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Phylogenetic and biogeographic study of Acer L. section Palmata Pax

( Sapindaceae) based on three chloroplast DNA fragment sequences
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1 Faculty of Resources and Environment, Baotou Teachers' College, Inner Mongolia University of Science and Technology, Baotou 014030, China

2 Beijing Key Laboratory for Forest Resources and Ecosystem Processes, Beijing Forestry University, Betjing 100083, China

Abstract: As being impacted by complex geological events and climate change, it is of considerable significance to study
the flora and biogeography of East Asia. In this study, the phylogeny of 18 species and subspecies of Acer Sect. Palmata
were reconstructed to infer the biogeographic history in East Asia, using three DNA chloroplast fragments ( psbA-trnH, rpl16
and trnl-trnF). With 341 (15.2% ) mutation sites and 231 (10.3%) effective information sites in a total length of 2,232
bp, these 18 taxa were highly supported as a monophyletic group. The divergence of species within Sect. Palmata was
mostly concentrated in the Miocene, but even then, the diversification rate remained stable. It is speculated that the
ancestral area of Sect. Palmata is on the East-Asian continent, while island species are distributed in different branches.
Phylogenetic analyses showed that Southwest China is the center of origin of Sect. Palmata. The occurrence of East China
Sea landbridge during the Last Glacial Maximum ( LGM) affected dispersal and colonization of species in East Asia directly
(e.g., A. japonicum, A. oliverianum subsp. formosanum and A. tutcheri) . Multiple upward expansion of species at the same
latitude were appeared in Sect. Palmata on subtropical Asian continent. This study is helpful to the further understanding of

the phytogeography in East Asia.
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Beijing China) . ¥ A< EFEUZH A5 306 38 )T =5 70 B % DNA SR JE RS A i i 25 5% | e B S AR JE R 7 B psb A--
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*2 EEREPCRYEHIMER

Table 2 Primer pairs used for PCR amplification and sequencing for DNA fragment sequence

FEN B SIS (5-3") IR

DNA fragment sequence Primer sequences References

P trnl.; CGAAATCGGTAGACGCTACG [6]
e imF: ATTTGAACTGGTGACACGAG (6]
16 F. GCTATGCTTAGTGTGTGACTCGTTG [7]

P R: CTTCCTCTATGTTGTTTACG [8]
bA-trnH psbA; GTTATGCATGAACGTAATGCTC [9]
shA-tri

p " trnH: CGCGCATGGTGGATTCACAATCC [10]

1.4 I3 TE4E R Z R AR AT

K JH BEAST v.1.8. 2 Wyt R G K & M, 4 DX SRR Y il ) (4 3L B ), R FH AU 55 46 A s 14
PR (62 Mya) > FIHS TR 9 53 FL ] (27.99 Mya) P2 AR (LA RGeS AT 43752 4F . #£4T 1000000000
UK MCMC B, 55 100000 218 S UEAT — IR | B UREZE SRAYHIT 2500 IR AT AR ZE B

1 32 ML /0B F2 (stochastic branching process, SBP) ' 21| 37 Z Bt ] 2 FH #4344 & (lineages through
time, LTT) , R F reversible-jump & /R 0] KBk 555K /R (jMCMC ) #4838 47 D1 -3 4E 2 %044 11 ( Bayesian non-
parametric estimation) ** R PEAl ZHEMEH S FIF R 75 19 package APE'™ 224 LTT, 3Lk APE H1(# mit. plot
TRE , FATL I LA DU S A0 S A R A A Y 1000 PRERURE | DI HOR PPl 52 R Bifi s [1] 2B A D 22 . fjMCMC 43
FrtEAT 1000000 YALALL, H b4 1000 YOS I 1 28508 , X AT 109% 19 B g Eds 2 Bk 5 2047 5 22534
y eV TR SR A b ) PP 2 e (1 28 SR
1.5 e X

SHEFARNIE (Isodon) ™ TR} Musaceae ) ™ SEAHAE A X F GEHFST T, IR0 b T 68 310 94 ot 20 X e
FrR0 3 W7 | FRES G ASBIESE S TR P b 22200 A T ARSI R R I AR e, SESXE TTORREZE W o 1) 23 A1 X3
FERNI> N 4 DX (A) R EAEZR A A Aedb ARIEER 70 b X R i B 5 (B) vh [ PG B A AR g v
LK (= 5t i R A ) 5 (C) BARHLI; (D) G 8, R R 155 H ) BioGeoBEARS #( /:1
PEAT X TR A o o 0 7 o A e 27

2 EREH

2.1 DNA ¥ 34 F Bt

FPFULERTIE mpl16 FrBOK 909bp, & 114 4~ (12.5% ) 2257 i F1 74 A (8.1% ) A RS B AL s psbA-trnH F
Behy 421bp, & 72 A (17.1%) 78 5457 25 K1 48 A~ (11.4% ) 4 55475 BAL A5 trnL-trmF 5 Bl 902bp, 5 155 4
(17.1%) 72 AL E A 109 S (12.1% ) ARG BALE . 3 DA DNA F BORG IS , JE MKy 2232bp, HAY
341 4~ (15.2% ) A S A 231 4~ (10.3% ) A3 505 B
22 RGRERER

=FhJ7 1 (ML, MP A1 BI) g @) W) i R G0 K F KR HEA B, 18 DX Y (65 WA 1y 27
/I\/I\Miﬁ/;ﬁ$/%g¥(99/95/l-o> (WEA) (K1), AL (A. pauciflorum ) 5k (A. sino-oblongum ) Y S 2%
RARBENT(99/57/0.64) , TE 5 B W AN (A. campbellii) FI N B9 4 D Fp Z [BIEA HIF MR RBE, EAb,
P (A. japonicum) FXGTHR (A. palmatum ) %% 5 BE SRR R R EE(96/94/1.0) ; AN (A. elegantulum) 5%
TEBE(A. fabri) 8] B3R5 56 28 HLAGIE (76/70/0.96) (K 1)
2.3 AL ] K AR AR A T

SFEAGR AR (E2) SERK (K1) REET XRER —-F 458 8w M
(A. tonkinense ) B4 MRS JTHRZ S0 AL 1T H 5 6 22k (A, linganense) (W71 2R ) Il KIKAK (A. sino-oblongum)
(7RI IS IR R BR A A5 B | 43 297 19.92 Mya 5 15.58 Mya 23k 111 3 5 12.42 Mya 434k H W T 5
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A. elegantulum_o007
A. fabri_c004
A. fabri_NCBI

96/94/1.0

76/70/0.96
76/-/0.63

A. japonicum_NCBI
— A. palmatum_b015
A. palmatum_NCBI
87/79/0.97 A. oliverianum subsp. formosanum_004a
—B. oliverianum subsp. formosanum_004b
A. oliverianum subsp. formosanum_204a
79/55/( &QI: A. campbellii subsp. wilsonii_k010a
A. oliverianum_kQ014a
—A. campbellii subsp. chekiangense_k020a
83/-/0.66 - A. campbellii subsp. chekiangense_k020b
— A. campbellii subsp. flabellatum_NCBI
= A. campbellii subsp. flabellatum_n013

98/97/1.0| [—A. ceriferum_o004
B - A kweilinense_NCBI
A. paucifiorum_ZJHZzwy_02_001
bl ! L A. tutcheri_d011
A. campbellii subsp. sinense_d004
-173/0.62

9M|—A. campbellii subsp. sinense_NCBI
A. erianthum_NCBI

A 921062 | A. linganense_o005
N\ 100/100/1.0r A. sino-oblongum_k004a

99/95/1.0 ﬂ‘_ L A. sino-oblongum_k004b
A. pauciflorum_o009

- A. tonkinense_i010
100/100/1.0— Dipteronia sinensis_NCBI
‘M' L— Dipteronia sinensis_k029b

0.003

Dipteronia dyeriana_NCBI

B 1 EF mpil16,trnH-pshbA LUK trnL-F FEREHFINHEBENRZLER/
Fig.1 The tree combined chloroplast rpl16, trnH-psbA and trnL-F regions
ML MP 5387 B R AE T 50% K BL 2387 v 5 B2 im0 T 50% B ocbn T34 1

P I [ AL 2, JE T 7E 4.18Mya 734k H X WA ) s TR (A oliverianum ) 5 H 3V F 5 15 T 2448 (A.
oliverianum subsp. formosanum) B[R] 29 2.91 Mya;ﬁﬁmﬁ—: 4.71 Mya T U Ho A T A E/‘Jﬁ”pé( 2b) .
LTT Z55R 7R X JTCHEH N i i) 22 A PR B RAFA X BRE (] 2a)
2.4 YIS

i3 BioGeoBears 73 M5 i, FE 47 X8 JTUMKZH A= 4yl 3143 B 4 e A 22 DEC A7 (AIC = 96.54, InL =
-45.92) . 45 DEC BAYAY M A5Gt A Jin B XIAT B2 XS TUHCAH W) R O AL SE 20 AT DX (18 3) o Ak, AT RE RS
R A A AT I Bt 7 302 o 320 B i ) 1 00, TS B 1 AR A o ) st A, T ) 45 V5 e A o 5 128 T 284 LA
K BHGo A TR E LR M SIS H X IS R (A, tutcheri) (K1 3)

3 WiREHSR

3.1 ANFEE RGN E

M TTCBREEL P9 0 (35 P ) oo B SR B 2R B (99/95/1.0) (BT 1) 20 FE B 5325 48 ( Maples of
the world) Fi2 %k A. campbellii F 4 4 I Fp SRS TR Y IE R R B (S5 R R IX 4 AN WA o 8O AS [] 1)
SR (L) o AR ESET I 70 2627 2 E( Flora of China) W1 ,3X 4 MR BAL L 4 A3 Sr A, B . B
FkWi& (A. campbellii subsp. chekiangense) ¥tV A. pubinerve; =Mk (A. campbellii subsp. wilsonii) X}V A. wilsonii;
SRR (A, campbellii subsp. flabellatum) X} A. flabellatum ; FH4EWR (A. campbellii subsp. sinense) X[V A. sinense.,
BEAD  MRAEIE A5 2 UEE 4 AP FPR AR R R A 22501, e = I R B HAD 3 IRl (200 5 2, 0 T R
KULZ Hy 3 ZE(/D 5 %) AR F A b B B IR B (D I ) SR 150 O, B T B S A R AR Bk
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1 _59EA. campbellii subsp. wilsonii

b A. campbellii subsp. chekiangense
—Y A. campbellii subsp. flabellatum
5.9

A. campbellii subsp. sinense

L
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91[— A. oliverianum subsp. formosanum

_ﬁ.ﬂﬂ_l— A. oliverianum

A. ceriferum
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A. kweilinense
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o

In (lineages)
%

3¢ 7R B 1) R AR InfEL

o
n

A. tutcheri

) ) ) . ) ) 1_65EA. elegantulum
60 50 40 30 20 10 O 10.98 A. fabri
5] Time/Ma A. pauciflorum

9.45

(=}
T

12.42

A. erianthum

15.58 418 A. japonicum
A. palmatum

19.92

A. sino-oblongum
28.07

>* A. linganense
60.76

A. tonkinense

23.07 [ Dipteronia sinensis
L

outgroups

Dipteronia dyeriana

Paleocene | Eocene | Oligocene | Miocene [ PQ ]

60 50 40 30 20 10 0
I5f] Time/Ma

B2 BHEANMASRMERERREE(a) RET 3 NHEME DNA FEMENSBTUREED S FEELERE (D)
Fig.2 The lineage-through-time ( LTT) of Sect. Palmata (a) and Chronogram for Sect. Palmata reconstructed by three cpDNA

sequences (b)

WA B) R ULICBSESE, MG B4 ol LIS 4 A Fh = ZA4E T TR LIRS X, (H = e 53
A e £ R e <Y N R Qi e A P (e e 1 o e S D TR Y7 AN R =L 1 o e e T S &
RETR AR, DL, BT ARDTo 45 51 L R SR M B A6 SF R 245 Flora of China) F732545 5 Rl IX
4 AP IE A A ST P R E AT A JEAR TR AT, BIF T 4 SR Sl R TN 5 20 B BRI SR 5 06 R AR (&1 1)
3.2 RO TR R IR

R TR AR (4 B2 VR B B 2407 28 Mya 2247 (OB Aty ) 1220 ) HLA ek 22 oo the At K I 138 114386
(P 2) , AEdE b g ) 25 v | 4 BRAY 000 728 8 5008 B AR vk 1| AG 78 56 9 B 4 /N LA o s v 3
(17—15 Mya) 3 TR AYE 52 . Donoghue H1 Smith % 66 /™48 8] 43 A5 A% 5 I I 3EAT T 4% 15 8
o R 2B IR S FRARY PR NS I S R 2 R4k, Hoh o i R SRR R TR BRI 2 — 0 A, e HEr
TR 28 fogr i B e 0 T A B B4 (insect herbivory ) |, B S BB 0 2 REPEAE h BT A5 3] T R K1
FEUCY L B SRR R SR R TR L P Rl U5 S 2 BRI i — A~ =20k 3 )

AT A JTORRZE 19 A P b 3 A At 20 A 3R TV SN a5 PR 0 L 5 R P S DA R R P T
ZR ) 0 AR A s X PR AR 2 P R R Ak R R (L 3) A3 2 1560 JTORRRZE v A X 458 R i i
T 1) oA XA 3 [ P P 0 A AR B AR, KR+ S 1 T [ 7 i S S Ay & g AR 2R I LR AT
s BRI O A L, ELIE G B SR AR X R T RERR IR TR B AT R s, s
DR A A 05 T A A R TR BT L DX RS2 - 1 X8 TORRZE A0 B o SRl R SR A R AR A 2 > i AR
W FT s B SRR T4 LR IR T A X3 B X3k (&1 3) , BF LA P p i 70 JTCRR A A e 105 1t 437 T 3 1) G g 3
HBIX 33t DA TRT S T AR R A T R DR L X% B A IR T S I A 2538
3.3 TR B A= ) Mo B g s

X JTBRZE AL e AL 0 DT AR v A7 2 R A M B S 0 4, %8 TR ) B B2 7 4.18 Mya 3 BRL43
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A. campbellii subsp. wilsonii

A. campbellii subsp. chekiangense

F,:j',; ~— | A. campbellii subsp. flabellatum
4 | A. campbellii subsp. sinense
B | A. oliverianum subsp. formosanum
Bl WA oliverianum
| A. ceriferum
AN B fl A. kweilinense
D !
cH - Bl A tutcheri
AB E AD N
AC ABC W H A. elegantulum
ABD H E. A. fabri
| A. pauciflorum
| A. erianthum
— A. japonicum
L. W A. palmatum
H A. sino-oblongum
| A. linganense
A. fonkinense
[[Oligocene | Miocene [ PQ |
30 20 10 0
5t ] Time/Ma

B3 BUAEMEESTRER

Fig.3 The reconstruction of ancestral area for Sect. Palmata

PP 2) o X TCRRAY BRA A XS )™, )32 oA T o ) e~ 5 B H A L IXC 171 Bt B A S X85 TTURRG e 3 ¢
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