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Abstract: In order to investigate the genetic structure and historical dynamics of natural populations of Xantho-
pappus subacaulis, we sequenced the DNAs of 147 individuals from 49 populations based on ten single-copy
nuclear genes. Multiple methods, including STRUCTURE clustering and molecular variance analysis, were
employed for analysis. The results indicated that the polymorphic loci of X. subacaulis ranged from 3 to 11,
with haplotype diversity index (H,) ranging from 0. 558 to 0. 883, nucleotide diversity index (z) from 0. 001 32
to 0.006 03, and mean nucleotide differences (KD from 0. 738 to 3. 325, indicating rich genetic diversity. The
tested populations of X. subacaulis could be divided into two major genealogical branches in the north and
south, with 83.04% of the genetic variation among populations and only 16.96% within populations. The
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degree of genetic differentiation was high (Fs;=0. 830, P<C0.01), and gene flow was extremely low (Nm=
0.112). The genetic distance was significantly positively correlated with the geographical distance (r=0. 537,
P<C0.01). The divergence time of the two major genealogical branches was approximately 3. 33 million years
ago, which was related to the uplift of the Qinghai-Xizang Plateau and the climate change during the Quaternary
glacial period. Moreover, there was no recent population expansion. This study revealed the influence of geo-
graphical isolation, climate differences, and historical events on the genetic structure of X. subacaulis, which
provided important data for its conservation of germplasm resources and adaptive evolution research.

Key words: Single copy nuclear gene; Xanthopappus subacaulis; Genetic diversity; Genetic structure; Geo-

graphic isolation

R 8 /£ 2% (Population genetics) & —[ ] A Fh B
K- fife BT 0 ol 35t A 45 ) B I Bl A i AL R 1Y 2= B
H1 Haldane 55 F 20 it 22 20 AR 1) 37, B0 76 T 5T
W Tl o e A B DR A R 0 KR 5 R AL, T LA
Tt Z2 RE R TP B 3 o7 P 2 b B O 37 5 ek B AL 3R 4K
Pt B L 2 0 BIF 5T Y W5 U 26 4 bt 1% 2 R
PE HE AR 35t 4% S5 4 bR e Ak Dy s A st AG 24
PE T DA e ol R 2 Ak TS O 5 T 3 AR T A s A5 4
FRE % 0 /s b BB g BRI AR B E 2N R
e[l R i oA s L B R A R R s
1% 2 38 3k 7 FH ) BF 92 O 1 B AR S AR e Al
fkrie ERRIE gy FAhRie A gy ARie
i 22 25 3 P st A A T B A R bR g A T
MU AR Y AR AE A R
S, H¥E D% 3L [ (Single copy nuclear genes) Ji& %
PR 2 A A A7 A B — Eli A Bk DL A% R X P 4, i
8 DS i LR S Rl =T [ S VAN ol L o F B T
o RS2 B R 2 T R DR e BUOR S A R,
Foad 1 T3 G W) Fh oy A RE AR5 15 2 6 R SR AT
GE BN, 75 07 VST 2 A & IR IR A DL
¥ 5 c7847 Al 9065 X B W H (Artemisia
ordosica) 113845 25 ¥ FI 3 7 22 BEAT A9 AR
FRUD S () AT BRI S Y R 2 FEVE R, R (] 35t %
I3 AR, [ Iy T e B A R kA A, R B B
T BT (14 % 2R b 2 G A ASE 25 2% 9 SR B DL A%
FEH PAL 5T T 56 4 16 2% (Camellia huana) 12
A JEREIE 120 AR B 8% ZFEPE Nl Bt 4 4E
7% 5 IR K - 1Y 38 45 22 FE M DL R vh A R R Y s
T 8] 35t 4% 731k o

w4 4 (Xanthopappus subacaulis) &= 45 Ft
(Asteraceae) B 28 4 J& (Xanthopappus) 1) — Ff 2 4
A TARAE Y, B A T e A AR T X
R A K T AR 2230~4150 m Y 1R 28 ) AT
e b, S T R = R B R B i € i
ST R S 2 R R e R E Y R B B

BRAGPNA B  25 T (B, T Lk it L B A A T
TR T A2 A Ik, A B BT SV 0 TR
SRR G G A AL e g 2
WM R G R E A 2 AT, SR TR 4 L
A S DR B4l 2 A B 28 4 T AR A 5 R R D o B 2
A ST AR WL ARGE o %8 T a, A5 SR B 95 DA%
e DR R Hl 0F 9 B 24 1A 5 A% 22 RE A B AR A5 R S T
S, B AR A B A g L2 AR A 1
AL 482 (AL S A B

1 MREFIE

1.1 RIEH RS B E IR

T 504 R R TR T B AP SR R 0 B 24 A9 N R A
A7 AR CE D R AR R ERER PR KT 20 km,
AL R F 20 m, 4TI S5 Mo B AR bR | A B R iR
5 B AR AR AE T b BB 27 B 74 b s S A W B 55 T
T e AR AR A G CHNWP) o b ] 5L T v b [
[H S R GS(2024)0650 5 1251, i R TLE 24 .

100°N

30°N

100°N
1 BEFREMESHE
Fig.1 Sampling distribution map of X. subacaulis
&L DNA A R AR A= AL B Y DP305 A 4 5
2 DNA 2 B0 &, Mg 2225 49 4 e 3 147 A4



3062 B

S 34 4

PR BT 42 0 R rb 2 50 1 T 510 T & R RO IR T 2R
FOUZH T 9] Y = AR A K B S 2 B < D AR (Arze-
misia annua) G H] (Cynara cardunculus) 55 &
(Lactuca sativa) \/NEH (Conyza canadensis) (i} H
%% (Helianthus annuus) } 5% H 24 (Mikania micran-
tha) 6 />3 BHY) T i) 5 PR 41 Ry 2 2% 147 ] 950 LG 6T 3K
13407 25 B P DUAZ AL A I e Bk ik 60 25 1E 2 W Fb
Hh [ M R 9 SE B MR L A AL 5 DL 10 b R
I AR R AR S B AR E T PCR 30k , fie ¢ 1 i 15t
PR IE N3 2R B — A 5 BER EE (600~1000 bp)
MR AR AS th RSE B 4 B 280 P I S AT
Z A PELL S, RS 10X R SRS iR &R, T
AR 14T AR PCRY™HE 9784 7= W1 48 100 Bl
B I R, VKA I 5 4% IR L BT IL UK B R R AR R R}
BAT PR w FEA T

1.2 FIaESHIEST

T 100 I ZELHS Y, i MEGA 6
1Y Clustal W AL XT 147 {7y B 28 55 A (49 > &5 D
HEAT 31 B X 538 32 Chromas %40 46 I 2% & 37 45 0F
Beg ol T IE L (W /R/Y/S/K/MD , N TG IE 51
Wi i Ji AR 47N Fasta#% 3% ;42 A PhyloSuite v1. 2. 2%
XF 10 A ¥ 3 A 5 (XsF2/F24/F26/S1/S2/S12/
S13/S21/F8/S1D#AT A Jv P 2 , i B 4> B A A
ST SVHET AR

(D)t % Z K% 53 H1 - R A DnaSP 5. 107 $% 4
() Phase #5 B 1 47 45 {37 2% [ 51 B0 3% U 35 43, 1T 5
KA IR 2 B (o PR R 2 BRI CHL) B35 0 5 H
CHD 43 857 SECS) BV B 1 R 22 53 80 (KO A st
& Z R EFE A .

(2) 35t % 45 ¥ 43 #r « © #] J§ STRUCTURE
v2. 3. AR (K= 1~10) ¥ W7 2 22 35 19 Js B 3t
gh#y , 2 B B N Length of burn-in period 2% 10°
YRR 1X10°, A KM 10 ER Rt K
4 STRUCTURE HARVESTER "/ 5 ; @3 it
GenALEx v6. 5" F Xt 49 A i Bk 1 8t 14 5 B 4 b4
HEAT AR BR A0 BT (PCoAD , 48 /18 Ja JE 6] f4 38 15 56 R
®iz H ARLEQUIN v3. 5 8R4 HEAT 43 F 05 25 53 B
(AMOVA) , VEAR J& 8 8 5 J #F Ta) 0y 38t 14 48 55 il
P58 K Nm=(1—F;)/2F o 31 5 & B 1] 3 24 3 K
T (Nm R 5L For G 3 A8 80 | For BUE
Bl oA O~1, 2 (H B R 22 78 HF 1A% ] 35t 1% 22 S K, Y
For KF 0. 25 BF DAk 4 ] 38t 4% 434k @ 3510

(3 b B B3 43 AT - X 3% 24 49 4 BE gt A% R
B9 R M B P BEAT Mantel #5620 B , 38 1% 15 B A
10 22 #5 UL A 5 D9 22 25 P 07 05090 45 31, i L o
5 SR RE SR HE 5 15 B GenAlEX 6. 5 %4 % P 2440
W R AT 25 6] [ A 5220 B, Mantel K6 36 5 42 8% N
9999 WK, r BUME Y 7 — 1 8 1 22 [8] , [A{E Al 230 1, 3%
NGBS T R

(4) FLAE RS 2% 43 A7 - K H] DnaSP 5. 10 R4 X
10 22 548 DA B R A7 0 2R A7 S IR 780 5040 A T L A
rd 4% 2301 R 4 NETWORK 10. 25257 & 14 5 K
fi b (Median-joining ) 3 1 | #4) 22 4% 3 B 67 p50 A% A4S
RUR G R B M 2 il A5 R 248 X R

1.3 BEsELHBRENEE

K F DnaSP 5. 10 % {1 % 5 288 4 A i 47 b 1
KE 843 #7 , £445 Tajima’s D,Fu and Li’s D #ll Fu and
Li’s F 8 bR T3 il 4 Tajima’s D HIFAH & B
I S 2 AT o B A R S E(O 5T IR 2
(O A Fuand Li’s Dl Fuand Li’s F 8 %%
53 BT PR B 58 78 X 22 AR AL AT AT AR R S AR
I F A 350 1% 45 0 45 B 1 = AN W RE 19 W B oy Ak 1
s CEL2) , B SAFE A AR 5 3 W] A0 2 19 48 5 2 Ak
Group 1 5565 N, 195346 F 4 F1 Group 2 5%
Tt N o3 A s F o il T3 AL DL JBr CApproximate
Bayesian Computation, ABC) 5 ik i 47 5 U 4y ¢ 5
PEAL B E ST — A TR e = Tk
15 B AN TR B A T ORE oy Al S I T) AR KA
T AT DU BT S 00 M 2R P A R 0L 5 S O 3 Y A e
BRI R 1D

2 ER5H5MH

2.1 EEEAsHEH

AR R WA 0 ERE N ZERNZ
RN A (SR Ty 3~114, B B Z AL (HO Ay
T 0.558~0.883 Z [A] , *F- ¥ {H 4 0. 719, XsF2 A
) B4 ) Z2 REVE B 5, XoS2 JE DR I Fe AR s i P IR £
FEPE Go 3 [l A 0.001 32~0.006 03, F #4186 K
0.002 75, XsS1 H F B 2% 1 R 2 P v, XsS2 2
R e fIG 7 3 8% 1 R 25 5 B0 (KD 43 A S [
0.738~3.325(¥{H 1. 671),GC & HH 9 25 4k X 7] Jy
0.359~0. 497 (¥J{H 0. 438) (F 2) , T WA HIF 57 i 1k
M 10 N SN A B m ) 280, 24



5% 8 KIS 252 198 458« R T PP DL AZ K AT ) 90 28 A T AR i A 45 K 5 g e B S E e 3063

ey T2 553
Scenario 1 Scenario 2 Scenario 3
-y I -y I
MmN BN
T T
0 | NZA 0 ] Nf/\ T,
Tl Tl
0 (Group]] 0 (Group ) (Group2) 0

B2 BAH=MHHLBESER
Fig.2 Three differentiated scenario models of X. subacaulis
T« N RN, O 5 24 A7 00R A R /DN s NA DR AHLSE B A7 200 3R /DN 5 T R T DA R 20 A R 1) 4 5
Note:N1 and N,, Effective population size of X. subacaulis; NA, Effective population size of ancestral species; T, and T, Population differentia-

tion time node

F1 EMRHE(ABC)EREER S HIEE
Table 1  Approximate Bayesian computation (ABC) model prior distribution settings

2 ¥ Parameter /5 PR Distribution % /MA Minimum H KA Maximum
A RRBE K /N Effective population size
N, Uniform(log 10) 10 4.4x10*
N, Uniform(log 10) 10 4.5x10*
N, Uniform(log 10) 100 1.5%10°
F5 8 A Bk B CLL AR BN #E 11D Time of events (in generations backward in time)
T, Uniform(log 10) 10 6.0 10"
T, Uniform(log 10) 10 1.2Xx10°
G (1) 5 5 Priors for the mutation model
SF- ¥4 9845 % Mean mutation rate Uniform 1.0X10°° 1.0x10°7
BN 55 28 A% Individual locus mutation Gamma 1.0x10°° 1.0X10°°
-3 280 P Mean coefficient P Uniform 0.05 20
BN 5 R B P Individual locus coefficient P Gamma 0.05 20

JERER R AL Z PR FE . R, 3G Z RS (¥J{H 0.0004) ; K {8 43 A 7£ 0. 000~4. 733 . FHl (1
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Table 2 Genetic diversity analysis of X. subacaulis

- Z A B H AR AL Z R A RECH WA TR Z e N - YR R 22 S A
57 45, . . . GC &
Locus Number of Haplotype diversity Number of Nucleotide (GLC) Average number of
polymorphic sites(S) (Hy Haplotypes(H) diversity(7) nucleotide differences(K)
XsF2 11 0.883 18 0.003 48 0.497 1.975
XsS1 10 0.773 12 0.006 03 0.359 3.325
XsS2 3 0.558 4 0.001 32 0.470 0.738
XsS11 7 0.756 10 0.001 99 0.408 1.282
XsS12 6 0.794 9 0.002 54 0.388 1.493
XsS13 5 0.674 5 0.002 25 0.426 1.511
XsS21 4 0.681 5 0.001 79 0.481 1.294
XsFS8 8 0.608 8 0.002 47 0.432 1.975
XsF24 6 0.660 8 0.001 67 0.488 0.841
XsF26 9 0.800 13 0.003 93 0.429 2.274
SEY{H Average 7 0.719 9 0.002 75 0.438 1.671
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Fig. 5 Geographic-genetic distance correlation analysis of X. subacaulis
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