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A preliminary study of molecular phylogeny and biogeography distribution pattern of Zelk-
ova inferred from trnL-trnF and nrlTS sequences
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Abstract

Aims Zelkova, belongs to the Ulmaceae, consists of only six species and has a disjunct distribution in East Asia,
West Asia and South Europe. Molecular phylogenetic analysis and dispersal and vicariance analysis (DIVA) were
employed to analyze phylogenetic relationships and biogeographic pattern of Zelkova.

Methods The phylogenetic tree was reconstructed based on DNA sequences of trnL-trnF and ITS regions. The
analysis of DIVVA was used to deduce the biogeographic pattern.

Important findings Results showed that three phylogenetic clades exist in Zelkova, and they correspond to
groups from East Asia, West Asia and South Europe. The present phylogenetic tree is different from that in previ-
ous study based on nrITS region. DIVA analyses of this genus indicated that the ancestral area of Zelkova was a
larger area including East Asia, West Asia and South Europe. The speciation process was dominant by vicariance.
Each of the three areas was gradually separated from vicariant events. Based on the high level of species diversity
of Zelkova in East Asia, the center of origin is probably the northern Pacific, i.e., north of China and Japan. The
current distribution pattern of this genus was likely shaped by historical geological and environmental events,
such as the retreat of Tethys, the Qinghai-Xizang Plateau uplift and the Quaternary glaciations that shrank distri-
bution areas.

Key words biogeography distribution pattern, molecular phylogeny, Ulmaceae, Zelkova
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Fig. 1 Distribution pattern of Zelkova.

T RRRN(Urticaceae) . ZBHIY LATEA . MR
e ARG PRIk, FENFr 3. TEgi4-5%
F EHESE RS 15T AR E A TR SRR
NI IR PR R SR (Wang et al., 2001). EREJE
AL Pk, BEEAEY)A MR BN 4 k%, Czere-
panov (1957) 75 Soxf At SR @i kAT 1 73 K
1T, WEREJE A R6F, 4> 34: Z. abelicea. BE#. Z.
carpinifolia. RFERER . RS, BLR A TP
BV 1Z. formosana (Hayata, 1920), 1fiZ. formo-
sanatl Jo NE S PR AR 5. 0, di Pasquales:
(1992) M4k 73 A1 T~ = KA E VY HL B bR AR K T W
FhZ. sicula, {FILAFRE B FAZH e ATS A 68l o

ZJE ) 2 = A AR £ Ty, =
ORI ) 5 By pr e i (s Bl 2% 5 DY 28 i ok A
ol AU A e R A v A ) S B g (54 N 9 4l
Tk, 2003). AEHYHHT AR I AL T A6 6 PH ER 1)
FALT K RERS 1R A A 85I R A2 e 2 (R S A A
(Burnham, 1986), T A HREM A K & s S LL 5 5
BRI, B A AR 2R, BT LAHE DR e 1R AT g 2
JE AR S Y (Denk & Grimm, 2005). 7E KKV K
Wi G S FH AR S M DX, O e e T A 4 T 3 e
IAEAT, BT A4 EE 45 L (Tralau, 1963; Liu et al.,
1996). K2 H v & 1 2R JE A A 1 TR BY (R R AR
LR A A Ak A R 9 P R 358 1KZ. carpinifolia
A ALl (Madler, 1939; Tralau, 1963; Mai, 1995;
Knobloch, 1998). {H X}t f W) b 3¢ vt 8 A4
(Tanai & Wolfe, 1977; Burnham, 1986; Manchester,
1989, 1990; Meyer & Manchester, 1997) & Il &
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A IR SR A7 AE — L4 ) @, Manchester (1989,
1990) A R Ab S R ILMA A A R B, U
EREEFAAL, R Hom B % i Zedf i B /D,
HBA RS o TIIAF R S R4 1 SR S A A 38
W BRI, AEIb KB R BEJE D)
(10 B L 8 A A s S A A I i U B i Y 2
DR V. A i 4 vy e v Y 0 A R (9 A 0 5 4 5 g A
2003) . Wang%5(2001) 741 T B¢ J& it A FIR
FRIE, DR JE AP R ) AR A 2 38 Y AL
FEALIEAL I . Nakagawa’5:(1998)HIF 57 A B 4< I Hh [X
PEJE AR B/, BRI AR, HrpZ. sicula
(R, ek AR KT Bl oAb AR B, T H 3%
AR = AR o

FEPRIAIBE 7 51 (ITS) /2 67 #218S RNA. 5.85 RNA
H125S RNATKIHEK 8] B 741} (Hemleben et al., 1988),
trnL-trnFEE A A7 TR R, ZRG X PR P 51 1) 43
T 45 0T LM A FEASHT 73 B 1) 7% 5. Wang%5(2001)
AR S8 (1) T A 27 3L 23 g N343R D 8 1)
Z. abelicea. Z. carpinifolia. Z. sicula, LA 4V ff)#E
BE ORIFRERE . KHEPE. DenkA1Grimm (2005)F) H
EDNA TSI MG E AR I ERR BN R K T
A RIS S E AN = SN S e
PRI AN3 32, AR 0 PRI RN v g P A Fop——
Z. abeliceaf1Z. siculadl i —AN4> 32, 1 V51 Z.
carpinifoliath LAEIX WA~ 73 32 i) o XANEE R 5 TE
DTG R UL P A AT 7, EIRAM) 5>
T REW TR IL DB o AW FTIUTE T 44
DNA trnL-trnFRITSF41, SR IE I RS H K



RS BT trol-trnF A1ITS BIREE R G0 5 B M i R 40D 70t 409

FRA A B ) 55
1 #RFnAE

1.1 #RhER

A B ICE B A A Y I, TR
1,

RN AR LA B IR A S8 K
Fh(Celtis koraiensis). 18 (Pteroceltis tatarinowii)
$ it (Hemiptelea davidii). £ fikfi(Ulmus castanei-
folia). ZEWKI(U. americana). Fik(U. pumila). Ji
Fe (U, lamellosa).

1.2 DNAJIF

XTI R, BATIEIC T AZ LR I TSHI
M-S AR (R trnL-trnF i BT 9 0P M R R &
oA

F1 SRARIRYE L L Gen-Bank &

ARG R P A0 R AT T, RA
P/l (Zelkova schneiderianafliZ. sicula)h &34k
KR RI2. HRE28 S 2) WITS P4 T4 T
Gen-Bank (#1).

SADNAHEE: 2 R 5 I CTABE S U T
P bR AT E\DNA(Doyle & Doyle, 1987).

DNAJFHI4 18 X% TPCRY 14 [\IrDNAMITS
[X 1 cpDNA [ trnL-trnF = 2 A5 X7y 41 BT 4 H () 51
Y, 1TS54 HITS1-f (5-AGAAGTCGTAACAAGG-
TTTCCGTAGC-3) (Kang et al., 2003) 1 ITS4-r
(5-TCCTCCGCTTATTGATATGC-3) (White et al.,
1990); trnL-trnF 5] 4 24 trnL (TabC) (5'-CGAA-
ATCGGTAGACGCTACG-3')filtrnF (TabF) (5'-ATT-
TGAACTGGTGACACGAG-3') (Taberlet et al., 1991).
FHIF] ()5 |95t FH T-DNAI 7.

Table 1 List of sampling taxa with vouchers and Gen-Bank accession numbers

Pift Species k¥ Voucher\Source Gen-Bank

ITS trnL-trnF
Zelkova abelicea 1 v AR Crete, Greece, Heinrich and Wagner, 378 (SZU) KC843951  KC843966
Z. carpinifolia 1 1 [ A kk A4 B Berlin Botanical Garden, Berlin, Germany, 064-92-74-80 KC843945  KC843960

Z. carpinifolia 2

KM-PEREL Z. schneideriana 1
KM-PER2 Z. schneideriana 2
PEPEL Z. serrata 1

PEP$2 Z. serrata 2

PEPE3 Z. serrata 3

PERS4 Z. serrata 4

Z.sicula 1

KL Z. sinica 1

HhJ5HE Outside species
KrHFb Celtis koraiensis
HKi Hemiptelea davidii
HIH52 H. davidii 2 -
1 Pteroceltis tatarinowii
FH1E2 P. tatarinowii 2 -
Y Ulmus americana
FYHki2 U. americana 2 -

7 [ S5 1 2% KA Mainz University Botanical Garden, Mainz, Germany, 506\1 KC843946
fEEMMAE Y BE Berlin Botanical Garden, Berlin, Germany, 033-06-89-70
rhE R B stk Beijing Botanical Garden, Institute of Botany, CAS -
FERTT AR EL Wuxi, Chongging, BRE 4245, 1473; Chen et al., 1473
7 [ 55 1 2% KA Mainz University Botanical Garden, Mainz, Germany, 621\1 KC843949
i E R B TR Beijing Botanical Garden, Institute of Botany, CAS
rE R B L sk Beijing Botanical Garden, Institute of Botany, CAS
BFIPEPEELE Sicily, Italy, A. TROIA, 08\7\2002

Hp [ R BV B Wuhan Botanical Garden, CAS -

i E R B TR Beijing Botanical Garden, Institute of Botany, CAS
i E R B TR Beijing Botanical Garden, Institute of Botany, CAS

i E R B b stk Beijing Botanical Garden, Institute of Botany, CAS

b RF B b stRIYIFE Beijing Botanical Garden, Institute of Botany, CAS

Z lik#n U. castaneifolia
i Sz A U. lamellosa
ik U. pumila

o E R L SURIEE Beijing Botanical Garden, Institute of Botany, CAS -

rhE R B L sk Beijing Botanical Garden, Institute of Botany, CAS
rhE R B AL I Beijing Botanical Garden, Institute of Botany, CAS

KC843962
AJ622865.1 KCB843959
KC843965
KC843947  KCB843958
KC843961
KCB843950 KCB843964
KC843948
AJ622883.1 -
KC843963
KCB843956  KCB843967
KCB843955  KCB843969
AJ622834.1 -
KC843957  KCB843968
- AF501597.1
KC843954  KCB843971
- AF501593.1
KC843970
KC843953  KCB843973
KC843952  KCB843972

- VAR

—, no data. CAS, Chinese Academy of Sciences.

doi: 10.3724/SP.J.1258.2013.00042
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PCRY™ 8 J W44 % 30 pL, {35 DNABIHR 1
ul, 5 U-uL™ Taqi0.5 pL, 10 x Buffer (£-Mg*") 3
ul, dNTP (2.5 mmol-L™) 3 uL, iF&I4 5145
umol-L ™42 ul, XK # K430 pl. PCRY™
1 2 W {F eppendorf PCR {% (Eppendorf, Hamburg,
Germany) 147,

PCRIGFA A 4 A (80 "C F5 min), #F K
30 AZPE©4 'CF1 min), JEK(B0 CF1
min), ZE{F(65 C F2 min), /565 ‘CIE{H5 min
(Shaw et al., 2007).

DNAZE AL R 3 At Ffg 56 & AR P e 2
BEECA WA A b 5o 2\l 58 e, W A H
ABI 3730XLJII 1% (Applied Biosystems, Carlsbad,
USA).

DNA% i35 7: {HIDNASTAR Lasergene 7.1
I3 Mg B E B 1) 41, PFREET 1K B s 5\ Bioeditid
AT 9, JFRATRON A T2 %, BOANE T
B 7 AE 0 A A % (Kaderreit et al., 2006), i1
Bk ke R HE . B A v 413 A Clustal X
(Thompson et al., 1997)it 47 % 7 HE %1 (alignment),
BEIE AL B 5 AR A7 A nexus SCAF: . ITSAItrnL-trnF /3> 41
113k 1 J2 2 i Gen-Bank L CL A A 7 51 5E
13 RBERESN

ITSFAtrnL-trnF P 2H %5 4 45 1 R0 1 23 B >R H
ORFNEMEK 2253 ILD (incongruence length dif-
ference) J7 7 (Farris et al., 1994)#k47, H PAUP*
4.0b1.OFEFF AT TH

BE K $c oK ] £ 15 (maximum  parsimony,
MP)F1 DLIH-J07 4 K (Bayesian inference, B1)43#T, MP
7EPAUP* 4.0b1.0 (Swofford, 2002) 4T, BINI
MrBayes (version 3.0b4) (Huelsenbeck & Ronquist,
2001; Huelsenbeck & Rannala, 2004) 447 .

MP 7 H 4 R e IR, B I BERL 3
T, A3 FH HE AL A X 4) B2 2% (tree bisection reconnec-
tion, TBR) 7> 3 AT Ht o BEAK S 1 S 47 2% 2 H 100K .
5B R R 23 A kAt U () (Felsenstein, 1985; Hil-
lis & Bull, 1993).

RY R EH MBI FIMrBayes version 3.0b4
(Huelsenbeck & Ronquist, 2001; Huelsenbeck &
Rannala, 2004) KT 11—k A TR S 40D
BHEAE M . 48 152 Markov Chain Monte Carlo
(MCMC) #5712 000 000H:ARFNRALST % 41 000
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(PET. 1 000/ MHEACZ fEIE BT 43 3 S Fp A
FH UL 307 /5 56 8% % (Huelsenbeck & Rannala, 2004) ¥
fili
1.4 SE£YHIBHH

A2 ) M TR 2 g3 b R R LY R S Ak g B
(dispersal-vicariance analysis, Ronquist, 1997), DIVA
version 1.1 (Ronquist, 1996). & JGit 504X 2 K34
RA(A)- PEI(B)FIFIER(C). T RGER B M (&2),
AT i SRR B A ot

2 HR

21 RBEEBEDMER

TATAITS + trnL-trnFEdE 857 KRG R B W,
AFEMPREFIBIR . ITSHItrnL-trnF i 21 £ 4 4 1 A
WS AT R ILD 2> #r, 25 B W], ITSHItrnL-F P
HEHR AL LZ I ARIE(p = 0.349).

ITS + trnL-trnF)3 4150 B 038 T 134N, K
K1 657 bp, 7384 (23.17%)/NA8 A7 tirh, &
G R A5 BAT S 2124 (12.79%), KFITS + trnL-
trnFRE FEEAT S K T2 0 i, e R A R A5 3 1) i
KL, WK475, —SrE455(C1) = 0.930 5,
TRFEFPEFRBLRI) = 0.917 1, HOBr 0 — Bk 455
(RC) = 0.853 4.

T DU B HERT TS+ trnL-trnFEE 40 30
17008, A2 A R (E2), Ml pi Rk Z.
abelicea #f1Z. siculaJ¥ i 4l 4k 2 (J5 5t 2% (pP) =
1.00, FRESZHFR(bt) = 95%). =R MZ. carpini-
foliafvi TR, 5 Hh g Bl e O 51 (G S f %
(pP) = 1.00, HJEEZFFK (bt) = 88%). 4 AI3 M
— AR LR R A ORI RIS . SRR T B —
X, JHREN TR A SRR R (G R (pP) = 1.00,
H JE SR (bt) = 87%).

WG RS R G, PEJEAE AL — AN K5
W, AT RE RIS (P) = 1.00, HESZ
F7% (bt) = 95%).

22 HHHIBZEHRER

EE2%, B3NN RGR G 4 3%t
N F 3N E R 434 X, PR 55 B 2 1k
I3 R A B AR R B, B (K R AR 4 A X 34
SR MALEABC, SeHRE LA + (BC),
R AR I 2 INAHLSE 20 Al DX ar Ak ok, SR i 2 v T A e
KR4 A 56 0 A X BC TR 250 6B + C (K13),
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Loo[

100 L_ preroceltis tatarinowii 2
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00l Hemiptelea davidii 2

Ulmus americana
84 [ Ulmus americana 2

0.95

100

1.00
95

Ulmus castaneifolia
Ulmus pumila

Ulmus lamellosa
Zelkova carpinifolia 1 West Asia
Zelkova carpinifolia 2 [iiRIA
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Zelkova serrata 3

Zelkova schneideriana 2

B2 UL A BTITS + tnL /PR SRR . 433 E IR R R B, 42 T IR 47 1 SR
Fig. 2 Bayesian inference tree derived from ITS + trnL-trnF sequences. Bayesian posterior probabilities are shown above branches,

maximum parsimony bootstrap values below.

East Asia (A)
[iiR12

ﬁ[ Weg ﬁ\sm (B)
South Europe (C)

FARK

ABC

B3 REEY SRR TS R
Fig. 3 Adispersal and vicariance analysis result of Zelkova.

3 itig

31 BEENYMEMAZELEXAR
PEJEAEY) = T AR AT, kR BR- 74 V- 2R P[]
W43 J&, DenkF1Grimm (2005) H JE A ik 45 45
PEIEIZ. carpinifoliafl Z< 3V (1 BB 4Ll — A 43 52,
152z, abeliceaf1Z. siculaZll 143 >2 LLHF RAFEALE, 1M
H L] P AN R A Tl O PR R R K SRRl v 2l — A
4y 57 DenkF1Grimm  (2005) 4 I TS 471 ) i3k A4 4
SIHTINA, 2R BRI R RS R K SR P A T A%

AN, R R RER R R P ASFEZ. abelicea
MZ. siculaZi jl—A~4r 3¢, MPEILHIZ. carpinifolia
HIRAEIX AN 73 32 1] o

AT~ DHWRERENREMENEN RS
RE KRR, ACRBEITSHItrnL-trnF &5 & 10 508 45
FUAZFEXA GG R TATTHIGE RR, BEfEv] 5
N3N RGURE 4y 30 VAR (H BRI H AR) A R
PR L5 e [ R A e R R AR R O BRI O R A
A R(E2), A F—53; )i ANFIZ. abe-
liceafliZ. siculaseizgefh, JERALLREE, 3)PHIL1IZ.
carpinifolia. il 4h5 A& 5 08 Ja Hb 3 43 A7 (4 1) Al
W& 11 o
3.2 HEMIBHHIEEVIRIT

AR AE A BRIB 20 A 16 DL (BRI L) AT LR, PR
3 BSOS A B3N IR DX I, Fg ORI IF Ay — X 33 ()
TSN ARIR), KWK I, P
T RERE N CIE RSB A B34

doi: 10.3724/SP.J.1258.2013.00042
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DRI R 73 A AR DR S RARM 5 o B ZRIE (8 34 Fif
BB R R RO SRR A — 40 3, b v g iy > e
Z. abeliceafl1Z. sicula’y —4)3¢; PHV[AZ. carpinifo-
liaky 55— 43 3¢ . MR ARG P (R Rh 2 SO A il — AN
I3 o

PEIEE R, PEIV. 2R Al o A g (81) . e
ST AR AT AR AR £ R, 1T ELRE R A AL
(1) 3= BLA) ) A A B = AR IR Ly A 1
15 5 DY A 1 ok N AE R (% A= R o 4 B g s
2003). H i IR A uE g (7L BT 2EAR) 2 A
FACEVEI AT AT R RER (P46 47 (Burnham,
1986), 1M HLFP B A K SRR LU IR UG T RR R, P
HERWTRE B AR AT BE A2 AL APV s Y (Denk & Grimm,
2005) . IMAR 22 2 % 1A 5 ) A6 26 04 &8 AR Ak
TR Je8 A A A7 AE—LE5E ] (Tanai & Wolfe, 1977;
Burnham, 1986; Manchester, 1989, 1990; Meyer &
Manchester, 1997), X463 R I A TESAEAE
W2 AR SO A MR D, R
/A, AR SRR AL, R RSk
it o TTEAE IR B R A R S A A, o HH IR R
AT, wAKEACER . Rk e A
FEAEAR TR B AL A B () AN JE (Celtis) B AE K7
fk.A47(Manchester, 1989; Zavada & Kim, 1996), 1 H.
HREII Ao PRIHCHED 7 b 5 A BRI R S (R A A AT
ReE MR HAbE, WAhE .

T BRI K it P 505 FH AR S b X, A S gl il oK
ORI A o VFZ AR SR BIMAA TE A R AR
RIS IR AR IR AL A FTPE R Z. carpinifolia
A7 2Ll (Madler, 1939; Tralau, 1963; Mai, 1995;
Knobloch, 1998). ItAb, 788G H BT [ 31 5ET H: 1 Rk
M, AR AL T IARC ) Bl i v 7Y B I Z.
siculafl e B HZ. abelicea. Z. carpinifoliaflif
B ) o TR) 288 A A A R AR ATk 3 (Tralau,  1963;
Tanai, 1976). &1, BB ILACHE B> A
oA A S U B e BRIV K i oy o ) F st
I3 A i o

FR 4 AT DIVA ST #r 45 F (1813), BRJE 1 I i
FHAE o0 A X AT RS2 WO Bl 7, AFE TR, Phk
A BR ) AN R X33, 34N 73 A1 X 8 A0 B v 7
I, E A ARSI, AR5 T RE A VY E
R R R AN A IR S o AT X, 22 S5 B AR
HEG BRIRIRE B 04 3XFE, FRATIH v] AR A AL R
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FEMEA X, WEPE L HAIRES, R R
Uy A IX SGR PE L. PR 5 Denk #1Grimm (2005)
JERFAE R IR B HA T JE

PR, A1 RO K i V5 S0 R0 AR S X AR i 4
G2 (= o R e ST LR TRE S AN R W SR N
(Tralau, 1963; Liu et al.,1996) . WV ARl ZE @Bt &
AT A AR L BT R A T R R R K
FEF(Li & Fang, 1999; 5KHHXE, 2000; Guo et al.,
2008), i PP Ao HARUT X (1) IRBG AR
YR E TR ZN I . R R, FRATTHEM,
B 7= b BT R AR o A DX Ak, A
BRI 5 [ T 0 AT C i, o Hb b IR 51k 1)
TR R REAT A PH L (R SR 4 3 S N2 L A7 AN
A EIL R LMo AR [ AR R S B A2
T FEA SR, AR 45 2] H AT A R
X, I b X Bl 2 DA R VKA FBEXE T o AR g
IR EE Ty 4% (2003) T ik, 5 Ey i e 11132 Bl 6) B
J& 43 A DX P4 TR R i 2 F SR 1. PRI, B 1)
IR NS5 ISR 1 A, BT 3 85k
A PR RS . 1X 57K X & (Fagus) 7E KRV KR 73 A1
W R (CENTERES, 2012)47 2625480, b Hifg iR .
s iy Jir 2 R0 43 A R 43 AT DX IR R 7 A T
W, HAE R oA XA
EEWE YEAFR4RAH TSGR E
(KZCX2-EW-305)F= ¥ | #+5 [x 7 52 4 & 5 3 32 5F
RITRE .
B 4 RiftHans Peter Comes. Giannantonio Dom-

ina #= Christian Eichberger 42 4t 7 Z. sicula #= Z.
abiliceart & #+#t.
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