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Phylogeographic history of broad-leaved forest plants in subtropical China
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Abstract: Subtropical China has drawn considerable attention for biogeography studies because of its high plant species
diversity, which has been closely related.to.geo-climate changes since the Miocene. Phylogeography has become the main
method for studying the influence of géo-climate changes on the distribution and genetic structure of plants. In this paper,
we review the response patterns to geo-climatic changes since the Miocene and the historical causes of population-level
genetic differentiation of hroad-leaved forest plants in this region. During the Miocene and Pliocene, broad-leaved forest
plants were forced to contract southward and form different lineages because of global cooling, the Qinghai-Tibet Plateau
uplift, and Asian interior aridity. Meanwhile, the escalation of Asian monsoons provided suitable environment for
diversification. During the, glacial and interglacial ages in the Pleistocene, both deciduous and evergreen broad-leaved
forests plants, mainly underwent long-term isolation in multiple separated refugia. Different refugia populations respectively
experienced localized contractions and expansions. Long-term isolation caused further divergence of different lineages,
resulting in high genetic diversity and high differentiation. Few plants experienced southward contraction in glacial ages and
obvious northward expansion in the interglacial ages. Finally, we speculate on the directions of future research based on

accurate divergence time estimations and on mechanisms underlying the genetic structure.
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BRI BRI R DX 2R 100 b 380 A R824 Jm 56 32 397 26 A LUK o 4 R A AR AL I R Z 5 e
JeEERIRA Y X R PR AR R S SR AR - H AKX 2R PR 2 2 T AR R R B AR R 56 AR
R IX R AT o v - FAR R A X 2R B A% 0o 350 0 Sy i I AT e [X, B 28 04V (34°N) 5 R B #A
(22°N LIRS ) Z IR X0 2 b DX Ayt AR ) 2 (AR b X 2 v T RN i e e J 3% R AR o
Tt st ) SR T S R A T R PR A R A DX A M X T R R 2 Rt
rhBI T AR 52 2 1) 1 B A T SR 4 IR G

BTt LI AR 3222 28 ) b o AR AR A A 43R AR 7 8K 5 SR T LA BT I 2 IXURIIE P P s 24
B 58 | S AR B A AR AR Ok T EORBYSZM . 23—, 2B URAE 17—15 Ma(million years ago, FH JI4F
HiP) 28 D3 A FAT /DN MR B AR v AR 22 3] o A 40 RO O R 2 T 0 A AR ) o) iR A, i G 20
FROBI TS i 26 B8 1 X% 22 0 A B TR A h A= AR 1) e B 4, 72 AR AL SEARER (AU 6 U ., 7 U PR A o
(AR R SREAE T I — 20 F s X R 7E LB Rl T IS, J PRk (306—214 Ma ) 2R 0 A A< 16
AR PR PO HE TR S T R S R REAE SRy I R ) DR 9 SR B S SRS K A S e T
R4 VKIS AT ) 1) T 18 40 8 1 I VA ot DX, 4 ) DK O 0 i A 7 5k s ) o 44 it X
AL, Hop AR KUK (23000—18000 4Rl ) X4 43 A IX A SE M k202 5 ) 2T HE R T
JE g A LR 25 T 4 YA TE(22.10.3.6 . 1.1—0.6 Ma) /"1 [ Ay 45 s MBI A 1 14 25 DB, 55 7
JEAE 43 X0 9K 320 AR R 78 ) SR R Y [ Aot o R P AR A B i M I TR A
V4 1) 75 52 2 R T 485 ¥ (R 0 1) o A AR 6 B A B 22 5 RV Renner! ' 3 38 4 54 75 2 | W] 437
B A AT A WO 0T s SR AR T A R[] B 7 R e Tt SO R A SR S A TR IA R,
AELTC 12 WP X0 et RN Sy 75 e it P B2 A AR ) 53 A RN A A o B2, 5 =, MU 2 KUFE S A o i
SEFL (25—22 Ma) JE AL, 7 15—13 .8 Ma il 3 Ma FHEHR 02 70 S0 I Rl o 22 ) 5 2 2 UG5 A
L DX AR T RS R TN, A T RO AT SR RS s SRR I s A P
FRHLDS (29 105°K LAY Y e S X ) 32 2852 B[R U2 M), 2R 78 3 2852 RS- ZR KU i, 2 KU AN [R] o] B 5 2R
VEHRAS ] ) i FE — 2, (1 V8 30 b [X. ) R I R B ARSI ) 28 DU, IV I R i = 52 2 3 o i
AL} (26—22 Ma) PR, 7E 15—13 8—7.3.5.2.6.0.9—0.8 0.5 Ma W@ 2" 728 - 5 A pRasyh S5 P
PR i S SR A X ) R AR AR R SR IR Bl A AT BB A A R, BELAR SR e I DX A 4 14 3 R
SET fil AR A = 40 F SR X R R AL A X TR R

3ok b J5T A A ALY o A S S e B RIS, T S G i B A 1M DX AR R AR R R IR A 4R
B, AR 35 AR e 2 BT ST ) s HH SR E 8 N B G N R PR3 A% 19 25 () 4% Jmy B HOE 1
FLAR TR A A TR T A A e Py i AR, e A ) A b B3 A R R S Ak D s R A
2011 4F, Qiu 2> 5 - H AHE I IX R P 0 33 28 B AFF 55 64T T 253k 78 W AR i 1X, 38 5 9% - V) i bAoA
YIARTS ( Ginkgo biloba) /\ffi3E ( Dysosma versipellis ) FNHs L5 & MR VG IBK 21 542 ( Taxus wallichiana) AAEAR
( Eurycorymbus cavaleriei) SIS, $8 H 12 3 DX P g s 2 8 a2 Wt oK B TR R SR R 32 i) o o7 A = R
JR PR B S R IR . H 2011 4 LR A S 2 MWFFE B IR 1 b 5 M 28 P Xof U AR 1l DX i) it oA ) 3
AT s A5 5 BRACTR T A3 R LD e X, DA P O T N AR S — 2P g DU AT T # iz X
WEPE ARAE I R S — 5 T s BT I T S5 A 2 Ak S R i ARARL 4 A DRI 2R A i sl R Z2 A )
%) S AEL R[] T 3 980 380 vt DO A T s AN AN 52 B8 5 T DA 8] K 30 22 8 ) 5 i 3 52 380 i AR o
3 T A AR RSN o 53— 5 ThT e e AR G R O 38 A% A6 Jmg 1 T A 7 BT T [ kB s ok B /s, O A 2
BT AT R AR X T ) 121 22 7 Jey 4 5K (localized expansion) , 203K FE 4 A7 A8 BH . 49 1a) 649 7 IX 975K (range
expansion ) [3435]
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SR AT i DX R T R S BRI BRI T A R IR BT , S G AR RS Iy IR E 1 R

T 26, OB HE A b BT S T A AR 0 R AR A AERE R MR ST, R A S AR
Ao A A S S A3 Pl i) | DA T ST A D7 50 55 1 s e AR DG . A Kou A5 T30 filE T S A 5 PR 1 5 7
M ( Cyclocarya paliurus ) FEAHET R ZE FFOHT 3 (16.69 Ma) |, 26 IS M50 B4 (17—15 Ma) J5 19 & BRAE A 1]
R o 7 A BN 15 85 5 e X 1) o AR 447 ) 0 AT b X, Zhang 2500 FH BT S M S R SR oK 75 X ( Fagus
lucida) FI7KFE X (F. longipetiolata) 7% 2 I BREEHG AT 1 HUEE, DA PR ) 174 S Y5 [R] K 2992 6.36 Ma, IE
U 55 4 BR SV FINI YH DA Bty 1 52 1 i ) ERF ) AH — 30, A BRI B2 () SR B S PN i1 5 ) 38 50 PT R 3E e PR A AL )
R IERS ) YR, HR Tt R L et S 5 A 78 A ok TR SR D RS R R AR T R e D T RO
THE ] DRI P 8 T gl R %) 1 5 2 £, 46 T 8 LLUDKAS AL (AR W L 301 1 IR 22 5 | Tl i) m] B A5 4 Ao )
AR 38 3, 358 12 45 1 135t 1% 20 £ B 22 0ROk 55 R ( Tetracentron sinense ) | B ¥ =R 2
( Cephalotaxus oliveri) . 75 X ( Cyclobalanopsis glauca ) F) 3% 28 43 AL I 4351 4 9.6 Ma'™*) [ 9.15 Ma'*' F1 9.07
Ma " | SCEET] REHS 55 7 96 JELFE b AR R (0] At R 55 40 O3S AR G . TRIRE R 2B 7 o it i 7 98 S bR T 5 =
2 € ( Tetrastigma hemsleyanum ) HA) B 8 Tk N AR ( Davidia involucrata) VE B & (DU )1] 233 PE ) 1Y
SIABARIEST TR S 2 XU TR BRI 5 2 i thE T 552 A ST s b DX ke 17 AL 08 14 A R ( 9L 4 e T
KT 1000 mm) , A AEY A AF RV AR AR L SR A T 38 T A R EE 2 L IR A A I i b B 25, 2
Wil " B R A 3 FAE I A R, AT AR ) B AR B SR WK T B RN IL T IR (Lepisorus ) HEMIAE 15 Ma
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475 S0 W 25 DXL 5 P 1) g B — 3,

2 FEHETHER SRS E M ARG B F SR R0
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AR B BEHILAE FH RSO0 , Flabe oA 8 94 35t 1 20 R o AR, A R T A7 IR ) 5 PR i v 1 R () 382 4% 201k
FISAL ZREE 2 DRI, 224 hExfE ST Ud OIS A R b PR ast A 22k o AR RE ) 382 4% Z2 R 3 19382 4% G
b, TELATERTE R IROFIE D 805 AR MRS 20 e I R U U0 — B, 15 58, TE SRR BE DR 13
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FEPE (total gene diversity, by ) FIEIIME (R, =0.782) /NI Z (R 1), BRI AL ZHE (h, = 0.782) L L Petit
SNSRI 170 B YT 18 (hy =0.670) 5, SRS A] R e 1320t XA A 5 K A TRl R
TEIX 13 FiAEY b AR5 =28 F bW . R D 2 AricH, Fhaf iy it 4 Z2 80 (observed heterozygosity
H,) [RIFEE B 382 45 Z2 FE 7 (total genetic diversity, H, ) /)N, W Bt #i ( Davidia involucrata ) (H, = 0.373, H, =
0.747) "' FE R ( Tapiscia sinensis) (H,=0.513,H,=0.816) ) WPA%ME (Juglans cathayensis ) N—AN ]
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TR [ REXE TR RE () (4 4T R a8 A AR 2 A9 £ 221 SR P B8 P 00 12 A T ] i bk 4
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a2 DIAR DG 1 B35 0, 1K I e Th 1Y) HS , Gao 451 rh (Y SRS L HI4 1 H18, Qiu 51 rh [l AT A HB, Lei
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BER AR W VKBS N Z A REMERT 16 5, Fhe st % 22 RE AR 98 DI P 34 40 A1, 50 Bl 405 T2 1 34
IiREAG, FEA SR b SR B S B A AT s & BRI S 93Kk A5 5. LUk, W G A4 % 2R B A5 4 (i
SERIRIE N, =0.846 > G, =0.803,P < 0.05; Bl DAL : Ry, =0.336 > permuted Ry, P < 0.01) I b P f7 25
(isolation by distance ) F &2 F B ™ 5 14« S5 W54k BRGe | BIVFRAE (0] 38045 20k 35 2 R AD /AR SR Y, A 2
R AL A BBt/ gt i J 7 AR ] B 5 e A A A S B B0, 7 b ™ 2R Ak 5 = i S A DR N A%
T RAEVGIL A LU A FIAE AR 1 2R () AR AL ) 3 25 Hb BB 25 ( phylogeographic break ) tH 37 5 221~ b w5
Ko J, BIRA AR R A R DK B 9 43 A DX /0 T 249 10% , Fr BeAb AR TE ™ 5, {H 35 B A AL 35A))
AR A DX, PR, =P R TC e X oA T8 Pk e A AR AR o LA 5 22 S EXETR R AR O IE 34 5
AV SR T 1 TR (RO B i R BRI ST R IR e v £ B M DX G O A A DK SR 48 8 1L
J5 REXE R VK )5 BE IS Sh A P Py B E AR A, B4R (Primula obeonica) ™ | HEF FREZ %
( Castanopsis fargesii) ') F XS5 (F£2)

TEAB 7R B S B M AR A5 22 REE FITAS X 1) ] I 790 20 AL vt B 1 g Do FRSEE FT , sie we JT
BELEVKI S 22 D0 B B A ) b5k, Wil A F &A% ( Castanopsis eyrei) [35] FHE A ( Loropetalum chinense) el e
figr, A= AL R AR YR UK I s 32 53 A1 6 A8 R Ml DX — 2R B AR Bl o (291240N) , S ITE S AP e
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pool ) , Kb PR HH i) it A Zo A P IS B 20 T2 V) 1 0 T e 25 AR A, 2 TS A A e v 4 1 e 0 e e Jr v F) R R )
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TPk, MRE S/ AT B B REAL 2R AT T 0 — T L TR 0 — T 0 1L -2 LU BK O P A% R RE R
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