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myieszdiauianalalinduasiinaseflslulovealofiies (nrTs) Lo sUsz1iNAY
wannanINuInTINlualauana Nymphaea vasdszineinaTin 14 mawug dasllsunsy
BioEdit wudnaufiaailalnduIiam ITS (intemal transcribed spacer) 81703201 900 fiud GR
Usznaudl8u198Iuaddn 18S, ITS1, fu 5.8S, ITS2 LazUNIeIWUaIEn 26S lasdauiiinalaling
284 ITS1 WAz ITS2 dAunaInRaNeNINNINEInTa9d% 18S, 5.8S uaz 26S fraufiindlalnauas
ITS1 879091 ITS2 ud ITS1 6 GC content oanin ITS2 wuinfdszauns 14 suWUT danue
289 5.85 YN Ap 156 LUN Lf]aﬁwuLqun“ﬁmmﬁww”uﬂ%ﬁf@ummi (phylogenetic tree) 211
faufiiefleinduasiinadoilsluloueslefiiesvesiadszauana Nymphaea ¥ 14 fuNUT dae
Tdsunsa MEGAG lag58 maximum likelihood nAgaLAINNLTas WAL bootstrap $1W3w 1,000 51
WusInToulesagranansudu 5 NgY YeIENataudd g fa 1aUszauanatas Anecphya 172
Uszauanatay Brachyceras 1dzauanuantuanatay (intersubgeneric hybrid) stnindanatas
Nymphaea MU Brachyceras 11 3sauanatias Lotos Waziinlszauanatas Nymphaea saansadny
MIIATIUBNLAUILALANARN N NBANRAT
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Abstract
Nucleotide sequences of nrITS were analyzed in order to evaluate genetic variation in 14 Thai

waterlilies, Nymphaea spp. using BioEdit program. The ITS (internal transcribed spacer) region of
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approximately 900 bp contains sequences of partial 18S gene, ITS1, 5.8S gene, ITS2 and partial 26S
gene. Nucleotide sequence variations at ITS1 and ITS2 were observed more than those at 18S, 5.8S
and 26S genes. Comparison to that of ITS2, nucleotide length of ITS1 was longer, but GC contents
were less. The 5.8S gene sequence was 156 bp in all 14 waterlily samples. Maximum likelihood (ML)
phylogenetic tree of 14 waterlilies was constructed based on nrITS sequences using MEGA6 program
with 1,000 replications (bootstrap). The tree could classify 14 waterlilies into 5 groups of different
subgenus, i.e. subgenus Anecphya, subgenus Brachyceras, Intersubgeneric hybrids (ISG) of subgenus
Nymphaea and subgenus Brachyceras, subgenus Lotos and subgenus Nymphaea. The classification

was consistent with botanical classification in waterlily.

Keywords: waterlily; nrITS; phylogenetic tree

1. AW ldur anatay Brachyceras (12 Fu-taiian 177
Tduizldinfifanuarsevanldsy w1NIN 1739nad) uazanates Anecphya (12
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Victoria (17N32619) &NA Euryale (17019) 87Na \AT@ Ao Nymphaea ‘Siam Blue Hardy’ anHaal

Nuphar (W2 d1]4) &na Barclaya (ldUatlna)  drwanadesfiiassfoidolwnudszinalng
. . & e o \ Y a A i
&N8 Ondinea WAz &N Nymphaea (Schnieder uidTInendii9t13u Sadudnlliae

and Williamson, 1993) u”ﬂumia:aqamd']f:ﬁ Unnglwmirsannnewduduusnvadlan wazd
SnumeAlaalanLan@InuTaLan 179 8108 § Uaunuadn (N. ‘Tan-Khwan) fousLianiy
Nymphaea \Juiifiars9nal Aowiandanidu ﬂi:m@ﬁm%w”mflmimauamﬂuﬁ'sua:muvlﬁ
1213201 Lm:ﬁ'«iﬁmuaﬂ%a’?mnﬁq@lmaﬁ Wrs1na (ntemational Waterlily and Water

Nymphaeaceae (Borsch et al., 2007) 41133 Gardening Society, IWGS) luil w.a. 2549 17
Uszinniinana Nymphaea assusnlay Conrad 49ARQUA (N. ‘Mangala Ubol’) T Safinanlu
(1905) wiaiilu 2 ngu 5 anatiey (subgenus) Aa Usznalng walasunaiasusidan Iwes I
nau Adniesslaiandanu (syncarpiae) .6, 2547 Lfluﬂ"sN?&%aﬁmsé@mumnﬁq@lu
Usznavely 3 anaday ldun anaday dszinalnouazluaaradrsdszine aannsass

Hydrocallis (118143 %U%NANIAK) &NaL 08 Husudaanlurialan N. ‘Siam purple 1' Gad
Lotos (A%IIBUIUNANIAK) ULazanatas WOWAZUNLABIAY N. ‘Siam Blue Hardy’ 163U
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‘Mayaranee’ 1é3197a 2013 IwGs 1 place
Anecphya waterlily’ lasdl N. “Yaowalak’ le5197%
‘2013 IWGS 2™ place Anecphya waterlily tLaz N.
‘Tawan-ok' 1@314978 2013 IWGS 2™ place
tropical waterlily ANWULLAUUDI N, ‘Mayaranee’
A9 VUAINUIWRVBINAUADNAILAIWLINDITW
') A ad a
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fingsiwes] dnfueandauuin nauaaniug
uNNLazInaurey lnadanisdneianudn
U”’Jw”mf‘lmimaq@nmauﬁm:@mné’nmm:im
s:mfﬂaLL;iLLﬂ:W@w”quﬂuﬂé'ﬂ MUY SIS,
L%u53'51Umuﬁnwam:mw@hmqaﬂasl
. . _ ¥
(intersubgeneric hybrid) 41N % (Doran et al,,
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5.8S lLaz ITS2 (Wheeler and Honeycutt, 1988)
ALY ITS Hanunainunanslunsaan
FawunFanueiszning 500-750 fiaealalng
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39N 1 dszay 14 sonug nlEdns

Hybridizer/
Name* Photo Parentage** Awards*** / Interesting characters
Owner
2013 IWGS 1° place Anecphya waterlily
N. ‘Mayaranee’ N. gigantea (blue) x N. |/ petals of flowers change color during N. Nopchai
(A) ‘A-trans’ blooming from blue to light blue, purple Chansilpa
and pink.
N.‘Supranee Pink’ x 2011 IWGS best overall new waterlily
N. ‘Siam Purple 1’ Pairat
N. ‘Nangkwag Fah’ |and 1% place best new intersubgeneric
(N xB) ) Songpanich
(ISG) (ISG) waterlily
2014 IWGS 1% place best new
N.‘Supranee Pink’ x
N. ‘Siam Purple 2’ intersubgeneric (ISG) waterlily / 2™ best Pairat
N. ‘Nangkwag Fah’
(N x B) new waterlily / 1! place intersubgeneric | Songpanich
(ISG)
waterlily people choice awards
N. capensis x N. 2007 IWGS best new waterlily and 1% Kanchana
N. ‘Suwanna’
'Khao Thamanoon 1' | place best new tropical waterlily / petal Kokhakanin
(B)
and pad variegations
2004 IWGS 1% place hardy waterlily /
N. ‘Mangala Ubol’ N. maxicana x N. N. Nopchai
large, peach flowers that bloom
(N) ‘Perry’s Fire Opal’ Chansilpa
continuously throughout the summer.
Open pollination of {2014 IWGS 2™ place best new hardy
N. ‘Siam Beauty’ N. ‘Miss Siam’ waterlily Pairat
(N) (N. ‘Mayla’ x N. Songpanich
‘Perry’s Fire Opal’)
2011 IWGS 1% place night-blooming
N. ‘Rojjana Ubol’ Open pollination of ) Pairat
waterlily
(L) N. ‘Maroon Beauty’ Songpanich
The strongest and most vivid colour of Primlarp
N. ‘Joey Tomocik’ . .
unknown all the yellow lilies available / very free (Wasuwat)
(N) -
flowering. Chukiatman
2010 IWGS best new waterlily and 1%
Rescued from an place best new hardy waterlily/
N. ‘Wanvisa’ N. Nopchai
unspoiled pond of N. |variegated flower with tones of orange,
(N) Chansilpa
‘Joey Tomocik’ pink and yellow plus a heavily marbled
leaves.
2015 IWC 2™ place tropical new
N. ‘Plyfah’ Chaiyaphon
via unknown Waterlily yap
(B) Thamasuwan
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M990 1 (6i)

) Hybridizer/
Name* Parentage** Awards*** / Interesting characters
Owner
N. ‘Chalong-Kwan’ It is the most double-flowered waterlily
/ King of Siam N.Larp Prasert x created until today with sterile and Chaiyaphon
N. colorata Thamasuwan
(B) fragrant flowers.
Native to Thailand, |Ancient waterlily from Sukothai period Primlarp
N. ‘Jongkolnee’/ . . .
. . more than 700 years |/double white petals with purple or pink (Wasuwat)
N. siamensis . . )
®8) ago during the accents and sometimes speckled pads. Chukiatman
Sukhothai period.
(N. ‘Mayla’ x N. 2011 1% place hardy waterlily people’s
N. ‘Siam Nymph’ - Pairat
yme ‘Madame Wilfron choice awards )
(N) Songpanich
Gonnere’) x Unknown

1 : Songpanich (2009), International Waterlily Collection (2018) Lag IWGS (2018) / *A = subgenus Anecphya; B

subgenus Brachyceras; L = subgenus Lotos; N = subgenus Nymphaea; **ISG = intersubgeneric hybrid; **IWGS

International Waterlily and Water Gardening Society; IWC = International Waterlily Collection

i jiseiderslaslslnswes F: 5-TCGCTC
CTACCGATTGAATG-3' (Songpanich and Hong
trakul, 2010) haz R: 5'-TCCTCCGCTTATTGAT
ATGC-3' (White et al., 1990) lagldauilsznau
fa 100 ng/ul template DNA 1 pL, 10x buffer 1.25
WL, 10 mM dNTPs 1.25 pL, 50 mM MgCl, 0.5
uL, 5 pmol IWstNas F uaz R 88198z 0.5 L
W&z 5 U/uL Taq polymerase 0.1 uL gnzild
lun13vid Ase1AGansisznauas initiation
denaturation (94 84FLTALTR) 3 W17 A1NGIE
35 78U a3d denaturation (94 mmwnm%ﬂa) 30
Aw7 annealing (60 a4ALTALTHE) 45 U1
extension (72 84ANLTALTH) 1 W17 WAz final
extension (72 84@LTaLED®) 10 wIH 91N
ATIROLHANAAN TS LasN15HNBLanINT INS
Falu 1 % agarose gel
23 n13aaLaanaladsiiianianay
#adlalng
ﬁmawamﬁ%aﬁmﬁﬂﬁu‘%qnﬁgﬁafJ
HiYield™ Gel/PCR DNA Fragments Extraction

kit (RBC Bioscience Corp., Taiwan) 3110 TR
laaulasldwanaiin pGEME-T Vector AALAaN
Talata28975 blue-white selection LRanlalatia
1wl fAseandgans 20 Iﬂiaﬁ@iaaWUw”uf
179 AN IULaW kT AASILNIE Alul s
Rsal tNasataanlaaund1ans inluasragay
Taun13vindianInslnsSgalu 1 % agarose gel
A A AaAa Aa a e
WanlalafiuuafiSendduuounu@idwerma
' @ o & a A A
wandnant sowutaz 5 laladl lunsdingduuy
> Qs a =3 v =3 6 o o A
RRINITAAALAWLEFIULAU LT AR WL N T
AMNLANGAINY BIDTANNLANAIINWAR L1 D
5 lalail guidenanliasy 5 lalad luudazans
w”unf IMNUUFNANIIFNA WEIFINFAUTAINELD
6
na
2.4 NMAZHHAIIAUBIAALD NG
o o “ A = 6 a =1
Wnasauiinalanduasiaiusls
TulayeslafitagunlSounsunuaaldsunsy
BioEdit (Hall,1999) 3LA1ERANNTUNUINS
WUINITNTZAIIBAUTLIE9 9 lasaing

WHWNIANUFUNUTLTITIAUINT (phylogenetic
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tree) d281Usunsy MEGAG 1as3T maximum
likelihood (Tamura et. al., 2013) bootstrap 1,000
Gl LLﬂ:ﬁﬁ;ﬂNa

3. HANTTIVUUALITAINA
mItANUSnmdEuasisineinigons
lwiiszauana Nymphaea 14 snowug laold
Twsiwassuwiznuusiiaidn 18S uaz 26S o
HaWRadFea1TaTouAguUIIRIuTE I 18S,
ITS1, 8% 5.8S, ITS2 LATUNIRIBIBIEW 268
(18S-1TS1-5.85-1TS2-26S) laswuilwsines
mminLﬂ'uﬂ%mmﬁﬁmaluﬁ"sﬂim”wqﬂa’m
WUS HatanasrameudisaadianinsIWisa
wuinlduaudiduiennsa lunﬂﬁaaﬂﬁaﬁmuﬂﬂ
Wi Aa Uszanmk 900 gl
nmndSsuifisudrauiiinalalndves
185-1TS1-5.85-1TS2-26S 'léa1n 5 laaw va4
wiazaoWuiUzau V9 14 auwug lag
Tusunsy BioEdit wuseufinnalelnafuanensg
wdazaaWuidl 2 Uuuy wseuiiedlaing
Uy 18S-ITS1-5.8S-ITS2-26S ﬁLL@]ﬂ@i’]\Wﬁ‘iﬁN@]
28 yuuuy flanuen 935 dadlalng (gﬂ‘ﬁ' 1)
dyznavlddroaiuaas 18S (@‘i'umm‘ﬁ 1-159) -
ITS1 (funikifl 160-463) - 5.8S (AT 464-
619) -ITS2 (@‘mmi,uﬁ 620-884) - 26S (AW
7l 885-935) A URAINWAIBVBISIGURING
lalnduSiam ITS wusnningiuaesdn 18S,
5.85 uaz 26S laggas31971du insertion uas
deletion (indel) wuluguvas ITS1 uas ITS2 lai
wuluaiuvesdn seanaaInUNuiIdevuad Dkhar
wazame (2012) Alednmluidszauludszine
Buidy 6 MBWUT uAz Lohne LazADUE (2008) ﬁ
dnslutngnveasasiay
dszduidrandnsidiulugiu

anuan Neluanatasdolnii (intrasubgeneric
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hybrid) uaz9anagay (intersubgeneric hybrid)
(913799 1) anuauatatdu polyploids LT .
A = i A
‘Mayaranee’ ‘ﬁ\‘il,‘]_lugﬂm 84d N. gigantea GREY
Te9witdlasiulaoy 2n=16x=224 (Walter,
2000) 39iilamarililddraufiandalelindaas
18S-ITS1-5.85-ITS2-26S AN G 1IN W N1 N
' = o o a a &a ' o
at9lsAany wusauiieala lnanuandians
luLL@ia:mUwvuﬁfu”'sﬂsm”mﬁm 2 luuy Toya
= a 1 1 o 1
mdnmlaslalautnanadasedns o g3ilaian
> 1 = o ke
wazadlinunsansrsuInlasiulanlugn
Uszaueng 9 vasdszinalne
A = a o o a a g
WardSouisudiauianalelng wanie
ULk ITS Iunﬂ@ﬁama WUINHAINEN7 569
fradlalng (373 indel 9vua) 1w 1ITS1 304
fadlalng uaz 1Ts2 265 fandla’lng uUn 1)
wdiilausnnimeIzUuunved 18S-1TS1-5.85-
ITS2-26S mauwiammw”mf WUINAINNEIIV D
fauiinalalng wazidesiiudvas GC content
% o s 6 A
luiiadszau 14 f8WuT JaUnANRANY
(@1371499 2) lag ITS TAN81IaIue 659 4
698 171AR1BING RaAARDINUITWITUDI
. A '
Baldwin Lazatue (1995) GINUINWTABNAAIN
21U ITS NRaINAANE I@mﬁmmmaagj
321719 500-750 fandlang AN was ITS
WUAILG 269 D19 286 HAALaING LazAINLI?
a4 ITS2 WUAILG 226 D19 260 Hndlalng sau
fi1 GC content (%) wuinlu ITS2 dd1u1nnin
ITS1 @1 GC content ﬁmﬂﬂ’hﬁﬂﬁﬂ'ﬁﬁ'u@;maa
ALOULD BN BULIUNULARLILUUNINAT LATHDI
IFgungfingsninihasaiaWuse (Yakovchuk
et. al., 2006) lagdi1 GC content ¥84131U3AU
79 14 mmw”ui:‘ USLam ITS1 J6n 45.8-51.3 %
FIMUII ITS2 H6in 47.6-60.2 % (@397 2)
FIuvaIEu 58S 2aIU2UTzAUNG 14
o A o @ a a 6 ] o A
muwusddduiiaalalnduaiiu fa 156
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M1519% 2 anugvasdrauiiailaing (lisiu indel) uas GC content (%) Va4 ITS1, 5.8S LAz

ITs2 luthdszauvaszinelng 14 apwug

Total ITS1 5.8s ITS2

No. Species Length | Length Length Length

% GC % GC % GC
(bp) (bp) (bp) (bp)

1 Mayaranee_1 691 281 46.3 156 55.1 254 50.0
2 Mayaranee_2 692 282 46.8 156 55.1 254 47.6
3 | Siam Purple 1_1 696 284 46.1 156 55.1 256 50.8
4 | Siam Purple 1_2 689 277 50.9 156 54.5 256 50.8
5 | Rojjana Ubol_1 683 284 49.6 156 55.1 243 56.4
6 | Rojjana Ubol_2 683 284 50.4 156 55.1 243 56.0
7 | Wanvisa_1 659 277 49.1 156 54.5 226 60.2
8 | Wanvisa_2 661 279 51.3 156 55.1 226 60.2
9 | Mangala Ubol_1 665 277 50.9 156 55.1 232 57.8
10 | Mangala Ubol_2 661 279 51.3 156 55.1 226 60.2
11 | Queen Sirikit_1 698 286 45.8 156 55.1 256 51.2
12 | Queen Sirikit_2 661 279 51.3 156 55.1 226 60.2
13 | Chalong-Kwan_1 696 284 46.1 156 54.5 256 50.8
14 | Chalong-Kwan_2 696 284 46.5 156 55.1 256 50.8
15 | Jongkolnee_1 694 279 47.7 156 55.1 259 50.2
16 | Jongkolnee 2 685 269 47.2 156 53.8 260 49.6
17 | Siam Nymph_1 665 277 49.1 156 54.5 232 56.9
18 | Siam Nymph_2 665 277 51.3 156 55.1 232 57.3
19 | Suwanna_1 696 284 46.1 156 55.8 256 50.8
20 | Suwanna_2 695 283 46.3 156 55.1 256 50.8
21 | Siam Beauty_1 665 277 49.1 156 54.5 232 56.9
22 | Siam Beauty 2 665 277 49.5 156 53.8 232 56.9
23 | Siam Purple 2_1 695 283 46.3 156 55.1 256 50.8
24 | Siam Purple 2_2 665 277 48.7 156 54.5 232 56.9
25 | Plyfah _1 697 285 46 156 55.1 256 50.8
26 | Plyfah _2 696 284 46.1 156 55.1 256 51.6
27 | Joey Tomocik _1 661 279 51.3 156 55.1 226 60.2
28 | Joey Tomocik _2 661 279 50.2 156 55.1 226 60.2
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