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Abstract: Currently, research on regional genetic diversity and population genetic structure of Hericium
erinaceus remains relatively scarce. Additionally, the analysis of the genetic background of germplasm
resources has largely relied on fragmented molecular markers, lacking a comprehensive landscape of
genome-wide variations, and thereby hindering the progress of genetic improvement. In this study,
whole-genome resequencing of 35 H. erinaceus germplasm resources from Jilin Province was performed.
Based on variation data such as single nucleotide polymorphisms (SNPs) and small insertions/deletions
(InDels), their genetic structure, evolutionary relationships, and diversity characteristics were
systematically analyzed. Population genetic structure analysis revealed that the optimal number of clusters
was K=2, with significant genetic isolation between the cultivated strains and wild populations
(Fst=0.079 8—0.090 4), indicating that artificial selection has led to a significant deviation in the genomic
genetic background of the cultivated populations from wild populations. Genetic distance and linkage
disequilibrium (LD) analyses showed low genetic differentiation among wild populations (Fst=0.022 5—
0.030 5) with an LD decay distance of 6—15 kb (+°<0.3), reflecting a coexistence pattern of geographical
isolation and gene flow. Gene flow simulation confirmed weak gene flow to the cultivated strains only
from the wild populations of Songshan Town and Changbai Mountain, with no genetic contribution from
the wild populations of Huangsongdian Town and Manjiang Town. Principal component analysis (PCA)
validated the geographical clustering of strains (the first three principal components explained 6.81%,
3.35%, and 3.31% of the genetic variation, respectively) and simultaneously revealed that artificial
selection had led to abnormal genomic genetic characteristics in the cultivated strains. This study provides
crucial genomic data support for the precise conservation and targeted genetic improvement of H.
erinaceus germplasm resources. By deciphering genetic patterns, it aids in broadening the genetic basis of
cultivated populations and promotes sustainable industrial development.

Keywords: Hericium erinaceus; whole-genome resequencing; single nucleotide polymorphism; insertion
deletion variation; population genetic structure

WLk Hericium erinaceus (Bull.) Pers. J&
T B 25 B (Wu et al. 2019), HIJEER
(AN WS RY A MU A KR BRI 2
E T 508 ¥ (Chen et al. 2017; Zhang N et al.
2019), TEE S Tl A A=y 12 2 45Ut 2 A 22 1
B . HED, STk ai mAL R ST &
SR TELLT LA AR R S T RE
S3HT(Li et al. 2025), 7 HEAHICHIR 18R MR
JL [H 8 (quantitative trait locus, QTL)E{(Gong
et al. 2022), DK 43 RATM Y53k R R A&
(Gong et al. 2020), #R1MT, STk X el
WAL AR R ASEAL S5 AT ST AR D

Wk fErh E ATz, BARREEE
HF A KA R AL R %W | INDL%
W, PEALARIL . PR S SR AL, PO
W L1 JDk B2 BT 7Rk 28 1L SR IX (Bl Bk 55 2023)0 NAA
PATE X K53k F , WFEEARFRIBITL, &
Moo WEEE L Wb, R . BEPE L IhPg . H
e I e, R TP mEd . PO, T
L. MRS K AGIX, 0 HFEEAE KA TR
WEATE L ARFMEIA | (Yuan ef al. 2023), 7E#fE%
FEHERFGE T, A3 FFRic R e R 2 D Pl T B8
EIEM RS RN R Z —. 580 ThricH
AR, Ty H)AE &Y 1 £ 25 P (sequence-related
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amplified polymorphism, SRAP) (Ji tH % 55
2017). FEALY 4 2 5PE DNA (random amplified
polymorphic DNA, RAPD) (fi[HE4IF 2008)F/1f#j B
T 4 75 [8] P 4 (inter-simple  sequence repeat,
ISSR)F 1E 1ot {7 [ 1AL Rl st % 22 8k ot rp A7
P52 R PR, sl A7 B T R IR A
BRAIARIC R AL, MELU AL QTL Ki4n & s
TR M2, LA TmWNT
SNP/InDel Fricd B AR GBS Hml i . & % B AV FE
Y (Gong et al. 2019), T N2 YRt ZrEpE
WA R T EEAESE, %k C R
oL FH T A0 B MR 5 2023) FHA 24 (AR B
S 2024) 1 I ST M. R IR TS
G FhRiCH AR MR BR , AN{LRE A b Sk 4%
B2k G R IR AR 1R, EE AR 1L
R Sl it b ) 855 7 B AT A B AR I (5 5%
2009; Gong et al. 2019, 2020), #RT, Mk
WEFHFFA G 2 A CHERL =R . 15,
LA B o R AR AR T ST 2 5 T v Bedk gy
ThRic, B 43 R4 K AR 5 4 5 i
FEOCHMR QTL iR ,; HIK,
P A 5 SR 5 R AR ] %) 5 PR 4 B HE ML) K% I ) 3
G5 AR BB R, ST ATk
SR 38 IV 93 ) 90K 2l 38t 12 43 AR ATL ) PR TR A B
S B WA TR Sk g e R a4 TR
(Gong et al. 2019), {H5Z PR T HAE G ER Y Hh 2
R, JUHE d E AL 327 KRR 5
RGPS, HIEH A EHE S R AR )
RE TR M R IRASRYT, AHRHLHITHL & 24
SRR RR

A F B AR A A LA A KO TR AE
Wk i BB X, ARRF5ORE T HMAE 34 1
B e 1 BRI SRS b, Gl SR
MFHA, R EZX L SNP 5 InDel
AR SRR, AR T L AR R O Sk 4%
AR A a8t 15 Z REPERRAE . 4235 36 T 2 4515 40 it
D5 (AL BEARSE ¥ b . B T A R e it
TR A ), HR 7 T BF A A iR R B TR AR 1] 1Y
WALRHEFRIEL R . 1 7% BN F-# (linkage
disequilibrium, LD)FI3EFRAL, E—4Hr

TR A e U IR L . X L8 B
R AR GEE W] TR 1A 2 DR A A S i R A
AR RRAE , AU AS T 22 DX IO Sk 7 162 4% %
TRBETE RS 1, e — 2 i A Sk iR o 9 R
PRI 55 0T JRAGHE /> 1 7 Ah S e i T 22
(14 5 R 2 = Rl S 9

1A 5

1.1 SRR
1.1.1 #ilEHk

ARWFFEHEICT 34 PREFAE ML 45 A 1 Ak 54k
St , IR EE TR IR A FHMA R .
A . AN AN VAR

HHP A A Sk % T AR 1) EL AR AR b e T G L
1, FRBRGEREKG SN GOMTF BEKE
PLEERME R A RIS i R4 524k
L5 BIL AR AR TR, FFAE 25 °ClH IS
FAH R 15 d )5, EIRKHERIFH IS
(ALY R

34 BREFAETHARZ ITS 84 E AT M
Sy Hericium erinaceus, SEJFEUT . KH
T A i DR 2 4R T 7R ) TR 2 PR A 3k R 4
DNA #2100, % ITS1/ITS4 i 151 #1347 tDNA
ITS Bt PCRY G, I IGIRR M S0 uL, 5
20 pL E£BTIK . 25 uL MasterMix (Dye). ITSI
FIITS4 5914 1 uL. DNA J5U& 3 uL. PCR JZ
NS 94 °CTIZEYE 2 min; 94 °CZEYE 30 s,
45 °CiB X 20 s, 65 °CHEfH 30 s, 25 PMEI;
72 °CZIEAH 10 min, K PCR 473 Wy k1 il
Fe, NP 4h SR AE NCBI 848 1% k1T BLAST L
X2 ISEE 2025), 45BN, 34 PRLE K
Y155 H. erinaceus bEF 3 (U1 MN646239.1) 5 &
[, Hrh HWW-CBS-05. HWW-CBS-09 253
5 S 275 — ML 100%. &EF GC
(MN646239.1, 100%AHLEE) 5 ¥ A RHERY 1TS
JPHEAE 8 IS 2E 5, 456 RAE M A By
ik, UESEHE 34 BREFAE TRIARIS N B SR BER PR T
(White et al. 1990),
1.1.2 RFIFLER

4S Green Plus LR YRl . Ezup X E
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Table 1 Strains of Hericium erinaceus used in this study

SR Btk = 4 7= 3
Experimental Strain Scientific names  Source
serial numbers
Cl HWW-CBS-01 H. erinaceus A EHEE R B MK L
Changbai Mountain, Yanbian Korean Autonomous Prefecture, Jilin
C3 HWW-CBS-03  H. erinaceus M GE R G A IS M 1
Changbai Mountain, Yanbian Korean Autonomous Prefecture, Jilin
C4 HWW-CBS-04  H. erinaceus HRIE TR FA M
Changbai Mountain, Yanbian Korean Autonomous Prefecture, Jilin
C5 HWW-CBS-05  H. erinaceus HAMIE D EREE R B MK L
Changbai Mountain, Yanbian Korean Autonomous Prefecture, Jilin
C8 HWW-CBS-08  H. erinaceus M GE R G A IS M 1
Changbai Mountain, Yanbian Korean Autonomous Prefecture, Jilin
9 HWW-CBS-09  H. erinaceus FOMAE L R A IR M E 1L
Changbai Mountain, Yanbian Korean Autonomous Prefecture, Jilin
Cl12 HWW-CBS-12  H. erinaceus HAMIE D EREE R B MK L
Changbai Mountain, Yanbian Korean Autonomous Prefecture, Jilin
C13 HWW-CBS-13  H. erinaceus M GE R LG A IS M 1
Changbai Mountain, Yanbian Korean Autonomous Prefecture, Jilin
H1 HWW-SSZ-01 H. erinaceus B M A AN 4R
Songshan Town, Panshi City, Jilin City, Jilin
H2 HWW-SSZ-02 H. erinaceus A AT TR 4R
Songshan Town, Panshi City, Jilin City, Jilin
H3 HWW-SSZ-03 H. erinaceus MM A TR AR
Songshan Town, Panshi City, Jilin City, Jilin
H4 HWW-SSZ-04 H. erinaceus B MR A A 4R
Songshan Town, Panshi City, Jilin City, Jilin
HS5 HWW-SSZ-05 H. erinaceus A AT AN 4R
Songshan Town, Panshi City, Jilin City, Jilin
Ho6 HWW-SSZ-06 H. erinaceus MM A TR AR
Songshan Town, Panshi City, Jilin City, Jilin
H7 HWW-SSZ-07 H. erinaceus B M A A 4R
Songshan Town, Panshi City, Jilin City, Jilin
HS HWW-SSZ-08 H. erinaceus SN s Zam i/ I
Songshan Town, Panshi City, Jilin City, Jilin
H9 HWW-SSZ-09 H. erinaceus MM A TR AR
Songshan Town, Panshi City, Jilin City, Jilin
H10 HWW-SSZ-10 H. erinaceus B M A A 4R
Songshan Town, Panshi City, Jilin City, Jilin
S1 HWW-SDZ-01 H. erinaceus TR AL T B ) R A L T
Tuanshanzi, Huangsongdian Town, Jiaohe City, Jilin
S2 HWW-SDZ-02  H. erinaceus T MR ] T A ) R A L T
Tuanshanzi, Huangsongdian Town, Jiaohe City, Jilin
S3 HWW-SDZ-03  H. erinaceus AR T BAN ) FE AT LT
Tuanshanzi, Huangsongdian Town, Jiaohe City, Jilin
S4 HWW-SDZ-04  H. erinaceus TR AL T B ) R A L T
Tuanshanzi, Huangsongdian Town, Jiaohe City, Jilin
S5 HWW-SDZ-05 H. erinaceus T MR ] T A ) R A L T
Tuanshanzi, Huangsongdian Town, Jiaohe City, Jilin
S6 HWW-SDZ-06  H. erinaceus AR T BAN ) FE A 1T

Tuanshanzi, Huangsongdian Town, Jiaohe City, Jilin

250188-4

(F5%0)



Research paper

22 March 2026, 45(3): 250188

Mycosystema ISSN 1672-6472 CN 11-5180/Q

(=30

SLE S [l IRe e R AR A
Experimental Strain Scientific names  Source
serial numbers
S7 HWW-SDZ-07  H. erinaceus T MR ] T A ) R A T

Tuanshanzi, Huangsongdian Town, Jiaohe City, Jilin
S8 HWW-SDZ-08  H. erinaceus AR T e ANME A L T

Tuanshanzi, Huangsongdian Town, Jiaohe City, Jilin
S9 HWW-SDZ-09  H. erinaceus RIS T e ANME A LT

Tuanshanzi, Huangsongdian Town, Jiaohe City, Jilin
Ml HWW-MJZ-01  H. erinaceus TR LT AN BB T AR

Manjiang Town, Fusong County, Baishan City, Jilin
M2 HWW-MJZ-02  H. erinaceus HARE AT EL8 T A

Manjiang Town, Fusong County, Baishan City, Jilin
M3 HWW-MJZ-03  H. erinaceus MRS BB T AR

Manjiang Town, Fusong County, Baishan City, Jilin
M4 HWW-MIJZ-04  H. erinaceus EARE LT BB T A

Manjiang Town, Fusong County, Baishan City, Jilin
M5 HWW-MJZ-05  H. erinaceus TR LT PR BB T AR

Manjiang Town, Fusong County, Baishan City, Jilin
M6 HWW-MJZ-06  H. erinaceus TR LT RS BB T AR

Manjiang Town, Fusong County, Baishan City, Jilin
M7 HWW-MJZ-07  H. erinaceus ERINENIEr R =Rtk i

Manjiang Town, Fusong County, Baishan City, Jilin
GC GC H. erinaceus T B IRE DB R R A

Qingdao United Premium Fresh Technology Development Co., Ltd.

AR DNA filid2iH 6 . Tug PCR Master
Mix. DNA 431t b Marker (100-2 000 bp),
YA T AR TR () O PR w4t

SPX-250B-Z A:Ab¥iFaAs, iR A
FR/\H]; 5333PCRAY, Eppendorf/A]; DYY-8C
VKA, JE IS —ALAR) 5 JS-680D #&E ML AL
B HTAL, B RRERHY A RAF; HC-3018R
FEIER R EONL, LRUP R R A A R
NFE]; VS-1300-U #B TAER, HINLHRER
HARGBRAF],
1.2 733%
1.2.1 M3k EF2H DNA RYIEER

Mk 4k FEH 4 DNA 32 HBCR A Ezup A28
FLp LR 2 DNA R BULH &, DA FR L 1%
AR 22 R, HARL BRI . B, K
SLAE 22 4F PDA $55R 58 PR 20 H WA K By
B, SREHRIIRZIFE THR e .oEd. m
AT AR 22 vhl, TR0 LA TR 22K, R
FEN4] DNA. K5, #5850 G Ui 5 i

HIR, FIARERGR RS LREAR .. 2%
Ze T, e e AR ER 22 wh il vk I 2 Ak Y 2 DR 4
DNA. #&HUHY DNA ZE B R bEE i F vkl
WAL e B E AL S, BT 20 °CUKFPRAT
% H.
1.2.2 CEMEFN

PEIAT 2] 35 MR SL 45 B LR 40 DNA, )7
AR A T A TR () B A PR A A 58
. KA Illumina NovaSeq 6000 ~F-& 1T
150 bp A I )7 o Ji 4R B4 (raw  data) i 33
Trimmomatic v0.39 (Bolger et al. 2014)i 47 i &
), BBk T, BE MY Q30,
K FE 75 5B reads BB ERAATE 20 LLF A0
3, 1B3E M PE(clean data), J5ZE{HFH BWA
v0.7.17 (Li & Durbin 20094 /545 J5 i1l ¥ )5
51 5 Sk 4 2 25 BL R 4H (GCA_006506795.2, 14
T 12 ARG AR S5 TR A AE scaffolds) (Gong
et al. 2020)#A7HEXS, il SAMtools v1.15
(Li et al. 20095511 b Xt 45
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1.3 BES
1.3.1 RIS FNBIR T -

H£F GATK (genome anlysis toolkit) =& A%
SNP Fl InDel 1V 5. 4= BAY vef SCH, B SE XK
HALE(Q20) . MRTEEEAL i (depth<3) . JE[A AU ik
KBERT 0.8 LA UE; SR Beagle X 3
R UEF T3 78 (Ayres et al. 2019); SRJG MR EE L
FEFBCRNF 0.05, 2B EMIEFA, U
Je YRR RS B T R80T -

1.3.2 REHRAE

fd FHPN A EIACKS vef i SNP I Sk, Fygt
A phylip #&=XHZ 8781 X 0. 48 IQ-TREE
FHREA A R AL A (Minh ef al. 2020), %
FHIE B8 = (ND)IE AR 1 000 YRR A 35 BRAE Sk 4 1) 2
Gk ER, [ MEGA U414k
1.3.3 PCA 1R

¥ il EIGENSOFT(v4.2) % 1} (Price et al.
2006), FHFEASFT SNP #4 HE A — 21 B ECHE E1 7
PCA 43#7, B FEERFE M, &K EERIE
) P AR, AT AR & 22 1] Y 38 A4
e ETID S
1.3.4 BHALEHS R

AR 25 0 43 BT 0T S 7 B A AR 1) SR 5 B A~
B RS S, 1% BT AT B I b+ P A 1 b 2
2. K Admixture (v1.3.0)84%F 35 MMk 4%
FEA R T REIAR 25 ¥4 43 M7 (Alexander et al. 2009),
AR A 2 DU S 4 Wy s, A BEAR &R
K FE 2-6, AT AN SCA sk i A W RE(K)
BB, AR A8 IR JIE AR 15 R R 2 B A 8K
B, SRJSFEIE CLUMPP (v1.1.2)8 9 50 ¥4y
Bres i, RIS R AR A G R, A
R 47 AT WA
1.3.5 EHAEE T

i | PopLDdecay 43T SNP %4114
SNP 7] {1 % B A 5 A AN S5 2 %4 (77) (Zhang
Cetal 2019), EHA V- (LD)ZFEH—N0L 51
5 SR 5 55— 67 A R — S5 5 K (] e
T A B AR AR 28 T A b T REAIL 20 A1 B
AR LR R B 8 B BE R (BRTHRE - 2020), R
LD R2BGHHRE 2 AFRic A iy % SR -
& 22 Ddecay Mo, HCREAHEA

PR 7 — 2R IR VA 2R 2D 5
LD FEJl R B, S2 e PR AR B
1.3.6 BHABREZHMSH

HFLIE)EH SNP %4, A vcftools
(VO 1 A3) B A T+ B A R 194 1) 1 o3 A 48 B0 Fst
(Danecek et al. 2011), [RIA}, THE&ADREAR
SEHIN A R PSR A BTRE
FEMEFR S . Z 8GR S EM Nei's ZHPES
5, DAPPAR R N f st A% Z R
1.3.7 EERS R

i/ TreeMix ZR{FA A [ R 22 (8] 19 56
[H¥i(Pickrell & Pritchard 2012). & [ &5
1 Al 18] 28 G I — A ) — AR ) o — A R
FEHR B ABIRAE Y RIS (RS 2021),
X A AS R FRRE A 2 R A0 F e, ER AR
LA AR S5 8, #E e =2 s fg
FALPE . BB FF RS E N
0-3, LUIBFFEA[RIFPHE =2 1] B 6 PR 22 3

2 EREHM

21 MFRERSSEERFALLT

AR 4 DHIX RN 34 (B4
o 1y R S 4 AR 2EA T Nlumina FE 7, 3
A5 278.04 Gb UG % HE(raw data), &S
FREH 249.28 Gb & it 5 & (clean data), 3K
FESEHA 57.91X, Q20 5 Q30 4N
98.79%-99.54%7i1 95.65%-97.80%, A GC &
M AE 46.95%56.83%2 7], S FLNAH
X 5B R  EREZE k) 88.62% , KPR 4H A 25 K
(C10X)ik %] 82.25%-88.34% . A FEA K4 it
AR AR R IS S AT EOR

M S HE, Q30 {HAa T 95.65%
(I ik 97.80%), < B A% L 0 4 i KT
0.1%, BFT Ilumina V& AR ME(Q30>
85%), X5 McCormick et al. (2018)F#H A&
Q30 [FEXF SNP Kl ] {5 B A ML — 2K,
KRG AR 22 251 (SNP) FI 435 44 248 S G T 2448 T
BRI MR E 57.91X, iR
WAL TR B 10X BIME, WA SRS
A IR KU . BPAE T bR R GC & AAfE
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75 57(46.95%-56.83%, P5E 9.88%), A5
JFREAS V5 Gl ol B DR 21 4 e A 25 i s il . 9020
Mrigsnm GC XIS AT e 5 W 7E i 3k R 4 454 8
S, HAYEE LTSGR . B
FE A 4 S e e — LI Uk . FEAE-1
FEXTRN 88.62% (FEFHl: 82.25%-88.34%), i
NI EE S S RN AR AR, 24 1%
(A H X 7 410 AT RE SR VR F B AR R SR e ) L
DRI 20 5 ) 72 S X Ja il 2 2% Bk DR A R 3 A 1 1 g
JU, I B S R L 4 A A,
T R (>10X) 8 1k 82% WU 156 B e R B 43 A 1)
5], CHEThAE X 5 0k, W e 4l
LIRS BT (GWAS) FIE B BR AT S 98 . 27F
IRAER, A R LA TT SRR S AL fif BT
a5 o P R AL A 25 0 S5 vk B A B R e

2.2 BRASEMFEIE

BT GATK JRR 35 #Mkk 4k SNP
1 InDel 2857, 28/ 4% 1 78(Q>20. depth>3. ik
RKH<0.2, RBREEMIEE)GE, FE &R
SNP 137 &5 51 236 /. InDel {7 15, 4 957 (3 2).
FiEA REoR, SNP 40 /Eifh b (Ts/Tv=1.82)4F
ST T VB EE(Zhang er al. 2021), InDel
LI 1-5 bp /N BEN F(89.3%), SLKEUE G
Bk ZE R 1.2% (Ayres ef al. 2019), $di &
CIET

MWINBE AT F . 37.7% 728 S A7 T 3
X, HHAER L SNP (5 42.1%, & T kit
G WA AE = 5 FE % (P<0.01) . BN, JL
T A R chsA (1) 2 AN AR R S SNP Af
5 B 224 K A2 (Schiphof et al. 2024); 16.4%
HIFER X InDel ARG ZEAE, FRRE M GC KA
) Hc07g0928 #4145 InDel AJ A5 M ik 25 4 i
(Zhang N et al. 2019),

TR GC 1R FEGR TR A REA,
AL R X AR S H A1) 45K (32.8% vs. 37.7%), R/
N T35 0] RE S5 B0 6E 3 [H X 3k % < 7 39
(Fst=0.079 8-0.090 4) (& 1, % 2). wHMEHEF
AR iR 2 RE B 5 (n=0.233), H&% 12 4
F¥A InDel, FIRESAIEE AR (Zhang er al.
2021), XEEAR A S T AIENA 12 A e

R 1), e SEEAaR L 4 £ 45 5 20
e ft TR IC.

< 2 35 MR RIFEAENTSEEEHA InDel 1 SNP
TR

Table 2 The InDel and SNP variations of 35 Hericium
erinaceus strains relative to the reference genome

Wbk ABUKAES RETRZENE Bt

Strains  InDel SNP Total

Cl1 56 746 848 012 904 758
C3 55458 848 615 904 073
Cc4 56 259 851 466 907 725
C5 54 352 829 761 884 113
C8 46 693 803 873 850 566
c9 55378 838 470 893 848
C12 55716 847 029 902 745
C13 55593 847 661 903 254
H1 55386 848 537 903 923
H2 48 181 812 097 860278
H3 55453 832 229 887 682
H4 55242 839908 895150
H5 55596 841 343 896 939
H6 56 992 860 814 917 806
H7 48 121 811 054 859 175
H8 54713 827 592 882 305
H9 55634 844 278 899 912
HI10 55351 842 362 897 713
S1 49 453 829 407 878 860
S2 55048 832 673 887 721
S3 47 878 819 360 867 238
S4 50 336 837 736 888 072
S5 49 591 835042 884 633
S6 46 271 802 194 848 465
S7 55998 843 322 899 320
S8 48 311 818 175 866 486
S9 49 114 825059 874 173
Ml 56 967 849 360 906 327
M2 56 194 840 031 896 225
M3 56 049 840 898 896 947
M4 48 543 820 123 868 666
M5 56 240 840 336 896 576
M6 55 694 842 885 898 579
M7 55936 840 392 896 328
GC 60 661 886 319 946 980

2.3 RGHUK SR

TR T SNP W R AL (K] 2) 52
TN, 35 SR RAR S B0 (A M AR SR SRk
AL, BERET R 43 AT R R SRR R B RHE
FIREL RO : KRR C4 5 C9 MR L7y
Z(bootstrap>90%), A A7 Ak 8T 5 HABRE
R ORGSO 0.03-0.12), B/
MR L ik . BN EIEE T KR S5 DA &8 32 4%
J& (bootstrap 75%) Ak Al %, L5 HEF AR BRI
0.11 MBtEE g 225, & & T A X HAh 5
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erinaceus. Chrl-Chrl12 are the 12 nuclear chromosomes of the reference genome of H. erinaceus (GCA_006506795.2), and
Chr13 and subsequent numbers (e.g., Chr20, Chr39) are scaffolds unanchored to the chromosome level.

%
0.074

E 2 T SNP #HiEMBRLEERIFEANELE NI #HER
S FEE (bootstrap>70%), Ak A A& LKHRE

Fig. 2 NJ phylogenetic tree of Hericium erinaceus strains based on SNP data. ‘A—E’ are used solely to denote major evolutionary
clades (Clade A—E), with classification based on branch support values (bootstrap>70%) and not artificially defined groups.
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Fig. 4 Cross-validation error value.
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Table 3 Genetic differentiation indices among four Hericium
erinaceus populations
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Fig. 6 Linkage disequilibrium pattern analysis. Curves M 0.0305 0
represent LD decay patterns of four wild geographic
populations: Group_C (population of Changbai Mountain), S 0.0273 0.0237 0
Group H (population of Songshan Town), Group M C 0.0293 0.023 8 0.022 5 0

(population of Manjiang Town), Group S (population of
Huangsongdian Town). LD was measured by squared
correlation coefficient (r2) between SNPs (PopLDdecay
software). The dashed line indicates the threshold for LD
decay (#=0.5 x maximum %), and the corresponding x-axis
value is the LD decay distance.
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Table 4 Genetic diversity index of Hericium erinaceus

T HAURI DB bR, MACRIBVT TR R, SIURHEN M
BRRR, CAREFRKALGEK; T

Note: H, Songshan Town strains; M, Manjiang Town strains; S,
Huangsongdian Town strains; C, Changbai Mountain strains.
The same below.

BEF 2 R K i R A ) 16 A2 22 IR R AT 8 BT D
AR SRR AL T SR R, BRI S B
(9 7 S B A AR B AR PP S5KF- (19 Fst, I
A S A Sk ol 25 I AL AR S, X R s
AR S )2 M B R S AR I T T R A AL

TR SR 2 R R LI SRy S RS ZEMER TR Nei’s ZAEIEFEEL

Population ~ Mean observed Mean expected Nucleotide diversity ~ Polymorphism Nei’s diversity
heterozygosity (Ho)  heterozygosity (He)  index (m) information content  index

C 0.247 0.207 0.221 0.181 0.104

H 0.242 0.201 0.212 0.175 0.100

S 0.235 0.199 0.233 0.174 0.099

M 0.259 0.216 0.210 0.188 0.108
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Fig. 7 Gene flow analysis of Hericium erinaceus. Arrows indicate gene introgression or migration events between populations,
representing the direction of gene flow. The heatmap illustrates the weight of gene introgression, with darker arrow colors
indicating higher weights. Each branch represents a population, and the horizontal branch lengths correspond to the percentage of
genetic drift experienced by each branch. The x-axis denotes the genetic drift parameter. Abbreviations: C, Changbai Mountain
strains; H, Songshan Town strains; S, Huangsongdian Town strains; M, Manjiang Town strains; G, the cultivated strain.
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