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Title Systematics of Nymphaeaceae using Chloroplast DNA Sequences

Author Dr.Maliwan Nakkuntod

Abstract

Nymphaeaceae is aquatic herbs distributed worldwide from tropical to
temperate regions. Most of them are useful for decoration. Their characteristics in some
species are similar in petal colors, flower shapes or leaves. In this study, all taxa of
Nymphaeaceae were classified by trnK-matK and trnL-F intergenic spacer DNA sequences in
order to evaluate phylogenetic relationship. The results presented that the length of trnK-
matK is 1180-1209 basepairs and one of tmL-F is 991-1095 basepairs, showed deletion,
insertion and base substitutions. According phylogenetic tree, all members of
Nymphaeaceae are classified into 3 group. Nuphar clade is the basal lineage of
Nymphaeaceae and Barclaya clade is the second one, whereas the rest clade consists
Nymphaea, Victoria, Euryale and Ondinea.

Key words:  Nymphaeaceae, trK-matK gene, traL-F intergenic spacer
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fivdesenvnd uaznesseen aenguiieannn nenuruwiiuzuAeulnay whriugudnan
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Ivajiia 30 wudins nduaeninnila 60 ndvimduthiidunslvgiigaussana 6 e aesuy
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4. g#nag39s (Furyale Salisb.)
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vanagIensianvaadwiinnedy ndunandiasanla muaiavesiuiiy
fhdluvossifiuidmuududde ludn fmnuuay seululid flus i U
weninguiale ndumenmeuendiing meludymanvagadiesuluven wiailddd 8 wéa
videunnIdnvaznanuin 6-10 faduns  dausudalutouniviensninguaen e
nyueonidedduasysamedu amnsotuldiluidnds 4 wes dnvasdrdubu agludu
T Tuduusiunauaseifingh aue 20-30 wufiuns Axlugy vauluBsukuy dmnuuva
audluisduuasiuassUne fMuludndeen shinudnuan nulufniuusiu

v L o L3 = 1 = qu
lushumdilu (peltate leaf) panifeauysolnemunn 5-8 loufiuns funendnentadeitin



1 drnvesnandszneumenauides 4 ndufiaduuenivunsuvay naunenyszana 20 nau

(4

diiae Taundudun inaswediiann aenuiunanetu wuiilessiiafien udsivangaeug
(st \Beuadng, 2555)
5. énalduanlua (Barclaya Wall)
analdualvanuldluusnelne wiveusninileuazluvivglsy fidiiuay
Tuduldirwuumi viperalumadug ludsawnnifiuneyssunm 6-7 11;@%@@&4114&1
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vetilaiilugunsenssuengn guld wiegunanveuluisoy Wumduniessunuy fulunay
= = ¢ a v | v a 4 o 8
1387817 ADNIABIAUYSAINA U IIUTZUN 4-6 1wuRluns Munendsmenliiadymilefiah
AenUsgnaumenduiied 5 ndv ndumen 8-15 nau (Seedauiy 2-3 Tulrunduiniu nas

wired 2 wuuAswuvUnduasifuniu Ussina 100 Susuadn Seladntulauaesndunen

2
s & A L2

KAWL URAER Waenvunyy nnglufivdauunadndnnuinn (dud Bevadng, 2555)
6. dnavaufiile (Ondinea Hartog)

anaseudiileiiduiuilnegluvivesainsidons Tunn wan Kimbery District
%aL‘TfJuu‘%nmﬁagjmawnawﬁ%u (aborigines) Fufusuiiuiiowsseaanids Taelgim
yosftewIniisnFuusEnmaiivems luggmnudlothlugisnsuste luasioimemiows
g agldau ufiaggFeusuiih fasdusanuansinuaslulv Sneaslaeily
Tunavsginm 1.5-25 wuies luwnalng Sisluasetiasiulih inwauzluguly
waunseguas Auluden Tovasideavseldll  aentien viumiledn Tuiarnatetu
Usgneufenduides 4 ndu ndumen 1-5 ndu Fheuas veialiiindusen \NESLNAE] 27-
30 8y enindumes aqaﬁﬂﬁawﬁmﬁmﬁa Ondinea purpurea (AnMElNa¥1n A3Lviey

A yrieuazdan) Liesgnm, 2550)
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AaBlIWaNAAAIULD
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Aaslsnaanitdule (chloroplast DNA : cpDNA) Idgnldiiuadamnensiiduei
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< 0 9w & = aw @
wasaungiviliraslswanadgnidonunldlunisinvimedudfaunisuasiugaans

Ussvnsvesiivunnninlulnaeunisadiduie (mitochondrial DNA  :  mtDNA) w512
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Usgans (Petit et al,1996; Kuo et al,2011) wazlunisanwiadeiilavinsinuaeu
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nsnewilluddu (Leucine) uaziifiansaniiu (Phenylalanine) Tnsusinniseninegy trnl-F 9
BEATINANTININEU trnl wasBu tmF (0w 2) waguSndy tmKmatk Tngldlnswasivi

NSEUATILITN (0 3) F9US1and open reading frame vosBuilaziRedoaity group |l

2
s

: o v o ) o < ° a a M o= : o
intron lnerludaufiaznansalyt tRNA fazinsnesilurinlady (Lysine)hagiiuildaians
o o af o e :J 1= d‘ (3 = o ] 1
‘LﬁLﬁuamﬁmmmmm'i'naamﬂuwawqamwauauﬂ Tupaslswanad 8u matk fighumiseg
TudwBunseu (intron) vesBu tmk Tumaelswanad  Su matk Hazudasialmioules

maturasek

mstfisundasdfannnisssdulanana (Molecular Evolution)
ANugNIIngIMsIEineluanalaserdemaiianisiiluanadieg Taun

lololasiv3edalalesd maila RFLPs, RAPD-PCR nMsianeidnuiingle ndussdunieg

(DNA sequencing) vastinadafidwe (nuclear DNA), lillnaainsoamidie (mtDNA) uay

o
a I A

AaplsHanafitdue (cpDNA) Fuvallawariiddudaaiuatuayulunsinudine i
UssmnsuasBiinendeidannms deyaiiugiunsdrinemaniiasdulsslenlunnily
Uszgndldhuntsunnd shunianuasuazgaamnssunasnaulfifudogalunsmauminig
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wiidedrannlumsusdtasayaunnuduiusvesdilidin lesnuunudoyaddy
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NATeAedes

Ito (1987) yhnsAnwanuduiusmaiTaunsvesialuduiu Nymphaeales Tog
lddnwasmedugniner meinamaniuazisainer wuin anadavais (Nelumbo) §i
AMNLLANAIIINENABUBENTALIY wagdna Ceratophyllum Hanuduiuslnadadvana
cabomba  vaueitiinluredchane (Nymphaeaceae sensu stricto) ﬁ'ﬂisnaﬂﬂﬁwaqa
ﬁ"mjﬂu wazanadue \Ju monophyletic - eroup  HaRINATIATIETLAASIT U SUTY
Nymphaeales Ysenaunis 3 29dfe Nelumbonaceae ¥3enediavans Nymphaeaceae
W30 NAUIEY Uag Ceratophyllaceae Miaadtamse lagana Brasenia uaz Cabomba
o19gndnagluad Nymphaeaceae visep1agnineg1sdaszluasd Cabombaceae u3eeragn
iﬂuag%nﬁ Ceratophyllaceae Ald

Les et al. (1991) vnmsAnwaeduiusmeadfaanisvesiionh 11 vin Ineldgau
Adueviambu rbcl wuiannsawanguiimineontfitu 3 sufuiia Susu Nymphaeales
pUAYU Nelumbonales  wagdudu Ceratophyllales Tnedusiu Nelumbonales wassusu
Ceratophyllales gnuenean3a1nduAU Nymphaeales ag199a19u wazaralusudy
Nymphaeales Suunsautalsieeniuasangude nquana Brasenia - Cabomba wagngy
éna Nuphar, Barclaya, Nymphaea, Victoria tag Euryale

Khoshsokhan, et al. (2010) ¥ins@nwaduvasdidutausinasewinedy tml-F &9
ﬁamim*ﬂ‘ﬁ’lﬁaé’m"ﬂLLunﬁwa’]wﬁﬂlmzﬁuaqa \u iwana Pelargonium (Bakker, et
al.,1999) ananssnnsn (Passiflora) (Krosnick — and  Freudenstein,  2005) anaviang
(Borsch, et al., 2007) uazana Pseudoroegneria (Hai-Qing, et al., 2010) mslddoyaves
Aduevinmsyningy  tml-F tuaaslsnanadsuiuuion TS luiuedoaddvnaialy
svaulaanalduiy endaegnau luiivana Rochelia

Collinson  (1980) ¥imisAnuanuuenisiuesdus inesuiunisdnenig
Wawrnrgluadavesfivludusu Nymphaeales  Tnelddogreiialurefithamsie
(Cabombaceae) W3guiisuiuasdthane wuinlusdthamsedside Brasinia schreberi
way Cabomba carloliniana fidnvazwdeniudaduuen (outer integument) uwuy
hood-shape #¥iaLmn9In semiannular integument @nilulsdthaeieumunsniiy
Tuana  Nuphar esfidnwaizi@enyuudaduuenifuuuy cup-shape deanaunain

annular integument andayadandmaziuldidnvazmeiuduguinewaznsiam
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meluadn ansadunldlunsiasuunsewinefialusdthamsnsuazisdhaeld wass
=3 a e P o as - & v A

A10130UANAILUINITBINTTIINUINT SIUDIANIUFUTUSVOIRYNT 2 29ALd 1Wiesan
o ar o t 4 & & o ' = & aw P~
anuuzanuuzivaanuaatuuentesdiiamieiiliuluy hood-shape Tuiidnuasi
wilsunuiivluedtasluatelusiu

Les et al. (2004) ﬁ'lm'ﬁmﬁ'}ﬁuﬁLﬁuLaIuﬂwiﬁﬂwﬂgnwau WU mMIfinwiivanala
&g MARIINTUGN F1 189n1SHALSEWIN N, gigantea ‘Andre Leu’ (usdiug) i . colrata
P e = i azily [ ) o = o w o & a o 1
niAeNdY (Wenug) uassugumsiliugnuaulasnisdnuidduddueluinmiea wuin
é’ﬂwm:ﬁuawiaﬁ’uﬁ:LLawm‘Tuﬁ:%U3’1ngﬁwﬁ’ﬂu@nwau NAINUUNINITNISANYIEIRU
= & 0 LY = ' _ <] 1 & a
aduelunaslswaranlinsudnii N. eicantea Wutaiiuguegnrauaie

Woods et al. (2005) latins@inwdiegraUszinsues Nymphaea odorata Tupeu
Wilavaeew3ng wuin N. odorata subsp. ‘odorata Wag N. odorata subsp. tuberose 19

a do w o« o w = a §e a oo ' o

doagiindanauiiduleNaaenasiuuan Yuzsaesvilniianwae sUnsewewwiuly uasin
Tuumnanenu

Padgett et al. (1999) vnmsfinvimsdnvsnavyvnseynsaiswusetadiuiivi

]
1 os W

‘4 2 o 1 1 Eil o s o 4 L% ﬂl 1 ar o
ilevndeyahilegdtlidundamunninlunisdasundadgiu Tnensmanuduiusma

v

Viwnmsnoduanuaensdugving: (morphology) UssnsufunsmasuiiEiee (ONA

sequences) USLu matk  Tumaalswanad wasuSians ITS w04 ribosomal DNA lu

= o a

wndsd Jaanmalianeidnvasdugiuinerdsiuu 17 ANYUEHUIIAMNIALUINGY

=D

o ] = e

pa | vy ' = ' o o '
vaiueenlaiu 2 ngude Tagiiulaniin (old world Nuphar) wagtagiUulanlmi (New

= |

' raycy [Blog ST y oy ' .
Yulungulaniifedadgdumsilaede lédun A, microphylla,

& Y

world Nuphar) aga
N. pumila, N. sinensis, N. oguraensis, N. japonica wag N. lutea ﬁ?uﬁﬁfﬁjﬁ'tﬂaﬂlmi A
ﬁ";tﬁﬂumﬂi‘]dam‘%ﬂ’lmﬁa loun N advena, N. ozarkana, N. ulvacea, N. orbiculata,
N. sagittifolia, N. variegata wag N. polysepala

Padgett (1999) #imsdanquussthiifusendu 2 nqulnslddnumzdagnine
dwtuihndlelnauiianBu matk (cpDNA) wazu3iin ITS (nrDNA) eanansouvalaidy 2

I ' Ao a4 o e ° [ - %) o
ﬂf‘}lllﬂﬂ ﬂ?fll Nuphar NUNAULAEN 5 nau E]‘ULi%ﬁl’lﬁ’;‘lﬂuLﬂuﬂiwud‘uaxﬂﬂ’i'ma'l'm’mq’emLiﬂé

y o W

Y o , [ K = P ]
nmuinaswmadissn waznauguauly laundaduumedlgs@otusiameewdnunilefs

U

o

" P | ' A o A a o |
N. microphylla Wessiawmeuas nqu Astylus Nindulaes 6-12 nav BULIREN 1-2 M
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ar ar 1 ;7 = s a‘l = n[d
wosmNENUYTULTY dnvaskanay Ll unanwede Wuthdiuefiaffinnsnsgane
fhegneniEnuniie

Les et al. (1999) lavinsAnwnisiasuuniivlursdiaelneldansaeniasuy

ar

dugivivendiuiu 68 dnvassaudunsinuiuiomiu rocl, matK was 185 1DNA wui
?’J’as%laﬁi&%’awmmﬁmﬂﬂumﬁﬂﬁwLauﬂﬁﬂmaﬁﬁ’uawdlﬁaﬂL*’iufﬁaaéaU%L'gm 185 rONA Tng
ansaudsiivhnsdtideeenloilu 3 wddesfinnsdtes Nupharoideae Ussnaudsana
Nuphar Wdtioy  Barclayoideae U‘ixnauﬁuaﬁqa Barclaya uagasdeon Nymphaeoideae
Usgnauaedna Nymphaea, Ondinea, Victoria Wav Euryale saisisAthamsganang
wisldith 2 vediesiie 2sdtay Cabomboideae uaxasdenes Hydropeltoideae

Les  (2002) na12718usiu Nymphaeales gnudsnisoynsuisuliidu 2 1adde
Cabombaceae  (29AU@1518) Was  Nymphaeaceae (29dta18) Ingfinedtaasne
Usgnausie 2 dnafie Brasenia  uaz  Cabomba ilviavun 6 wiln drunedtane
Usgnaume 6 ﬁqaﬁa Nymphaea, Nuphar, Victoria, Euryale, Barclaya wag Ondinea %‘ﬂﬁ
Uszana 75 vila lnen1539eiane Iasunsdiavana (Nelumbonaceae) 3lususiuiifng u
miﬁnmluﬂm;ﬁuﬁl*ﬁﬁL'E‘]‘uLa‘LG’fLLameﬁLﬁuu,a'ha'naﬁﬁmaw‘lﬂlﬁaqﬂumjuﬁl

Slocum (2005) nandfanainneSeiidnyusratsUsenisianansaugnainy
upnsveanantaanaoildfie yndruvestaianedeiimnuvaaduansvsasily §id
wazuInsuuenvesn eniulu Victoria  cruziana filiflvunuvunduides uasaenues
Uninnesawasudlunileiu dadudnvasiiunsumesmen Tnesusniiviunensiid
?J']'J‘l,ﬂf\]uﬁaﬂzhﬁnéﬁﬂLLasE"J’@ﬂﬁmu‘l,ﬂmuﬁn‘zifmma‘uaﬁuﬁaamamwﬂuﬁmmﬁ%aﬁw*é’f'mmq

LY

TianaSeliunalugifioinsituiilumaaiyedindes 15 va (4.5 wng) TrianeEuasdy
lanngaumaiivesr 75 ssmwsuled (24 ssmwaen) weanand Taedl V. amazonica
wiimnugaulvisiegamgliveninnnniy V. cuziang

Muhammad et al. (2010) lvhmsAnwidnumeneduguinervestigionsnuii
Qs o [~ 2 9 = = =i 3 | o 5 ]
tgiensitulifugnUiden (annual  herb) fivumdniunnn Smirduwasmun luilvuin
25 - 120 wuiins Fadldnuazwuuduudy delafuiiavduukunay Tnefufadmuuuluee
ey ot vooa ' 1 I ' al i ' X oa v ' o 1 4 &
HAvsnduanyuziu uluiluwuunine donuasaudou douufiaduaiaduiing St

v = a a o oy v 1 =

aawhuveslulzivumen 3 - 6 fafwns swdeidnlude nduides 4 ndv o1 3

a o & 5] 12 = = v e = 1 v
bHURLUAT mmamuasmﬂﬂmwmu NAUADNENT 2 LUUNURT mu'lumuﬁma guUnIUUBN
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Hudder semnasimadioaiegua (stigma discoid) $sluilvaglugusesnaniimniGenda
N3 (torus) uazsiwmisialiegligmusesnen daunalugunsanmeuariinduidesdinoudu

wa (persistent calyx)
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wulugeuvestalursdtians (Nymphaeaceae) ianuasiuau 57 fetraunldlunig

Waseving 59ulURNlY Cabomba caroliniana wag Brasenia schreberi \u Outgroups

®m1579 1)

L 1 = € ot g 2 o
n19519 1 G]’)EJEINW‘FUIU'JGﬂU’JﬂWULLﬁ%’JGFﬂﬂaLﬂﬁN

No. Specimens Petal color Blooming Source ﬁamm‘lma/%
time ﬁ’mi‘iu

1 Victoria cruziana d’Orbigigny1 white - pink Night Bangkok TIN50

2 V. cruziana d’Orbigigny2 white - pink Night Bangkok UINTENY

3 V. amazonica (Poeppig) Sowerby  white — pink Night Bangkok UINTLAY

4  Euryale ferox Salisb. blue Day Bangkok U010

5 Euryale sp.1 NA Day Bangkok V00

6 Euryale sp.2 NA Day Bangkok UINA

7 Nuphar japonica de Candollel  yellow - red Day Bangkok mtﬁﬂu

8 Nu. japonica de Candolle2 yellow - red Day Bangkok ﬂ’amﬂﬂu

9  Nu. pumila (Timm) Beal yellow Day Bangkok 'ff’;iﬁ‘l!u

10 Nuphar. sp. yellow Day Bangkok i Ju

11 Nu. advena (Aiton) W.T. Aiton yellow Day Bangkok miﬁlﬂu

12 Barclaya longifolia Wallich1 red - violet NA Bangkok ldvanlva

13 B. longifolia Wallich2 NA NA Bangkok lédUanlva

14 Nymphaea pubescens white - pink Night Bangkok ‘un*ﬁuﬁtﬁﬂluiﬁ

15 Willdenow1 pink Night Sa - Kaeo W‘ﬁﬂ‘i&:uﬁ?

16  N. pubescens Willdenow2 white-pink Night Phitsanulok  Unfiuene

17 N. pubescens Willdenow3 red Night Bangkok Up[ToR

18 N. rubra Roxb. pink Night Bangkok VUYWAY

19 N lotus ‘Linjong’ white Night Bangkok VNIFIUVAN

20 N lotus Linnaeus NA NA AMA22053  NA
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No. Specimens Petal color Blooming Source Fenmilne/
time Hovioedin

21 N. petersiana Klotzsch. deep yellow Day Bangkok VETIER

22 N. maxicana Zuccarinil yellow Day AMA22063 Tl

23 N. maxicana Zuccarini2 white Day Chonbury Tl

24 N. alba L. white Day Chonbury NA

25  N. tetragona Georgi. NA NA Chonbury NA

26 N. immutabilis S.W.L. Jacobs white Day Chonbury UnoaamILae

27 N. atrans S.W.L. Jacobs white — pink Day Chonbury UrevdnILay

28  N. violacea Lehm, NA Day Chonbury Uheednsiae

29  N. capensis Thunberg 1 dark violet Day Bangkok qﬁﬁiu‘ua

30  N. capensis Thunberg 2 blue Day Bangkok gondluva

31 N nouchali Burman f. 1 pale blue Day Lampang oy

32 N. nouchali Burman f. 2 white - pale blue Day Rayong e

33 N. nouchali Burman f. 3 white - pale blue Day Phitsanulok ~ UhRu

34 N. cyanea Roxb.1 violet Day - U291

35  N. cyanea Roxb.2 dark violet Day Phayao TRl

36 N. minuta white Day Chonbury NZoD

37 N. colorata Peter violet Day Bangkok NA 5

38  N. micrantha Guill. And Perr. NA NA Chonbury NA

39 N stellata Willd.1 violet Day Rayong Sudlou

40  N. stellata Willd.2 white Day Phayao Suflou

41 N. ‘King of Siam’ violet All Bangkok ARBIYILY

42 N. * Jongkolnee’ lisht pink Day Bangkok Nau

43 N. ‘Sunrise’ yellow Day Bangkok Taelds

44  N. ‘Royal Purple’ violet All Chonbury 329NTN 38

45  Nymphaea sp.1 NA NA Bangkok léin

46  Nymphaea sp.2 NA NA Chonbury UIgNHeEy

47  N. ‘Violet Nang kwak’ violet NA Phitsanulok  Uau9nIngiag

48  N. ‘White Nang Kwak’ white NA Phitsanulok  UauNnInwT

49  N.‘'violacea X atrans’ NA NA Chonbury VRGHIGH
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No. Specimens Petal color Blooming  Source %amwﬂma
time /Hovipai

50  N. amazonum Mart. And Zucc. NA NA AM422026 NA

51 N. jamesoniana Planch NA Night DQ 185544.1  NA

52 N. novogratensis Wiersema NA Night DO 1855451  NA

53  N. oxypetala Planch NA Night DQ185546.1 NA

54  N. rudegena G.Mey. NA NA Chonbury NA

55 Ondinea purpurea Hartog blue -violet Day DQ 185538.1  NA

56  Brasenia schreberi J.F. Gmel NA Night Bangkok water shield

57  Cabomba caroliniana A. Gray NA Night Bangkok U2dms18

“NA= Laifitoya

H d o = o
LA5893a9 [Wlun15aNiuauITe

1. gunsaluazinsesiionldlunisduiiueuidy

- giiusnusaegas (deep freezer -20 asrwaidoa)

- Tnsauasegng

- iaea microcentrifuge 1M 0.2 way 1.5 Jadans

- lulastita (micropipette) TunAm1eg

- Disposable tip

- ATRITIMATIEY 2 i

a = = s i
- BV ULNIBILTINUGUENEaT (centrifuge)

- 1A584 Vortex mixer
- Water-bath

- SaetuanNAENau

- wilatlannusiule (autoclave)

- weaululasiavl (microwave oven)

- inTeafinuSinauiiSue (PCR eppendorf Mastercycler Personal)

- 15IBLANINIINET4 (electrophoresis)

P ) ')
- iseeeuaaganililoan
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- gunsalduq liun gafie Uinfiu deudinans nseanudeans Uinnuall oananaiin

agiitllonviead uviswinauans larda nszuenma Tnines

2. aaadiilddmdumsaiamsue
- 1X CTAB buffer (1% CTAB, 1.4 M NaCl, 20 mM EDTA, 100 mM Tris)
- B-mercaptoethanol
- Chloroform
- dnduirumsside
- Chloroform : Isoamylalcohol (24:1)
- 10 mg/ml RNase A (10 mM Tris-HCl pH 8.0, 15 mM NaCl)
- 3M Sodium acetate PH 5.5
- 70% Ethanol
- Absolute ethanol
- TE buffer (10 mM Tris-HCl pH 8.0, ImM EDTA pH 8.0)
- 50X TAE buffer (0.4 M Tris-HCL PH 8.0, Glacial acetic acid, 0.5 M EDTA
pH 8.0)
- Wizard® SV Gel and PCR Clean-up System (Promega, USA)

3. aswadiitlddmivugateidens

- hnduiliumsside

- Master Mix (Promega)

- GoTag® Green Master Mix (Promega)

- InswesdmiuiintSiadisueusnunaslsuaidd

4. ssiaditlddmiunsindidininslnsda
- 50X TAE buffer (0.4 M Tris-HCl PH 8.0, Glacial acetic acid, 0.5 M EDTA
pH 8.0)
- Agarose powder

- Ethidium bromide
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- Marker 1kb DNA Ladder (RBC) uag 1kb DNA Ladder (Sibenzyme)
- 6X DNA Loading Dye (Fermentas)

F‘msandusuise
1. msananueanluds
msaiadouledethawesiivludaagmnlugeutasieauilngldis cTAB
method 2 35@8

1.1. miafafiduelnedauwlasmnain Agrawal (Agrawal, et al., 1992) i38n13

=
Zhe

1. yhmsdafegnsluresiivlunsdtians 50 SaBndu udathiusliasson
llulnsimumar udsldaslumasn microcentrifuge 1 1.5 Tladansitil 1X CTAB buffer
U3u1a5 600 lulaséns waz B-mercaptoethanol 10 lalasans

2. unl3ngamafi 60 ssmwadeaduna 60 unit Tnsraundunaaaluin
N9 10 W19

[
= b a o

3, ml,"'ﬁlégmmwaa 5 uii

4.1 chloroform U3uns 700 lulasdng iennnzneulusiu nduvaesly
a1 2-3 ﬂ‘?@

5. ahlutiumissiinrings 10,000 seuseuriiiunan 10 uaf udgadi
Tetonuuuld microcentrifuge aon vl

=

6. ‘hasazaneiildnidiy RNase A Usins 5 lulas@insuasiiludnigamgd
37 sernwaldos 1Wuaan 60 unit

7. vintiudisl chloroform Usunms 500 lailasans ndunassluan 2-3 Adq
winhnduluihusisefimnaga 10,000 sausewimdunan 10 Wil

8. gadlasuuulavasn microcentrifuge wun 1.5 fadansvasnivy
hahanude 7 80 1 sou

9. thansazanefiléinid sodium acetate Usnms 1/10 vouEnsaraiiiiog

ud i absolute ethanol 2 wh vewsavansiiiieg wesliidniu

10. Vaigamgd 20 °C unan 60 wil
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11. ludusdssiiannungs 10,000 seuseuiiiuna 10 ui wansavane
dallaiia Hunzneuld

12. anengneuse 70% Ethanol Uiinas 500 lalasans welinzneuvan
wdnilutumlssfinmiaseu 10,000 seusenidiuna 10 w7 9ntunduindy
Yeavaiia ¥eanen 1 seu

13. fumeneuliuiduetnea udaudn TE buffer USuns 30-50 lalasans

14, \ulineamndl -20 ssmgadea auninesihunldnusely

L} U

1.2. miaindduielngdaudaunain Doyle and Doyle (Doyle and Doyle,
1987) #38n15991
1. ¥instasiaegelu 50 Jaansy wualiazidealululaswuwaiudqldly

waen microcentrifuge WA 1.5 TaAansaii 2X CTAB buffer U3inas 600 lulasans

=

[ yé =4 : I s
2, ynlivigomaii 60 ssrigardoa (Uunat 30 1il naundunaenluanyng

Y

10w
3. st chloroform : isoamylalcohol (24:1) USines 800 lulasans wauly

Whiulaenisnduviaeniung

o

4. M ldluieaiianangs 12,000 seudeunit igamail 4 aae

YU

waded 1Wuan 10 ui
5. anansazaneduilanuuldvasalmivindduneu 3-4 5180 2 seu
6. ¥m31ix isopropanol U31ns 600 lilasins liennnenauidue ney

Tty hluifuitgamagil -20 ssniwaidea Wunan 15 wil

=

o M y - ~ ' S
7. ihlutluisafiarmiia 12,000 seudeunii gumgil 4 ssrmisaidea

v

1387 10 W

| = : & Y oo a
8. masasawauiiy isopropanol YNKaILeL 80% Ethanol Usuns 800

=

lulasins shluthumlssiinnuis 12,000 seusieund gemagll 4 ssriwaided Wuian 10

L)

Wi (vigdn 2 seu)
& o = t 4 ] = =
9. M 80% Ethanol #is ¥illvingneudidueuislasirlueuiigamail 60 asn

waldea 1Wuan 15 il
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10. avanemznaudowelu TE buffer 50 lulasang uaziiy RNase A
(10 fladin/Aladdns) Vsinas 5 lulasins shluunigamgd 37 ssenwaidos Wunan 30
Ul
1. il ¥iigamgfi -20 ssmiwaidion aundestinnldousiely
2. MinTvdauUsInaLasnmsHenvuInfduelaedsesnlsaadidnInsingda
1. wisnandmiumiaalaswilviseusey
2. Farsoymlsa 0.8 n3u Tuvanguvuuioiu 1X TAE buffer 100 fiadans
3 agagazmlsalneld micowave wenuasansnli agarose a¥ae 14
fliligamgfianasUsvant 50-60 avnisaioa udiSamasiumaiisienls
4, ioozmisaudaiaudanies fanieen slovquehwmsuldiedsiidue
wdnhlnsluedosdmsuinaidnlnsinasa
5.t 1X TAE buffer aalu Wigendniresnlsaidnies
6. HauenIavaefloueny loading dye wemeenadluvay (well)
7. \Unrdosgnenssualy (power supply) lganusedng 100 Taad wu 30
w1 3eund1d bromophenol blue sziAfiowInEud oA
8. 1hezmlsaundenlaoudluasazane ethidium bromide Wi 5-10 Wil
ATvnLaUABuemEeIRT s sudIdanslalaian (UV transilluminator)

ac] ooy

- =& v I3
s ﬂ’]'é'LWSJU%SJ’]mﬂLEluLBﬂ'JEI'JﬁWGUEI'ﬁ

= 1

nmaissinaabueusnasshauiy tnlF felnsae S iduaseiiuesen

- o i vy o o o

mahaduidueuinufnaffignwmaihassindug Mnfuhunnsgeuunnves
ad A, Ve i SeeRy a o o e v oW

wauALBWEIANUY mendeznlsaasiannsvafanianududuvesarnilsaa 1% lu

nszualei 100 Taad

AN 2 anvazanuinalalnduaslnsuesudasiunys

Twswes AU anwnzaIRURLSULe

trnL-F intergenic Forward primer  5’- GGT TCA AGT CCC TCT ATC CC -3’
spacer (c-f) Reverse primer  5,- ATT TGA ACT GGT GAC ACG AG -3’
trnK 720F Forward primer  5’- ATA ACC CAA GAA ATC CTC CC -3’
matK 2000R Reverse primer  5’- GAT TTC TGC ATA TCC ACC CG -3’
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M 3 gamgivaznanlumsiinuunafiduedmemaiiaidons

Hunau gl (esrnwaldea)  1an (unil) IuTOU
1. Initial denaturation 94 1 1
2. Denaturation 94 1.30
Annealing Sy 2 3()
Extension 2 3
3. Final extension fiss 10 1

=

A3 4 e dutukaruSinasvesansildluufiseiigens

AULTITUYRLENS Uil (ulasding) - anadudugaine
5X Go Tag buffer 10 1X
25 mM mecl, 3 1.5 mM
10 mM dNTPs 1 0.2 mM
10 mM Forward primer 1 0.2 mM
10 mM Reverse primer | 0.2 mM
5 U/ul Go Tag DNA Polymerase 0.2 1 U/pl
DNA template 1 50 -100 ng
Distill water 7 32.8
50

o v, & L= £ 0 v o &
4. msviliiBududueuIgnsuasmaduiisue
A v a g o v o o0 g v g a g a £ %) ’ ®
welavauauiduieifesnisuds dnmhlituduiidueuiagndlagld Wizard
SV Gel and PCR Clean-up system (USA) 9 niuthlumaduiiduenelulngld forward
primer uag reverse primers 19y Tnesiduneun1uiBunsgruveauss Promega fail
L hansazaefdueiiliannsiinsiinasemaiefiderinuenuig

mudsdaniasinsdalaely 1XTAE buffer Twseulvs]
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2. 'healvdsanmelduasdansililow Wenseaeunnuiiduedideans udn
msiauauBuedidesnsldlunasn microcentrifuge w1 1.5 fiadans Adaimiin
naoaanliudn

3, inuhvann microcentrifuge Aiituealudnhuingnaduitewhmin
294198

4.\l Membrane Binding Solution 10 lulasans/10 Sadnsu veseaiinele

5. thluuuitgamagll 55 ssmiaidea uinan 10 17 wieruninsaazane
A

6. U1 SV minicolumn T&lu collection tube LLﬁlLamaﬂsaSaWUL%aﬁlﬁaﬂﬂ
Tua3ae SV minicolumn

7. Unigoumgivieatiuam 1 it iteliiSuesuiy membrane

8. pminthlutusdesiianud 13,000 sevsowit Wna 1 U Udn
vaemarlu collection tube i

9. 1y Membrane Wash Solution Us1195 700 lulasans wiedaneznay
Ausudniludumissiinnus 13,000 seusound Whinan 1 wd smumveanadly
collection tube ‘ﬁﬂ

10. 4y Membrane Wash Solution U335 500 lalasans 91 iledns
nznouitduelfazen wdhlutumiseiirng 13,000 seusewdt Wunan 5w
mﬂﬁummmmmﬁaaﬂu collection tube i

11, shluthandesdn 1 it ilelansazanefilflunsransnounusluann
ngnouMBueiiuaiusy 91nuge SV minicolumn lalunaan microcentrifuge Yum 1.5
iadans vasnluil

12. Imitfin Nuclease Free Water USu995 20-50 Lailasans Tdnsenang
column UUMHUIILUSUNER IpazaneiiSule

13. iluuigamgiiveuduia 1 it vmdniluduissiianums

13,000 seusaui Wuian 1 ud

14, thluasnaevruiaiasanududuseisesnilsadidnlnsingsa
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v W

Foduna SrdudiumBueiifismiuauliiuvhde 4 Waslnedia Membrane Binding Solution

U35 1 whaesasiitiey udadwtuneunest 5 Wl 6 uasdedeq muduneu
AN

5. MyAATzideya

ileldddumdueauysaluasgnieamnietaud dandaGewndegdluusiay
U3l (aligcnment) Tnglglusinsu GeneDoc version 2.6.002 (Nicholas and Nicholas,
1997) uag ClustalX (Thompson et al., 1997) udiaszvnuduiusnyiiaunsiagly
Tusunss MEGA 5.2 (Tumura et al,, 2011) Lagdlnsigisanfiudnuasdugnineite

W3suWiey phylogenetic tree filinuAUINER



9 OQw

uos _
157 ’quqggv
IEATEY

1552 12 &8 2558

Tinvemya

WNAN15798

nsefinflduelazATIvdaURUNWABUERIEATBENTAsTWS Td

o ar 1 1 = & o (7] 1 1 v A2 o oo
isdeantusauvesiivluisdingy wazdegrslusauwraniiusnwliludanaa

a

° o o ot | ac o o
Ivinsadeflduesie 2 35he msanaitulelneds CTAB Method #isauvasunaan

ac o

Agrawal et al., (1992) lglumsanamesnen uaznsanaaiduennlufienieisdnulave
Doyle and Doyle (1987) ldlumsafnsietauis wuirasazsarefdueiiatnldanda
faulasued Agrawal et al., (1992) iidnunizla l1ifid dovans avanefsueiadaldonis
fnuUasued Doyle and Doyle (1987) iidnwazidudindedld wohuinsisdausieis
SudnlaslWEgavuesnilsalan 0.8% wudunvvesidueiiadaladivuaingjuinnda 10
Alawua w38 10,000 giua Fuiuvziiuldiuavresdiiueildnnmsatafeisiulasmes
Agrawal et al., (1992) Usngdunaudaau lusnsiiuovvosiiduedildanmsaiafess
AnuUasves Doyle and Doyle (1987) azusingiluses smear Faawiniaziaeinns

wennaesmeue luUSINMIn (nw 4)

nsfiNUSIN T uduRBURd8 IS HTeNS

PINMTTUELVBIRD UaTanalsuLRuUS I smatiafigosins g lnswes 1 fl

wazlgamailudu annealing 55 osrwalded wuiluSamsEnIegy tnl-F Jvuinues

q Y
o

Fudnfiduayszann 1,000 - 1,100 g (i 5) duuinaunadauuesdy tmk-matk &

Y a g

Fudaouerunlssan 1300 Alua (0w 6) lunnAaetne udInsrvdeumouenIeds
BuaninslWiBauneznilsaia 1% wudawisafinuSuiumdueluuinauidesnslaly

a Vo feg v o P = a ) -
U3unadunn LLﬁW\ﬂ:‘WLﬁu’ﬂlWiLuaiWIsﬁﬂUU'ﬁQﬂJiﬁV['J”NEJU trnl-F  LazusiIduealIug g

o | Y o1 = )
trnK-matK AU WIga12e9 1agn iiidudrufidueiAnainnisduveslnsiasuuy

v
= o=

Lid1mn2191299 (non - specific product) inTuiae wavanaziildlunsifiseniuf
wingauAuad sufsdnnadlufisetmnzanduiy Wesmnuanisifiudnambueld

WAV non-specific band wag primer dimer



10 Kb

Agrawal er al. (1992) Dovle and Doyle (1987)

A 4 dnuuzuauditdueniainldlagds CTAB Method Tas M fie Aduteanmsgiu 1 kb

(fermentas)

1,000 bp.

[y o 5;1» a = a oA
AW 5 aNUULUDWLAUALBULENEAIINNTINLUTUNUILINTENINNEY trnL-F

Mgwaliafidenslag M Aafidutennsgiu 1 kb (Fermentas)

26
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9 =g v a a | =
AW 6 anvzLaUALULETLAIINNSLANUSINUUINENYRIE trnK-matK
megmaliaTides lny M fefitduennsgiu 1 kb (fermentas)
' = od M ve ' I | a o d = o
lngusazuaviitduefilatinruainsldvindutufiiewnanUsunaveis ueivi
a P s A W o a ° - s a
mafiumewmaiiafifersiivsualdvini iinanausunizveddnswe st
a v ; = & o w o ar o vl
Usia isrelwsesildlunsfinuassileenuuusnandiuiiduevestiaeniifdung
o 3 e 1 e e o € = e () = 1
Anuliudy AsuluuisiedsiiiauduiusmaTaumslnasmnthans ferailaruaing
TeauauADUeBsdienUSnadud e limieatnes Sadeaihnsfiuusuiniisy
5 1 M -:'i = c’:’ 1 o o I v
weluaswioq luwelilauSuadudfsueimemedanmsldanusely
o ln:g’ ] o =
msviIidudaufdueuigns
§ 2 W g oy v P a 0o g ¥ o & wilf ®
nnmMahduaualduenlannmsinsnasnyiiusanslaeld Wizard® sV Gel

A4 ogus = = £ =~ )
and PCR Clean-up system (USA) Liteviilvigudifiduauiansuiniy weiluldlunng

v a Qr 2 -]

o & 1 M as o 7y ] a g o a = 2
as1znaely ‘wmﬁnnm'lwuumumamawmuﬂimmlmu'sawﬁuaamlﬂmwaauwama

8

!
o . o £

Wermlsawadianinilwadavuesnilaen 1% nuimavimdueldvdmnnaviiliuians
1 L 1 = ' 1 T s o = = o = dy a = 2/
Tuwdazdegnaziinnuaindhiviviuiiomnulinafidueifisduanmsiinunage
a aa o & W I I a o o A Y
watiaf@orstuunnaeii (nw 7-8) ssdunaldiniieyinauesiibuengnifiuuFunadae
A oo o v & o ' a g Ao gy a Lg a4 oa = 2w
mAlANTEIIINeY Judiumednvamaue i liuIgnsizliviinavesfiduetdoome
1 =) o g -] -;’ ! = P = v o =
Wuiigniu viasiwenhdudufduefiiiuiinaldonvaisy vasnniuiuiasannse

Iisanadduevasihliudgnsudunnmabluldausdaly
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1,000 bp

o a d e — = S oy a L o
AT ANYUSUYDUOUALD ULBIMNISIANUTIUUS I trnl-F WW'ﬂﬁU'ﬁﬂWﬁuﬁ?

Tne M Aofiduennsgiu 1 kb (Sibenzyme)

2000 bp
1000 bp

s = a = = = o v o £ v
AW 8 dnunizlauAueINMSTRNUSINASIIN trnK-matK mhliusansudn

Lo M Ao fiButeunsgiu 1 kb (fermentas)
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M5ATITAAMUFURUS NI NS
o o 95 -zl: M e o w = & a e
Wimhgadeyaianuailasinnismanudilduielaguisn Macrogen Inc. Uszng
i mald 1ndnises (alignment) Meilolagldlusunsy GeneDoc version 2.6.002 (Nicholas
and Nicholas, 1997) uagns19aaun139aL5e9081Usunsy ClustralX (Thompson et al.,
1997) a1t ludasizdmianeduiusniad Tauin1saren153ias1e9% Maximum
Parsimony Laelalusunsy MEGAS.2 (Tumura et al., 2011)

N153LATIERAEIN U NI TN InRL S e US I trnl -F

AMNETIVBIA A URDULETA LA INUSITENTeEY BnLF va3drat195iaun
Aaun 991 (Barsenia schreberi) - 1095 (Victoria cruziana X amazonica) i-jL‘ua waziiiov

NM3IAGEIEIRUALDULEYIIMLA 43 et lnesauiedaisdsuiteldlunswiou W

o
s I s

YINFIDYIVIINUARINE DTN RS BaLA19EdAmET7 1291 Avud lnanann1silA e

D.

paeMaximum  parsimony U7 Phylogenetic tree filad 2 topology 3iA1 tree length
wiiu 179 Tne topology ﬁ@ﬁ@umUﬁmmumnemﬁuagj 2 Ul fie anatisey Nymphaea
Tu topology wuuil 1 A tetragona Lmﬂaanmmﬂam%nﬁm dlu topology Wuuil 2 N,
tetragona %’«ﬁ'mag"lmfimﬁmﬁu N. alba, N. odorata Wag Nymphaea ‘Sunrise’ uag
Nymphaea ‘King of Siam’ fiu N. peterziana lu topology wuufi 1 WY sEinvdnatay
Lotos Waganaeae Hydrocalis @l topoloey wuud 2 avegluanases Lotos Inuuen

sonulunguusn nduviimsiaseinaliu Consensus  tree WioTamdayasInya 2

o o

topology #agaInNn1TinIaIauABuB U WMIseIa RURE ueTidiALAT (conserved

sites) WU 964 guud (74.67%) (nw 9A) ddrdudiidutefianufuuusiedu 327 diua

@

(25.33%) Geanunsawiseeniudwuiidweildlumsimnedaeduiudnasauinisvie

Phylogenetically informative site Winfiu 185 ftud (14.33%) (1w 98) wagddudiuied

@

wulawziiissiaagafien (singleton) Wiy 141 Avd (10.92%) (nw 9C)

&Y =

Iﬂawum3L1J§auuﬂmﬁl,ﬁﬂwmum‘sLmuﬁwamﬂmmdﬂ waznsHiu
wesva delunmsinuadiilefieluisdthamsne 2 ¥iin Hu outgroup fia U Cabomba
caroliniana  Wa¥ Brasenia schreberi mnm’mﬁ'nﬁ’us‘ﬁﬁé’ﬁuwuiﬂﬁmaﬁﬁ'?mwi"]ﬂﬁ
AnuFLRUSInaTauTivasdtnae (Collinson, 1980) uaziiievimsfionsananuduiuinig
Timnnsessiilddannsaduuniivasdihaeseend 3 ndu fe nguueatadiu nduld

Uanlva uaznguvesthane g3ens Tanses wazesufitiloogsamiu (nm 10)



GGATAGGTGCAGAGACTC!
GGATAGGTGCAGAGACTCA
GGATAGGTGCAGAGACTC
GGATAGGTGCAGAGACTCA

30

GGATAGGTGCAGAGACTC
GGATAGGTGCAGAGACTC
GGATAGGTGCAGAGACTCA
GGATAGGTGCAGAGACTCA
GGATAGGTGCAGAGACTC
GGATAGGTGCAGAGACTCA

A B

.Y CTGAAATATCARE N

0 W = g

A 9 driuBuesinuas (A) dduiBuleftuenasduiugnsd Saunns (B) uax
duAlueiinuemziisehedaie (©

wihildhanathdiudunguusninenseninluamefasnmsvestaioum
luddaeemeen bootstrap  support ﬁgm (99%) lnefiaandnUszneuludae  Nuphar
advena, Nu. japonica, Nu. pumila wa¥ Nu. lutea ﬂ?:j%J‘ﬁl 2 fia analdvanlwaysznavly
#8 Barclaya longifolia ﬁgﬂaﬁ’ua‘wﬁ’mﬁh bootstrap support “?’I'QG (99%) uagngugaving
Uszneulume 4 ana ﬁgﬂaﬁuaiguﬁwm bootstrap support 'ﬁ@\a (99%) WuLAgIfungY
veathdjlunasldualua Ao anathon Idud Euryate ferox anal 2 fie anaseuiile loud
Ondinea puperea ﬁqa‘ﬁ 3 fo dnatn SN lOuA Victoria cruziana V. cruziana x V.
amazonica way Lavanathas (Nymphaea) Jauvseenidiu 5 anates lfud dnades
Lotos, Hydrocalis, Nympheae, Anecphya LLaaﬁaanJ'@EJ Brachycera

dnates Lotos Usznaulue N. pubescens (ndunenduuydi), A,
pubescens (ndunenduiyasu), N. pubescens (NFuaenduiysau), N. lotus ‘Linjong’ uay
N. rubra

dnagiae Hydrocalis Ussnaulusae N. amazonum, N. Jjamesoniana,

N. novogranatensis N. oxypetala uas N. rudeena,

aqaa’aa Anecphya Usznaulume N. atrans, N. elleniea, N. immutabilis,
N. micrantha wag N. violacea

anages Nympheae Usznauluiie N. alba, N. odorata, N. tetragona,
N. maxicana (aenifin), N. maxicana (aenlvie)) uag Nymphaea ‘Sunrise’

waranagay Brachyceras Usznaulume Nymphaea ‘Jongkolnee’,
Nymphaea ‘Royal_Purple’, Nymphaea sp1 (ﬁ"]‘lﬁ‘ﬁ'\), N. cyanea, N. minuta, N. stellata

(ndiunendu), N. stellata (ndumendsin), N. peterziana wae N. capensis



92

Nymplaea

Nunphaea colorata

Nvmphaea spl (1)

76

Nvmphaea stellara W

Nvmphaea ‘Jongkolnee®

Brachyceras

51

Niwiphaea minnta

_|: Nimphaea cranea
73

Nvmphaea stellata V

Nvniphaea alba

99

Naphaea ‘Sunrise’

Nvauphaea odorata

99

99

NMiniphaea terragona

{ Nvmphaea niavicana |
84

Nnphaea_mavicana 2

Anecphya

89

I Nwwmphaeamicrantha

R Muiphaea “Royal_Purple®
Nanphaea atrans
Nanphaea elleniea

MNymphaea immutabilis

61

Onidinea

Nvumphaea macrosperma

Nvmphaea violocea

Oudinea purpurea

Euryale

611

Hydrocallis

98

Vietoria

65

Ewyale ferox
Vietoria_crizinna<amazanica
Victoria cruziana

Nimphaea amazonum

Nywphaea novogranatensis

100

Nymiphaea rudgena

Nvmpheaea jomeseniana

Nvnphaea oxypetala

{ Nvnphaea peter=iana

Nvmphaea *King of Siam®

68

Nvmphaea lons *Linjong®

Lotos

Nviphaea pubescens ph2

Nimiphaea ribra

Nuphaea pubescens 2

Nimphaea piibescens phl

Barclava longifolia

99

Nuphar {utea

Nuphar japonica

73 { Nuphar pumila
60

Nuphar advena
s Cabomba caroliniana

by v a €0 o a a =
2 10 Consensus tree 'Vllﬂ'i]'mﬂ']'i']lﬂ'i'lb"ﬁa']ﬂﬂﬂlgutiﬂuujnWSSWTNEIU trnlL-F

M85 Maximum Pasimony

100 b———— Arasiniaschreberi

31

i Outgroup
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A15IATIERANUEURUS A TRUINTINALEWEUS I trnK-matK

AINLENITBIETURLBULET LA USIIUEINYRIE Y trK-matK Suunadaus
. 0 dl o £33 = o s q’j
1179 (Brasenia schreberi) — 1209 (Nuphar advena) Wavinmsdasesdduiiduierianun

a a8

) ' | ' o o 1 o o e -
43 9819 WUUAUe1T 1240 QL'UE‘I Iﬂﬁlf\lgﬂﬁ'\u“uﬂﬁlaﬁﬁ'] UALBULBVIUAINUAIN

ar

. 1 e 1 tJd o o 0”1 A’
(conserved sites) tmnu 1018 Ak (82.10%) YU NSFTUALBUENTALRULUSYREY 222
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N. pubescens 2 lnwfsamanadesifiidnumzvsentedlifideniniu (Syncarpiae)
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nguanaget Nymphaea Samenvzuvlunainatstu ldun N, maxicana uas N. ‘Sunrise’
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Ondiinea, Victoria, Euryale #ag Nymphaea ﬁ?uﬁﬁmﬁﬁ']uqnmau%qn{]’maq’maqadaa
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=

schreberi) ¥329d0a ey Monophyletic group wineluanatasetuinsunsnegves
anavanszas Tanna wazeeudiile vilianathaielu Paraphyletic eroup uwazanay
dufusmedannmswuirigiuszuensanundunguusn fujuanatdiuiady sasal
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NITIATIEEANUENR LS T aunnIs

MIAATERALENTusI I Tannnsusunsewingy tnl-F luaaslswaiasaan
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pumila Wag Nu.  lutea Fa14fidion Nupharoideae aguwgnaanuiluaigdfuuinisvesta
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UabvaitilusniSeandugunse nszvanviieguly veuluduaiu Fwisnanadug Turdth
e bildualvagninueneenunifieawiaien

uazasfites Nymphaeoideae Uszneuludae 4 ana e ana Victoria e
V. cruziana Waz V. cruziana x V. amazonica éna Luryale letun E. ferox d@na Ondinea
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Systematics in Family Nymphaeaceae Based on Chloroplast DNA
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Abstract

Nymphaeaceae is an aquatic herbs family distributed worldwide from tropical to temperate regions.
Most of them are useful for decoration. Some species are similar in petal colors, flower shapes or
leaves, and thus morphologically indistinquishable. In order to clarify this taxonomic complexity and
study the phylogenetic relationship of Nymphaeaceae, two chloroplast markers, trnK-matk and trnL-F
intergenic spacer, were analysed, using Maximum parsimony method. The results showed that the
length of triK-matK is 1180-1209 basepairs and tmlL-F is 991-1095 basepairs respectively.

According phylogenetic tree, all members of Nymphaeaceae are classified into 3 groups. Nuphar
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clade is the basal lineage of Nymphaeaceae. Barclaya clade is the secand one, whereas Nymphaea,

Victoria, Euryale and Ondinea are placed in the same clade.

Keywords : Nymphaeaceae / trnK-matK gene / trnL-F intergenic spacer

*Corresponding author. E-mail : lotharmali@yahoo.com
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