihai
C18-11 K25 LR B R P

Nagafu 2 Fuji Rongcheng, Weihai
C18-12 WE 55 "R MG 2r

Yanfu 5 Fuji Muping, Yantai
C18-13-1 SRS [ T8I

Changhong-1 Fuji Pingyuan, Dezhou
C18-13-2 B4 -2 BLAR i E AR

Changhong-2 Fuji Jimo, Qingdao
C18-14 T G xE AR R

Orin Golden DeliciousxIndo Jimo, Qingdao
C18-15 Bl AR EEEE -

Indo White Winter Pearmain x ? Jimo, Qingdao
C18-16 i Sk WA &=

Geneva Early QuintexJulyred Qixia, Yantai
C18-17 TR — 5 (P L) GSRINN i AR s

Fujiki 1 (Nanbusakigake) Uknown Linyi, Shandong
C18-18 Epa (SR N i ZR g

RallsJanet Uknown Linyi, Shandong
C18-19 it Hixdn& i ZR g

Shinsekai Fujixakagi Linyi, Shandong
C18-20 WE WL $37 5 AR %8 %

Sansa GalaxAkane Tai'an, Shandong
C18-21 e GEXE IR %

Jonagold Golden DeliciousxJonathan Tai'an, Shandong
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Continuing table 4
TR LY ES i AR SRR R
Accession number Variety name Type of breed Location
C18-22 B LA AR L
Wangshi Fuji Tai'an, Shandong
C18-23 K5 FEEIA IR FE %
Violetred No.1 Uknown Tai'an, Shandong
C18-24 L Rk ARZE %
Taishan early Uknown Tai'an, Shandong
C18-25 DL FEERIA IR ZE %
RallsJanet Uknown Tai'an, Shandong
C18-26 AR LR L ARk
Red General Fuji Fuji Liaocheng, Shandong
C18-27 aE LIS i AR e I
Jonathan Esopus Spitzenburg Linyi, Shandong
C18-28 EE UL N i AR e I
Royal Gala Kidd's Orange RedxGolden Delicious Linyi, Shandong
C18-29 KENS NY543 i AR e I
Meiguo 8 Linyi, Shandong
C18-30 IEAREIN I IR ZE %
Pink Lady Golden Delicious Tai'an, Shandong

BB SR (AL 2 28 mismatch:  EJHUR K 5%
LR (1 SR VAR VLR SR M S0U(E,  [RORSE A7
FELS AL, A FER T AT 7O %S
0.66%I5 111 21| 8.00%, %f M.+ 150 bp KA 1~12.
I3 A B — R A EERE SO, F DL B Lo 220 78 76
J& J2 SNP (1) 5

N E A 3E ) BWA (Li and Durbin, 2009) Et %}
mismatch £ #{, 7 %6 M. NCBI (www.ncbi.genome.
com) N ARKT RS2 B KA 751, @iz )
A Blast 048 e . £ 7 EE HEENLAIE 1000 2%
BBt AT A H Blast, X} Mapping ratio /7 5 481128
550 25 (PAHALRE , HH UL 2 BWA [#) mismatch .

3.4 MFHIRLEXT B SNP i S iZHE

AT 2017 R LR RREE SR G0
[A 41 (Daccord et al., 201 7)/E 2% 751, A 56K
LT 31 AN AT (Duan et al., 2017) KA AT 23
ANREER, G 54 MR R ENF B S5
2 FL K 44 #E 17 BWA (Li and Durbin, 2009) kb X (mis-
match N 4~7 AN%), 24 HH SAMtools (Li et al., 2009)
AT pileup TR H2 T KRR FHAS [F AR A
M SNP A7 45 B : (1) BWA-sam-bam-pileup-bcfools
ik, FIH SAMtools 4% & BCFtools %4 Pileup 3

P EI% R VCF SCHA% ) SNP B4R, (1%
HR A PP bR e AR 456 H EJF K1 In-House 5%
Bl : bwa-sam-bam-pileup-column 5 7%, 15 3 35 1)
hapmap ' SNP Hfli 4. (3)KH Uk AZ £ H L K
DL PR 7545 2 SNP A7 A5 B 2E T Je i Al bn
W A2 B (1) 7 1%, 3 1) 5 1y v Jot & SNP A7 A

SNP B iEiREe ik ARSI T 6 N2kt
i, AE 11 5 3R BEALAL 1 000 4~ homogenous
SNP A7 s (R HEZ4 A, LA FRC 31T B 50 bp 7
Hlo FEMAE G, #E4T PCR § 35200 . PR 3G =
W% 3730 BANE FUKEEAT — A PRI .

3.5 SNP i =i E 7%

SNPEST /& — K ) SNP iR 1 o b5 HoAthE
BRI AH BB, AN BB AF 3112 5828 o i T E (1 2%
X3, 3 REAS 3 R AR P AE 3 R X B 2B AUE B, X
AT JELE D ReFE RFZ I8 A E AL, B TEH] java
F e, BRGNS Y, T http:/SNPeff.source-
forge.net/SNPEff manual.html % V£ B 7 vE 847 1 3E
HVRANR IR s AR LR T 4TI

1& 24 SNPEff 3% 14 1% & : "vim userpath/SNPEff/
SNPeff-4.3.1t-1/SNPEff.config"; #sInZE K45 E: "#
apple genome version GDDH13 GDDHI13.genome :
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Apple"; @AM : "SNPEffbuild -gff3 -v GDDH13";
SNP 73 B : "SNPEST -v -stats prefix.html GDDH13 pre-
fix.vef >prefix.ann"; 1247 % H 1 html ST PA T2
T2 AL R R 45 SR 1) R MR, T % 7 ann
A M ASCA B 207 XA T B> SNP 1R
HITELHES 3

3.6 4DTV L mHIIHIE R B LD

TEREPR P B F mAs X b, A HB o> S IR Bt B
B3 =0 58S 7l A AR 4 P 2E, EASTE R
RARETR I A, X R I AL A AR AR DY 2 e A A
(ADTV). X E R LT B L), HRA R
CIRYSS R (Bl K e S i Wi A 7 | PR IR e eI A}
J AR AL 45 43 HT (Fazio et al., 2014). ASHF 525
HIBA EH C9m 5 (1) Perl A, 5445 SNP 4l 4% i~
U AE CDS DX AT A7 f 9732 « B /NS5 A7 26 PRI A o6
(MAF) = 5%, HAFAML 5O B2 HHE 8k < 10%,
i e 19 1 DU 2 7 57 4. (4D TV) 24 326 Ao e Ji o7 54
AT Mega X BMF, fE5E — 48 R 900 A 7 #k
4B & A8 # (close-neighbor-interchange, CNI) & 7% (Ku-
mar et al., 2018). LA ETEIAT RSk B L .

1E& ok

Bt 5 RO AT U 5 56 e T A S5
FURIHRAT N5 b L i W K L Tl K 7k 58
JREHE ) AT Ve SCHIRS K A4 5 B R RG EE K E
W2 5ttt WIS AR 4T BOI R0 H Mk
BH KRNI, 15 LR, HE o b, 1w SC5AE
S AR #R B R R A SOA

Brit

AHIFTH Ll AR R T S R I H (5 S
5 2018GNC110031) Flili R4 Rk B A T2 - RAE
VIR VR R SR HE X 2 (U E % 2019LZ-
GCO17)FL Ao

Sk
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