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Abstract: [Objective] Weixian has a long pear cultivation history with approximately 20 unique local
pear cultivars, including the most famous Weixian Yali. Researchers have made significant progress in
the collection, preservation and phenotypic evaluation on pear germplasm resources in Weixian, but the
genetic relationship and background of these pears remain largely unexplored. To provide a theory basis
for the efficient utilization of Weixian pears and the sustainable development of pear industry, it is need-
ed to elucidate the genetic relationship and background of Weixian pear accessions. [Methods] Twenty
local pear cultivars from Weixian and 10 representative local pear cultivars from other regions within
Hebei province were selected as research materials. Based on the whole-genome resequencing data and
chloroplast DNA variation, we investigated the genetic relationship and background of local pear culti-
vars in Weixian. The clean reads were aligned to the reference genome Yunhong No. 1 using BWA

v0.7.15 software for whole- genome alignment; SNP detection and filtering were performed using
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GATK v4.2.5.0 software; Population structure analysis was conducted using Admixture v1.3.0 and prin-
cipal component analysis was carried out using GCTA v1.93.2 software; Treebest v1.9.2 software was
used to calculate the distance matrix, and a phylogenetic tree was constructed using the neighbor-join-
ing method. The chloroplast DNA sequencing results were aligned and manually corrected using the
software MEGA X the genetic parameters of chloroplast DNA sequence fragments were calculated us-
ing the software DnaSP 5.1; the evolutionary relationship between haplotypes was analyzed using the
software NetWork 10. [Results] By comparing the resequencing data of 30 materials with the reference
genome, a total of 30 041, 877 SNP loci were identified. We performed principal component analysis,
population genetic structure and phylogenetic tree based on these SNPs. The results showed that local
pear cultivars in Weixian exhibited a clear population genetic structure, which could be divided into two
groups: Group 1 consisted of 9 materials including Weixian Hongli, Youqiu, Xiaohongmian, Baidunzili,
Baihongli, Dunzili, Jinfeng Yali, Kaixinmian and Suanjiuli; Group 2 comprised the remaining 11 materi-
als from Weixian, including Xiaobaimian, Xuehua, Wu'an Youqiu, Dabaimian, Yayamian, Teda Baimi-
an, Baixuehua, Yinbai, Yali, Teda Yali, Meixiang Yali and Xiaobaimian, which can be further divided in-
to two subgroups. Additionally, Group 2 included 10 local pear cultivars from northern Hebei, like Anli
and Baihuaguan, indicating a close genetic relationship between Weixian pears in Group 2 and northern
pear cultivars. In contrast, Weixian Hongli in Group 1 belonged to the Chinese Sand Pears, suggesting
a closer genetic relationship between Weixian pears in Group 1 and southern pear cultivars. The se-
quencing results of the non-coding region of chloroplast DNA showed that three more evolved haplo-
types were detected in Weixian pears. The haplotype of most Weixian pears was haplotype H 3, while
Weixian Hongli exhibited the haplotype H 2. Additionally, Xuehua and the Yali group, with the excep-
tion of Jinfeng Yali, displayed the haplotype H 1. By analyzing the genetic relationship and haplotype
categories, we identified the genetic background of bud sport mutations and hybrids of Weixian pears.
Jinfeng Yali belonged to the Yali group and had the characteristic of high self-fertility. Whole-genome
resequencing analysis and chloroplast haplotype results showed that Yali, Meixiang Yali and Teda Yali
belonged to the same branch and had the same haplotype. The clustering results and haplotype of Jin-
feng Yali were different from these three Yali pear varieties. Jinfeng Yali was more closely related to Su-
anjiuli, and both had the same chloroplast haplotype, indicating that Jinfeng Yali was not a bud sport of
Yali but possibly a selection from Yali seedlings. Dunzili and Baidunzili had a close genetic relationship
and shared the same haplotype, suggesting Baidunzili may be a bud sport of Dunzili. The chloroplast
haplotypes of Baihongli and Weixian Hongli were inconsistent, but they had a close relationship, sug-
gesting that Weixian Hongli was more likely to be its paternal variety. Kaixinmian and Xiaohongmian
shared the same chloroplast haplotype, and Xiaohongmian and Dunzili were in the same group, suggest-
ing that Kaixinmian was a hybrid between Xiaohongmian and Dunzili. There was a distinct genetic dif-
ference between Youqiu and Wu'an Yougiu, despite their similar names. [Conclusion] In this study,
based on the information of single nucleotide polymorphisms (SNPs) revealed by whole-genome rese-
quencing and chloroplast DNA variation, we clarified the genetic relationship and background of Weixi-
an pears. This result provides valuable references for protection and rational utilization of Weixian pear
germplasm resources, further aiding in advancing the genetic understanding of pear cultivation in the re-
gion. Additionally, it enriches the cultural significance of pear culture in Weixian and offers cultural sup-
port for rural revitalization efforts.
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Table 1 Plant materials used in this study
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Code “26cC88100 Species Origin Fruit characters
name

1 REBR A3 WL, SRS R, T R R 220 g, SRR D ORI RLS A 13.4%) , B 6, BRI, I5E
Meixiang P Weixian,  J&, BRI, T RRIE 11, il LUMS LN 7 d 72 A5, VA PR [ T2 470 2 o e v Tk 14.5% 0 oA
Yali bretschneideri Hebei ARG AL ] o

Fruit size medium to large, average single fruit weight 220g, fruit dot rare (only 13.4% of the quantity
in Yali), flesh creamy white, sweet-sour, aromatic, aromatic stronger after storage, maturation period
7 days later than Yali, soluble solids content 14.5% at peak level, other characteristics align with those
of Yali.

2 #EOR BR TALEREL RSB OREE , SRR 102~161 g ARSI B, AR 6, RSP A R A2 BN, B
Weixian P, pyrifolia Weixian, &, fR M R E G, RWRECE, A20b 2, R0F 2 Bk, A 30E , nIE B & &
Hongli Hebei 11.2%, ¥ 72 12 2 1 0.583%, i i 55,

Fruit shape obovate, single fruit weight 102-161g, thick and leathery russet- colored skin, smooth
with a waxy coating, fruit dots abundant and small, brown, slightly raised, flesh pale yellow, dense
texture, moderate stone cell content, juicy, sour-sweet, subtle fragrance, soluble solids content 11.2%,
titratable acidity 0.583%, quality good.

30 RERMR FA PEBLE SRS, PR AR TR 516 g, RO SF IR A, MR, . RAAG, BES
Teda Yali P Weixian, {7 &R, HEH, ORI Son t, BRI . R H A R, LERSRLE R 5~7 d.

bretschneideri Hebei iR W5 L P 2 AN L VAT e A 2B 5 H A
Fruit size exceptionally large, average single fruit weight 561g, fruit dots moderate, densely distribut-
ed, long stalk, prominent calyx end protrusion, deciduous sepals, flesh white, crisp, juicy, aromatic,
thin skin, greenish-yellow, or yellowish-white when bagged, fruit ripens in mid-September, 5-7 days
earlier than Yali, good storage tolerance, maintaining quality for up to 2 months at room temperature,
remaining fresh under refrigeration until May of the following year.

4 EFBH AR WALERE  RSCORIRE , PSSP 228 o, BEIA R, SRR, FE P T L G SR R, BRI 1, A R
Jinfeng P Weixian, IO H N, rREPEE R &R 1%, BRI, G ot e FAb PR IR S AL
Yali bretschneideri Hebei Fruit shape ovate, average single fruit weight 228g, flesh white, long stalk, fleshy base, prominent ca-

lyx end protrusion, sour-sweet, distinct aromatic, ripening in late September, soluble solids content
11% , moderate storage tolerance, quality good, other characteristics align with those of Yali.
5 i\ EEY WG RSEE P R EUE T, R 126~234 g RECR S, 6 i R R 2 [, 548
Yinbai P Weixian, & SR E &, PURANT G, A4, Rit 2 URAt s 05 & , iVE PR ) & & 13% LA L, i
bretschneideri Hebei k%,
Fruit shape obovoid or sub-round, single fruit weight 126-234 g, pale greenish-yellow skin, smooth,
slightly firm, fruit dots numerous small, round and rust-brown, flesh white, fine-textured and crisp,
minimal stone cells, juicy, strongly sweet, subtle aromatic , soluble solids content aove 13%, quality
good.

6 AaR A WALER R LSRN B SO DY P B 83~138 g R AREL A, P, R W) R, h AR B 5
Baihongli P Weixian, — #00; RPASE A0, BN, AAIR L, BT T 2 WREER , GioA &/ a5 . SRSz i A

bretschneideri Hebei K o
Fruit shape obovoid or elliptic, single fruit weight 83-138 g, brownish-yellow skin, smooth, thick and
tough, fruit dots numerous, medium-sized, round, rust-brown, flesh yellowish-white, firm and crisp,
abundant stone cells, mid-juicy, sweet-sour, subtle aromatic, medium quality, good tolerance for trans-
portation, storage life long.

7 RITR AR WALERE  RSTTIREDY, AR 111~205 g SIS G, BT, SRR BRI R R 2 B A
Dunzili P Weixian, — RAZKE®, ABECE TG, AAiEh 2, 30 2, 0k, RO R, rIVE IR E R & 5 9.86%, AT

bretschneideri Hebei T 7 B2 B 0.258 6%, i it B 5% . SLSIEAR It sE RS Hn, I8t 180 d BA .
Fruit shape sub-round, single fruit weight 11-205 g, russet-brown skin, slightly smooth, thick and
tough, fruit dots numerous, pale brown, small and round, flesh creamy-white, dense and crisp, medi-
um stone cell, juicy, sweet,subtle aromatic, soluble solids content 9.86%, titratable acidity 0.258 6%,
quality good, excellent storage and transport tolerance, storage period exceeding 180 days.

8 [Amiy A AL RS, Ak, AR T i 70~100 g, FL R B A0, A G OGRS NI, B AME SE
Baidunzi P Weixian, W SR, T, 27, BRI, fb R — %

bretschneideri Hebei Fruit shape elliptic, medium-sized, single fruit weight 70-100 g, yellow-green skin, waxy sheen, fruit
dots small and densely, appealing appearance, flesh white, crisp, juicy, intensely sweet, medium quali-
ty.

9 xgm A WAER R RS A K O R SR B 104~178 g SR JE T R, ARG, B4k 6 RO DR, B 6 8
Dabai- P Weixian, 35 KA E 6, 585 WU, AAREc, Rt 2, wRitig b5 4 05 & i A 53
mian bretschneideri Hebei K, — MG 22100 d 2245, S g “ 7 R . SR SEAT IR 150 do

Fruit shape sub-round or long ovate, single fruit weigh 104-178 g, yellowish-green skin, thickand
tough, slightly rough, fruit dots prominent, rust-colored and round, flesh white, crisp-soft, minimal
stone cells, mid-juicy, sweet-sour, subtle aromatic, medium quality, long post-ripening period, approx-
imately 100 days, storage life long, 150 days.
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Code “xecession Species Origin Fruit characters
name

10 /hAam G WAEERE  IRSUBUN, Y, BT R 38~51 g SR BRI IR, B, SRV WA R b R B
Xiao- P Weixian, R RAFLEE, AARE , 525 RTUR R, WRET, S5 4%, JE 330 d it o RSN
baimian  bretschneideri Hebei o

Fruit shape round, small size, single fruit weight 38-51 g, yellow skin, thick and tough, smooth, a
slight waxy coatin, fruit dots small, round and rust-colored, slightly raised, flesh creamy-yellow, abun-
dant stone cells, soft- tender texture after post-ripening, sweet, medium quality, post-ripening period
about 30 days, storage life short.

11 WERgE A TAEEREL  SRSZEIE EUR BUE , AR 65~93 g KR IEY), P, AT, R AR AR B RN,
Yayamian P. Weixian, [T, # Es SRIA 6, 5 205 RS4R3, A A 22, Svb i 22 il S e 4, 5 U 20 d /0

bretschneideri Hebei Hio FESERTR IE 4, TR 100 22K .
Fruit shape round or oblate, single fruit weight 65-93 g, yellowish-green skin, yellow after post-ripen-
ing, thick and tough, smooth, fruit dots dense, small, round and brown, flesh white, turning to melting
after post-ripening, moderate stone cell content, mid-juicy, sweet, medium quality, post-ripening peri-
od approximately 20 days, good transport tolerance, storage life over 100 days.

12 MIE A LGB SRS B, R 24~36 g L H AR E BT RO SR T ) R BT
Xiao- P Weixian, B8, FE, M6 RINE &, A4 b £, ARk, 2 )5 35 WU, Rt d 2 0RIR , ORI
hongmian bretschneideri Hebei B RE 10 R K, AN I .

Fruit shape oblate,exceptionally small size, single fruit weight 24-36 g, russet-brown skin, thick and
tough,slightly smooth, waxy coating, fruit dots numerous prominent, round and brown, flesh white,
moderate stone cell content, slightly astringent, flesh turning to soft after post-ripening, mid-juicy,
sour, subtle aromatic, medium quality, post-ripening period around 10 days, storage life short.

13 REKAR FAL TACBE RIHIN T R 360 g ST BLBRIATY Rk R, SR R, W A, R
Teda P Weixian, A @R, 22, s o b R Ry B, KA I FURBEE , §E R AR, ORI 2 M R SR
Baimian  bretschneideri Hebei THAS 2

Fruit shape approximately elliptic, exceptionally large-sized, single fruit weight 360 g, fruit dots medi-
um- sized, moderately dense, short stalk, deep calyx basin, persistent calyx, flesh white, slightly
coarse, mid-juicy, ripening in mid-to-late September, firm-crisp, sweet-sour, flesh softens to a mealy
texture after two months of natural storage.

14 K SEX TAEEREL RSB, IRBUR 81~107 g: KBS, W), A, R -F 1 RS2 BUE, $5 i 6 R A
Youqiu P Weixian, — F8, BUFMNE, Rt 2 ORERET, A &, dh P Ao AL I jel R i i , I 58U i ot P 32

bretschneideri Hebei o, T 230 2 K .
Fruit shape globose, single fruit weight 81-107 g, yellowish- green skin, thick and tough, slightly
smooth, fruit dots numerous small, round and rust-brown, flesh white, dense and crisp, mid-juicy,
sour-swee, distinct aromatic, medium quality, excellent tolerance for storage and transportation, quali-
ty improved after storage, storage period exceeds 230 days.

15 Wzl G3 WALBR R RSEOREE, R R 167.3 g, RR SR E, HTHCAL R 0/, 5005 R A, PUBRZRAGE  V
Wu’an P Weixian, W%, REIER , ToE VR W VR A& 5 11.0% ;55T o 48, R R AT IR 90 d.

Youqiu  bretschneideri Hebei Fruit shape ovate, average single fruit weight 167.3 g, greenish-yellow skin, no reddish blush on sun
side, small core, 5 carpels, flesh white, fine and crisp, juicy, sweet-sour, no distinct aromatic, soluble
solids content 11.0%, medium quality, stored for 90 days under room temperature.

16 M [SEX WALBR S RSO, KRR R B B BT S B 305~578 gs ML R R R ), AL TR , Bkt s BLAURER
Suanjiu P Weixian, %, 85 (0, 40 A 350 s R A O, P STECES RS AN, A A A2 b SR 2, Wkt iR , o8 i Bk

bretschneideri Hebei o RINIHEAIZ . — BT IE5E 200 22 0K, 22058 s KRR B A
Fruit shape elliptic or long ovate, large-sized, single fruit weigh 305-578 g, yellowish- green skin,
thick and tough, rough surface, fruit dots exceptionally large, round and rust-colored, evenly distribut-
ed, flesh white, dense and slightly fine, minimal stone cells, juicy, sweet-sour, no distinct aromatic,
quality good, excellent tolerance for transportation and storage, storage period exceeding 200 days,
flavor improved significantly after storage.

17w R WACBE R, MR 200-240 g RIS ISR . BRALC 7
Yali P Weixian, 0, SERBAVL L BREEIR . RN ST €, 00 B 1 6, SR, A4 655

bretschneideri Hebei RN FESE M S/ VB L PR A T, v 2 R, RV PR RS 1%~

13%, A& A AN, BT e ARSI H o A e SR I, R e A 2—3 H A
Fruit shape obovate, medium- large sized, single fruit weight 200-240 g, a duck-head-shaped protru-
sion on one shoulder, slender and often curved stalk with a fleshy base, deciduous sepals, broad and
deep stalk cavity, greenish- yellow skin at harvest, turning pale yellow after storage, rust- colored
patches near the stalk base, fruit dots small and dense, appealing appearance, flesh white, small core,
an exceptionally fine and crisp, juicy, sweet, soluble solids content 11%-13%, aromatic, minimal
stone cells, superior quality, mid-to-late September ripening good storage tolerance, remaining fresh
until February-March of the following year.
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name
18 AR AR TGRSR s (R 00 R R B B, PSR R 137~244 @5 T, O, BB R SR AR ROK, AR,
Baixue- P Weixian, — #50, % A0TSR0 R E 6, PUSTEAD, JE M 808 , A aniaisob, Rt 2, sRAR R, vHE vk B &
hua bretschneideri Hebei I 14%, Wl B LT
Fruit shape broadly obovate or sub-round, single fruit weight 137-244 g, yellow skin, smooth, slightly
thick, fruit dots large, irregularly shaped, rust-colored and dense, flesh white, slightly fine, crisp-dense, few
stone cells, juicy, intensely sweet, soluble solids conten 14%, superior quality, excellentstorage tolerance.
19 Jhom B3 LB SR O, SRS , SRS R R N R AR 0 RS (), 1 2.5~3.0 em FEEETR
Kaixin- P Weixian, W1 EHER) T RS  JE AT 10 d, RIAB A6, RRAR, URE, THATEBEEY S & 16% L L,
mian bretschneideri Hebei I
Dull brown skin, slightly rough surface, thick-tough,fruit dots numerous large, round, light brown,
brown stalk measures 2.5-3.0 cm in length, with a deep and moderately broad stalk cavity, deep and
wide calyx basin, persistent calyx, post-ripening period approximately 10 days, flesh creamy-yellow,
soft, mealy texture, sweet, soluble solids content exceeding 16%, superior quality.
20 FHik SEY WAEEEE RSCKONEDB BB . RSA, i R 250~300 g. B, A EETE, i
Xuchua P Weixian, R o REJE G E R, RaUh, 05 REGE 6, HIEFORE, SIERM . RO
bretschneideri Hebei N SRR R R TR R R R, R PRI RS B 12%, B, T e SRSE9H 1
R T IEIZ .
Fruit shape elongated ovoid or oblong, large-sized, single fruit weight 250-300 g, shallow stalk cavity
with minor rust-colored patches, deciduous sepals,deep and broad calyx basin, greenish-yellow skin,
thick, slightly rough, small fruit dots, after storage skin turning golden yellow with a waxy sheen, giv-
ing the fruit an attractive appearance, flesh white, firm and crisp, slight coarse, mid-juicy, sweet, solu-
ble solids content 12%, subtle aromatic, superior quality.
21 K Sk FACA K E RSEGHEILET I, P AU 217 g, WIRZEEVFN T, P STHRRAG s SRR R 2 .
Youping P. Shijiahuang, Fruit shape spindle-shaped or pear-formed, average single fruit weight 217 g, quality medium, flesh
bretschneideri Hebei slight crisp, relatively-fine, mid-juicy.
22 REE ARt R4 SRSSRAYGEIA AL, KURER T, SRS A , 72 5 R0 5 203 g, RS & VRN SRIA B 501G
Dazisu P Daming,  FRHH, L.
bretschneideri Hebei Flesh texture type crisp, sour-sweet,fruit shape sub-round, average single fruit weight 203 g, quality
medium, flesh dense and crisp, mid-coarse, mid-juicy.
23 224l TR AL ZRIE SRS AR, X/ SRR T/ » SRS R [0 5 -4 5T R 104 g, W RZRE VRN
Anli P Hebei, oh SRR B B SRR TR
ussuriensis Northeast ~ Flesh texture type soft, slight astringency/faintly aromatic,fruit shape oblate, mass of single fruit: 104 g;
of China quality evaluation: medium; flesh dense and crisp, coarse, turning to soft after ripening, juicy.
24 A SEN TAEA RS HE AL, KURET, RS BDE , P BT 87 g, W ZRE TN, SR TR, SR A
Taihuang P, Jiaohe, O R £ .
bretschneideri Hebei Flesh texture type: crisp; flavor: sweet; fruit shape: long globose, average single fruit weight 87 g,
quality medium, flesh crisp tender, mid-coarse, mid-juicy.
25 &fREE AR WAbE R RS, KUk, RSERITE , P 5 R T R 80 g, PR AR, TR M RA G , SR A
Jinsutang P Qinglong, HHl, i+ £,
bretschneideri Hebei Flesh texture type crisp, light sweet, fruit shape globose, average single fruit weight 80 g, quality me-
dium,flesh crisp tender, mid-coarse, mid-juicy.
26 ZBCBERE AR WAL EE RS AL, KR, BESEIRE PR R LR 122 g, WL ZEA PRI T b SRS, R
Hongzhi P Xinglong, WM, TR+ £,
Muyang  bretschneideri Hebei Flesh texture type crisp, sour-sweet, fruit shape globose, average single fruit weight 122 g, quality
above medium, flesh crisp tender, relatively-fine, mid-juicy.
27 AR (3 WTALEE RS SRR R R Y F SR 107 g, PR S5 2 A oL A T
Baizhi P Xinglong, HAHBAL IHEH .
Muyang  bretschneideri Hebei Flesh texture type crisp, light sweet, fruit shape oblate, average single fruit weight 107 g, quality
above medium, flesh crisp, relatively-fine, mid-juicy.
28 fhWE AR IACEAL RSN RY, ARE, RS I, 1 R TR 144 g, W BTZE A TN B R BT , 2R
Fojianxi P, Zunhua, PR AHACA VTR 2
bretschneideri Hebei Flesh texture type crisp, sweet, fruit shape oblate, average single fruit weight 144 g, quality good,
flesh crisp tender, relatively-fine, juicy.
29 XoEEE AR FAEE R RESANE AR, KRR ET , R SLON R, PR A 110 g, W ZREIE b b R AL
Jidan- P, Qinglong,  fifi, EREAN, I+ % .
guang bretschneideri Hebei Flesh texture type crisp, sour- sweet; fruit shape ovate, average single fruit weight 110 g, quality
above medium, flesh crisp tender, relatively-fine, mid-juicy.
30 HAfERE O RTAL WAL T RSV A, KUK/ R R RS T R 124 o, ATREESTEIN TR, R
Baihua- P ussuriensis Funing, S A, SR TR £
guang Hebei Flesh texture type soft, sour-sweet, slightly aromatic, fruit shape globose, average single fruit weight

124 g, quality lower medium, flesh dense-soft, coarse, mid-juicy.
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1.3 MERIFERBX IS O F R RS

e 5 0 - A4 38 ] 51 W0 5% W A4 3 E 4 A X
BEAT 4G, 51 5 50 A G RE P 2 i Chang 55"
I8 , 6 PCR =4k AT 1E SR ) B 56 i AR 4
UEEOHRA A e HH A MEGA X B
X P 5 SR 34T A1) b AN AR OE 5 A A R
DnaSP 5.1%'11 5 4% & DNA 7 %1 | B 11 it 4%
# s T F #1F NetWork 102953 A1 545 284 2 [a] 11 32E 4k
1.4 ENFXXEWZEFRBES

{5 F w5 38 B0 7 A Novaseq 7= A Ji 4601 1 471
(Raw Reads) , 4 LA FASTQ U4 A7 it , 2 B
T A B Sk 0 VR VI B AR A, 15 3
o R W $ 4 (clean read) )i, R F BWA v0.7.15
B R ENFRE S S HERRNASL1l S
(http://pearomics.njau.edu.cn/sites/default/files/raw/P-
yrus_pyrifolia_Yunhong NO.1_v1.0/YunhongNO. 1
genome.fasta) fiff 4= Ji& K 25 LU X) , )46 EE XF 45 2R
sam % 20, FiFI FH SAMtools v1.4 B, .45 ity
bam #% X IFHE , 8 #EAT Bda B A(E B geih e b
Xt ETMF P EFIE 41 SSE R
Fe 5 H txt 45 3, K GATK v4.2.5.0 BRAFI%E B
TR 2 AL RUBEAT R I AN L 8 , 28 5 156 1 Admix-
ture v1.3.0P AT HEAR L HE 70 H7 , 48 ] GCTA v1.93.2
BAEPV AT F B 5 7 BT, 48 Treebest v1.9.2 #A4:
(https://treesoft.sourceforge.net/treebest.shtml) it %
6 B A B , 38 3 4R #5272 (neighbor-joining method) 14
ERGEKEW

2SR5
21 MEFIERBRFFISSMRNQMEERE

=

nes

F4 - 234438 FH 514 P02 . P03 .CP03.CP11 #1 P09
I3 20 10 2 7 53T LU IE R A B 5, 15 2110
A FE R 4588 bp, B & Z A MEAL A 114, Horp i
— AR 24, T 25 BEAL A 34 BN/
Bo. Bt a M SRS N A B i R 2 A
PE (P PR R 2 53 (KO FIALA5 7Y 2 K (HdD
735175 0.000 46.1.570 11 F10.566. 7E 30 NELJE F
Fer cpRG I 2 5 AN LAY, H 1H 2 H 3. H 4 AT H_
5, 8E NN IR T A 2058
ELAL B 5 G AR I 3 3 b B R, FL S AL R K

OB e R RUM S A AL R H_ 1, B LA
PAERGE H 2, Hoft 15 A SRR BRLAE YR H 3. 10
AR BTG A b X A b 7 i P e s ) 21 4
5, TG 3 L 2D R BERR L S BERR AN B 0 & Y
AR 1, KRR | 4 TR 552 AR X0 i 0 1Y) H 1 Y
AH 3, 2R AU H 4, A et AR RN H
S
22 ETSPMMHERBERFERESHFHHENLEERE
B9 T L% E R A

G I 5 B 2R AR B Ry B, Tajima’s DE N
0.665 81,p>0.10 B A &3, Hbr 7 HITEREL 81
PR, JRAI AT T REKE 5. s 48
1 M 2% (Median-Joining network , M) 575 , 3 F &
K 18 #) (Maximum Parsimony calculation, MP) £ 7%
A A B MY TR R 45 A A g o [ ] b X AL
BT 24 DNA BA5 Y ] (1) G BRI (B D o B 7Y

o H3

mvl @—@ myv2

H20

H_ L B8 1 H 20 FAE AL 25 H 3. S 35 H 4. HfEA 4,
H_S. &R Somyl, AN REEIE 1imv2, P ik 2.
H_1. Haplotypel; H 2. Haplotype2; H_3. Haplotype3; H_4. Haplo-

O H 4

type4; H_5. Haplotype5; mvl. Medium vectorl; mv2. Medium vector2.
Bl1 E{EE H_1~H_5 AP /M 4REML%
Fig.1 Median-joining network of haplotypes H 1-H 5

AR B AR AR R R N H Ml mv. 25
7R 5 B RS AS AR A A 9 45 T 9K T (torso)
PRSI R M SR i B ¥ O T v s i A A
fERL, H 1 AH 2 fmvl &3, 7276 1 DML AR 7
124> InDel (F N/ %), H_4 FTH_S B mv2 4%,
PR 2 (8 2 AN 278 5580 14> InDel ,H 3 MH_S
SEAH SR, P SR Ok RIBLII , AELE 1 ANk 22 S F
1~ InDelo AN [R] A5 Y 2 B8] 1) 22 7 WLER 2
23 EEREBAENFFERS T

7E13 % Clean Reads )& , ¥ Clean Reads 52 7% &
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Table 2 The sequence variations among 5 haplotypes
A S R AR FAER2 FLAEAL3 FLLEAL 4 BAERLS
Variation site Haplotype 1 Haplotype 2 Haplotype 3 Haplotype 4 Haplotype 5
BCl1 G G C G G
InDell +22 bp
InDel 2 +229 bp +229 bp +229 bp
InDel3 +1 bp
BC2 T T C C C
BC3 T T T T
InDel 4 +8 bp
InDel 5 +10 bp
BC4 T T A
BCS T T G T

VE:BC Jy R4S  InDel AXZ 4 A/ B

Note: BC stands for Base Change, which refers to point mutations; InDel represents insertions/deletions.

IR 201 B X6, 0 46 EE X 45 SR N sam 4% X, 7
SAMtools B 1K 45 S 5% Ay bam A% X HEF » 3 25
HZ T, SR8 5 AT B S B Giit S map HExT
Guit, Gt g5 B 30 0 B f ik 8 S reads £M
352 811 60~764 130 40, Lt X} reads % N 346 587 50~
750 367 79, EL X 3 N 97.52%~98.44% , “T- 14 ] - I
59 9.05~19.45 X, % it %N 94.15%~97.81% , T 1
2% 3. A5 2 = 5 & 1) SNPs 300 418 774, H T
T

fd I GCTA B A #E47 2 B2 43 B (PCAD L 55—
F RS R AR = FE B S 0 R TR 18 AR AR R 1
27.96% 1 14.83%. TE ALK 1 J5 ) LA 30 AN
J7 it R BT R N B, LR R 1 AR
ZAMAK K AT PSS R A VRER AT L A S
FITH R TS AY S AL L S5 A MY AY 11 /N B0 EHh U7 i Fh
T 10 ANYAT Jb o Afth i [XCf s Bl B2 2 B L 4L
FL N ARET GRS ERE T AL A AL T
O A E RS ALIL 0 AN EL I 7 b 2H 1l s 75 T2 AL AR
B2 A5 AR R 10 21 N SR R 2 A
WA, W 1 /N ET RS A gAY SE ARl 4
ANEREL b 7 AT 10 AT A6 At X7 B o ol
RN, T 2H 2 1S A Q2 RK L K T GRS T R
F SRR T S A6 7 A0S b 7 5 A 4 sk (1 2-
A
24 RGHASHR

T BEAAR AR AEANEE T I SNP A5 L, {4 ] Treebe-
st(v1.9.2) B A4 v B R B 46 B, 8 T 4B 4% (neigh-
bor-joining method) # i KRG K E W« B 30

AN FRR] 2 BEAL LRI R 2, AN [ B 4 2 TR) 22
3T R —HEE R AR &S R LG . PP
B 32 a3 o0 B I 5 S — 350 2 2w R N A
MEFE, A 1 ERZR B AL SRR TR 9 AN B
Al 1 DX PR B b g ot P 2E R, PR 2 32 AR B AL
D7 fn AP LR, AR AL R R AL S IR AR 1ok
S5 I = 1 Y P 0 Y & 2 L A N S HTHT N A1
ML E A i d R —E (B 2-B) .
2.5 BHMREENSITER

{5 F Admixture F A 32E AT B A4 183 4% 25 44 7 ¥
ANE KAE T BIPREEE 7 Ar 45 RaR < 4 K W8
2, BB AT RLAE 9 AN BREL AL Ty i R R S
1, oAt i R 2H RS 25 24 KAE IS I3 3 16, 3 1473
R B 9N LA Ty SRR SRR 2 10
Pl st — 0 455, HRS LSS 4 /B St 07 A AT 10
AT F A R X (1 7 i Fh 2E B 2, HAESE 7
BB Ty SRR R 3 M KON 4R, ISAY
IS AL | A R AR YR 4 > BB 7 Fh T HY R S 2R
49 KRS, B A BRI HHBhRR (1) a8 AL 5544
BB —2 . [ KNORT, BHAEK 45
fitlh b, 3k — 25 2 2] 9 AT b H Ayt X ) B b 7
FhAIBE S AL 7 FR /NS B TR A T 3 AN B
KAE. WIS A IS UE R ZAH (CV) 07, i 8 e fE K
B9 3, RION eI 1) CVAR S/, 3R R BE AR S5 il 45
P AR 3 AR . X — 4 RS o ot
(PCA) ) 45 BRI AR — B, 3 — ks 7 H k.
TEK 930, KE 8 B AL 7 5 oFp R I8 A% 1 5
H—, AR E LAY AR AR I8 AR 1S S AR XS



4 o Fh S BT Ak A EE N A SR DNA P A1 3] A AR EL AL T R B IR 3 A 715

®3 NFHERSSEERBEMNERST

Table 3 Statistics of sequencing and comparison of reference genome

FE G reads 0 UGS IRSEEL X reads £ LESHARIE AL B aEs S IR BiR
Sample Clean reads Clean bases/bp Mapped reads Mapped bases/bp Mapping rate/% Average sequencing depth/X Coverage/%
FAEY 426267 86 6394017900 419 137 06 6169263714 9833 10.66 95.85
Meixiang Yali

FIil T Baidunzi 446 748 46 670 122 690 0 438 003 21 6427083231 98.04 10.40 95.42
K [11H Dabaimian 521 919 80 782879700 0 512 570 46 7533722205 9821 12.22 96.69
/NETH 557 495 08 8362426200 548 790 10 8080777320 98.44 12.78 96.33
Xiaobaimian

TSRS T Yayamian 516 377 42 774 566 130 0 506 599 13 7444315002  98.11 11.85 96.15
NG TH 433219 16 649 828 740 0 424 552 53 6227234459  98.00 10.13 95.44
Xiaohongmian

LEPNSI] 529 35770 794 036 550 0 519 729 87 7638231674 98.18 12.38 96.21
Teda Baimian

T Yougiu 508 666 76 763 000 140 0 498 698 46 7318372297 98.04 11.56 95.72
ik 597 874 82 8968122300 587 441 34 863 5398854 98.25 14.68 97.81
Wu’an Yougqiu

## [ Suanjiu 698 221 18 10473317700 68498525 100 564 459 06  98.10 16.34 96.16
MR 533539 30 800308950 0 52143829 7633523081 97.73 12.92 95.73
Weixian Hongli

8% Yali 533002 44 799 503 660 0 524 261 42 7713529195  98.36 12.23 96.14
15 1¢ Baixuehua 637 469 58 9562043700 62537324 9192596500 98.10 14.62 96.46
FEO T 52393218 7858982700 510928 30 749516660 1  97.52 11.98 95.80
Kaixinmian

7% Xuehua 512482 42 768 723 630 0 502 430 33 7390430998  98.04 11.85 96.08
LEPNCLE S 430 623 28 6459349200 423 470 49 6230893222 98.34 10.19 95.78
Teda Yali

& F A 681 637 46 102245 61900 666 108 40 9774722206 97.72 16.89 96.24
Jinfeng Yali

R Yinbai 413562 10 620343 150 0 406 144 10 5970104868 98.21 10.22 95.74
14131 Baihongli 385 986 42 5789796300 378 553 08 5555332869 98.07 9.44 95.14
iFE Dunzili 435943 16 653914740 0 427 203 47 626 746 6115  98.00 10.17 95.40
23 Anli 513 064 18 769596270 0 504 449 90 7418027099  98.32 13.27 96.82
Spia 53958120 809371 800 0 529 465 54 7776691020 98.13 12.31 94.78
Baihuaguan

FA BERR 609 517 76 914276 640 0 598 712 38 8822331454 9823 12.40 95.76
Baizhi Muyang

KEEWE Dazisu 400 540 80 600 8112000 394 172 92 580 6944204 98.41 10.28 94.96
il L F Fojianxi 764 130 40 114 619 560 00 75036779 11041375831  98.20 19.45 96.08
ARG RN 489 861 76 734792640 0 481 957 30 709 650 3747  98.39 10.97 95.65
Hongzhi Muyang

XM Jidanguan 448 763 24 673 144 860 0 441334 03 649 6517021  98.34 10.30 95.00
4R34 Jinsutang 352 811 60 5292174000 346 587 50 5098531431 98.24 9.05 94.15
Jit # Taihuang 577 439 56 866 159340 0 567 790 04 8362306172 98.33 14.04 95.63
I Youping 377 699 44 566549 1600 371 171 22 546 4355440  98.27 9.73 94.40
HA(E 3D, B 7 AL R AT 4y R R EERRE . EARTERE

X5 2K 4 B E A 43 i (PCAD F1 STRUC-
TURE 5 M7 45 B 25 & be e, R M 45 3 B 4
AR AL , BAHEDIE . 455380, 2L B A4 7 b
B B 5 1) SR RFAE , B Ak T8t 4% 45 R4 7 BT, 20 31

2, MO AL AR KRG AURI 36 A AL 3 /N b 75 F AR TE PCA
HTSTRUCTURE 43 41 W 4% VA S WE A 1, 171 7
AT e D R N 2, 3K —
I3 BT T IER AL G R R AT I 2 5

AN TR AT RE St 7 AN [
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A. Determine the best K value based on the results of CV error; B. Population structure results when K is 2 to 6.

&3 ET SNP HWEH AWM DR

Fig. 3 Population structure analysis base on SNPs
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PG RS A iR TSk PR a7 | J S R a5 S i
RIEAAEEZ X, BLERERE D) IS TR
(s ot fE rp, 2R E N RAE AR T A AR
B SR IE I ) R S AL R SR A
TR SR S 1, Gao 0% FH 3 (K] 43 R 5
(genotyping-by-sequencing , GBS) 57 A X} 22 & F4 3t 7
AP AT T SRS O R A T ABE AR A% S5 K AT, 7
STANARUM T BT, H b 22 AL 7 P 48 /S, L e
HH 242447 4= BRI ZH 5 B ) SNPs A o A 78]
T ARAE 30 > FLFh 5 TR % e s E )
SNPs 300 418 77 4™, brich % 5 F 7 o FE 19 21 535 42
Fto BRELHL T RL AT DRI RS, R 1
BREL 2T AR SR O N g R, B 2 A E 11 M
T3 e, BE— 2R 2 AN TR, YA LS/ T
X AN AR TR 2 A B AR S 7 AN
AL s LR AN, 2R 2 I 10 MR T b HAth
b DX (KB ORI B S R, R 22 BN [ A
BRI Ab 75 KT A B, At D o R S
ARG o o= = AR = 52 Y P e U T U <3 = )
(192 EL AL 7 5 P 5 VAT b L Ath b [X B o () B AT B
Iz PR AR, % T AL T b R e v, D 1%
FEFMEL R AL Ty SR 5 A6 7 B SRR (SR O &
o BRE 1R 9ANBEE AU TS TR, 5k 7 2L R
Rk RBon, MBS R 4 38 TR AL i, 1
FE R I S A LA 2 5 At R ) A B
&), HEMZ SR S 07 P RGO R, B R
ALt 75 i o [ B 7 A i B A AR B DR A U

2R PR BRI ROE B I E RS, X T
TR Bk UL, 27 AR i P 32 B2 ) 5 L 5 IR 1
PR I AL [R] B 2F AR b b m] R S A G S S Joi
DR 45 5 11 A ), g SR S 0 AH G B DR B A A )
FEAHEY . R I IR AT SR 2 AR S A AT YD
(%, BT N ILECE A IS AL & F RO RLANR: KRS AL
MO AL ) AR R, S A AL v R S, &
FRGRL LA 045 502 i R R RS AL g AU
R AAR S . SSRARICAE J9 AL it b 45 58 1) L
V2 BRI A B s B A PR, 0 A 2R AR it P ) 4 5
BN e, B R IR0 AR B 12 %F SSR 5| A%t
A J G 250 it Pt L K TS AR Tl e S A4 19 S5 67
FERAHIE] . EF LT BRI R, B2

B MG ALFNEE KRS AL T J& T [F] — 73 3, HoH- A4 i
FE R [E] L 7823 17K 7 IE 52 56 75 1S AL AR K g AU
MR R, 5RBMERME e85 R —8" &+
WS A 1 T s 4 RN PR T 1) 5 b GR 3 NS AL B b A
eSS, & FMASFHARMNEE LR ELR, HE
I S A LA TR AR (], X6 b 55 05 2 R AR K S A4 1) 5
gk ORI SRAR B A S, HEWT 4 E RS AU IR
FLH) AR A, SO AL ) S AR R S Rl Al A
BT AL T SOHL, SR 2000 RIT, WESE F AT
FLRAET AL — 2 AR R

H IR TEA SR A — 58, Al T 546, A5k
1) SR RIS A, 9 5 %) i A P 0 4 SRS — 3, mT A
FIWT A EEA R SHM AR, BB E4 R B
HE SRR ARS8 R, 8% T s AH
Bho VHI K 5 2 v BKAE RS 70 i A PCA 43 B Hh 4
R4 BIAS [ 268, STRUCTURE 43 #1485 Bt o ,
HEE T SRR E E R, WACEERE AL AL
FhE , 2 Yo RK B 200 T g A i PR, (R T A
S AR, H RGO R . HA R
NRAR E BB AL AL e AE e A R e B AT AL )
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