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Phylogeography of Polygala tenuifolia inferred from chloroplast DNA #rnL intron
sequence variation
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Abstract: Objective To study the molecular phylogeography of natural populations of Polygala tenuifolia (Polygalaceae) in China,
reveal the forming reasons of geographic distribution pattern of extent populations, and further determine the potential glacial refuges and
colonization/migration routines of P. tenuifolia during the postglacial or interglacial periods. Methods We investigated the distribution
patterns of genetic variation of 308 individuals from 39 natural populations of P. tenuifolia in China based on one chloroplast DNA
fragment (cpDNA #rnL intron). Results A total of 26 polymorphic sites were identified and 12 cpDNA haplotypes were recovered.
Phylogenetic analysis of cpDNA haplotypes suggested that the natural populations of P. tenuifolia could be divided into two different
groups: northern part (including populations of northeast, center, and northwest of China) and southern part. There were no shared cpDNA
haplotypes between the two groups. And the population genetic analysis suggested that the high level of genetic differentiation (G =
0.783, P <0.001) between the two groups, the high level of the genetic diversity were found (H, = 0.755) at the species level. No significant
phylogeographic structure was detected in the North group. Conclusion The present studies revealed that the multiple glacial refuges of
P. tenuifolia are identified in the northern and southern parts of China during the Quaternary periods. And northern populations have
occurred the expansion events during the post-glacial or interglacial periods. The genetic divergence between the north and south groups of
natural populations of P. fenuifolia may be caused by the long term geographic isolation.
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1t Polygala tenuifolia Willd. &3 E—FpH %L
(M ZAEAE AR Z Y, SR8 T 5 R (Polygalaceae)
2835 )8 Polygala Subgen, HATRIRZA. 738 THEL
[ ™™, HRT, SHRZYIR R AR TR
SRS IBLTRERI S BURE AR 2 FEVESE 7
T, R () [ AR BN A T R, 3
SR ARE A T G 7 A5 A7 A UK 3 B DA
JOKIAIG TR AT B 5 AL T AP R
Gto AWFFUEILATIN R B AR HOFE A E N 1 31 4
e AR JE R 308 NN S% 44 DNA 751148 57
B, wE— PTG R R ST, B
W RGeS LA BB A R T R, HED e A5
VAR I UKV REXE BT S oK 1 J5 mT BEIRIT RS /4 s 6
1 ##

XoF o3 A 1 Bl LA ) R 1 AR M R A T
KAE, RS 31 AN Fa AL 308 MAMAIFE o B
AR, FHAE I PR 5 e [ b K 2 ik
M) SE 0 B ARAE o FARRIEE B 5 WAk 1.
B B S GO 2% 2R AR 2% 2 Bt o I 2 A 4= A Tt
R % 5 Wik Polygala tenuifolia Willd. .
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Table 1 Sample sizes (N) and locations of 31 populations of P. tenuifolia
JE RS Kt R 4 N/ ©) L (B)/ () K /m FEAS B
GSLZ HR =M 36.03 103.82 1 833.0 10
GSLX kB v 35.09 104.44 1833.0 10
HBLY b Bty 39.34 114.58 957.2 9
HBTX b E 38.78 114.98 121.0 10
HBWC wA 41.95 117.77 1 004.0 10
HNHX T R L 35.45 113.81 100.0 10
HNLS TR S 34.08 111.07 674.5 10
HBFX biBla7=2=3 32.57 110.70 153.7 10
ISXZ TLIMRIMN 34.17 117.08 106.1 10
JXGC AN A=! 26.91 116.21 109.9 10
LNBP T 41.62 121.00 166.6 10
LNJZ LT HR N 41.20 121.10 108.0 10
NMBT REZIPS 40.63 109.84 1452.0 10
NMCF P 5 4226 118.95 569.0 10
NMHS RE-Liani] 40.84 111.74 1734.0 9
NXYI TR 37.76 107.14 1 565.0 10
NXYU THEE) 38.71 105.99 1601.0 10
QHXH TG 35.83 102.69 2011.0 10
SDFX IR F B 32.17 117.88 248.9 10
SXPS LLIPE A5 36.19 113.43 1134.0 10
SXPY Ll P -3 3721 112.27 826.2 10
SXWT W HE 38.83 113.41 1101.0 10
SXXJ LB 2% 35.49 111.07 564.8 10
SXYC ITpispesy 34.85 110.57 604.7 10
SXHY B 76 5B 35.14 110.29 575.3 10
SXSM [CUEUZN 38.82 110.50 1053.0 10
SXYX o P L 35.19 108.84 1250.0 10
SXWN Bk PEVE 34.48 109.50 352.0 10
SXYH B PG 4L )| 36.86 110.20 790.1 10
SCMX Py )iy 31.68 103.84 1568.0 10
ZJKH WL T 29.01 118.39 108.8 10

1E, 85 SoR ol 3T IRIBRXON 555 MK B Ry 545
bp, 7 26 NMEFA s, o 8 AMELME BT,

AR A R 2 IR AT S 2 S s B 2 A5
AR 2 17 & Hy=0.183 F1 P,=0.001 54,
SIEARENR) 12 Frep s AR 3. K2 8w oA i fs
R H1 FIH2, T ELIT AR o X 2 P A
AT E AR PEACRI R AR . A, H2
A ERE AT /04 . HO. H10. HI1. H12 A5
PR FERES AT 55 . H4. H6. H7. H8 /) Aiu 4y
B, H7. H8 oA 1Byt B i, He {AERk
VG4 BH R 20 A1, HS ANEIL 72 2 AN s A,

T H4 A e R L e A A A
32 BEARZABXR

BET W SR A5 B KT BRI R K B 40T
WoR, A SRR AR TR AN TR S, T
HHEAEERSCR R R KR (MP )
(1), cpDNA HERIEEA Euf LUy 2y 2 ASASIR )
HOEGERE, —ANEhEIETT CEFETES. Padk. R
Jbv RACW SRR, S —MET EZR X, XY
Network MURZERIKR (K 2) FeAR—F, mAzH
H1 A1 H2 47T 28 3B R 1) T A7 B, i HL A1 A
HEG i, JUFERT, HEN O] RE R 2 A SE A AL
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Fz2 IEE cpDNA rrnL HEFHEM 12 MBEEREHNT R
Table 2 Variable sites of aligned sequences of cpDNA fragment #rnL intron of 12 haplotypes of P. tenuifolia

W& T /bp

cpDNA Hif5y

22 72 94 109 144 320 321 327 328 329 330 331 332 333 334 335 336 337 338 339 340 365 398 413 430 468
H1 ATAA C - - ATAAAT - - - - - —=— - —=—CAAT -
H2 ATAA C - - A TAAATAAAT - - - —-—CAAT -
H3 ATAAC - - AT - - - - - —-— —-— —-— —-— — — —CAAT -
H4 ATAA T - - A TAAAT - - - - - - —-— —0C66AAT -
HS ATAA C - —-— A T A A A TAAATAAATCAAT -
Hé6 ATAA C - - A TAAATAAAT - - - —-—CA AT A
H7 -TAA C - ~-AT - - - - - - - - — —=— — —=—CAAT -
HS8 ATAAC - - - - - - - - —-— —-— — — — — — —=— CAAT -
H9 AGG T C — — A T A A AT - - - - - A C A G -
H10 AGGT ¢C - - ATAAAT -~ ~- - - - - —-—ACT G —
HI11 AGGT ¢C - - ATAAAT - =- - - - - - —-—ACAT -
HI12 AGGT C T A A TAAATAAAT - - - —-—ACA G —

F3 R2MBGFERAENNEHPHITURSEHNERSHE
Table 3 Genetic diversity and distributions of 12 haplotypes from 31 populations of P. tenuifolia
ERiic H1 H2 H3 H4 HS H6 H7 H8 H9 HI0O HI1l HI2 »n N P; Hy

GSLZ 9 1 10 2 0.000 38 0.2
GSLX 10 10 1 0 0
HBLY 8 2 10 2 0.000 67 0.355 56
HBTX 10 10 1 0 0
HBWC 10 10 1 0 0
HNHX 10 10 1 0 0
HNLS 10 10 1 0 0
HBFX 10 10 1 0 0
ISXZ 10 10 1 0 0
JIXGC 2 4 4 10 3 0.003 0.711 11
LNBP 10 10 1 0 0
LNJZ 10 10 1 0 0
NMBT 10 10 1 0 0
NMCF 10 10 1 0 0
NMHS 10 10 1 0 0
NXYT 8 2 8 2 0.000 067 0.355 56
NXYU 10 10 1 0 0
QHXH 10 10 1 0 0
SDFX 10 10 1 0 0
SXPS 10 10 1 0 0
SXPY 10 10 1 0 0
SXWT 5 5 10 2 0.001 04 0.555 56
SXXIJ 4 10 2 0.001 0.533 33
SXYC 6 4 10 2 0.002 0.533 33
SXHY 9 1 10 2 0.000 38 0.2
SXSM 10 10 1 0 0
SXYX 8 1 1 10 3 0.000 75 0.377 78
SXWN 9 9 1 0 0
SXYH 10 10 1 0 0
SCMX 10 10 1 0 0
ZJKH 4 6 10 2 0.001 0.533 33
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Fig.1 MP tree of chloroplast trnL intron in 12 haplotypes
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4 g
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TSN (AMOVA) Fl Permut 34745 5
NIzE B R IS A KT i (G¢=0.783). 2t
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P (H,=0.783), AT BEZ H TS0 2 AR 2 4
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IR AT AR SR AL ) 32 2R A
Al REAR T AR M R 20 e bee, DA SR 1A% R R 25
A BRI R AR S SR R T 3. —fBeke it
RIAE 4K DNA Sl Rh 4R, A% B
Jido g5 WoRIE B R 1) N A 0.06, FERIE .
HEM I &R T KB B AL RRRE DA R, Iz A KITAE
T DA S A O BERR 25 PR 2% CanLiik s VAR A,
FTAT IR SRR T 5 rg . LA 1A FE R AT I
SECT W B IEHE
4.2 KEREEFR R BRSNS HE
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ARG R R AR AT I H3,  Ht X Iisift 2
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(KB R 5 A SR AR I 9 2 B PR e 00 K B0 3 e A7
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UL e B A 1S, AE A7 Seph i e i B A i
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