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Phylogeny of Aceraceae Based 0n ITS and trnL—F Data Sets 
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Abs ： The nuclear encodedinternaltranscribed spacer(rIS)regionandthe plas州 encodadtmL-F re- 
gion were sequencedfor41 species oftheAceracoae．representingbe th genera AcerandDipteronia，to rec0n‘ 

strict hlogenyof this缸ni1v，especiallywlthinAcer．1k analyseswere performedin separate and combined 

sequence data sets．with the Sapindaeeae and Hippoeastnuaeeae being selected as outgroups．It waB indieated 

thatthe Aceraeeaewasmonophylefic and D．sinensis was basaltotherest ofthefamily butthetwo gL：~lera of 

it mi be not monophyletic because 畔 Ⅻ妇 d mw was nested within Acer．1he result inferred from the 

combined data showed greater resolutionwithin Acerthanthatfrom thetwo separate data sets．Themonophyly 

ofmost sections inXu’s system(1996)were supported wi血high bootstrap values，and 8olilerelationshipsbe- 

tween(or among)sections were also inferred，such as sect．Palmata and sect．M／crocarpa；sect． 一 

tano／dea，SeCt．L／ttwcarpa and sect．Macrophylla；sect．1ntegr~folia，sect．Trifoliata mad sect．砌衄 - 
／a：and sect．Acer，sect Con~cowa and sect．Sac&at／ha(sensu Ogata)．However，the sectional status and 

circnmscriptions of s0眦 of the above-mentioned sections should be further adjusted．It seemed that tlle xlJ’s 
de“mitatious of sect．Rubm and sect．Saccharodendmn should be re~aluated ． 

K words： Aeeraceae；phyiogeaay；12S F~quences；tmL-F sequences 

ThefamilyAnsraceae．consisting oftwo genera．Ac— 

er an d Dip~mnia． is a constant member of the order 

Sapindales based Oil previous morphological analy- 

ses- ．The close relationships between Aceraceae and 

Sapindaceae or Hippocastmmceae are supported by nu- 

cleotide sequences analyses of the chloroplast rbcL 

gene，4·引
．

Th orneL0 mad APC 7J ev叽 included d1eAcof 

aceae in the Sapindacese． The geaus Acer． containing 

about 200 species．is widely distributed in the northem 

hemisphere j．Chinaisthemodem center of divemiflea— 

tion b~arlSe most sections of the genus and seventy per- 

cent of the species oecqar in this eoantrvL ．1k  other 

genus，Dipteronia，with only two species，is endemic to 

chjna[ ． 
The genus Acer is characterized by their unique 

elongated winged fruits(salnalils)，while othel'mot0ho． 
1ogical characters are highly diversified

， For example，the 

lenf shapes vary-from the 3-，5一or 7．1obed，undirided 

leaves to trifoliate，5-foliolate，or even  pinnately con— 

pea nd leaves．Several different inflorescenco types．in— 

eluding rfltoeN~s，panicles，co
．

rymb~and spikes，oeG~lYin 

this genus．111e three ．
．

types of sexuality a／ld／~monoeeism 

Lor On&opolygmny)，androdioecism and dicecism．ace all 

represented in this genus Tl'lf~e variances nmke inf／~- 

generic divisions very difficult．The species delimitation 

and phylogenetie relationships within the genus Aeer aIe 

also rycontmversia1．Mainly onthe basis oftherelative 

position of slit／hens to discs，Pax divided the genus int0 

14 sections in 4 large groups i11 his first system of Ac- 

el" ，althongh he later recognized 13 sections川
． Re． 

hdert J；L reduced aft sections to the rank of series and 

placed them under two newly．cireamscribed sections， 

which were maiuly characterized by intrastaminal discs 

and extrastaminal discs，respectively．Fan#。。’’pmr,o~ a 
differen t system  in which the genus was divided into two 

subgenera．mainly on the basis of simple vei~us c0rn- 

pound leaves．In Ogata’sL14 system，the genus wus clas— 

sifted into 26 sections ．In1970，Mureavt15J 0ublish~ his 

monographof theAceraceaewi th7 subgenera，24 s~ ons 

and 35 series wi thin Acer．Ogata’s system was essenfiallv 

followed  by Xu J． Il1 SOIIle additions and amend． 

ments．More recenfly．de Jong⋯ recognized only 19 se． 

flus in 16 ~ tlons，providing a c『ujte different arrange． 

ment from those of othel' authors． Some re． 

seacehem- r14, 一 ]discussed the infragen~ c Dhyloge
—  

netin relationships in the genus by analrzir~ gross naof 

phol0 ，seed proteins，fossils and ap c distribu- 

tious ，butthe conclusions were notinco~ us ． 

As reviewed above， the infrageneric systems and 

phylogenetic relmionships in the genus Acer based on 

morphological characters were repeatedly provento be not 

convincing ． second genus．Dipteronia．wus seldom 

studied for limited distribution．It wus necessar~to 

study the phylogeny of the Aceraeaae，especially within 
the conlloversial genus 蛔 by othermeans andmethods 

Molecular data are different criteria on Dhylogeneticinfer— 

ences from other phenotypic data[ 
． Nucleofide se． 

quences of a chloroplast gene， rbcL，have been exten— 

sively used to examine plant phylogenies at higher taxo- 

nomfo levels，hadicafing the phylogenetfo relatloushiDs of 

the Aceraceae among the angiosperms[ · ， · j Howev
-  

日· to resolve phylogenetic relationships among elusely 
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related groups， fast—evolving DNA fragments are need‘ 

ed[24]
．

Taberlet et oll J presumed that the intelgenie 

sDac日 of tm L-F could be used for phylogenetic studies at 

the interspecific level in Acer based on c0r“p s0rI of two 

species of Acer．Recently，son'le phylogenetic analyses of 

Acer using mDNA 兀 data showed that this r~gioo was 

informative in resolring infrafamilial relationships in the 

Acoraceae[26-29 J
．
However，the divergence onthe delim- 

itation of soln~sections was missedinthe previously pub— 

hsheddata sets and wtq8 not addressed beeaLlSeof lackof 

samphng．In this study， we sel~ted nrDNA rTS and 

cpDNA trnL-F regionswith amuch bmadel"sasaphng(1) 

幻 reconstruct Dhvlogeny of the Aceraceae， especially 

witIlin Acer；(2)to evaluate previous classification sys- 
temsof the genus Acer hasedmainly onmorphological da - 

诅：and(3)to address the sister relationship between Ac- 

er and Dipteran ia． 

1 Materials and Methods 

1．1 Materials 

Fortv-ene species of the Aceraceae were sampled 

which represent the two genera th both species of 

D~eron／a and allthe sections e~ceptfor sect．Emeiensia 

of Acer ofXul16 J，which need verifying( le 1)．We 

followed Xu’s【16．system in e 1 and in discussions． 

To e~ure the reliability"of sampling．two accessioI1s of 

D．dyerana from different soumes wt~re sampled．Some 

sp(x3ies of Acer were re．sequenced becanse the availab le 

seqllen~ hi theGe nBankwerewith toomany ambiguous 

sites ．No dubious sampling was founded ．such as in D． 

sinensis and A．carpinfdi~a．Thiee species．＆ 
nu&orossi．S．delavay／(Sapindaceae)．and Aesc 

wang／i ([-lippocastonaee~e) were used as outgmups． 

Vouchers a deposited in the herba~u／n of Kumning In． 

sfitule of Batanv(KUN)．In the rTS separate data set， 
the sequences of additional 17 species of Acer plus S． 

mulmrossi of SaD daceae were domfloaded from the Gen． 

Bank． 

1．2 M ethods 

1．2．1 D 忱 isolation Total genomic DNA was ex． 

traeted from fresh or silica．gel—d ed leaves witIl a modi． 

fled CTAB procedureL u．altllough sonqe leaf materials io 

the hetbaritml were used．蹦 or to DNA extraction．we 

fo1lowed Su et a21 31j in using ao~Lolaeto get d 0fthe stiff 

materialsthatinterfere t0theDNA’s extraction． 

1．2．2 PCR amplification Double．stranded DNA was 

direcdy amplified by symmemc PCR in GeneAmp 96OO 

(Penkin Elmer，Norfolk．Connecticut)．ReactionⅦ踮 
co nducted in 0．2．mL thin．walled mierocenttifuge hlbes 

and contained 1．5 U AmpliT．q DNA 口0l YlneHLse， 

RephthennlrM buffer，1．5iTll~O1／LMgC12．0．4 rrm~ol／L 

dNIP，0．1／unol／L primer，5％ dimethyl sulfoxide．25 
— 60 ng sample DNA． procedures of PC R themml 

cycle was conducted as foHows：template pre-denaturation 

nf 2 rain at 97 ，then 30 cycles 0f 1 min at 94 for 

template denaturation．1 min at 55 for primer annea1． 

ing，l mhi at 72 primer extension．followed by a 

nnal 【eI 0n 0f 7 rain at 72 0c．We usedthe1TS4 and 

ITS5 prinqers ofWhite et al L fortheITSregionsforthe 
PCR and “c”and trn“f’L251 f0rt}le tmL-F r~ions． 

IPCR products were purified by Watson’s purification kit 

priortobe ing sequencod． 

1．2．3 DNA sequenei~ Do uble-stranded purified 

PCR products were sequenced bythe dldeoxy chaintemd— 

n 0n n tIl0d with an ABI PRISMm Bigdye Temdnator 

Cycle Sequencing Ready Reaction Kit with Ampli raq 

DNA polymerase FS(Perkin Elmer，Norfolk，Cennecti· 

cut)．Reactions and programs were chosen aoo0rd to 
the recanunendations of the manufacturer， with slight 

modifieationin sonqe cases ．Sampleswere electraphoresea 

in an ABI 310 Genetic Analvzer(Applied Biesystems 
Inc．)．蹦 nqers f0r pcR were used to seqnence all SalTi— 

ples． 

1．2．4 Phylogenefic analyses DNA sequences were 

edited and al~ed with a DNA AR Packa~．adjusted 
manuallywh ere necessary．Phylogeneticanalysesbymax- 

imum-I：~trsimony method were performed with PAUP 

4．0b8【圳 forthetwoda ta setsrespectively asWe ll asfor 

thecombineddata set．In phylogenetic analyses，ambigu— 

OL1S sites were excluded from thematrix．Gaps wel'etreat— 

ed as ng，andinferred indels of unambiguous 一 

iEent were recoded 8s unordered separated characters．AⅡ 

unambiguous characters and character-state til l／ha— 

tions wel'e veo eqI|alwe ight．Aheuristic searchwas per- 

fonned for each data set．with R N̂Dm  stepwise da ta 

addition(1 000 replications，start seed = 1)and TBR 

branch．swappingalgorithm options．Toasseas therelative 

support for each clade．bootatmp values wP肥 calcahted 

from 1000 replicate an~vses with the heuristie search 

s雠屺盯 and simple addition s~Queoee of the taxa．Tbe 

~l'nouot of phylogenetic information in the MP analysis was 

c(mstmcted with the consistenc~-(CI)，retention(Pd) 

andreseated consistency indices (RC)．Distanee trees 

were also constructed with the neighbor-joinlng(NJ) 

method(PAUP4．0b8)． 

2 Remlb 

All nucleotide~queoces ofthe sampled specieswe re 

depositedin the GenBank(Table 1)．S~ ence charac— 
terisfics ofthetwoDNAregions were snnlmal'iT~ inTable 

2． 

2．1 Al1a 出 oftherrs凼诅 set 

The ITSl and ITS2 sequences of the outgax~p 5． 

mad~orossi were downloaded from the GenBank．Tbe til1． 

known 5．8Sof itwa8treated as notq／l~Wer inthe datafna． 

trix．111el~,Sthof the rrSregion．including both spacors 

and the 5．8S subunit，range~ from 617 to 66l bD io all 

the 58 aeee~．sions of 57 species oftheAeeracoae sampled 

and downloaded in山is study． e aligned ma trix consist． 

ed 0f 707 alignment positions th 6 leeoded characters． 

After 97 ambiguous sites were a hdedfrcanthe analysis． 

there were 190 potentiallyiofomaative sites outof the 300 

vailable sites．A total of l 617 mest parsimonious bees 

was yielded from 1 000 replicates heuristie search wi tIl a 
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le~qgth of8l3 step6．CI= 0 540，RI = 0．664，andRC 

= 0．359．GC averse content was high(60．67％， 

rab1e 2)．Except for the$equenges downloaded from 

GenBank with too n1anv ambiguous sites，the palrwiso se- 

quence divergence ranged from 0 to 16．64％ within the 

family andfrom 0 to 13．60％ within Acer．|It two$a／n- 

pied species of sect．Mk．nwarpa，A．mmoshan／om~and 

A．pub／nerve vat． 叩 ，ills well as the two acces- 

sions ofD．d~erana sharedthe 5~qfle sequenceintheITS 

region，respectively 

e strict consensus tree(Fig．1)indicated that the 

AceFaceae WBtS a monophylefic group with a bootstrap vat- 

ue of 96％ ．Within the family．the resolution was genet— 

al1),low．凸 mn WBtS resolved ills paraphyletic and the 

whole Acer was monephyletie．but the internal support for 

this topology was low．W ithin Acer， the monophyly of 

most sections were strongly supported，exce口t that within 

the sect． Macrar~a，A． tschonoskii，A． ward／／and 

A．" a∞删  肌 of set．Micraraha fomled a strongly 

supported monophyletic group，which separated from the 

other fonr species ofthe section．Sect．Rubra．sect．Ac． 

el-．sect、Saccharodendron．sect．Trifoliata and 9ect， 

Irdergr~folla．as defined byXu．weTealso not resolved as 
monophyletic．S e infragenerfo relationships were also 

supported with high bootstrap values．Sect． ／mona and 
sect． Microcarpa formed a monophyletic chde with a 

bootstrap support of 96％ ．while sect． 删 Ⅱ became 

paraphyletic if the two sampled species of sect．Micro- 

泖 Ⅱwere excluded．A．rubram (sect．RILbFa)and A． 

sac~ rtum (sect．SacchozMendron)formed a ITlon．o． 
phyletic group t}l a bootstrap support of 99％ ．It印一 

口ea that sect．1ntegr~blia．sect．Trifoliata and sect． 

础 讪 we陀closely related，but the internal support 

was relatively low 【51％ )． Sect． Lithacarpa． sect． 

Macraphylla and sect．Platanoideamight be alsointerre． 

1ated，but the bootstrap support was low，indicating that 

the clade may collapse． 

2．2 Analyses of 打竹L．F da组 set 

1tIelength ofthe L广F region raneedfrom 92O to 

949 bp in the 42 samples of the Aceraceae，except for 

Acer ktmgshanense th 852 bD． e aligned data matrix 

【including 13 receded indel characters)had 245 vailable 

characters and 124 potentially itffommtive characters out 

of a total of 1 018 characters． e heuristic search pm- 

duced 555 most parsimonious tre~~with 341 steps，CI= 

O．824．RI= 0．789．RC = 0．651．( average content 

w018low (35．14％ )．wh ich wasthe ctra．racter of cpDNA 

sequences ( r曲le 2)． Pairwiso sequence divergence 

rangedfrom 0to 4．03％ withinthe gcffl[1s Ace,"andfrom 

0 4_83％ wit}lin thefamily．Th ree species pairsof Ac- 

cr showedthe 8anle seⅡuerloesfor trrtL-F region．i．e．A． 

m／aoshaniraan vs． A． pubinerve vat． 印 ， A． 

mortspessulanum vs．A．叩 ．and A． vs．A． 

wardi ．respectively． e sequences of the two accessions 

of Dipterortia d~erarla were also completely coincident． 

The strict eollSeZll,~U$tree(Fig．2)also strongly sup- 

ported the monep hyly of the Aceraceac with Ⅱ bootstrap 

value of1o0％ ．D．s／nens／s was basaltothe rest ofthe 

Acemoeae．Thetwo gene'ramay notbe monoflryleticbe- 
cause D． l如 ，Ⅱ， nested within Acer．which w018 dlfief． 

entfrom the tree based on ITS data．A．caminifolium， 

which had been regarded  as a very specialized taxon 

【even being treated as a ma notypic sub nus)，formed a 
second basa1．clade thinthe clade of Acer O[us D．dv． 

M ．However．the bootstrap support for this topok~y 

was relatively low (60％)．Agai~，most sections were 

supported．Comparing with the rIs phylogeny，the boot— 
strap values weTe generatlyl0wer．There were al80 afew 

exceptions．A． was not resolved wlthin the soet． 

1ntergriJblia． e monophyly of sect．Trlfoliata．soet． 
RtlbFa，sect． Saccharodendron an d sect．Ace,"was al鲫 

not achieved．It appeared that sect．Macmmha may be 

monaphyletic，butthe relationshipbetween A．tegmento一 

㈨ andthe strongly supported A．davidil and A．u~'d／／ 

elademay collapse．The ehde with sect
． Palma~a and 

sect．Microcarpa was strongly supported with Ⅱbootstrap 

vatHe of99％．A．rubram (sect．Rubra)and A． ． 

d (sect．Saccharodendron)al nformed a咖l10． 
phyletic group，but the bootstrap support was relatively 

low【60％)．However，the relationships amongmost sec． 
0ns were n0t res0lved． 一 

2．3 Analysis 0ftheITS and trnL-F camb~ied da衄 

set 

A total of 41 species of the Aceraceae(with one 
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Ŝ Pl' 

AESC 

SlNE 
OYER' 
DYER2 

SP●C^ 
CISS 
HENR 
NEGU 

ARGU 
Tm  
ClRC 

JAPo 
SHIR 
SlEB 

-I Outgroups 

]Ge Dipteroaia 

Gen．Acer 

F ·1． Strict COTL~II,SUStree On nudearITS data ofAeeraceae．LerIg【h=813，CI=O
．
540，RI=0．664，andRC=0．359 

BooLstrap values>50(％)are indicated a branches 

accession of D．d删  )was anal~ based on the 
c~abhaed data set with Aesc (Hippocas— 

tanaceae)as outgrouD．The length of the eombined se— 

quences ranged from 1 495 to l 598 bD．A1igrtment of42 

sequences resulted in a matrix of l 706 positions．Fifty- 

six ambiguous sites welt'e exeluded and 18 new 8t~OreS of 

inferred gaps were receded．There were 1 668 characters 

in the analysis of combined data set
． of 486 variable 

sites，247 sites welt~potentially informative
．
nIe heuristic 

search produced 4 most parsimonious trees with l 002 

step~，CI= 0．60l，i'd = 0．617，an d RC： 0．371
． 

GC average content wss 45．56％
． Pairwise sequence di— 

vergence rangedfrom 0 to 6．96％ withinthefamilyan d 

fmm 0to 5．97％ withinthe genus,4cer(1 le 2)． 

The strict consensus tree(Fig．3)and neighbor． 

joining(NJ)tree( ．4)were generated．After boot— 

strap analyses， the discrepmmies 0bserved between the 

two trees were largely attributable to many poorly suppod— 

ed nodes ． en these nodes f characterized by bootstrap 

values≤50％)were treated as unresolved(i．e．，they 
were collapsed to yield polytomies1．the trees were con— 

sistent，with the only remaining aTea of discord being the 

relativepositions ofA．carpinifol~ ．In general，greater 
resolutions were achieved with higher bootstrap supports． 

Most sections were resolved aS monophyletie with the ex． 

ceptions of sect．Acer，sect．Rubra，s哪 ．50。c，“ 0 n． 

dmn and sect．Tnfollata． e relationships alrnong the 
sections n Ived better than the two trees based on seDa- 

rate data sets． monophylyformed by 8ect．Pa／mata 

and sect．Microcar／~was slrorI出 supported with a hiI出 
bootstrap value(100％)．A．rubrum (8ect． m)and 

A． “ f (sect．Sa~charodendron againformed a 

辫骑麟；《 骆虢 撩 
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Gem Ce-r 

rig．2． Strict c㈣ mLls based On plastid trnL-F data ofAceraceae
． krIgt}L=341．CI=0 824，RI=0．789．RC=0．651 

Bootstrap values>50(％)are ir~dicated above branches． 

monophyletic group with a high bootstrap support 

(100％ )in both trees．The close relafionship between 

sect．Macrophylla and sect．Platarmidea W,~tS supported 

with a high bootstrap value(80％ )intheMPtree．HOW— 

ever，sect． tanoidea WaS sister to sect． 0c m 

with a hJ曲 bootstrap support(80％)iI1山e NJ tree． 
W 吐lin tlle sect． Macrardha． A． day／d／ and A． 

tegmentosum fomaed a monophyletie clade in both trees 

with hie)l intemal supports(71％一96％)，but their Ie— 
lationship with A．ward／／was not suppo rted by bootstrap 

analyses．h both trees．sect．Tr／Jb／／ata was paraphvlet— 

ic，yet together with sect．1ntegrifolia and sect．Peraa— 
phylla，theyformed a strongly supported cladewith boot— 

strap value of95％ 一97％ ． 

3．1 C n耶目r-啪 n ofthetwoindivid~ data sets and 

the combined data set 

h the Aeemeeae，the$equG~ dive~ellee of rrs 

was much higherthanthat oftrnL-F．The1e．gth oftrr$L- 

F regionwas nearly1．5timeslongertllanthat ofITSIe— 

gio．，but the potentially informative sites of tlle 打nL-F 

re 0n(124 sites，)were 2／3 1essthantllose of rrs data 

(190 sites，excluding 97 ambiguous sites)．111iS indicares 
that the兀's re on II1i 吐 have a faster evolutionary rate 

【approximately 3—4 times)than trnL-F i1"1 the Acer- 

ae~ae．However，the ability of ITS to assess the infrafa— 

milial phylogenetic relationships Was not evidendv higher 

伽 

一 ～ 培 ]]●J ]一]]]__1] 二一]] 二]二]二二一 

维普资讯 http://www.cqvip.com 



植物学报 Acta Botanku S／n／ca Vo1．44 No．6 2OO2 
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0utgrougs 

fe n．Dipteronia 

fen．Acer 

ng．3． S~6ct cOIL~nSIIS tree based on the combi,~-d ITS and anL-F data 【e_ =1002，cI=0 601
， RI=0．617．and RC=0．371 

Bootstrap values>50(％)areindicated a]3o,／e branches． 

thfltnthat oftrnl，F，whichmay be beea~ ofthe higher 
homoplasy ofⅡS,~ lleuces(CI= 0．540)than that of 

fmL-F sequences(CI=0．824)．In the combined data 
analysis，greater resolutions were achieved because of the 

mole potentially informative sites(247 sites)and lower 

homoplasy(CI=0．601)． 

3．2 Phylogeny ofthe Aceraceae 

In all the mm]．yses．the Aceraceae formed a robust 

monophyletic group with hi bootstrap values，hut， 
strangely， the lIlOllOphyly of O；peronia was failed to 

achieve．In the published studies of the Aceraceae based 

on n data【 。29 J，fits only one species of D／pterorda
．  

D．sinensis was selected a8 outgroup，all sampled species 

of Acer seemedtobe amonophyly．Inthe current stud,~
．  

b0th species of Dipteronia wei'e included in the analyses
． 

D． 忡 thus nested in Acer，although the internal 

suppo rt w&q generally low，indicating that the relationship 

may collapse． D． sinensis was basal to the rest of the 

Acemceae ii1 all analyses．and the independence of it wilt8 

strongly supported by the three data sets．The position of 

D． “ 吡 wilt8 slightly different in the t es based oil 
thetwo separate and combineddata sets

． IntheⅡS ohy． 

1ogeny，it fombed a hasal clade in Aceareeae and this 

u3Rde the sam pled species of Acer monophyletie．In the 

other analyses，D．dverana w8s nested with sect．P缸 

mata plus sect．Microcarpa ( mL-F tree)，or with A． 

sp／cata (sect．R／~Fa)(combined analysis，NJ tree)． 

~though these relationships did not have internal sup． 
pon，it made D a po ssible paraphyletic genus， 

and this was quite contradictory．Morphologically，the two 

genera were obviously difierent from each other．such as 

theoutlineofs蛐1aras，thepresenceorabSelX<~ofbudscal 
． 
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ITS and L-F combined 
— Outgrouos 

-7锰m．mpter∞ 

Gen．Acer 

．4． NJtree based ontI】e combinedITS and LF daLa． 1 =10172，cI=0．601，ltI=0．617，andttC=0．371 

Base su dhlli0Ils and l~ trap valu >50(％)are indicated ab e and below branches，respectively． 

the ~ ment of leaves and the cllI rns帅 e number． 

whilethetwo species ofDioteronia weI Yer similar and 

distinguished only in—abmus or haire of inflorescenees 
and sizes of leaves and nutlels．Therefore．the relation． 

ship ofthetwo species ofD／oteron／amay be hinted bythe 

molecular anal~ses，butⅡ10re evidence is needed． 

Sect． Pdma~ and Microcarpa formed a rn0J10． 

phyletic group in all analyses mth strong internal supt~lt． 

IntheITStree，see|．凡  0 t~ ame paraphyleticwith 

the exclusion of see1．Microcarpa． rhetwo sections shlare 

many morphol0 cal characters such as typically palm 【e 

leaves， 4-!~ired bud scales， and corⅧ1bose intlores． 

eence8．Ogma t41 and de Jongl 71 c0Ⅱ1bined them into Olle 

section，sect．Pdmata．However，0帅 ’s and de Jong’ 

stre~lrnents by putting A． and A．cm ．n sect． 

Pa as athiId seriesL14-17 were not supportedlleI_e
． 

In the rrs tree，both A．脚  and A．c 帆 惭  

nested within species of sect．1ntegrifolia with relatively 

hi出 bootstrap support(64％ 一75％)．In the ITS and 
mL-F c呻bi删 &n~lysefl，A．c 乩m was also nested 

within species of see1．1ntegrifolia witb hi出 b00ts唧  
support(98％ 一99％ )． s w舾 also backed by previ． 

OHN pollen analysis 。．M0rpImJ0gical ，se~1．， ． 
no was charaeteri~ ：l by the unlobed 0blong OF olx~vale 

leaveflL”。 ，and A． and A．c，∞ Ⅻ niceIvfitted 

tl1init． 

Sect．慨  m￡， WILLS divided in[0 three series．ser． 

Tegmentosa (i．e．，Macmrd~)，ser．Cm~egifolia 
Li．e．，Rufinerda)and ser．Micran~ha by s叫ne鲫． 
thors[ ·16,I9．_Og~a[14 inferred that ．M／cranthe． 

二 二 ] 一] 一] ] ] 二 一] 一] 一] ] 二 二 一 
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with patent perianth~， apicuhte anthers and shallowly 

hollowed disc，was in a relatively remote relationship to 

tIle other two series． s lamas strongly supported by the 

rrS analysis The section wi山 seven species sampled， 

representingthetIltee diiterent series．was resolved as pa· 

mphyletic Ser．Micrantha represented bv three species 

(A t~Lo／go8k／ ，A． m／cmntham and A． ward／ ) 

formed a monophyletie clade wi山 hjgh internal support． 

However．in thetrnL-F analysis．A．wa rdii andA． 

vidii(ser．CrataeK~olia)showed no difference in their 
sequence divergence．de Jong⋯ dirided A．ward／／as a 

monotypic section．and山is was supported by山e corn— 

bined analysis to$on3e extant More evidence would be 

needed to reF~lve a better affmity ofthis species ． 

Xu put ．sacchanan of sect Sacchar／na and 

A sacchriman of sect．Rubra．which were established 

by Pg ]8l】di'ollowed by s㈣ authors~t4，Ig, ．inhis 
sect．Saccharodendron．Healso trailsfened A．sp／catum 

from sect Ⅱ($ellSU Ogata)to sect．~tLbra．These 
treatments were quite different from othem[10,14,17— 

． 

A． saceha~num (sect． Saccharodetu~n) and A． 
rubrum (sect．Rubra)were recognized as a strongly sup． 
ported clode in bothⅡS．咖 L-F separate or／and coin． 

bined analyses This was not in COIISelISLL％wi山 ) l J． 

A~ually． th ejr close relationship was reCO~- 

nized[i0,14, 
． These two sDecies may be distin— 

guished from other sections of Acer．renmkably in tIleir 

completely sessile umbels and early-ripen fruits．In all 

analyses， A． sp／catum was not ul，e[1 within sect． 

Rubm ．In fact．this species does not share any ecolllIon 

features th sect．Rubra．It seemed that Xu’s sect． 

Saccharodendron and sect． m were iII—defined ． 

A．saccharin wastreated as a soleill~mber of sect． 

Sa~har／na by Pax： ⋯
．

Ogata[14J and Koidzmni[19]
． In 

gross mo~hology，it is very similar to sect．Acer and 

sect．Gon／ocarpa．especially in the shape  ofmulfiseriate 

xylem mys． de ．1ong⋯ united the three sections into 

sect．Acer．111e r~atlonships among A． sex'charm ．the 

two sampled  species of sect． G0n 6l删 and A． 

traua~teri of sect．Acer were somewhat supported bythe 

combined data analyses．with bootstrap values of 58％ 一 

90％ ．In all analyses，the two sampled species of sect
． 

Aesr‘A．trautvetteri and A．caed~n ssp． ) 
蜘led to form a monophyletic group．Th e clear Sequence 

divergence betweenthemmaybe caused bythe geographi． 

cat disjunction．A．caesium and its subspecies g／ra／d／／ 
ale endemic to山e Himalaya．and other species of sect

． 

Acer ale distilbuted from W ．Asia to S．Europe． 

There was another robust clade．constituted of taxa 

of sect．如垂e 访Iia，sect．TrifoIiata and scet．Peraa． 
州 ，ahhough the validities of the three seclions，as 
currently defined，were generally not supported

． ()n 山e 

Olle hand，the three sections a mainly defined by their 

leaf shapes，which are，however，very ： the
．
variable on 

other hand· thelye ale many colnolon characters among 

山ern，such as imb ricate bud scales ，andmrmmecious
． 5一 

mereus flower， and terminal compound irdlorescences
． 

Aftermole sampling an d analyses together with tmL-F 

data，sect lntegrifolia and sect Penmphyllum did not 
fonn a sister relationship．Thus de Jeng’s treatment of 

putting them into one section “ was not supported．al— 

tho~shthiswas supported by Suh et a1 ．Sect． 而 一 
ata also falled to form  a monophyletie clade， aB A． 

mandsha r／cum showed a closerrelationshipwi山 Beet．In— 

tegdfolia(as sisterto it in 山e combined analyses)．|Itle 
moleculartrees identified 山etwo series．Gdsea(wi山A 

tr~omm and A sampled)and MaMshar／ca 
(wi山 A．mandsharictmt sampled)． 

Msrpbelogieally， sect， 功 b∞rp口， sect． Macra． 

phylla and sect．P／atano／dea were characterized by the 

presence of latex in 1coves and young twi铲 ．Th eir rela· 

tionships were somewhat supported in the 兀 phylogeny 

butwithlow bootstrap value．The sisterrehtionshipbe ． 

twcen sect． Macrophylla and sect． P／atuno／dea was 

strongly suppertedintheMP analvsis ofthe combined da— 

ta． while 山e sister relationship be twce~ sect． 尸 ． 

tanoidea and sect． L／thocarpa was also indicated witIl 

high bootstrap value in 山e NJ analysis．Therefore，山e 

combination of sect ／／tht~arpa and 朋钟rⅡ 讹 ，aB 

posed bv de JOn~L J．shouldbe carefully evaluated ．A 

~ stre was treated in its owl1 section．sect．G 讲邸． 
lll_12,14． 

． 1tIe close relationshiD between sect． 

Campestria and sect．只 tano／dea was supported by 山e 

resemblance of general morph0l。g l4 ，cambial peroxi- 
dase isoenzymes[ 

．

seed pratein[19】and DNA RFLP[Z21
． 

Th ese more or less suppo rted the combination of the two 

sections． Our analyses shovel that sec!t． Platanoidea 

(including species of sect．Campestria 8ensu Ogata) 
fotarred amb clade． 

A．carplmfoliwn is exclusively characterized by 
penninerved leayes，remarkably big wood rays．freely 

striate-reticulate po llen an d special Drotein components of 

the seed[‘ ，t6．t9, 
． whichmakeitSeparate from allthe 

other species in Acer as a specialized monotypie group 

s independence ofitwas supported bythe L-F data 

andtheNJ analysis ofthe comb ined data，buttheinternal 

supports were relativelylow (60％ )． 

Comparingwith the pubhshed 兀 studies of Suh et 

以 ．the elnse relationship between sect．1~styla an d 

sect．Parviflom，and beF6~cen sect．Hypt~xo．wa and 
Sect．R~bra were also supported by our molecular data 

sets，wMeh were aliketo山e results of Sub et a／L291
． but 

山e bootstrap values were generally very low．exceptthat 

the monophyly form ed by sect．Hypuocorpa and sect
． 

Rubra(sensu O ta)was supportedwith a bootstrap va1． 
ue of 78％ in theNJ analysis ofthe combined data．Un． 

1lkethe prevlcusⅡS anal s，the sisterrelationshipsbe． 

twcen sect．C6s lht and sect．Neguodo，and betwcen 

sect．Macrun tha  and sect．Arguta．were not detected in 

our analyses． 
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基于 ITS与 trnL．F序列探讨槭树科的系统发育 

田 欣 郭振华 李德铢 
(中国科学院昆明植物研究所生物多样性与生物地理学开放实验室，昆明 65q204) 

摘要： 报道了馘树科41种(其中槭属39种)植物的 ~n．L-F和皿5序列(其中部分种的 rrs序列为重新测定)，以期 

通过分子手段对槭树科内部尤其是复杂的槭属的系统发育关系进行重建。以无患子科和七叶树科为外类群，基于 

对57个种单独的m 序列(包括从 GenBank下载的l6种的序列)．41种~n．L-F序列及41种两者序列的联合数据，分 

别采用最大简约法(Maximum i咖【Iv Mo．1~xt)和邻接法(Neighbor-JoiIling 0d)对槭树科的系统发育进行了分析。 

结果显示，整个槭树科为一单系类群 ；金钱槭位于槭树科的基部；但由于云南金钱槭( 姗 ， 由唧 )聚在了槭属 

内部，认为金钱槭属和槭属均可能是非单系类群；槭属内组间关系的支持率普遍较低，但多数组的组内关系得到了 

较好的支持。将两个片段结合比单独的ITS或 tmL-F分析能更好地解决槭属内部的系统关系，其中sect Pa／ra~a 

和 sect．M／croear~ ，sect Pl,at~zoidea、删 ．Lithoc~ 和 sect．I幅W叩州h，sleet．1ntegrifofia、sect． 和 sect．Pen— 

h II} ，以及 sect．Acer、sect．Gon／ocarpa和8e Sa~har／na(删 Ogata)的组问亲缘关系得到了一定的支持，但对其 

中部分组的划分可能应做进一步调整。重新评价了棘廷志系统中对 sect．Rubra和 sect．Saccharodendron的处理。 

关键词： 撖树科；系统发育；rIs；trnL-F 
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