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Phylogenetic Analysis of Chirality of Twining Plants
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Abstract Phylgenetic relatons of wining chirality of Dioscorea sp. in Chinawere analyzed based on the genesmatK, rbcL and tmL; phyloge-
netic character of higher-level phylogeny of wining plants was analyzed at a high taxon level based on matk gene A significant phylogenetic
framework of chirality was found: (i) based onmatK analysis, right-handed D ioscorea species in China congregate completely o form amono-
phyly; (ii) rbcl and tmL data sets also supported Chinese right-handed D ioscorea a monophyly, although with exceptions of the speciesD. de-
cpiens +and D. esculenta, respectively; (iii) the higher-level phylogeny of wining plants presented complex situations, foming a polyphyletic
structure at a high taxon level The results indicated chirality a credible character in the classification of D bscorea species in China, and thus it
was reasonable o sort right-handed species into sect Enantophyllum firstly in* Flora of China’. At the world wide watch, however, chirality of
Dioscorea sp. , especially of higher-level phylogeny was actually polyphyletic and it should be cautious o use this character Latest evidences
were inclined o refuse the hypothesis that tining direction was detemined by latitude or hemisphere, however, © ouropinion further investiga-
tonswere needed o approve this viewpoint Studying on close relativesw ith both left-handed and right-handed such asDioscorea sp. and build-
ing up mutations could be hepful o elucidate the mechanian s of the origin of plant chirality. Also, our study of phylogenetic relatonships among

winning plantswill provide scientific information for further utility of chirality characters of plants
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The wining chiralities of stem s of winning plant are divid-
ed into left lateral and right lateral, while the wining directions
of most species are fixed". Some scholars take chirality
characteristic as the basic classificaton standard, which is
suitable for the taxa with left-lateral material and right-lateral
material such asplants inD bscorea during studying taxonom -
ic problem s of winning plants Burkilf? divided plants in D i-
oscorea into twvo species accroding o chirality characteristic in
Congo. In Diboscorea chapter of Flora Republicae Popularis
Sinicae, right-lateral species are grouped into sect Enantio-
phyllun from other species®. The physbbgy, ecobgy, ori-
gin and evolution of plant chirality alvays receive much con-
cem, with the mprmvement of research means, many mpor-
tant achievements have been obtained Thitamadee et af*
think that the chiral phenomenon of plant is detem ined by the
rotaton directon of microtubule polymer and related to the
genes which controlled microtubule protein Kodama et af”
believed that after compulsory reverse, all indexes of winning
plantwere increased significantl. There are many hypothe-
ses such as corolis factors, solar radiaton angle and so on
for origin of chiral characteristics of vines, while most hypoth-
eses think that the chirality is related © the origin land in
southermn hem isphere northern hemisphere However, the lat-
est researches are inclined o deny this point and phylogenetic
analysis is hepful b resolve relevant problem s

The sequencings of some genes of many winning plants
provide probability for phylbgenetic analysis of plant chiral
characteristics W ikin et al”’ used matk and rbd genes
analyze phylbgenetic relatonships among 67 kinds of plants in
Dioscorea sp. , while left-lateral and right-lateral species have
significant chiral separation characteristics The chiral charac-
teristics of plants inDibscorea sp. in the New and O ldWorlds
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have severaloriginal evidences The chapterofDioscorea sp.

in Fbra Republicae Popularis Sinicae records chiral direction
of every plant in Dioscorea sp. , which provides convinence
for studying developm ent characteristics of chiral phybgenesis
in a amall unit W ilkin's study only cover 14 species in China,
which could not reflect thewhole property of 52 Dioscorea sp.

in China Therefore, other sequenced data of Dibscorea sp.

in Chinawere analyzed, then combined with new gene mark-
ers, the phybgenetic relatonships of chiral characteristics of
plants in Dioscorea . were checked In addition, through
collecting chiral infomaton and relevant gene sequences of
winning plants in other genera and families, combining some
Dioscorea sp. in China and the New World, the evoluton
characteristics of chiral characterwere checked in large taxa,
whichwas combined w ith other expermental results to provide
theoretical basis for further studying origins of tvining chiral
character

M aterials and M ethods
Data sources

The chiral inffomation of Dioscorea sp. was from the
chapter of Dioscorea sp. in Flora Republicae Popularis Sini-
cae’”. The chiral infomaton of other specieswere from DEL-
TA website'® , W ilkkin's identification resultd” and the apprai-
sing data of Herbariun of School of Life Sciences, Lanzhou
University.

The sequence data were downbaded from GenBank
(NCB ). For the Dioscorea sp. malurase K (matkK) gene,
ribubbse 1, 5-bisphosphate carboxylase large subunit (rbd.)
gene and RNA+ eu (tmL) gene were used Because the
species componentsw ith different sequence datawere not the
sane (Table 1) and different genesm ight have different evo-
luton characteristics, the data related o three genes were
created separatly for phylbgenetic analysis For matK and
rbd. gene, o species in relative species Tacca sp. were
randomly selected as outgoups (matK, AY973841; rbd.,
AF307480 and AY939890) ; while for trL gene, there was no
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GemBank records of Tacca sp., so the Lilun catesbaei,
AF303701 and Medeola virginiana, AY699226 in L iliaceae
family with close relatons were taken as outgroups (Table
1). The analysis of large taxa was conducted using matK

gene which with more sequence data and rich evolutonary in-
fomaton’” , the Amborella trichopoda of angiospem was
taken as outgroup (Table 2).

Table 1 The species and outgroup infomation of D ioscorea opposita in China

Scientific name Chinese name Optical activity matkK b tmL

D. banzhuana Banzhuan Shuyu left lateral DQ974182 DQ408174 DQ841301
D. bimanica Dulng Shuyu left lateral AY956481 AY667104 -

D. bulbifera Huangdu left lateral AY956488 AY904791 -

D. collettii Charui Shuyu left lateral DQ974178 DQ408173 DQ841300
D. delavayi Gaoshan Shuyu left lateral - DQ974196 -

D. delbidea Sanjiaoye Shuyu left lateral - - DQ841305
D. esculenta Ganshu left lateral AY956497 AY904794 DQ841298
D. esquinlii Qiye Shuyu left lateral DQ974177 - DQ841322
D. futschauensis Fuzhou Shuyu left lateral DQ974175 - DQ841316
D. gracilima Xianxi Shuyu left lateral DQ974190 DQ408164 DQ841315
D. hispida B aishugen left lateral AY957589 AF307463 DQ841323
D. kamoonensis M aoyutou Shuyu left lateral EF028332 - DQ841302
D. melanophyma Heizhuya Shuyu left lateral - DQ408176 DQ841303
D. _nipponica Chuanlong Shuyu left lateral - AF307455 DQ841308
D. pentaphylla W uye Shuyu left lateral AY972483 AF307470 DQ841327
D. smulans Machang Shuyu left lateral - - DQ841320
D. sinoparviflora Xiaohuadunye Shuyu left lateral DQ974179 - DQ841326
D. spongiosa M ianbi left lateral DQ974191 DQ974194 DQ841317
D. tentaculigera Juanxuzhuang Shuyu left lateral AY973828 A'Y939886 -

D. tenupes Xibing Shuyu left lateral - AB017340 -

D. koo Shanbi left lateral DQ974186 DQ408180 DQ841312
D. zingiberensis Dunye Shuyu left lateral AY973831 A'Y939889 DQ841318
D. alata Shenshu right lateral AB 040208 AY667098 -

D. aspersa Liye Shuyu right lateral - - DQ841304
D. cirrhosa Shugen right lateral DQ974189 DQ408184 DQ841324
D. decipiens Duomaoye Shuyu right lateral AY956494 AF307454 DQ841329
D. exalata W uchi Shenshu right lateral EF028330 DQ408170 DQ841325
D. fordii Shanshu right lateral EF028333 DQ974195 DQ841299
D. glabra Guangye Shuyu right lateral AY956501 AF307456 -

D. japonica Riben Shuyu right lateral DQ974183 AF307457 DQ841307
D. persimilis Hebao Shuyu right lateral DQ974193 DQ408165 DQ841328
D. polystachya Shuyu right lateral - DQ408181 DQ841313
D. wallichii Yingjiang Shuyu right lateral AY973830 A'Y939888 -

T. pahmatifida - - AY973841 AY939890 -

T. leonbpetabides - - - AF307480 -

M. virginiana - - - - AY699226
L. catesbaei - - - - AF303701
Table 2 The optical activity and sequence infomation of other wining plants

Scientific name (optical activity ) matkK Scientific name (optical activity ) matk

D ioscorea galeottiana (R) AY956499 Lonicera orientalis(L) AJ430196

D ioscorea convolvulacea(R) AY956491 Phaseo lus vulgaris (R) DQ 450863
Dioscorea subhastata(R) AY972492 Plumbago europaea(L) AY042634

D ioscorea brachybotrya (L) AY956482 Plumbago indica (L) AF204857
Actinidia_chinensis(R) ACU61324 Polygonum alpinum (L) AF204858
Actinidia eriantha (R) AF322616 Polygonum bistorta (L) AF204859
Actinidia polygama(R) AF322601 Polygonum cuspidatum (L) EF153700
Akebia quinata (R) AF542587 Schisandra chinensis(L) DQ 185526

A sparagus cochinchinensis(R) AB 029804 Schisandra glaucescens(L) AY326501

A sparagus filicinus(R) AB 029805 Schisandra henryi(L) AY326502
Clerodendrum japonicum (L) AF315297 Scyphanthus elegans(L) AF503334
Clerodendrum thom sonae (L) AY840129 Stemona japonica(R) AB040210
Clerodendrum trichotomum (L) AF477760 Stephania tetrandra (L) EF143877
Humulus lupulus(L) AF345318 Thryallis latifolia (R) AF344580
pomoea batatas(R) AJ429355 Thunbergia alata(R) AF531811
pomoea mauritiana (R) AY491651 Trichopus sempervirens(R) AY973844
Jasminum nudifiorum (R) AF531779 Vigna unguiculata (R) AY589510
Kadsura longpedunculata (L) AY326498 Amborella trichopoda_1 DQ 185522
Lapageria rosea(L) AY624480 Amborella trichopoda_2 AF543721
Lonicera nervosa(L) AF446903
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Data analysis

The CLUSTALX softvare™ was used to conduct aligning
arrangement and o generate nexus files The PAUP4b10™
and M Modelbbck in M modeltes?2 2 softvare package'™
were used to conductmodel test for four gene datasets, then
the most favorable Bayes analysis modelwas chosen Under
different most favorable conditons, M roayer 3 12" was
used 0 create phylogenetic trees for four datasets o operate
1 000 000 generation (enough for convergence) , while every
100 generatonswas sampled once The suntorderwas used
o record phybgenetic trees The first25% was taken as bur-
nin, which was abandoned, and as a result the consistent
tresswi ith posterior probability was obtained

Results

Chiral system structure of plants in Dioscorea sp. in China
The matk data contained 16 left-lateral species and 9 righ-

lateral specie, with the optmum GTR +G model (nst=6, rates

=gamma). There were 14 079 phybgenetic trees and the con-

sistent treesw ith over Q 25 posteror probability were shown on
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Figl a Based on consistent tree display of matk gene, all righ-
lateral species were separated from left-lateral species and
one class and the Bayes posteror probability was Q 61

The rbd. data contained 16 left-lateral species and 10
right-lateral species, with the optmum model GTR + | + G
model (nst=6 rates =invgamma). There were 14 874 phyb-
genetic trees and the consistent treeswith over 0. 5 posteror
probability were shown on Figl b The consistent trees based
on rbcl gene demonstrated that except D. decpiens, the
right-lateral species were separated from left-lateral species
and clustered into one class, while the Bayes posterior proba-
bility was 1 00.

The trmL data contained 17 left-lateral species and 8 right-
lateral species, with the optmum model HKY + G model (nst
=2, rates =gamma). There were 14 981 phylbgenetic trees
and the consistent trees with over 0. 5 posterior probability
were shown on Figl ¢ Itwas concluded from Figl c that 8
kinds of right-lateral species were clustered into one class,
while the right and left lateral were separated (except for
D. esculenta) and the Bayes posterior probability was 1. 00.
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A stands for the consensus trees generated from matK; b stands for the consensus trees generated from rbcl sequence; ¢ stands for the
consensus trees generated from tmL;L: left-handed; R: right-handed; Above branches represent posterior probability values (only ones >

0. 5 are shown).

Fig. 1 Consensus trees generated from matK, rbcl and trmlL
System characteristics of chiral characteristics in large
taxa

matK data in large taxa (not including Dioscorea . )
contained Actinidiaceae, Lardizabalaceae, L iliaceae, Verben-
aceae, Cannabaceae, Convolvulaceae, O leaceae, M agnoli-
aceae, Philesiaceae, Caprifoliaceae, Fabaceae, Plumbagi-
naceae, Polygonaceae, Menispemaceae, Stemonaceae,
Loasaceas, M abpighiaceae and Acanthaceae Among them,
there were 18 left-lateral species and 15 right-lateral species
The optmum model for matk data was GTR + | + G model
(nst=6, rates = invgamma) and the phylbgenetic tree dis-
play based on matK gene demonstrated that there were many
independent events for left-lateral and right-lateral specifica-
tons Among Dioscorea sp. (branch E), some left-lateral
species in China (branch A) were separated from other plants
inDioscorea sp. at basal part In sub-branch D, one left-lat-

eral specie in new world ook relatively basal positon, while
three right-lateral species of new world specieswere separa-
ted from some left-lateral and all right-lateral species in China
W hile in sub-branchB, the left-lateral and right lateral species
were divided into two branches (Fig 2).

There were complex relatons among other species
Some branches were aggregated by tvo kinds of chirality,
such as branch F, G, H and J et al while some specieswith
same chirality were aggregated intbo one class, such as
branch Iand branch K et al Generally, the right-lateral spe-
cies and left-lateral species on every node had obvious sepa-
raton (posterior probability was nearly 1 00).

Discussion
Relative stability of chiral characteristics
Generally, from our study, the chiral characteristics of
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Above branches represent posterior probability values (only

ones> 0.5 are shown).

Fig. 2 Maximum parsimony tree generated from matk se-

guences analysis
wining plantswere relatively stable characteristics During the
analysis of Dioscorea sp. in China, the results of three groups
of gene marker have demonstrated that left-lateral and right-
lateral species have obvious systematic isolaton phenome-
non InmatK data, the right-lateral species are clustered into
independent clade, while in rbd. and tmL datasets, exceptfor
D. decpiens and D. esculenta, the species display good
monophyletic characteristics of right-lateral species However,
the o deviations are not existed inmatK data; we suggested
that the lack of informative sites had make D. esculenta be
mistakenly grouped in right-lateral group. The expermental
data and W ilkin's result support monophyletic characteristics
of right-lateral species inDibscorea . in China In additon,
the right-lateral species and left-lateral species are not divided
intb wo branches and the analysis results of three kinds of
genes demonstrate that the sect Enantophyllum is a later e-
voluton unit The conclusions have demonstrated that taking
the characteristics as classificaton standard in Fbra Republi-
cae Popularis Sinicae is reasonable It is notable that not all
right-lateral species inD ioscorea . are monophyletic group.
W ikin et af”’ and this expermental results all have demon-
strated that the left-rateral species and right-rateral species in
new world species are separately clustered into one group,
which have far relatons with sect Enantophyllum. In addi-
tion, the phylbgenetic analysis of large taxa also demonstrates
that chirality is not an old characteristic but show sobviousmu-
ti-phylbgenetic characteristics Therefore, exploring classifica-
ton problems in Dioscorea sp. or even higher taxa, chirality
should be used carefully.
Chiral origin
The chirality is conmonly existed in organiams, such as

wining chirality of vine, petal mtary chiralit™* , chirality of
Galba pervia shelf® and DNA chirality and protein chirality**’
etc Since Dawin era™ or even earlier, people have paid
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much attention © the happen and origin of wining chirality of
vine aswell as proposed many hypothesis Many hypothesis
pay much attention to physical differences in southem hemi-
sphere and northem hemisphere, for example, solar radiation
angle hypothesis believes that the daily variatons of solar ra-
diation angle in southerm hemisphere and northermn hemisphere
are opposite, while Corbolis force hypothesis believes that Co-
riolis force makes opposite deflecton of growth and move-
ment®. Edwvards et al think that these wo hypotheses are
wrong, namely, geography properties in southern hemisphere
and northern hemisphere are not related The natural vines
seldom show inverse mutatons at species level, besides, mo-
lecular phylbgenetic evidences demonstrated that chirality at
least has stability at species level During specigenesis, spe-
ciesmake the big change of distributon range through diffu-
sive migration, besides, Edvards et al”! have investigated 11
sampling points and the bcation is less than 25° in northem
hemisphere However, the species identificaton is not conduc-
ted, i e all individuals are treated equally in their study, we
suggest that their conclusions need o be further discussed

O ther experments have demonstrated that chirality is a
single multple-occurred characteristics™!. Our results sup-
portmulti-line characteristics, i e the specieswith the same
chirality are not clustered in one group in large taxa level
However, this can not deny the potential relatons betveen
chirality and physical differences in southem hem isphere and
northem hemisphere A Ithough the chiralities of wining plants
have relative stability, there are also some site mutatons,
namely, the factof change chiral directon The molecular bio-
lbgical studies have demonstrated microtubule protein partici-
pates in detem ing chiral characteristics of planfw]. In A rabi-
dopsis thaliana, the artificial mutants could have left-lateral
and right-lateral characteristics***' , so physical differences in
southern hemisphere and northemn hemisphere could cause
the fixaton and separation of chirality in long tme and large
spatial scale, because during the bng evolution process,
plants can change their distributon areas in southem hemi-
sphere and northern hemisphere through geological events
(plate movement) and species dispersal Therefore, combi-
ning geological events o study snall evoluton unit such asDi-
oscoreal, W isteria Nutt * and creating amothod of mutant
are hepful o resolve chiral problem.

The wining plants have many species and are distributed
in many genera and familes Some of them are used as
foods, drugs and ormmamental resources From the evolution-
ign angle, the generation and evolution of one property must
have adaptability problem s of physibbgical ecolbgy. W hile re-
vealing mechanism and law s of this adaptability can make hu-
man know life phenomena profoundly, besides, it is hepful for
human o contol, screen and mprove objective characteris-
tics The experment has conducted phylbgenetic analysis of
chirality of wining plants to provide reliable basic data of re-
vealing evoluton problem of chiral origin, mearwhile, it also
provides scientific basis for chirality utilizaton in agriculture
and horticulture fiedl et al

References

[1] DARW N C. The movements and habits of clmbing plants[M ].
New York: D. Appleton and Company, 1876

[2] BURKLL H. Noteson the genusDioscorea in the Belgian Congo
[J]. Bulletin du Jardin Botanique de L Etat, Brussels, 1939, 15:
345 - 392

[3] DNG ZZ, GLBERT MG Discoreaceae[M ]//Fbra republicae



38

popularis sinicae Beijing: Science Press, 1991: 276 - 296

[4] THTAMADEE S, TUCHHARA K, HASHMOTO T. Microtubule
basis for left-handed helical growth in Arabidopsis [J]. Nature,
2002, 417: 193 - 196

[5] KODAMA Y, TEZUKA T. Compulsory winding in the opposite di-
recton of clmbing plants promotes yield [J]. Plant Physiblogy and
Biochemistry, 2004, 42: 349 - 354

[6] EDWARDSW, MOLES AT, FRANKS P. The glbbal trend in plant
wining directon [J]. Gbbal Ecobgy and B bgeography, 2007, 16:
795 - 800

[7]WLKN P, SCHOLS P, CHASEMW, etal A plastid gene phybg-
eny of the yam genus, Dibscorea: mots, fruits and Madagascar
[J]. Systematic Botany, 2005, 30(4): 736 - 749

[8] WATSON L, DALLW ITZMJ. The families of flowering plants: de-
scrptions, illustrations, identificaton, and infomation retrieval
[EB/OL]. htip: //delta - intkey. com.

[91 WANG YL ( ), LIY( ), ZHANG SZ( ), etal The
utility of matk gene in the phylbgenetic analysis of the genusMag-
nolia( matk )[J]. Acta
Phyfotaxonomica Sinica ( ), 2006, 44 (2):135 - 147.

[10] THOMPSON JD, GBSON TJ, PLBVNNAK F, etal The CLUST-
AL X window s interface: flexible strategies for multple sequence

alignment aided by quality analysis ols [J]. NuclearAcids Re-
search, 1997, 25. 4876 - 4882

[11] SWOFORD DL. Phybgenetic analysis using parsmony (and oth-
ermethods) [M ]. Version 4 Sunderland, M assachusetts: Sinau-
er, 2002

[12] NYLANDER JAA. M Modeltest v2 Program distributed by the au-
thor[M ]. Uppsala, Sweden: Evolutonary Biobgy Centre, Uppsa-
la University, 2004
[13] HUBELSENBECK JP, RONQU IST E M Bayes. Bayesian infer-
ence of phybgeny [J]. Bibinfomatics, 2001, 17: 754 - 755
[14] HASHMOTO T. Molecular genetic analysis of left-right handed-
ness inplants [J]. Phibsophical Transactions of the Royal Socie-
ty, Biobgical Sciences, 2002, 357: 799 - 808

[15] FREEMAN G, LUNDHE.US JW. The devebpmental genetics of
dextrality and sinistrality in the gastropod Lymnaea peregra [J].

Responsible editor: LI Ting-ting

Responsible translator: L1 Zhu-le

Agricultural Science & Technolgy Vol 11, No. 2, 2010

Roux’ sArchives of Devebpmental Bology, 1982, 191: 69 - 83

[16] NOVOTNYM, KLEYWEGT GJ. A survey of left-handed helices in
protein structures [J]. Joumal of Molecular Biolbgy, 2005, 347:
231 - 241

[17] SCHLTHU ZEN M, DAV ISON A. The convoluted evoluton of
snail chirality [J]. Natuwissenschaften, 2005, 92: 504 - 515

[18] HUSSEY PJ. Cytbskeleton: micotubules do the tvist [J]. Na-
ture, 2002, 417(6885): 128 - 129

[19] FURMANI |, WATANABE Y, PRETO R, et al The SPRAL
genes are required for directonal control of cell ebngaton in Ara-
bidopsis thaliana [J]. Develbpment, 2000, 127: 4443 - 4453

[20] LU HI( ). Hisbry of nature and beauty of nature: a case
study of plant’ s stem ( : YIM]/ILI
YZ( ). Art & science(Vol 1) ( ( )). Beir
jing: Tsinghua University Press( ), 2005

[21] CHEN HK( ), LN GH( ), REN X ( ). Effects of

compulsory winding on the grow th of Vigna sesquipedalis (
) [J]. Joumal of Anhui Agricultural Sciences
( ), 2009, 37(3):126, 191
[22] MAO P( ). Influence of Coriolis’ Force on winer(
) [J]. Joumal of Tianshui Nomal University (
), 2004, 24(2):22
[23] ZHOU WQ ( ). Research advance in the chiral drug analy-
sis of chiral capillary zone electophoresis(
) [J]. Joumal of AnhuiAgricultural Sciences(
), 2007, 35(30):12 - 13

[24] WEN RQ ( ). Cultivaton and applicaton of clmber(
) [J]. Shanxi Forestry Science and Tech-
nobgy ( ), 2005(1):35- 36
[25] LUWP( ), YEJ( ), ZHANG AP( ), etal En-

antio selective interaction betveen plants and chiral compounds(
) [J]. Chinese Joumal of
Applied Ecology ( ), 2008, 19(2):441 - 448
[26] ZHENG JF( ), ZHUWF( ). The progress of thizobi-
al phybgenetic taxonomic method (
) [J]. Microbibbgy( ), 2004, 31(2):126 - 129

Responsible proofreader: WU Xiao-yan

1,2 1,2 1,2 1+

810008; 2

matK rbd. trnL ,

; rbd trrl

, 100049)

; matK ,
:matkK rbd.
[ (D. decipiens) (D. estulenta)

’ i

(sect  Enantiophyllum) ,

(1983-),

2009-12-07 2010-02-06



