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ABSTRACT

Aims: Understanding the mechanism that leads species to endangerment is crucial to the conservation of biodiversity.
Adiantum nelumboides is a key wild plant that is protected at the national level, and its genetic diversity and
endangerment mechanism are controversial.

Methods: A total of 28 4. nelumboides samples, from six populations, were used to obtain single-nucleotide variation
sites (SNP) by the genotyping by sequencing (GBS) method. The genetic diversity and structure of the population were
analyzed and combined with the change in the potential distribution area of species under different climate scenarios.
Then the possible causes of endangerment and scientific protection strategies of A. nelumboides were discussed.
Results: The results showed that 29.6 Gb of data was obtained based on the GBS sequencing, and 9,423 high-quality
SNP loci were screened. Adiantum nelumboides had low genetic diversity (H, = 0.138, H. = 0.232, P; = 0.373), low
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genetic differentiation (Fi = 0.0202) and gene flow (N, = 1.9613). The A. nelumboides samples are from two ancestral
haplotypes, their genome size was 5.01-5.83 Gb, they were tetraploid, and the GC content was about 39%—41%. Under
future climate change, the potential distribution area of 4. nelumboides will increase slightly, in which the area of high
fitness is lost. The primary areas that are suitable for the plant are distributed in Wanzhou, Chongqing and further north.
The dominant factors affecting its distribution are monthly mean differences in diurnal temperatures and precipitation
during the coldest season.

Conclusions: Due to the low genetic diversity, lack of gene exchange between different populations, and changes in
climatic conditions, suitable growth areas for A. nelumboides become narrow, resulting in a sharp decline in species
diversity and population size. Therefore, their low regeneration ability and excessive disturbance from human activities
might be the main reasons for the endangered status of A. nelumboides. It was recommended to strengthen in situ
conservation of 4. nelumboides. Measures such as habitat restoration and natural regression must be discussed to
increase gene exchange across populations. At the same time, a core germplasm of this species must be constructed to
prevent the aggravation of genetic resource loss.
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B A (Reid et al, 1993), —MokiL, HEYELAE
SRS R Sk A i At AR v 25 DA 5% (115K
B, 2010). AL Z K1 S YR B AR TE 25 S & B
A SR AR AR IREE, M B B S AN R A5 (1) ik
PEIE 77, BA T S 316 71 (Solomon et al, 2019);
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VA4 TP AR B (R A0 7 SEFT B AR 4544

WAk, B o AR R ) v R
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Y MR AR R . PTE BSR4 K &R (Fu et al,
2014) . 5 (K153 B4 745 K (genotyping by sequencing,
GBS) ] DL 3R K & A 2L A KPR AL B IR 2 &
PE(SNPYAL A, HARRA S FE40 K mnd s I KR
Fi A B IR SNP 73 7 K 55 A0 /L (Miller et al,
2007). Ak, HREE 2 BB 5T R Z B AR T R AR
LS T E M. HREE . AT
PEAE 2 FEE 2 BT S50 T (Pegadaraju et al, 2013).
faf M-8R 28 Bk (Adiantum nelumboides) 7 Ai T IR IE KT

SR . AP SNBSS AL D SR R
IR b X PR B PR e BR (1) A M (A, reniforme var.
sinensis)o TR F RGF MR RIVE 5
BT 5 285 SR 3R W2 0 b R0 B R 2R R (S 5 ) SR 2%
KRBEHII VA5 A (Wang et al, 2015), FE@IETN
M BT 0 TR A, R
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TE(FREA L, 2014), RIA SRS FIREA AT N TR 42
A RE S T B R T > 707 T SR PR A
FEEFE(Wu et al, 2003). HHI, ZPFIELLT K4
W%, (EZRESRPEFE/YAT) (20210)
(https://www.forestry.gov.cn/main/3954/20210908/16
3949170374051 .htmI) A1 ¢ E AL K7 50 (7 [F
A %], 1991) 73 s H B g [ 28— G F — R ARAP
[FIF, tH 5 B SRR B (International Conservation
Union, TUCN) ¥ f& 4 B 41 5 44 54 H 51 N iR fG
(Critically Endangered).
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b, AL ZREMEM TR B S5 T, SRR AT
FE— 7 B DR, AR 56 A Bl b BT 90 45 SR
A P 0 Tk i A PAY ) 382 A 20 AR P R I ) 38 A
I3 MKV AR A AR G T 5%, 2005) 0 2R,
To AL AR AR, A Rk Sk A0 L i R 2 i
[F1) == g by [X 7™ A A S5 4 R A0 B AR A B L T
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Table 1 Sample details of Adiantum nelumboides

A7 PR 1) 12 U 457 A G IBEDNAZE FE I . B Mise TAI
Ecor IFRIPE N VIBEREATEEY], < J57E v BOmy o in
B3k, PCRY & A 3k Mtag7 41, KA IR G S
IS HL YK B DNA %47, 24K 5 )77 ) 72 Tllumina
HiSeqill J7>F & L #E47 XK 5t 1 509 5

1.3 SREUEEAZEEL 25751 (SNP)

MR 8 A T B DG B AR 0 A B o DR 4 4
P, K R ML P A 0 1 4 £ P raw reads £ A
FastQC v O.11.9%CAFHEAT 4%, 25 BRI P43k DL
S5, VR B EAEAG T 2003t . DAfar -k 2
BRAFERNANE NS, FIFHBWA v 0.7.17 LT84
(Li & Durbin, 2010)##¥ fhid 38 J5 1A 20845 (clean
reads) 5% H R H AT HLXF . i H Samtools v 1.14
WAk, Z2EE. BITGATK v 4.05H4772 A8,
EICALL SNP. R AMAREAAR S s Rl R A A S
PRI flvetg O R 3RAF SNPARIC o

WP R, RS . 84T
GATK#AF{# FHZ4“QD < 2.0 || FS > 60.0 || MQ <
40.0 || MQRankSum < —12.5 || ReadPosRankSum <
—8.07%f vefg X AW P I Uk, 159 2)4526,578 1
SNPAL 55 Hvef 3o A Fveftools v.4. 18X 3515
SNP 73 B 25 AT 1k 98, F % 2 4 --maf 0.01
--minDP 4 --max-missing 0.8; 3 — % A Plink
v1.90 3K A HEAT W IR AFT A% 1 4 (HWE) A% B A ~F
BR(LD)LUE, #2P < 0.001, /7 < 0.018E47 L 0E; ik
Je ) 1 v SR SNP T B IS 45 44 43 #T
1.4 BHAREHDH

FHADMIXTURE v1.3.05 1435 T R4S 3
R Y HE T ANMARE S 2, 64 idmiss 0.4, maf 0.05

J&#f Population KM AT Sampling localities FEAZ(E Sample size FFAKHES Voucher no.
At SZ PR A B P e 10 YYH15105, YYH15106, YYH15107, YYH15108,
Xituo Town, Shizhu County, Chongging YYHI15109, YYH15110, YYH15111, YYH15112,
YYHI15113, YYHI5116
m Il NC R TR )1 X 3 YSRO0101, YSR0201, YSR0204
Nanchuan District, Chongqing
e XX HRTT M X B 2 8 8 YYH15091, YYH15071, YYH15072, YYH15088,
Xinxiang Town, Wanzhou District, Chongqing YYHI15087, YYH15092, YYH15090, YYH15086
#al Ys PRI X #EL 2 1 YYH15070
Yanshan Town, Wanzhou District, Chongging
P WL B IS e 5 YYH15117, YYH15118, YYH15119,
Wauling Town, Wanzhou District, Chongqing YYHI15120, YYH15121
ME ZX E NP e Y St 1 YYH15114

Shibao Town, Zhong County, Chongqing
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JE 1T Stacks v2.41 844+ ) Populations ¥ F£ 7 1T
B Fh )5 4% 43 A 22 5 (genetic differentiation, Fy). ¥
KL 28 R i (inbreeding coefficient, Fig) ALl
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(Nw) IR ZH
1.6 EFAKRNME
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kya)[A] FIFE R A 280K /N . A2 e sk 2k B
LDISNPE#E LR, ¥ vefSC 14 F python il 4 easySFS
(https:/github.com/isaacovercast/easySFS) & 37 — 4
SFS. ¥ SFSIRA TR % Hfolded, PAGLIH IR H
fRISFS. AL = HUL & £ I projection fE i i SFS
{5 5., ¥ SFS15 B % A\ Stairway Plotiz 17 flr 75 #
blueprint CHFH . RAERBE N1.0 x 107 /67548,
404F N—R(IUCN, 2010), 200K [ J&H Tt 5N 5
REEL 95 % BT X 0] 45 RAERRAFH T 4L o
1.8 BES XTI
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SERLIRTF A AL RS S, 8 E b
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55, SLUSCEE far R G R AR AR AE B 250, TRIEA
Excel U P A0 R CSV % A T 43 A7 Tt g 4554
o 308 BUBAC R AR SR (20804F ) i 19N E W S 1% 25
A e HE T BT SRk B4 B WorldClim
(http://worldclim.org) . ZE# & T XYZ 4 {8 Hi s,
AR HEEN2.5" . ORI UK (last glacial
maximum, LGM)FIA K 8] 7K B 19 5 7% S A% R G
M, LJZRCP 2.6 % UARHEUE 5 . B2 ArcGIS
10,6744 B e oy v [V - 45y ASCITRg 2K
1Z21TMaxEnt v 3.4.1% 44 (http://biodiversityinfo

rmatics.amnh.org/open_source/maxent) 5 UL fif iH-2k 2k
BRAEAS [R5 5 R B EE Ak =, WE IS
NT5% MR N 25% AT A 73 At o P At
Bl 5 U B EHE — &2 5 AMaxEntH, 6% 7)
Plik(Jackknife)Z: i wi 57 {h 42 -4/ E O &L . 2
ArcGIS v 10.8H1, %[ H SR1E] W &0 2%7%” (natural
break) ¥ B X 35K 73 AN A F LA AT S5 JE
WX, —FEEX, REEX; REEX. KH
ROC HT 28R VP 45 31 Tl 45 SRS HERE, PR IAR &
R T HR 4 T R MV P A 23 A1 ) 32 S AR
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Xof 28 473 fuf Ik £ Bk A i a3k AT I P A5 B v o
JFAEHE3E29.6 Gb, “FIIRFEA1.06 Gb, GCH
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B, N40.81%; M )IBE R SAR, 939.7%, &HEk
[MGCH & ZFIEARZE T 1753558 i & R
fH, PTUAH T GBS MM . W74 5 Q30 >
88.97%, LM KL IR B N A NS 751, 28
ANBEA I 7 51 R FIBWA R 43 531 5 2% 5 51 3E AT
Foxto LML 3011,7674 FRUGSNPs, 5% T 52:5%
DL HISNPs, 3515 19,4234 & i & HISNPs, T
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2.2 EREEXIMEN SR EEREEDTT
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(Ho)~ HHEE 245 B (H)RZ R 2 FE (P 7 3N
0.138. 0.232F10.373, #7 2 J& R 04 & FEm i T H
flE . BRECRE EREAL, B A B T 4t
A BE, U BR far R R 1R o A T AR D AR SRR
1o MERZFHNEWP) TR, /) ER R
ZREMEEIS0.683, AAEERE. ML fERE . BB fE
T 2 JBBEPSY ) N0.3164 0.117. 0.54F10.48. P;
R, U RN TR 2 P,
TN BRI HERAE W, A EREITR
RE(F)HRT0, JEHEAT0-03032[8], H5G1
B 750.143, Frf JE#E T 58 R AR I N 234 1)
B, RUREEHAEREG T AERER .

o P2k e B A A TR 384 23 A R B (F o) O 24
[ 290.0148-0.0312, “F¥{EN0.0202 (£4), KA
A [B) T8 A% AL AL T B AR K o 38 A% S5 84 43 BT R B,
o P 20 R A 1B) ) 84 A8 e 92.02%, 1A% AR 7
FERETEEREN(97.98%) . FhEEE] 3 K (Nm) N
1.108-2.482, “FiME1.9613, KT 1 (¥%4), £ ERE

R2 SRR TR E

Table 2 Relative fluorescence intensity of Adiantum nelumboides

it il ASTOLRIE RRllZEe  EFEH KA

Sample Ploidy Relative fluorescence )& Genome size
level intensity Mean

YYHI15105 4X 62.96 151.86 5.55

YYHI5111 4X 60.30 140.32 5.35

YYHI15112 4X 60.06 130.77 5.01

YYHI15116 4X 67.82 171.92 5.83

®3 TRBHGMSKEREESHNE. FRERRRI.
Table 3  Genetic diversity indices of different groups of
Adiantum nelumboides. The sample information see Table 1.

R IR MEREE WMEREE RHREFYE B R
Population H, H, P; Fi

A SZ 0.206 0.214 0.316 0.172
)1l NC 0.211 0.287 0.683 0.27
e XX 0.104 0.285 0.1166 0

#elll YS 0.106 0.135 0.105 0

HE WL 0.198 0.187 0.54 0.117
BE ZX 0.218 0.286 0.48 0.303
FHME Average 0.173 0.232 0.373 0.143

H,, Observed heterozygosity; H., Expected heterozygosity; z, Nucleotide
diversity; Fi, Inbreeding coefficient.

R4 TMHHSREREHEBDNERDIURR(F: WAKT)S
ERERN, MB%kl), HRERREKL

Table 4 Genetic differentiation coefficient (Fy. below the
diagonal) and gene flow (N, above the diagonal). The sample
information is shown in Table 1.

JEHE AR I #el BRSO KB #H2
Population  SZ NC YS ZX WL XX

FHFE SZ 1.108 1957 2023 2486 2.157
)il NC 0.0216 1.795 2417 2186 1.957
el YS 0.0194 0.0312 1.864 2167 2.035
BE 7ZX 0.0165 0.0216 0.0183 2341  1.628
BB WL 0.0186 0.0298 0.0161 0.0176 1.439
e XX 00154 0.0251 0.0148 0.0193 0.0169

(A7 AE— B FE T LR, K7 T B AR 33K
R A8 AL b . AL PR B B I v e N R S
Fe Il BRE(Fy = 0.0312), RIS AR )] B B
B HRze, 7% B b P R I A B S L A S
24 BRERERZEWSH

FF9,423MZ SNPAL 4T Structure 73 #, 45
RUETAFTR. 4K =20, CVIEED, B atikark
Koy 2L o e, AR D EERE. B)IE
B ML EREAE 2 R B RO — AL 4, T
W% R B B SRR S — N sR 4, RN Is R a2
6] R 4 Ak Bt TR AT RS o RIS R B, PRANISAR 4040
Z AIAFTEAE — 5 P2 E R RA i st AR s, LI
ST I R RERHT 2 J8 3 Hp A7 AE — 5 LU 1 2 4 1)
HEBE A R

FIF e RABLSAR (ML) 2 19,423/ SNP AL %
28 MEA R R G R (I 1A), 284 fur i
BREG AR AR B 2N Kt A% 43 32 . BRYSR0201
Y YHI15070FF i 4b F A FE 4 o B 40 A7 5 — 32,
HrhRBERIYYHI5117. YYH15118. YYHI15119.
YYHI5120Ff1YYH15121 %~ —3%, 1X 5 Structure4h
P HTHISE R —5. PCAZE KB, PCIAIPC2H o1
Bk 00 T 62.2%H121.65% (E1C, Bl &AMk
HIFH B [ 3R s, AS [ 1) [ AR SR A [ T 4
BE)o 284 i Bk 2R Bk I8 R R 24, SR — E
PCUH B BB FI R NSRBI, SRR
SHTI R — 8, BEARAAE D BRI IR,
UL BA BT BE R 2 [AFAE R RS, 5 RG K B W4
SR
2.5 BHAKNALSH

E Stairway Plot =% fuf -2k 28 Bk iR A4 K /N Bl
B[] AR AT HED o 5 S 0 I AN B [ SNP AU
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N e g
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02 |- o
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-05  -03 -0l 0.1 0.3
PCI1

Bl ETSNPHIGMRERERER DT, A: HK =208 N MERNEER S DITERFIIET,423 N SNPHI R K IUAREE

WLERR
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Fig. 1 Analysis of population structure based on identified SNP. A, Results of the admixture proportions for each individual with K =2
and maximum likelihood tree based on 9,423 SNPs. Each sample is represented by a histogram, which is partitioned into different
colors. Each color represents a genetic cluster. Numbers in the nodes are the bootstrap values from 100 replicates; B, The distribution
of best results in clusters by Structure. The pie chart represents the genetic cluster of each population; C, Results of the principal

component analysis. Each sample is represented by a point. The sample information is shown in Table 1.

9,423/, #HE EI2A, Stairway Plot#fE il % Fh # 100
kyaZ1 kyaffJ43 R RK/NEE(K2B). BB,
faf 8k 28 5% 115 kya 22 11.7 kya 1) R ¥R UK # (last
glacial period, LGP)Z i Pl 4e, 7E11.2 kyaff)oR
PR UK I(LGM)FT & M 5k . XAl g 5 okdk
I i, A7 P42k e g 0T € ¥4 1 558 B AR BEANIE LA %
AN T KIARDSUS N 5, 15 kyale £, M
AIIER BT 5k, XAl T R IRVKIH S
Ja, HUBRER TR LR [, AR T 2k ek 1)
BHEEK.
2.6 ARERIFERTEEMEBSMIES

R A IR o R R (B s 2) W g0, AR
AR T AT Ik 4 TR 3 S A1 5 e R S

16 DR 7 B R 22 H YIME (42.4.%) R A R [ K i
(20.9%), Bt ik FiX63.3%. MWK T FHFHIAR
FGREE, far 2 BT B AE B I SRR AR
IR AR AE, 2B OO AR SR ™4« BIARA
1ESAE T, far R ZR BRI TE 7 A X 5 AT 0 A BN
W4 (E13), &4 X0 A L RBR, a0 X AL F &
IR M 2 AR, 75 B BE A S AR 2,79 %
10* km®, HEEX F BT AEEMEEE, mH
FR0.66 x 10* km?; 3@ A4 X E B0 A T il £
B IX AKX 2, HAN1.62 x 107 km®.
7E20804FRCP2.6i% = SARHEIG 5L T, 7 -4k
LR RS IE H AT A BRIk, S A X AUA
2.82 x 10" km®. {HEBACHA LY, 1o 4k BB e )
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Fig. 2 Changes in population size of Adiantum nelumboides. A, Folded site frequency spectrum (SFS); B, Changes in population
size inferred by Stairway plot using folded site frequency spectrum (SFS). Thick lines represent the median, and shaded areas
represent the 95% confidence intervals. LGM, Last glacial maximum; LGP, Last glacial period.
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Fig. 3 Distribution of suitable habitats for Adiantum nelumboides in different periods. A, Last glacial maximum climate scenarios;
B, Last interglacial climate scenarios; C, Contemporary (1970-2000) climate scenarios; D, Future (2081-2100) RCP2.6 climate
scenarios.
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HoE 5 X A AL PE R 7 RE R, R A S
AR E R T PRI DY R A Bk ZR R A
RIRKBEIKIABTE S AR — 5. HEBTRIK
BUKIIELE A fmdl, HoAmaE oz, B
A XA N11.45 x 10° km?, ZEWIIL. WIEG. BN
VOB 43 A o FEA UK B S8 A2 [X T B R6.02
x 10" km®, SEHUACSE S AE 3 A T R 21515,
G A X TR .

3.1 fMHEREIRIE R S e

L Z AT S YA IR B R Pife
B A B A A I — AN i R A A A 2 A
KUK (Gitzendanner & Soltis, 2000). ASHF 5]
HISNP 73 bR i) fif Bk 2 ik 64> H AR = FEHEAT 7
fr, SR ERHEEFRIKKBELZHEEH, =
0.138. H.=0.232. P;=0.373). FAAH4E F 4 H I
TEPRSEAE R /K BR (Ceratopteris thalictroides) (Dong,
2007). HAEIKIEsoetes sinensis) (%REEIHEE, 2004)
5842 (Cathaya argyrophylla) (F11555, 2019)H . &
FE(H) 2 B TR 12 g 2S5 (Wang et
al, 2017)o far R Z BT S5 00 24 5 FE(0.138) /N T-F
PIMIEE R B 1(0.232), &R se A2 5090.143,
LT KA (Metasequoia glyptostroboides) (0.528,
T, 2020) GBS (Keteleeria formesana
Hayata) (0.85, 257145, 2014). PFEEAEHI (Firmiana
danxiaensis) (0.536, PIdE %5, 2021)FIH =%
(Glehnia littoralis) (0.508, Z=¥5TN%%, 2021)25:4% f&
Y, RIHANCAEZ R G, BN AFAEAR
ARG TR, B ERIR . VA far 2k
ST P WA 5 s 1 R R B R FG 2 T AR 2 R
YA, 0t T &M E TR 2 515 HAETUCN
2104 s v WG S5 R RE DR 1 (J13), 45 R,
WG & VAP PR SERE BE I N, gL Z AR PG, &
VIRhig AL 2 FEIE KPR & G 5 R 54) . Godt
HHamrick (1991)IA 9 J& #5428 7 R/ 32 250
W R AR BB RS TG EFAE R, FHA
DR} 5 KA b B 43 A A B BRI 8 4 2
FEPE o DR S BRI R 2 B st AL 2 AR PRI ) iR A
Al AE A O AR AR VAT SR AR R BN 2, AR
FE 25 ORI b 358 30 R R T K R AR B U 2

o —_
o] (=]
T 1

c

e
=)
T
o

S
o
T

CR EN A% LC NE

(=)

BH R M Nucleotide diversity
o
'S

E4 HEYERSHEMSHEEEST. CR: RE; EN: 3
f&; VU: 5f&; LC: fe; NE: KFiFE. ERHEKiET
Mi3R4SE 3R

Fig. 4  Genetic diversity and endangered degree. CR,
Critically Endangered; EN, Endangered; VU, Vulnerable; LC,
Least Concern; NE, Not Evaluated. Data in the figure were
from the references listed in Appendix 4.

BErh, S RRVE L, IXANAS far iR 2R R A o3 A X 45
WA, SRR, AT 51 I A2 R, S s
fEZ PRk
3.2 aMERERIEEREHNSREAEXRAR
LG E — NP R AR R R —, 2V
ZHER N, OFEER WL, BE 529 K
T4 (Ge et al, 2005). fif R Bk - 2EA W A TE T
3o PR AE R EA  E ey R R B
TR BT OSSR EBUK, WI R B S f1
EFTE, I X AESER ™k, HAKHRE S %
ISR R RS . DRI, PRS- ey -k 28 Bt i 1) 2
BRI KARA . AT T 45 FAESE, 5 AR
AHEE(Chen et al, 2004), )& #E N B BB
(97.98%), T & FEIANEAL AN o o B B4 25 4
1T A 5 2 KL (Nm) % P A 2%, Hogbin Al Peakall
(1999) W\ Sy 7 22 W b 1 382 A 7 S5 200 A 1 S
Wo BRI, 7 RGeS J8 T A8 mh, T B
BHAY, AT RBeds . /INEEAAR BRIk o3 A 12, &8
JURTEHEHE G, &% T EE 2 R ELR .
BF B r 2R 2R IR IR A S5 M R R G K B R &R
S PRI ar R R 1) TS ORI AT 42 o far R Bk ) B
AR T AR 1) e e 3 2 [t A7 7 — 5 B2 P I st 4% A
T o AW FE 28N Fif I 28 ot 11 1okt A% 45 K 43 BT vl
AN T R (R FR 3 A B S 5 FLh R Ay A A )
KR, 3T Structure /3 M1 FIPCA S My, Fif M-8 28 Bt
(1164~ H AR R BETT 20 N2/ &R, B0k H 2Rhast A% 4y
Mo R JE B A A AR B A O s A 4y
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M, BRI AEsE AL, FEE —ENERE
FHING . Rk, A5 D Ao 14k 28 Bk A A4k 77 58 43 A
X HRE R IELL .

3.3 TSR BRAEHAA EFBED IRE

M2.44 B 34 24 155 DY 28 (Quaternary), H
FF 25 TE VA T T 58 (1) UK 3 B AR R I I R0 (1)
(B UK HHAZ B 2H i (Comes & Kadereit, 1998). A[E4)
Tl oxof 265 U 22 K HA S A AR Ak R e S A X . — 2
Wl ) o A5 X 28 [ w26 ) R AR MO, 5 — SR )
43 A S [ 52 21 55 1 5 i 3B &2 UK A 38 Xk BT (Holder
etal, 1999),

UK 3 2k HE T 48 UK B B ) LR R B0 B 1 S p
SR T B Re 8 A7 S B X 4, 1 X3 ] B A
SEUKIA S5 P B E BT o VKA 8 BT I8 2
VF 2 BE R 4 050 A1 X (Hewitt, 2000) 3XLE[X
S A Ao 1 A DXOR M R 0 3 52 30 5 DY AL VKB A
[FIFR L R REIA o V7 22 W0 (R A UKCHA i 3 Py b T3
w1 R I B e AR AR K, AE R R A
FEHHE TR 2 AR X 38(Comes & Kadereit,
1998). & [E P4 pg #th X SAEARXS F2 €, BRI 2
+F BAEY) A K BAEEHE T (Tang et al, 2018). ABFFH
TR 2R R o AT AR E U p Hb X R LR, T TR
| FE 4 P KGR 3 UK S0 T 2 i

Vi i [T e AR B 2 0 FLB AL R HE R BT 42
[ 3 52 A R R A A 45 3 (Hewitt, 2000), A T
TR T FA SR A E 0, W TR R R
T2 1T K /N (Wang et al, 2017). A 5845 Ak EESNP
Fric B 7oA ek 26 R KPP RE D SR, 45 R R R AR
11.7 kyalf) £ KUK W (LGP) & i Fh BEWC 46, E11.2
kya ) AR B VKIA(LGM) T2 D B S 5K 5 ) 5
RIS TRUARLALL P i 42 2 R AE R IR B VKA . R IRk
WA SR B AR AT & o B HEN 47
-4k 28 R 1) 3 S 0 AR XBCEAE T, LEVK IR IR
5 20 28 5 22 18] 43 A X B A8 4k, T R H HT 8 23 AT
)5 o

HIARSAEAR L, 75 AR RSN T WY
o W42 2 R DS AT DX T AR B A 3G, s i
A XA, R RS AR X AR R . e
BRER PR AR AR S AR X R B R T A,
A2 X5 S R A BT AR P R A AT X =0k P X
—H(RIMESE, 2013) RKRAFELBUERT, EE

X 2y ski#ady, BERORZEH EN R KRR
SO A PRk 2 IRV AE AT ) 2 U R e TR S
S5 (1999) M 4f5 Ao 1 BR 2R R AN H 2R 70 A1 T4k 430 m
PUR . Hig4R300 mPh EARKAER SRS, HElEIA
o FE 51 R B R 22 AR A A AT B B R, AR
WS R 5K —HERT— 8. AR s B 7 A X
(DR 538 S AR/, 2 Y R AU 1R SR AR oy 7
o S5k, IERRCEDRER. FEEMHEER.
158 58 ) (R AR AR A £ S M ) A ) 38 A 22 e KT (2 )
B, 1977). BT ZWRPEIX &K G KA BT R EL
ITRF AR R ar R R R AE B AR U, TN A Bk ek
ST — P A JURs (1) W 5 FE ) S 24 - B 4 0E 8
TR, M ERMEERZ S &N E, W R
B N3 BT R 2R SR T AU AR AR B/, K28
i DXACARCII T UBRAEL IR, A o5 0 A A 5 T R A ™
H, AR 3 BOM R B AR 2 R AL TR K
Vo AWFFLRY, ARRAURAZANE 5 1A -8k 2 ik
WA X ) U AT RS, X W] RE S AR AR R SR AT R I
W AL S A AL HERS (Tingley et al, 2014)F 1R KA E .
i P4k B2 R A v RT3 A FR) 0 A 9 LA FL R A
IAE T OB IX A R I, B A SRR # M > BN R
P WM X KPR 2 A RER A, (Hik
R B AR ek D, AR T A T ) 7 R A2,
X L HME R IR AR SR R o AR, 7 R R A
T8 K BT SRR 75 2RI 8], HARF 384
HMEFF2L, IR LLRHAEHS AR T HAE BT AR B R EFH AN
DR SR, DRI, ey Rk R 1) B AR SRR AR ARy TR AP,
B (1) R J A AN FAth JE VR AR BT
INCLERA, RIS A] BE 2 M ORGP B AN [F]g 4% 4y
IFEAAMA; () Imamxs 2 1 Ja R K EAE LA, ik
S NTHIR, (3)FEFT R st R 5 () B il b 38t g 37
FhpT SRR L N LEH 5507 kAT S R e
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sequencing
https://www.biodiversity-science.net/fileup/PDF/2021508-1.pdf

Average GC content of Adiantum nelumboides for genotyping by sequencing (GBS) reduced-representation genome
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Appendix 2 Main climatic factors used for simulating suitable area of Adiantum nelumboides and their contribution rate

https://www.biodiversity-science.net/fileup/PDF/2021508-2.pdf
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Appendix 3 Dynamics of changes in suitable habitat area of Adiantum nelumboides under different climate scenarios

https://www.biodiversity-science.net/fileup/PDF/2021508-3.pdf
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Appendix 4 References of plant genetic diversity data in Fig. 4
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Appendix 1  Average GC content of Adiantum nelumboides for GBS reduced-representation genome sequencing

JERE PRI FEAREE S GC & &
Population Sampling localities Sample voucher no. GC content (%)
FikE SZ HRHAAEPETEHL Xituo Town, Shizhu County, Chongqing YYHI15105 40.8
YYHI15106 40.3
YYHI15107 40.6
YYHI15108 41.4
YYHI15109 40.4
YYHI15110 41.1
YYHI15111 41.3
YYHI15112 41.6
YYHI15113 40.1
YYHI15116 40.5
®)IINC HERTTE )11 IX Nanchuan District, Chongqing YSRO101 40.2
YSRO0102 39.9
YSRO0103 39.2
2 XX FRATTIMIXH 248 Xinxiang Town, Wanzhou District, Chongging YYH15071 40.6
YYHI15072 40.2
YYHI15086 39.9
YYHI15087 40.5
YYHI15088 40.2
YYHI15090 40.4
YYHI15091 393
YYHI15092 40.2
1l YS FERNT TN XL £ Yanshan Town, Wanzhou District, Chongging YYH15070 40.2
% WL FERT M X RS Wuling Town, Wanzhou District, Chongging YYHI15117 40.2
YYHIS118 40.1
YYHIS5119 40.9
YYHI15120 40.8
YYHI5121 40.2

BE zX HERTEEAFEHL Shibao Town, Zhong County, Chongqing YYHI15114 40.6
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Appendix 2 Main climatic factors used for simulating suitable area of Adiantum nelumboides and their contribution rate

RIS Code S %A F Environmental variable DKk Contribution rate (%)
Bio2 BRI 7 H #5118 Mean diurnal range 42.4
Biol9 A 2R [%/K & Precipitation of coldest quarter 20.9
Bio3 L5 E Isothermality (Bio2 /Bio7) (x 100) 10.5
Biol2 HEP§/K & Annual precipitation 9.5
Biol5 P& K R ZETT AR fk Precipitation seasonality 7.4
Biol0 I RT3 5 Mean temperature of warmest quarter 6.5
Biol3 i H F7K & Precipitation of wettest month 2.6
Bio4 155 2B 15 A2 Temperature seasonality 0.1
Bio7 SIS E 5 [l Temperature annual range 0.1
Bioll A Z= IR S Mean temperature of coldest quarter 0
Biol6 2R [%/K & Precipitation of wettest quarter 0
Bio8 B2 T IS Mean temperature of wettest quarter 0
Biol4 15T H %7K & Precipitation of driest month 0
0

Bio9 f T Z= V135 % Mean temperature of driest quarter
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Appendix 3 Dynamics of changes in suitable habitat area of Adiantum nelumboides under different climate scenarios

I B BIELR mEEA R IE A fIRBEIE A ANdE AR
Period Total Highly suitable Moderately suitable Marginally suitable Unsuitable

suitable area i1 7 A 7 A 7 A 7

x 107k Area Percentag  Areax10*m?  Percentage  Area x 10* Percentage  Area x 10* Percentage

x10%km® % (%) km? % km? %

LGM 11.45 1.23 0.12 2.37 0.23 7.87 0.79 975.31 98.83
LGP 6.02 1.11 0.11 1.66 0.17 3.24 0.33 954.81 99.39
Current  2.79 0.52 0.05 0.66 0.07 1.62 0.17 959.27 99.7
2080s 2.82 0.36 0.04 0.64 0.07 1.82 0.19 959.23 99.7
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