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skanAl', BEK, KEF"

PR MO K E A AR SRR, LW 650224; 2 [ERL ¥ B B WA A P 5 B
o ] 4 P S A A e B R R, L) 650201

WE  JERT (Brachystachyum densiflorum)2& H E A Fl TR, HFAMEBIAASSIEshnE], RS H I 26k
W, R, R R AU AT 6 B 36NN T R 1 4k B R 4H P (RAD-seq), 345 716 583
AN RAZ TR 2 A VE(SNPS)A S, B UL PPN AT B B L 454, G RB & F R P o A A8, SR AR X S A5
ARG R . 25 SRR B, M REAT B 85K 138 4 2 FE1%(PIC=0.722 5, H0=0.087, He=0.284 3, m=0.317 5), 1§ A\
JERERI Sy 220, % JE B M AZLE P FE 4310 (Fs7=0.102) R = (M 2R IR T (Nm=2.442) . BERI BR80T R W, AT S
i B SR S R AE B 24N o4k, IR 22 RIR AN Bk L [ SR A 7R 5, i 544 51 % . fKIE(Bio2. Bio6. Bio11f1
Bio7) A 47K £ (Bio19) &t 3 AR S HiE S MEA o5 o W0 o A AR AL R, AR IR 20 24, AT B dbiE R, HHE A
AN 7 89.5% . Tt 1202120404 F12041-20604E 24 A Bdi A4 X I sh4 /N, 2061-20804E3 AL X Ja 45 /S, 2%

PN RS AR XA SR AN R AL . BIF T4 RONRAEAT (0 OR3P A AR AL T B AR

XA ALY, WICEERANE, B 2Rk, WAL, YR oA
Tantl, FMEE, KEF (2025). MY ERRR L LU BE RN YE T YR 60, 407-424.

BRGNS HAESREWHH Z YR
ZREME TR, W R AR B RBVAES RS
[ Ra 5 1 b LR 45 ThAE(Yuan et al., 2023; Jing et
al., 2024) . FE A U] L0 B AR A AR A A A7 1 2k
fith, W I R I B BT RS BT A dE A, TR EUE
o AT IA 1 i B i A2k (Alsos et al., 2012;
Keenan, 2015; Poupon et al., 2021; Yang et al,,
2022c). SR, IXLERI0 SRR A PR, AR P AR
TR TR S A A R, FEOTHE. /W
T& B BT 9 A T A A 0k S RE SR I SR AR AL IR RF
“Ffif(Jia et al., 2020; Sang et al., 2022). #EZLH
PEVGE T W0 FpiE ST IR RE 7, 2 AR kA i) B
fith, A PRI DAHRTE A T R AC I 520, 3 SR b (1)
i& N AT (Pauls et al., 2013; Exposito-Alonso
etal., 2022). ZAT, JIZLH)URAR L S B Mg AL 2
FEVE KR FEAS, 7] B B AR b 1R 5 AP AN AT ),
DA% o078 J8 B (38 A% 45 44 (Guan et al., 2021; Be-

Wk H 19: 2024-06-19; 252 H #1: 2024-11-15

ridze et al., 2023; Liu et al., 2024). =W iifL 2
(landscape genetics) g3 fif ) Fp i S 14 2 Ak F &
0357 S (PO 0 B 558 (R 25 B AR 10 DL A (Alvarado et
al., 2022; Feng and Du, 2022). ML 220155 L
AT RE a2, (OB EE R 75 R 5
S FAE EAH S G RE AR 7S SO R R 8L AR 7 1
2 (Aguirre-Liguori et al., 2021; Haupt and Schmid,
2022). % [H -3 55 5L X (genotype-environment as-
sociation, GEA) HTF1 55 5 A7 s f 56 (outlier tests) &
R BT A S kot AN SROUL A B 2 20 TV
I IR Sy AR DA E R B A RIS R ) Fh g A A8 S
5 R 2 5 PRI IV 10k 1 Kk DR RN L PR 4H (X 3k (Frilipe
et al., 2022; Haupt and Schmid, 2022). FJ/H £k
A& 5T N R AE A BRIR BT AR S5 A T PR AL,
CESHEI ) iz iz, W= R (Agelaius trico-
lor). 7N#5 141 (Larimichthys polyactis). £ M #(Circae-
aster agrestis). T f- i (Solanum pimpinellifolium)

BeWH: FHR AR IS (No.31100148)M = M A & JZ XA B 7 i+ R SR N4 £ i(No. YNWR-QNBJ-2019-148)

* JBRE#E . E-mail: yxzhang811203@163.com
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1 & % 1€ (Embothrium coccineum) (Gibson and
Moyle, 2020; Zhang et al., 2020; Barr et al., 2021;
Sepulveda-Espinoza et al., 2022; Wang et al.,
2022b).

Vrasite Z FE I 7T CHUS 3 2 R, 3 2 20t
FAKHESR T o TFhad, Wi BKEZSH
(amplified fragment length polymorphism, AFLP).
A9 1 2 &1 (sequence-related amplified poly-
morphism, SRAP). F ik ¥ 5l bx &5 - 1 L2 b5l
(expressed sequence tags-simple sequence repeat,
EST-SSR). i 5 #H & J7 41| [6] ¥ 3 (inter-simple  se-
quence repeat, ISSR). fi ¥ & & ¥ 51| (simple se-
quence repeat, SSR). FfiHLY 1 £ & 1EDNA (ran-
dom amplified polymorphic DNA, RAPD)F1/F %15
it i I & (sequence-tagged microsatellite, STMS)
(FTIEEE, 2008; Tian et al., 2012; Zhu et al., 2014;
Bhandawat et al., 2019; Ely et al., 2019; Silva et al.,
2020; Meena et al., 2023a). BEE I FH AN K E,
R A v 0 RTE JE B KPR B DR 2 S L
(AR S A5 EEAT R IR R B A B R, W
H R % A1 (single nucleotide polymorphism, SNP)
(Shafer et al., 2015; Wu et al., 2023). {1k 3 (Kl Z4H ]
J¥ (reduced-representation genome sequencing,
RRGS)H Ay — Bl Rbn id 38 W K 2 >k (Davey
etal., 2011), A BRI ERFTIAL 505 (restrictionsite
associated DNA sequencing, RAD-seq){F Ak 3
DRI ZEL 0 7, R 3R A9 4 kDR 28 S L PN 1) K B SNP AV A5,
H B ) SNPA 7R o 26 . Hidfs B i, FasE PEAN
TERfR 27 T EeAE G20 T hnidim, & A T B AL 22
SO K 4 22 98 (Morin et al., 2004; Baird et al.,
2008; Ouborg et al., 2010; Lin et al., 2021). RAD-
seqFi RAE VA AL Z FEE 7 S T2, Rl & B
HTE2MmamEy, w2k (Adiantum nelum-
boides). &k A % (Magnolia fistulosa). % X WA
(Horsfieldia hainanensis) f1 == F ¥ H M (Nyssa
yunnanensis) (FKHEE, 2019; %58 545, 2021; )
YEfii %, 2022; Yang et al., 2022a). H fi, RAD-seq
AR BN H T AL BT (Melocalamus  arrectus) il
7 Fa B W /N B B Al VT 25 4T (Cephalostachyum
mannii) 5577 38 (38 4% 2 FEVETEAL (R IR NI 4E, 2023;
kAL 4, 2024).

¥ #8477 (Brachystachyum densiflorum) )y &}
(Bambusoideae) fi ## 17 J& (Brachystachyum) 1 4 ,
R ERAF, Hih FEOMA, TRRREME, A
350k, BH KL, BRFRS %, BiLT, &
Bt gs, SAEEIREOR, 3800 T4 R X (L
et al., 2006). BFFLRM, HATTATHEHE 1T IS (Pleio-
blastus) M1 NI 7T J& (Phyllostachys) 2 55 & 1%, H4 b
FER ST BARRL, BH. 167 BN NPT E 2
fBl(Zhang et al., 2012), T4k, FEEZHHIPUE K
Fe, SR AGHERR NP, T5 Ry T s R A N (D
WS, 2023), FEAEYT AR S MO BRIR, R REAE D
JBIl, FhEEECE Rk s, Har, MR eI %
ol E SR B A A W) 4 5% (https://lwww.ah.gov.cn/
public/1681/554202981.html). [FlHF, A48k
JEI Y Ay 206 5 3 A R ARG A ) XU, A B8R A 1)
Tyl oy %2 2R S AZ AL (¥ 5% (Isik, 2011; Phair et
al., 2021; Boban et al., 2022). @k Z MR RE
P DR S P B R P ) 75 225 R 1) B 4y, 1 BOREAES
JRVISE A3 AR o A R DR R % R S S0, AT S 3
WAL 2 BEME K F %K (Bonin et al., 2007; Salvado et
al., 2022). K, JTRBEARITEAL ZREVERT T, VR4
PGPS A X FLAB AL AR SR (RS I, 0T T ) A AT R OR
P8 it B R L

AT SR X A E A R RE AT, FI FH RAD-seq
FORIRAG 7R AET6 JE B (1 SNPEUHE 42, 3 1 v Ak
L RRAT JE IR AL 25 A FBAE 2 AR MK, [RIE 2 T 5
MUIBAE 7, o3 T SR AR AR AR A 38 A% 254
YA SR I sE A FOK BN R 2, R o AR (spe-
cies distribution model, SDM )% FEAT 24 Bl ¥ 7E
AR X DA R AR AR T W A X A8k, DA R
FEAT DR P S A PR AR A HE

1 MRS5S

1.1 EUHRRE

201246 H fE 22 8. VL 75 FUHT VLR 4R 2 45 #517 (Bra-
chystachyum densiflorum (Reudle) Keng) 6/ & #
36 MA(R), BEAAEIAIRET kmULE, DL 4
KRR A [F— B BN ERERSES-101
AME, BEAAMEREES-S AR L E R, BT
RIS O IE I T, T 5 Z:DNATREL .
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Table 1 Sampling information of Brachystachyum densiflorum populations

Population Locality Sample individuals Longitude Latitude
AHYX Yuexi, Anhui 7 116°14'49" E 30°5527" N
AHHS Huoshan, Anhui 4 116°26'38" E 31°24'01" N
AHGD Guangde, Anhui 9 119°14'10" E 30°48'56" N
JSLY Liyang, Jiangsu 3 119°28'30" E 31°14'39" N
JSYX Yixing, Jiangsu 10 119°47'54" E 31°16'49" N
ZJCX Changxing, Zhejiang 3 119°52'31" E 31°07'24" N

1.2 DNAREN. XFEHMZERNF

K HICTAB%(Doyle and Doyle, 1987)H B H 47T 4
HE K ZHDNA, 1% I At fsg v ks I DNA S U
=, WIRTTA e 8L 8 FE 2K - RADE K H g V)%,
4 F K 41DNAFH EcoRI1 (5'-GAATTC-3")BR il 4 Py 1]
B b TG Y), 7EDNAR BB PismisinPA4z3k, M A
PR HFTWr, SR IEHE & A Pk 1) BOds nP243:
3k, JEHATPCRY 1. KAl &% PCR™ ik 216
HIEARBURAEYE R A R A llumina Novaseq
6000~ 5 247 X il /7 (PE=150 bp). M2 5 H
Fastp v0.23.4 (https://github.com/OpenGene/fastp)
Bk ik e K R B reads, £ 795.5 Mb reads,
TFHIGCHE & N42.84%, Q30291.58%. ¥ ] Stacks
v2.62 (http://catchenlab.life.illinois.edu/stacks/) %k
% 1 [#) process-radtag #i &t ¥4 Clean reads # 7 &
140 bp.

1.3 SNPFEFITIE

PLE 1T (Phyllostachys edulis) 3 [X 20 (Zhao et al.,
2018) W= HHHFH . Bk, [FHBWA v0.7.17 % 1
(https://github.com/Ih3/bwa) ] mem 1 £ ¥ reads Lt
P2 IR H, IR %8 98.89%, FH SAM-
tools v1.6%ff(https://github.com/samtools/samtools)
frviewFlsort B i A s I AT HE P Al LR B .
SRJ5, I H Stacks A (1 gstacks 1 B A I L X Bk 1)
freads 44 A7 £, populationst B i T4 HH SNP.
5Ja, FIFHVCFtools v0.1.16% 14 (https://vcftools.gi-
thub.io/documentation.html) i € SNP, 1% {4 B *F- 13
TRFE25[{ISNP (—minDP=5), 51 kR k505 7 3 KA
£-F0.05/)SNP (-maf=0.05).

1.4 BEtESHEEMEEREEHIN
) FH Stacks % /4: populations 11 He 1 57 18 4% £ FEPE 48

bR, BFEZ MG EERPIC). MllZ 4 B (Ho). #
BIREG E(He) 1% H R 2 PRI (m) ML 52 RE(Fis). i
FINeEstimator v2.0%k14:(https://help.rc.ufl.edu/doc/
NeEstimator) vF i 61 J& HE 1 24 7 A AR /. JE
T K BLAR 5 (maximum  likelihood, ML) #] H 1Q-
TREE v2.2.0.3%/% (http://www.iqgtree.org/) Ky & R 4¢
KRB, HHE (bootstrap) EE 1 0007k I iE1TASC
BFIE, DA EBCREN . A Bl A R GTR+F+1+
G, ZMAELT U5 B HEN (Bayesian Information
Criterion, BIC), FITIQ-TREE# 4 #;fIModelFinder
IR e/ 1 . BEJG R v4.3.118 5 LEA R (https:/
www.r-project.org/)iEAT A& 45 8 43 #r, B2 7 BEEL
Kiih2-15, HENKEEEBIT10k, 38 kKA
%% (cross-validation error, CV error)fx /Nt Bl A &%
oy # . 18 Hadegenet i3 1T 32 i 73 43 #t (principal
component analysis, PCA)F1 3= i 4 #7447 (discri-
minant analysis of principal components, DAPC).
WAL S AR B (Fsr) S W JE FE 1] R 1045 22 53¢, {8 R hier-
fstatCL PPl & B 0] (545 7t 8 4. ) i BayesAss
v3.0.4% 1 (https://rannala.org) i1t 24 Fi 8 84T e 44
[] P 22 Rl B 28

1.5 BERRSSEXEKSH

MWorldClim v.2.1%#8 £ (Fick and Hijmans, 2017
https://www.worldclim.org/data/worldclim21.html)
# 197020004 1940 A=W < fik IR+ H 4w, = 8] 3 %
FN30" (1 km x 1 km). 1# Hrasterf R 4 & 55 F
7 SRR Hb 55 PR 22 445 52 2 IS A s (P 1), 285
JZ 7K 1h (Pearson) #H 9¢ & 3k A7 #H 0 1 AR 56 (P 2 2),
TR B AR SE R BN F0.75 (r<|0.75]) MR R T o e AR
B8NS, 43 A 0 H 8 % (Bio2) . %
H A 5 AR E (Bio6). 4K % (Bio7). fiEZEE
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PR (Bio8). EeiA ZE IR E(Bio11). FRKE
T (Bi015). 5l 7 FE B /K & (Bio17) Fll i ¥4
ZE R [ K B (Bio19).  FHHE PR30 55 S BK 40 7 #ff s it A%
G5 b R B g AR B A ) SRR . Af F vegantd
AT TU4 4P (redundancy analysis, RDA). 4 T #ff

SO AL AR S () B AR R, FREAT TUAR A0 A A
B 5 AR Mk (gradient forest, GF) /34, JLrff i #R bk
#r H gradientForesttl5e il N T IR 5 8L R iR iE
J8 RS A% 2 PIAH SC I SNP AL £, A F 3% 75 v i ik 5
% SNP (outlier SNP), — &4 HiBayeScan v2.15ff
(https://github.com/mfoll/BayeScan) i 47 i ik, %%k
PR D 8 = b T B AR IR T B R 7 LSNP,
B4R Kk PIK (false discovery rate, FDR){XT0.0111
SNPHL A 5 SNP, X SNP ] fE 5 J) i id& B A %
(Jia et al., 2020). 525 J5 153535 T L R -IA 52 Gk 43
PrstAT ik, 27l Fvegant Fllfmm L e . B Jeidk
ITTUR M, MRTSAN LIl ik 5 SNP; S8 )5
W B AREZ N3 N4 A (two-tailed p-value=0.002 7)
(DeSaix et al., 2022); x5 H fmm i 72 K 2 TR
A 17 (latent factor mixed modeling, LFMM)fii i H
S H SNP, 8 1E TR 1 08 o 18 A% 25 49 43 i v A8 Uk
55 45 1% K (CV error) fi¢ /N IF 1) KAE (Yang et al.,
2022b), 1 f g-valuefl £ 4 1% K I % (FDR) 4 0.01
4614 T 1) 575 SNP (Jia et al., 2020).

1.6 BEMES AN

IR T i P2 od R B R eI R A1 S R (7 Y A
BNV R AE > A (Yang et al., 2022b). A ffiid
F2 R A S5 A TR R ARAT (98 A8 43 AT X LA K T
AR ABRSARAB T H A AT R, FATTHR i o Al
Py CHEAL B AT V)RR > A AR 8 B AN A A R
SBRAEY) 2 FEME(S B A4 (https://www.gbif.org/).
[ 1 5 br A ¥ 5 °F & (http://www.nsii.org.cn/2017/
home.php). 1 EF M P05 A 1H (https://www.cvh.
ac.cn/)FIAH TR, FLIRIFATEAFEARAT 2 A 1 st (P
#3)o AVEBR R ZE 150, {5 spThin G i B iR
B5/NF10 kmf1 23 A b 21, B AR BE 1034 40 Afi b a5
KUK (Last Glacial Maximum). 43 i 1]
(Mid Holocene). HR{TFIASKII1O M AN UK T2 M
WorldClim##i T4k, SA3Hi% 825" (2.5 km x
2.5 km). # K B(2021-20404E. 2041-20604 LA

I 2061-20804F )% F# BCC-CSM2-MR A5 7 T 2 Fifr 1
A& %42 (shared socioeconomic pathways,
SSPs), 77 ’ASSP 1-2.6F1SSP 5-8.5 (He et al.,
2022). F:Tfik 8K 1, A FHHENMevaltd i
EER RN G IEN e sy, ERFMANLQ, EM
FeHon1 (MIR4). BEJa, {£HMaxEnt v3.4.4 51+
(https://biodiversityinformatics.amnh.org) il il %5 £
PHAEAN RSB 50 TS E /A ks =), B 25% 17
A MR, 75% )50 A1 N INZRSE, B S 0001F
NI KB EL, EEIIHI0K. &5, KMaxEnt
T 45 51 5 NArcGIS v10.8.1% 1 (https://www.esri.
com)Hr, R4 F IR 1) W7 s 73 %K 73 A X3 7 N AR
AN, GEAX . FEAEX A EGEAX

2 EREHH

2.1 SNP{LmZeit iRtk ZHEMITAE

Wt s7n, 4 VCFtools 811 g J= f& ¥ 1 16 5834
i i SNPs (Pt &11), HH19 1964 SNPs & L | #%
e, Bl )55.5%, 7 387NSNPsk L T B, Hifft
HNAL5%, FEH IR LA N1.24. FT16 5834
SNPs V-l 64N R A AT 5 B 1382 4% 2 FEIE (R 2), R
FREAT JE A B SR KCP A 2 B (PIC=0.722 5,
Ho=0.087, He=0.284 3, m=0.317 5), & JE#H1E%
FEVEIK T 2 3 A K, 2B 1 (AHGD) F1VL 75 B %
(ISYX) W5 J& T 10 382 4% 2 B R v, T U KO
(ZICX) R HERIIB 1L 2 FEVE IR AR . & R BRI A R H(Fis)
BN IEAE, “FH%I8N0.566 5, JEEEEMEL S THUE H
DSl vy SR N s e N IR S RV € 2% NN i)
BoR, TLIREPH (JSLY) & B o ik 3815 Neff, 7] g
Nefti N TEMRK, WATREM T MafE B> 55, H
AR5 FE R A BTG RO AR K/ ES.8 (3.6, 4.0)- 9.4
(8.4, 10.4) 210l HTA BRI EH (5.6)IRAK,
AReAEE R T ORBUAN, 3B ARAT 2 A XK AR
7% B ) B RS

22 REERfEEW

W RS KB MEAEE R 3. R 50 B (PCA)AI
F BT H 50 5> BT (DAPC) B 1 R AT BILA J& RE 4%
St iks R . RoREMARE2A EE 5 3 (E1A),
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Table 2 Genetic diversity indices of six populations
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Population PIC Ho He m Fis Ne (95% CI)
AHYX 0.8102 0.0880 0.3051 0.3295 0.6466 5.4 (5.2,5.7)
AHHS 0.6412 0.0863 0.2712 0.3099 0.4899 9.4 (8.4,10.4)
AHGD 0.8802 0.0885 0.3148 0.3339 0.7123 3.8 (3.6,4.0)
JSLY 0.5502 0.0841 0.2492 0.2990 0.4098 Inf (inf, inf)
JSYX 0.9069 0.0884 0.3183 0.3358 0.7385 4.0(3.9,4.2)
ZJCX 0.5462 0.0865 0.2474 0.2969 0.4017 4.8 (4.5,5.1)
Mean 0.7225 0.0870 0.2843 0.3175 0.5665 5.6 (5.1,5.9)

AHYX. AHHS. AHGD. JSLY. JSYXFIZJCXFE#1. PIC: ZHMAEE &5, Ho: MAERE; He: ARG, m BTTIRZFE

s Fis: L3820 Ne: 41TH ROFIA KA, Infr IR K

AHYX, AHHS, AHGD, JSLY, JSYX, and ZJCX are the same as shown in Table 1. PI/C: Polymorphism information content; Ho:
Observed heterozygosity; He: Expected heterozygosity; m: Nucleotide diversity; Fis: Inbreeding coefficient; Ne: Contemporary

effective population size; Inf: Infinity

Z A L (AHHS) R 22 8 18 (AHYX) P9 J& 3 28 A7
BAREOE, R E, RUMER SRS R RK
W 2R (AHGD). YLIMERH(JISLY). 1L75H %
(JSYX)FIHTIL K P4 (ZICX) 4N ERER AN —3, B
AR AL R AL, (EAMARAEE RS IR & o

AL AR, 10 AL SR K=21 58 SR 56
R R (CV error) i K (K2), W B L9 kI8 T2
ANAH 58 I R I AR T B AL 25 1 (BIMA) . B KIE
(B-4) 3G, AARMEAEE RN, HaELB
f(AHGD). TLIREEA(JSLY). TLJ5E 2 (JSYX) At
LA (ZICX) 44 JEtrh R s W 2, 2B
(AHHS) #1122 I 75 (AHY X) 7 8 B 38 4% 45 F e fa o
(E1A). EHS 50 BT (PCA) B, A2l 43 5 fi de
3.3%MB.2% M LA 7, 22 BUEE 1L (AHHS) 22
FE(AHYX) 248 BES H A A JEBES T ST 3
P H 3 2 AR B B e (1B R Bk
M IE TR AR5, 1 4 4 (DAPC)
BE— DR T AR M AT AR S AR E v, FE T
FEREYT 2N I R 2 (1 C)

FARAT JE AR AL BEE A% 7340 (Fs7=0.102, 0.05<
Fs7<0.15), 4% 2 L {8 (Fsr) /r 1-0.048-0.151 2 [d]
(#3). VLI (JSLY)MIHIL K M (ZICX) P & BE B
SR ERA B AR, H SR 1 18 4% 04 (Fs7=0.151)
e AT B R 1 o 201 07 Z 3 BT (AMOVA) o (Ff
#5), LA R R ERAEIEEEN(Va=79.71%), J&
FEIR)AZ AR /N (Va=0.45%) . R & fE EAE (e b st
fE5340(Fs7=0.102), {H &K TR m(Nm=2.442,
Nm>1), U8 JEBERAE AL — 8 AL e e, AT HRTH

T B R AS G R 3 A AR A (R 3). (HE, FEAEAT
A JE R 63 91 (1-34K) 2 PRI 51 R AR (B 6 5), Hv
FE[1£0.020 7-0.037 42 [i], ~F-¥%)1E50.029 4.

23 BEERS5SEXEKSH
SR B R A L B T 2 e R R PT I 8 A 5 A )
AT SRy, X B S DL R TR S B S AT o A
ST PRS0 DR 2R o A AR 1 35.48%, AT M HE
Rl & 1522.22%, {5 A FRIE & B &K 1542.30%, i
AR S0 M D5 3 B B AR A AT 1) 38345 78 7 (P 3R.6) 40 3l
Xof Hiy AT i (EI3C) . L FE(EISE). <A (BI3A)EAT
TLRHTRT G, BR8N EE -6/ E BRI 7 h 2
AN KB (KEIBA), SiBfL a5t o gl B —(E), e
DRl 25 LU b 2 R 3% B e AR A% A S (P 26, 1813), )
I N AE HE SN 2N SEBE R T SORT 7 A A v 4
YEH .

BT TUR S A FOBE FE AR AR 3 A, 1 84Nk IR 1
5 R B (S B Rk, D e R
J& B 1) 10 4% A8 S L7 (EIBA, B). TURZHT R,
RDA1FIRDA2# 7 7l fi# 7 14.00%F112.88% [1) 15t %
A7 5 (F3A). RDA1% 4 Bio6F1Bio2 it 48 i 5 = (&
3A), RDA2H ¥ % 52 #|Bio11H1Bio7 i 5 Wi (I %6),
R AL AR e 5 IR ZE IR 2 (R 2% AR oG . R A
ordistep b HUZ A HE B 12 5 58 W] R I8 A% A8 S (1) kST
A7 (Mt #66), 2 BBio19t 2 & & i #i i A 1 (P<
0.05, Raq’=0.004 4), iXA3 )T Bt f% 45 1 1 22
Fo BREERRM TR, Bio2/2 i FE [ F K 1,
H. K ZBio6 (EI3B). Bio27£8.2-9.0°CH &k A4k,
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Figure 1 Population genetic structure analysis of Brachystachyum densiflorum
(A) Phylogenetic tree and individual genetic components at K=2, 3, 4, the numbers above the branch are the bootstrap values;
(B) Principal component analysis (PCA); (C) Discriminant analysis of principal components (DAPC). AHYX, AHHS, AHGD, JSLY,

JSYX, and ZJCX are the same as shown in Table 1.
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Figure 2 The cross-validation error rate of K value
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RIS RS . MATAMEZAE T, AT 2 bR o A
MBEAEXE R, HER AT miE A X N (EI5A);
3 A X 40 A1 7 Bl 7E 108°—120°E . 23°-34°N Ja],
o R I A X A 9 1.9%10° km? (F29), £ ZAr T-37
VL bR 2 B AT I3 g 3, G M e A2 AL A
WA (EIBA). KKAUEXM T, £2021-20404F
(15D, G)F12041-20604F (KI5, H) 241 B, AHEL
I AR X T AR RN 43 A X P B R N . FESSP 1-2.6
AR T s XA LT rE S (EI5D, E), 1£2021-
20404 fy 3@ A X T AR K i A 389 n, {H 7E2041-2060
AR/ . TT2061-20804F (JI5F, 1), wmiid2E X
FElE 48, F5 ) /ESSP 5-8.5%45 T, 4 ABAT 714
P PR3 2B DA B W, 7 22 R i A DXORE HE IR 40
IR AR REAL(EI51).

3 itie

3.1 MR SHY

B4 22 FE VKT S T 4 ol i B A A AN K g
PR BT 75 18 A% BRI ] I #E(Meena et al., 2019). 1726
(R 4E 2 FEVE R BILAE T 32 (172 5% (Perez-Alquicira et
al., 2021). A#Firh, FARLTEA A K 24
P (PIC=0.722 5, H0o=0.087, He=0.284 3, 7=0.317 5),
WAL ZREVE KT T RADII ) 2R B A AT 23

B ALETT(Ho=0.160, He=0.162, m=0.174)F1Bk iT
247 (H0=0.217, He=0.252, m=0.257) (#52RI

F3 O EBENNRAE A (Fsr, 72 F=AM)FMIEFRR(Nm, 4 =)
Table 3 Genetic differentiation (Fsr, lower left triangle) and gene flow (Nm, upper right triangle) among six populations

Population AHGD AHYX AHHS JSLY JSYX ZJCX
AHGD 0.000 3.596 2.497 2.065 4.958 2.108
AHYX 0.065 0.000 2.382 1.869 3.848 1.887
AHHS 0.091 0.095 0.000 1.523 2.591 1.562
JSLY 0.108 0.118 0.141 0.000 2.154 1.406
JSYX 0.048 0.061 0.088 0.104 0.000 2177
ZJCX 0.106 0.117 0.138 0.151 0.103 0.000

AHYX. AHHS. AHGD. JSLY. JSYXFIZJCX[E#£1.
AHYX, AHHS, AHGD, JSLY, JSYX, and ZJCX are the same as shown in Table 1.
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Figure 3 Redundancy analysis (RDA) and gradient forest (GF) analysis

(A), (C), (E) Association analysis between climate, geography and genetic structure; (B) Gradient forest analysis; (D), (F) Bio2
and Bio6 response curves. Bio2: Average daily temperature range; Bio6: The lowest temperature in the coldest month; Bio7:
Annual temperature range; Bio8: The average temperature of the wettest quarter; Bio11: The average temperature of the coldest
quarter; Bio15: Seasonal variation of precipitation; Bio17: The wettest season precipitation; Bio19: The coldest season precipita-
tion. AHYX, AHHS, AHGD, JSLY, JSYX, and ZJCX are the same as shown in Table 1.
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Figure 4 Screening of outlier single nucleotide polymorphism (SNP) sites by three methods
(A) Screening by BayeScan software; (B) Screening by redundancy analysis (RDA); (C) Screening by latent factor mixed mode-
ling (LFMM). Fs7: Fixation index of subdivision. Bio2, Bio6, Bio7, Bio11, and Bio19 are the same as shown in Figure 3.

&, 2023; kan#L4E, 2024). ZMERIE TR
WL ZRENE, A5 ARAENTRORST w8 4% 2 A
MRz —, DR A A B R ) S5 o FE R B R i %
(Perez-Alquicira et al., 2021). HFl, CERR K
FUESER AT R RALI SN L A5k, FAIT SRR &
Tl (Arundinarieae), A VURH AR ARARTTH(2n=46—
48)ft1— 51(Guo et al., 2019; Clark, 2023). HhF /> 1
VO AR AR A RS R AR 2R, AR
VIAEYLIR S WL 228 AR WAL PE A 2047 (H
#3)o RANTIMRARAF Y2 B HAHY) b 75 i fix
Kmwsh, HFHaKiE15-1504, | iz MmiEs:m sy
AR R 1) A7 i A 49 A0 AR AT B 8 8 4% 2 e
(Meena et al., 2019; Oumer et al., 2020; Poupon et

al., 2021; Clark, 2023). B4k, FoREmYfE TR
AN ZVREERAY, FHORFRE S L 2 e 1728
0 %2 Dl B N Bk S, B AR FAL
N, DA BRETREORER T HAR S s 2, R
B O PSRRI ONE T S BUR B R >, (3
JEFEA R I B = & 2 FE 1 (Yang et al., 2012;
Das et al., 2017; Jiang et al., 2017; Li et al., 2020;
Clark, 2023 ) HUREAS & BlCHURE 70 FEl 50 /)Nt 2 52 M o) 28
FEZREME PPl o ARHT T Hh A ARA T MR R EEREE T2
A Ao X (R 1), B EBAMAR 2 (3-10
Yo HBIRARR M BURE AN 42 T ] B8 23 R 0e 5567 Jik [ 1)
SREL, FEOP 25 R Tovk S W H R R AR 8% 2 0
PE/KF(Wang et al., 2017; Fknsl2%, 2024).
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Figure 5 Distribution of suitable habitats for Brachystachyum densiflorum in different periods
(A) Current (1970-2000) climate scenarios; (B) Mid Holocene climate scenarios; (C) Last Glacial Maximum climate scenarios;
(D), (G) 2021-2040 climate scenarios; (E), (H) 2041-2060 climate scenarios; (F), (I) 2061-2080 climate scenarios



3.2 EEEASHMEERSK

AR TR, AR 454 23 BT R 64N JE ERI 2 24,
08 LI (AHHS) R 2 BUE PH (AHYX) 245 HE 5 R
AN JEREZ A AR SR (3B AL 2540 AL (B11) . JERRI 2
B A T8 A 5 AL TR b ) 32 S SRR, T 2 P Az
PHAS T 2AN2H 2 (Al i 1, 22 U 1L (AHHS) Fl 22
B PH(AHYX) 2/ Je e 5 e Je it s B B B
(274.4-346.42 km), FHES 72442 (A1 2E R A2 i (Har-
dy et al., 2006; Perez-Alquicira et al., 2021; Wang et
al., 2022a). UbAh, JERERIPILSEM: . HAREFEMA
MR 1 oA 13 fE BB AL 25 M I i (Cheng et all.,
2020). fff Ftid K Bl EE o A DX I AR 1 e B A 1
SR B AR, K2 Hrr S e R T Je
FERESL Iy TR BT Xk, FESARRIM R, Blb)E
HETE B SR & 0 R, [FUEPER S (Meena et al.,
2019; Oumer et al., 2020; Silva et al., 2020). A7
FE R ARRAT BURE AR IR 58 42 7 o 20 AT X 3 ) B
AIERE(IE3), BR300 2 A ol (R 1) X34, ¥
s Z AR YLPE Wb YOGS S R A
FIURE(EIBA), AT e 43 id BON S B8 A% 45 44 DAY 1) i
Z2, T TV HERf ) W JE B ) A R R . BRIk, 3
Tty R AR A 73 A1 [X 45k Py JeE R OORE O Wk R 4 S
AR ECE, N inefe(E S 80E, it
TR JeE 2 A% 45 Ay TN £ 1HE 1 1% (Perez-Alquicira et al.,
2021).

FELREATY 5 TR UK AR 8 4% 28 7 LU 491 J) B AE J T Y
(79.71%), (HAKIRAFAE H BE gt AL 43 {k.(Fs7=0.102), 7E
—EeAT S U AFAE T BE B AR 0, INZRTRAR 7T (Hima-
layacalamus falconeri) (Fsr=0.121). JKZ 4T (Fsr=
0.098)#1Kuruna debilis (Fs7=0.113) (Attigala et al.,
2017; Perez-Alquicira et al., 2021; Meena et al.,
2023b). JEBEA] I8 AL oA S5 B R ) 2 U G, R
R ARAT JE R 1R B R KPR 1 (Nm=2.442), {H
Hby B 43 A 50T PR VT 55 B B (JSLY) 5 VL K 2%(ZICX)
(e AP AR BUR 70 (F7=0.151>0.15) . Rpfiisth #R A7
BRI ER, HTIHEN AR FFEASE &
TE R HUE /D 45 J5 R AR A R A, P RE 2 AT
B2, (23t & #E R 1 4 16 (Nilkanta et al., 2017;
Perez-Alquicira et al., 2021). A AJE Ji#8 K K 45k
A AR AN A i D] 5 SO S R A AR R A T e R
YL 73R B (JSLY) N VLK D (ZICX) 4 J8 ¥ 1) g A% 15
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A, NI T B R A ek 55 (1 BRI 216 590.029 4),
[A] 17 2 W H BE 58 1 382 4% 231k (Nilkanta et al., 2017;
Meena et al., 2019).

33 BEATFS5SEXESH

A 1 32 5 0 AR AL AR R IR Ty . TUAR
MR, SHEFRK 5K (22.22%) b, A R 20 s
FE AR 5 () R R 2R (35.48%) 5 1w, (EHE BN JE BE 4k 1)
T FE A R R L I DR R T B . AR M g T
Re oz BRIk, SRR R ik it —
o HE RIS 4E 2 AL (Wang et al., 2017; Bolte et
al., 2022). S AxHMERN AT B HE A N2 (EI12A).
JR BB IE AN N SO E R R, 2 WFAE
TEXT AR SEAT T 1 & M (Harrisson et al., 2017;
Wang et al., 2022b).

TUAR 53 T IR FEARAR 3 AT 2 B, A0 AT 3 B 1
175 TR K FEE _E 5Bio2. Bio6. Bio7. Bio11£1Bio19
IXBAN G R T3 R HE, I 22 AR A R e A0 AT 16
78 R SRR 7, MAMB S A 2R /K &= (Bio19)
Ko MR RV ZWFIAEAEE BRI KBl R 3,
Fom i s m e AR . PRI AT FH RN ZE 19 1 FH s ma ke 47)
M4 (Jia et al., 2020; Butler et al., 2022). &
Pk REmEYAERKES . EARERHNEERE,
HIEFLRAH B MR R, WAL AR
S, IX AT RE 2 o 0] PR R A A S (1 DR R A
(Perez-Alquicira et al., 2021; Filipe et al., 2022). 7&
W FiHET16 5831~ SNPsifiide id I VA7 55 (57 SNP),
H T K ZHSNPZ F ), 0K I8 = 4 1k i)
SNPAL i (El4A).  Wang55(2017) 1A A H fii fb 2 [
S 7 AR AE R 2H K P B 0 38 R R —
(1 JR B, AT BTG R -5 38 A O ARG 46 i ik
Rlo i TUR A A AE TE R IR S A ik, RIS
F# 7K & (Bio19) 7 5K 1 57 # SNP LL 2% i3 % N 7 £ (]
4B, C)o "SAGH 1] Be A & LR e 11 B M SNPAR
S EERFFE K, HESNPHHEEA LR IF2
B AW EEEE Y R L £ (Filipe et al., 2022).

3.4 BEMESHIUN

55 V9 208 s AE DK YA (8] UK 91 2 8] 41R 55 6 24 4 W 7
Gy Atk SRy AR F A . V2 R T0 V08 S FE VA T 4G
U T A3 1) B AL AR A, AR 2 WA Bl K B AE AN R
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FR)3BEAE T (5 % 2%, 2020; Polic et al., 2022). 7£K K
UKIAVF Z FE W91 oK 56 AL #8 B 24°N DL g X3, 76K
TR UK A K B IR T 5 T R BT 1R 4 A 38 L A 230
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ST P 3BE S FIT (B %6 25, 2020). 43t op A% T a6 A8
BE, — e A6 #% I B2 A0 m AR B K (#H 56 55,
2020; He et al., 2022), 4G R4 7E 4t B A 2 1)
Jbd 3k B A Y k59.12% (&5B; Fff#9). 4#r
e A 20 4 F AR AT [FRE 1A LIS R AT 5Kk (EI5A, B),
AP T O AR AT AT A R A A AR AT 5K i SR R, CIE
SEAs it (296 0004E B ) 3 24 i & 4L T 57k A H
PF, 239k AEAES.9. 4.2, 2.8, 1.4510.4 kyr (Wang et
al., 2013). {EHEAT RIARAT 3 A1 TN I 8 5 Wt v H 43
G (Bio6) . fed 2= FE P 3R FE (Bio11) Fl f A 2
FE B 7K B (Bio19)sE Ma J AEAT () 23 AT AAE A o ARSI
SR, VRN AR SZ e 714 52 B AKORRL B2 45 R 3R R 52
Wiy, 0 R 43 AT 5 BB AT 2> 4 /N B #% (Yebeyen et
al., 2022). 2021-20404F F12041-20604F 24 i B,
TESSP 1-2.68% 12 I A ARAT mrd A4 X A M LT B 1
Feo dbAh, TN PG A R AE FEAL I I AR X AR
N AW, DL E2061-20804F [7]SSP 5-8.51
18T iE AR X 2 H LR 23 S IR RO R AL, A AR W] R
V452 3 A BRAR I (19 72 2 o

&% ek A R
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Population Genetic Structure and Climate Adaptation Analysis of
Brachystachyum densiflorum

Ruli Zhang', Dezhu Li?, Yuxiao Zhang"

"Yunnan Academy of Biodiversity, Southwest Forestry University, Kunming 650224, China; *Germplasm Bank of Wild
Species, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650201, China

INTRODUCTION: Genetic diversity is considered as a crucial aspect in assessment and conservation of rare and en-
dangered species. Brachystachyum densiflorum is a species endemic to eastern China. In recent years, with rapid eco-
nomic development, accelerated urbanization, and escalating pollutant emissions, the habitat of B. densiflorum has been
continuously degraded, habitat fragmentation has intensified, and its populations have shown a tendency to decline.

RATIONALE: Genetic diversity endows species with abundant genetic resources and plays a pivotal role in shaping their
capacity to adapt to new environments. To elucidate the genetic diversity of B. densiflorum and evaluate the influence of
climate change on its genetic variation, reduced-representation genome sequencing technology was employed to obtain
single nucleotide polymorphisms (SNPs), and subsequently population genetics and landscape genetics together with
species distribution modelling were analyzed.

RESULTS: B. densiflorum had a moderate level of genetic diversity. Six populations were divided into two groups, and
there was moderate differentiation (Fs7=0.102) and high gene flow (Nm=2.442) between them. Genotype-environment
association analysis indicated that the two groups were diverged attributable to local adaptation to the climate. Tempera-
ture differences and low-temperature regimes interacting together with precipitation gave rise to genetic variation of this
species. In total, 544 adaptive loci were identified, which displayed significant correlations with temperature difference,
low-temperature factors (Bio2, Bio6, Bio11, and Bio7), and precipitation factors (Bio19). B. densiflorum migrated evidently
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northward from the Last Glacial Maximum to the current, with its distribution area increased by 89.5%. However, during
the period from 2061 to 2080, the extent of the suitable area for this species will be contracted, and there will be partial
degradation and fragmentation occurring in highly suitable areas within Anhui Province.

CONCLUSION: B. densiflorum showed a moderate level of genetic diversity and a moderate degree of genetic differen-
tiation. Local adaptation drove the formation of the current genetic pattern of B. densiflorum, and temperature differences,
low-temperature, and precipitation led to genetic variation. B. densiflorum has evidently migrated northward from the Last
Glacial Maximum to the current with increase of distribution area. However, niche modelling indicated that during the
period from 2061 to 2080, the suitable habitat area of B. densiflorum would be contracted, with partial degradation and
fragmentation occurring in highly suitable areas within Anhui Province. These results provide the basis for conservation
and utilization of B. densiflorum.
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Population genetic structure analysis of Brachystachyum densiflorum

Key words Brachystachyum densiflorum, reduced-representation genome sequencing, genetic diversity, genetic struc-
ture, species distribution model
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Appendix table 1 Climate data extracted from latitude and longitude of the sampled sites of Brachystachyum densiflorum
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Appendix table 2 Correlation analysis of 19 climate factors
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Appendix table 3 Screening of the distribution of Brachystachyum densiflorum
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Appendix table 4 The feature combinations and the regularization multipliers
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Appendix table 5 Analysis of molecular variance (AMOVA)
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Appendix table 6 Comparison of the effects on the genetic structure of Brachystachyum densiflorum of three data sets: climate
and geography, climate, geography
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Appendix table 7 Redundancy analysis and partial redundancy analysis of adaptive loci
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Appendix table 8 Eight climate factors and their importance parameters
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Appendix table 9 The potential distribution area of Brachystachyum densiflorum under different periods
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Appendix figure 1 Transition and transversion statistics of SNP
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Appendix figure 2 Prediction of the ROC in the MaxEnt model
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Appendix figure 3 Jackknife test scores of climate variables on potential distribution model of Brachystachyum densiflorum
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