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m =

20154\ L7z Fp ki (B RIRRTIETS) Dk X 2wk (IkFE) Nuphar subintegerrima (Casp.) Makino sensu
lato (AA L > F} Nymphaeaceae) E{AREFAFHEL, 2017F0LFEML TEX 7z, 2V FRRBEOFEICITIREANL X
CHEMCEMARERRP D D720, REEHARE S CIEIAEEFELMO 3 v R E L HIEICGENT 52 LR TET
WhRhole, 20T, THE THABERBELZEENICE A2y Rx (K#) & LTV, REEZOZMNHMIE
ERFET DT dIlE, REMNBEOEMBREALZFEE L TR LERHD, £ T, KEEICHEDL —KDOAX
THRSICHFEEFTREZR K FIEO BRI A W T, FEREZIT o7, RMEAEFEOK EEDOEHFITIRIIE />
DEINE T, EHITIEDTNCEREZ, A 37 & X 3T KRR N. saikokuensis Shiga et Kadono DEEH T DIEHE
AR L — B L7e. R, EHRLEHRITOVTY, FMEMEE (EHES5~162cm, HEHHES.0~11.9cm) &
A arerayRyr (FEHE10~30 cm, FEHET~20 cm) FEEL TV, K EEOTVEBRIFHN D, AMEARR
YA are2aviprFELL. 26IC, KEEOREICLSERIEMFEOMTE MO T RXE L DT
REBIREHALPICT HIDIC, B A TR (BEFE) N. subintegerrima sensu stricto, A 37 & A I T HKXR,
277 3R % N. japonica DC., 727 2277 /K% N. oguraensis Miki %= AF L, K ITS B X OEERLAK trnl—trnF &1
SEIE 2 W T T R RIMRIT & EME Lz, RMEEFNT, A a2z xavkprbikbiikeRy, KEED
TERAREIC LD FRER R L —H Lic, 22O T, Pzl ravkRxiFe Aavix (KF) & LTHES
AT ETZA, 01SFITINREIC R o T2 Z EPMESNTVD, LIk o T, REEPBIA S 72201 TFE D BT,
AEFEIE A a7 AR () 2o¥A a7 XayRREESHARLS TEWFRPo7, L, A
2 L TN iFgEE O SCFAER E B RK CRABBEIN R NWE F2019FETHRESNATLE -7, REHE
S ULTeWEE & LT, BOVER TARBEBOTREZITY, FiCa v A EICBE T 5 5B E 2 fkinic
Fhid 22 L ORNENZHEBR L, 61T, FEKTH SRS GAEYOSEFIHEERTRER L O, e
KL LTI A O GEERFFIUEARZRE L TN Z L b BETH D,

F—O—R:HAMaserayFRx, e Aavrx (AF), PRl (EREFTET), 2 FR#F
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Abstract

We conducted a regeneration project of a local population of Nuphar subintegerrima (Casp.) Makino sensu lato
(Nymphaeaceae), which has been extinct since 2015, in the Benten-ike reservoir, Kani City, Gifu Prefecture, Central
Japan, from 2017. The species name of the population had not been precisely identified, due to the inter- and intraspecific
morphological variations within the genus Nuphar, and had been provisionally referred to as N. subintegerrima sensu
lato. Identification of the exact species name of the population became necessary to enhance the academic value of the
preservation project. The species were initially identified using morphological characteristics of the emergent leaves so
that individuals engaged in the regeneration project can easily identify the species. The shape of emergent leaf blades
of the population was widely ovate to narrowly ovate, and slightly pilose on the underside, which was consistent with
those of N. saikokuensis Shiga et Kadono. In addition, the length and the width of emergent leaf blades of the population
(length, 8.5 — 16.2 cm; width, 8.0 — 11.9 cm) and those of N. saikokuensis (length, 10 — 30 cm; width, 7 — 20 cm)
overlapped. Identification from the morphological features of emergent leaves thus revealed that the population consists
of N. saikokuensis. We then obtained samples of N. subintegerrima sensu stricto, N. saikokuensis, N. japonica DC., and N.
oguraensis Miki, and determined the DNA sequences of the nuclear internal transcribed spacer (ITS) and chloroplast #rnl—
trnF intergenic spacer regions in order to enhance the morphological identification and to identify the species’ molecular
phylogenetic relation to other members of the genus. The population was found to be phylogenetically very closely related to
N. saikokuensis, which was traditionally identified as N. subintegerrima sensu lato, but was defined as a new distinct species
in 2015. At the start of the project in 2017, the species name should have been corrected from N. subintegerrima sensu
lato to N. saikokuensis; however, due to the lack of background research, it was left uncorrected until 2019. Prior thorough
background research on the genus Nuphar would have led to early re-identification of the species name of the population. In
addition, it is necessary to keep photographs and voucher specimens of conserved organisms so that their classification can
be reconsidered even after the project is over.

Key words: Nuphar saikokuensis, Nuphar subintegerrima sensu lato, Benten-ike Reservoir (Kani City, Gifu Prefecture,

Central Japan), molecular phylogeny
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b Ay Rx (BkF) Nuphar subintegerrima (Casp.) Makino
sensu stricto (A A L > %} Nymphaeaceae) 1%, I yEHLJ7 |2
TOHAEFOKETHS (EH, 2015), LarL, LEHEH
DWEIRAEBTEREOEIC X > TE L OEFBERFED LS
R L TS (B2, A BT R AR
2004 5 [Lif, 2016), M5 U AT VT SROME - 36 F SR BN SR R
(LABg, FpKHML) 1I2b b A3y ARx (ILF) N. subintegerrima
sensu lato B ARE (LLRE, AREEEE) BSEFL TR,
2015MFICHEDE L C L E 0Tz, FEICOAREEREO—IIZ, Hist
D HRRHERAE TERILEFRICT 2R X > THRRIMTO
REHRICBE STV e (CIR, REFRICBIES T TcfE
FRZARBREERFE L), 22T, 017X 0, BRI
ZRRCT D4z, AIRHERERE, TEHAFICL T, KA
FREE W TARBEGREZFET 2 MR ToATND
(K Fig2, 2018).

KREHEZIG LS00 b, AEERIIEWRILZ KIS
LRI -oTeAaYRFR (JBFR) LA Tz, L
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L, EEOLBAFTE b EWidsko TR ofMY) (7]
BHHEZEAS, 1998) IZIIAEEREOEA X, 27 RF
N. japonica DC. LE# SN TWD, FD%, EDX S kkE
B TeDEARIIZZR, TRIRATR A B AR (RTIRT,
2007) THEAREEKBEOREAITE X 2T Rx (BRFE, EFHIC
OWTIHARE) LEBESNTWD, 20X 5 ICHELBELE
SNTeDIE, 2 UFRRBIZERBICSHEBREREZRDY (A,
1994), *OZERLEEBZ CTHEET L0 (EH - A
2005), WANCERFAEINIZZ ERFRELEEZOND, B A
ayFRFx () 1L, Makino (1910) OJFFL#E TIXE 5~
11 cm, T1E4.8~8.5 cm THAD H 5 /K _F3E % FKp-> /Nl O HEWY)
ELTWS, LAL, BEARICIFEEOE X320 cm 2%
DEERC, a vk & A7 7 a3 RR N oguraensis Miki O
TR EAEEZ b OMERET LTS (E- - A8
2005) . ZALO OEARIFMICEZ Y T D RS RN LD
b AIyRR k) 1T, ZTRHOEELEDTE AU K
F (RF) SN TWEHIA S5 (GEE - A%, 2005).
0%, DEFHFEERSN, bAI YRR (KF) ICEE
AVTWIZHER D B VE A ARICHAGT 5 LI 7 b RAEH I O ZE



FrRM (B RATET) b A3 vdx (R38) HUSEEREE O EFERES

BaFobD%Z, b Xavrx (BkFE) LI3MEOY A a7
b A 37 R R N. saikokuensis Shiga et Kadono & L TSz X
7z (Shiga and Kadono, 2015 ; i, 2015). AREMAKEFEEZ L A
a3, LFICOWTEARE) L#H LTS A
IR AR (AT, 2007) BRETISAEIZ, W
AazeraviRRide Aaviyr (RE) KEFELTWEZ

& - AEF, 2005 ; Shiga and Kadono, 2015 ; EH, 2015),
DX D T SRR B R LTS, AEREE A
REX° DNA fHRICHE S HREZ L TWiRhroeicw, wid
(B 1& 7, 2018) TRAREEEELZE A avdRx (b)) &
#iw L,

BHOMEY SRR APGITIZ X 5 &, HARENICEET
Zav kR EMYITeERS L OBEOZERE, MEICHEEN
T2 (EH, 2015). REEOPHHMHEZ & D 5 72D
i, REFREOEEAHEAZFE L T MLERH D, ay
FrEE, KEEOHELET S LIk T, WEYFH
HEEEEE LW — KON E THLRERGICHFEIENFHETH
% (F5#, 2015), &2 T, KRBFHEEEREZK EEOEIER
BMCHERE LZ GBE, 2015). &6I2, KEHEOREIC
I D HRIEREROMTE L tho a7 R RE L O RHKEHRE
oz Hewic, B Aaykx k), ¥k R
avRF, AVRR, AU TavrrEATL, &EMEYO
DF RPN DN D Z & DL WL ITS B L OHERE
& trnL—trnF 38578 (B 21F, Minami ef al., 2019) %
W TH T REHHIFNT LT o 72, DNA FEFTIX, A5
DY, EERHE SN B T b KPRk TE L7 < T
X< b, ZD, DNA fETIX, —O Ak

2 HEMNL 22 HARMEEISENCE L LIAD Z R TE RN,
LarL, 7K EZEDOHEIC X 2 FHIEEDOMIEISIT T2, HK{E
IRTEE DO UK [E A OEAARE £ CHUE Lo A D7 dIc i
(RESHIEIEIC DWW T BB S0 L TR MEMER S D L Hlr
L 7z 72 ¥ DNA it & 920 L7z,

HARAM B L UVHE

KEEDHEENRFEIZ L 2ERE
K EEDIRRE, EHE, EHYA X (B, @) OFEN
B A2 RWT () GEHE, 2015), WRH:MEEEEORERE
BiToTl. £, EHFBIZOVWTIE, HHE (2015) &9T1%
EEEMETHY 7 v e LTI K W 3 5 A2 =T o aw R x
BOKEELSE L L (K2, K1).

DFRIRERRRAT

DR ERIEAT DT DI, FHTHREFESATE LUK
FBOFE K EEOSHEEZ T (R2, M. 25&h
TRBREDIE, WTIR LRI L - TT TICREFE I,
HAH#S LT TRERKEINTELE A a3y ks
Ofez%) (BRBERTERR), 1 asbxayrx (B
ARKPHAMMEEIEDRE), v Rx (HEREEEK M
IR, REAKPZIAMMEENEE), 4772
AR (REA K AR ER I R SR ) D438 T 5 (R
2). LB, REFEMEGEEILE A 2Tz (R, FRM) &
FRL, 2 FRMPEIATICHE L 2 v 7 L g FRiER21C
FEE LTz,

K1 vravkx (AF, FRIL) L2OMa Y RRE4HHEEOK EIEDTERIIFK

Table 1. Morphological characteristics of emergent leaves in Nuphar subintegerrima sensu lato and other four Nuphar taxa

4 (F4) K EZEDIRRE KEEDOEY  KEEDOELE (cm) K EEDLELHE (cm) KEEDE
Japanese name (Scientific name) State of emergent leaves Sha};:ac;ﬁ;izrsgem Ll:%[bhl:df;m: ;g;;n \;\;dftglz(fi:;n?rcg;t;t Emergent leaf hair
b 23y Rk (K3, RRM) U KiEs» ol 20, HHELRD IRIRIG 20> & 3RV Hifi - DT ICE

(N. subintegerrima sensu lato) ~ emergent from water or floating on water widely ovate to narrowly 8.5~16.2 8.0~11.9 slightly pilose on the underside
surface ovate

EATYRE () Y KES OIS D2y, FELRD  TF AL

(N. subintegerrima sensu stricto) emergent from water or floating on water roundish 4~17 4~15 undescribed
surface

FAareAayRx? Kl T 520, FELRD IRIRTG 2> & FRINTE Wi b PrcE

(N. saikokuensis) emergent from water or floating on water widely ovate to narrowly 10~30 7~20 slightly pilose on the underside
surface ovate

aykx? K OHHT 27, HHELRD . ) . il : #E

o SN o PeITA & EAE I SR

(N. japonica) VKR TIE, /Kifi 2 &8 it T FFVERCD LE
emergent from water or floating on water 20~52 10~26 glabrous on the uppersurfaces
surface I e to obl
emergent at an acute angle from water narrowly ovate to oblong slightly pilose on the underside
surface in shallow waters during immature stages

A7 7ayEx? FOHKEITFOTHEL 25 JERT E e

. . . 9~19 8~15 . .
(N. oguraensis) normally floating on water surface widely ovate pilose on the underside

1) B xavkRx (R, R OKEEOHEBHFEICONTIE, 201947 I8 ICARMZEFEM THIEL Tk 2 2w Rx (K2) 20fEk28%, WELkT—

ZEFH LT,

2) EAATERR (), YA I T AATVERER, AURER, A7 T3 URXOKEEOHEIFHLIC OV T, EE (2015) LY 5IAL.
1) We collected a total of 20 flowering plants of N. subintegerrima sensu lato (July 18, 2019) at the study site and measured the morphological characteristics of emergent leaves.
2) The morphological characteristics of emergent leaves of N. subintegerrima sensu stricto, N. saikokuensis, N. japonica, and N.oguraensis are cited from Shiga (2015).
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Table 2. The source of five Nuphar taxa used in molecular phylogenetic analysis

4 (F4) mgan JBIE
Japanese name (Scientific name) Abbrevation "’ Origin
ExayRg (BFH) ExayRg (B3, FKRM-1,2,3) FTFEARM (e BILFTVLHHME ) PRasbk

(N. subintegerrima sensu lato) ~ N. subintegerrima sensu lato (Benten-ike-1, 2, 3)

Cultivar, Benten-ike reservior, Yakuo-in Temple, Higashikatabira, Kani City, Gifu
Prefecture, Japan

b AamRgx (%) ExavRx (B, #

Fil -1,2,3)

(N. subintegerrima sensu stricto) N. subintegerrima sensu stricto (Dachibokubora-1, 2, 3)

BRI E A 27 R RRERI R (I8 R R B B R) Rk
Native variety, N. subintegerrima Preservation Area, Dachibokubora, Gifu City, Gifu
Prefecture, Japan

FAaserayrt FAarzerayrr (BBK-1,2,3) FEAK IR RS AR (REA UL RE AT o e ORTTARHT)  fRAFHR

(N. saikokuensis) N. saikokuensis (Kumamoto Univ.-1, 2, 3) Cultivar, Eco-Frontier Center of Medicinal Resources, School of Pharmacy, Kumamoto
University, Oe-honmachi, Chuo-ku, Kumamoto City, Kumamoto Prefecture, Japan

avkF ayFR (HEK-1,2,3) HEFNSERI R A R RO ET TR 52 ARAFRR

(N. japonica) N. japonica (Showa Pharm. Univ.-1,2,3) Cultivar, Medicinal Plant Garden, Showa Pharmaceutical University, Higashi-

Tamagawagakuen, Machida City, Tokyo, Japan

FvRL (EK-1,2,3)

N. japonica (Kumamoto Univ.-1, 2, 3)

REA KA IR FHA MBI R (RRA JRREATT P S DCRITARNT) R 77

Cultivar, Eco-Frontier Center of Medicinal Resources, School of Pharmacy, Kumamoto
University, Oe-honmachi, Chuo-ku, Kumamoto City, Kumamoto Prefecture, Japan

FTTAaAyELR Fr7avRr (BK-1,2,3)

(N. oguraensis) N. oguraensis (Kumamoto Univ.-1, 2, 3)

FEAK AT SRR (REAR UL RE AT o e [ORTTARNT) fRAFIR
Cultivar, Eco-Frontier Center of Medicinal Resources, School of Pharmacy, Kumamoto
University, Oe-honmachi, Chuo-ku, Kumamoto City, Kumamoto Prefecture, Japan

1) &3 U KRR BHEEREL V3V T IICONWT, BLITS, ZERRE trnL-trnF BRSO HALE A % g Lz

1) A total of three samples in each Nuphar taxon were determined the DNA sequences of the nuclear ITS and chloroplast z7nL—~#rnF intergenic spacer region.

b AavRFR (R, 7R

N. subintegerrima sensu lato (Benten-ike)

b AayRxR (R,

N. subintegerrima sensu stricto

EHiR) FAarzexayrx (BK)

(Dachibokubora) N. saikokuensis (Kumamoto Univ.)

aykx (HEK)
N. japonica (Showa Pharm. Univ.)

F77avEx (FEK)
N. oguraensis (Kumamoto Univ.)

Bl 1 b A=ayRx (R, HRM) LZOMaymxE40ErEOKEE &38R EHYOREEC OV T,

FK2EBH, GEPOERRII3cm.

Fig.1. Emergent leaves of Nuphar subintegerrima sensu lato and other four Nuphar taxa. The source of each Nuphar taxon are
shown in Table 2. The scale bars in the photo correspond to 3 cm.
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FRM (BREAIET) Az vRx (R3) HSEERED S HFEIES

EAavkx (RFF, FRM) BIOAF LIZFEEEY4
DEREOK TR, 2 DNAHIMEE T20C TR L. 4
SERE L DICER D ERP DRESNTOK EE3Y T
D& DNAMHAY e Lk, 4K EH30 mg 2%
K283 F THFE L, DNeasy Plant Mini Kit (QIAGEN, Hilden,
Germany) % i\ T4 DNA % i {l L 7z %, GENECLEAN
SPIN KIT (MP Biomedicals, CA, USA) Z AW THER L, 1
B 724 DNA Z## & LT, PCRIEIC X DHXITS B L OV
FERMAS trnL—ornF 184S FIRIGEE (DARE, TERRA onl/F) OFEIR
I% TaKaRa Ex Taq (Takara Bio Inc., Kusatsu, Shiga, Japan) 7"
v b a— Ut oTo, ZITS 3 L OZERKER ornl/F 2 ¥R 5 5
CEDTEDLZZ=ANA—YNT T, w— (7 T4 ~— MR
FE0.2 uM) % JHVY, 20 pl @ PCR SR 28 LTz, #1TS 13,
Forward 7 7 A < — :5 -GACGTCGCGAGAAGTTCATT-3’,
Reverse 7 7 A ~ — :5-GTAAGTTTCTCTTCCTCCGC-3’
(Long et al., 2004), ZEHEIA trnL/F 1% Forward 75 A ~— 5
-CGAAATCGGTAGACGCTACG-3’, Reverse: 7 7 A ~ —5’
-ATTTGAACTGGTGACACGAG-3 (Taberlet et al., 1991) %
Wiz, PCR XL DNA H—~< /v 4 7 7 — (GeneAmp
PCR System 9700, Applied Biosystems, Beverly, MA, USA) %
HAWT, MR BEM94°C, 24y 2 1m], BVEME94C, 15
B, 7T=—92760C, 300, MERIGSTC, 153214
I N ELT30HA 7 AT, BRITHEE68C, 75 %1
[ DG Tl o 72, PCR EEMIF2.0% 7 1 v — R 7 VBRI
& (1X TBE, 100V, 304 [f) THIME % ff 78 1%, QlAquick
PCR Purification Kit (QIAGEN) ZHW THHR L7z, DNA ¥ —
7 x v A i1 Bigdye Terminator v 3.1 Cycle Sequencing Kit
(Applied Biosystems) Z FH\, #ZITS I PCR#§IEH 7 7 1 ~—,
FELLIR trnL/F X PCR ¥l FH @ Forward 77 4 = —8B LA
flLicy—2 22774 ~— (Forward 77 A ~—:5
-GGTTCAAGTCCCTCTATCCC-3’, Reverse 7 7 A ~ —:5
-GGGGATAGAGGGACTTGAAC-3") %MW T, 3500 Genetic
Analyzer System (Applied Biosystems) 7' v k =2 — /L{ZfEW
FA VY b= 2 AETHBEHOELE S 2 RE L.
RGE S VT WHEIEK O DNA E2511E DDBJ (DNA DATA BANK
of JAPAN) 2B, 77y v a v FEELRGLE (K3,
4), P SN HEELSIE MEGAT (Kumar et al., 2016) %
T DNA £R1% fH L, Tamura 3-parameter model (Tamura,
1992) 12X > TRLRMB EME L (M2). £k, JHM
DIFFEMENE, S00E#E VK LICE D7 — MR N T v THHTIC
Ko TR L7z,

BERELVER

b xavkx (K5, KM OEFRITILINE S S HRIP
BT, SCEk GEE, 2015) IZEEichTwadYyrase 2tz
URARDEFHORE L —F L, EFELMAE LD A2

27

THRFR (B LIEHLMICRE STV (1, KD, F
To, BHELEFEICOWTY, B XavRx (&5, K
) (EEHK85~162 cm, ¥ HIFS.0~119m) &, ik (&
B, 2015) ICEEH SN TWAY A aszeravrx EHE
10~30 cm, ZEHMET~20 cm) & —# L, WoREEE L bIcHER
T, PPN R TV,

Exaurx (B2, FRH) Litho vk B4 HEE
DI%ITS 13788~794 bp @ DNA LA AP E T&, HEEWR
D8EEFT, A E I RED 4@ TRERR S e (3R3). b
Aavkx (B, FEM-1,2,3) OKITSIE, 2 7HR*
(BBEEAR -2) L—F Lz, UL, bAravRx (P &
Fi-1,2,3) (DNA A&7 © 319% B), A1 =27k 2=
AR (JEK-1,2,3) (DNA ZAUE&ERT : 5128 H), = UK
F (HEEEK -1,3, BEK-1,2,3) (DNA ZAUGET : 749% H)
BLOA T Zavrx (EK-1,2,3) (DNA ZBEHT @ 99,
114, 162, 176, 241, 512, 519-526, 542-545, 581, 7703 H) & D
Mz, HAER, HAZERRBBD N, —J7, R
& trnL/F 131,048~1,059 bp @ DNA EEHI 3 RE TE, HILE
B3 AtE Fr, A E T IZ KR 24 T CHRERR S iz (4.
b Aayhgx (JBF%, FRM-1,2,3) 1%, BAravrx (B
#, EHR-), YMarerayrx (BK-1,2,3) BX
Cayrx (BEHEK-1,2,3, fL-1,2,3) E—FlLk, L
22U, bAIURR (BRFE, EAIW-2,3) (DNA ZAIEHHT
303-305, 312-314, 347, 348-351, 352, 388, 407-412, 9773 H) B
YOA 7 T7avrx (BEK-1,2,3) (DNA ZHIEFT : 303-
305, 347, 352, 373-378, 401, 9203 H) & ORlc, A,
FRAETIREPBED DI (L), ZOXSICERDFET
HHITH D ST, BITS & ELRE tml/F 123558 DR 5
BRDONIZDE, B Aavrx (BF) FavEx, £
Favkx, e AayRx (feg) OEHEMELERLE TS
RN DD LV O HE (B - A, 2005) 23T 5b
DThHoTe. Frio, avrx (FEK-2) 1%, BITS LE
FRAK onL/F i e A a v Rz (R, R &—H L.
ayRp L Aaykx (R 1%, WO KN
RERICHR AR D Y (FHE, 1994), HARMRELEEZ b5
BEEbHEINTND (FE - A, 2005, =vFrx (B
WA -1, 2,3) 1, 19934F4 A I HURERSE A AR R 2> © IR AN K
BARZMER AR EICEA Sh, FRERAOSBE» D a7 RS
ELTHRERESNTERE, L2, aukxs (BBIHEK-2)
IIEEITS & 3EAR ol /F i b A 2wk (A5, FRM)
LBz L, HHEMICHB TERProlct A3 YR
2 (UR78), b UL<IIZITS & FERE onl/F T B X 270K
F (RF, HRM) & T 2O B RO R[N S
Z DT, RHFIED KL 912, £ DNA 8 L O IER/AK DNA %
KPP O MRHT L7272 ik, 3R (3K -2) 23,
FEREAICERBI CE R ofcb AU kx (RF) 7e0n, H
SRR DD EWET D Z LIXTE ARV, 2Dk, Zof
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R RIS D IO AT R A 10370y, b LRkt 7o (#3). F£7e, b Aavsx (B, =HR) X, ERE
S o O T BRI IR R S B L 72 5T D trnL/F C2oDNTa Z A TRERTERZ LD, FETH

Ay AR (R, FRUM) EEZITS B LOERME 1302 < 0254 (b LIERRD28) H52 L3P
trnL/F JICHEFNINERENBD b2 o7, LiL, [F—f# L7 o7 (Ff4) RD B DIRNTTE - o T DRI TRV,
BB TH-oTH, avdx (BEKR) 20T, B bXravdx (B3, X)) 3ZITS B L OERME rmL/F
ITS T2OoDNTm B A TRERTE I L biEHEIcy HRICEMNERPRD GNRPoTZZ L0 D, FANCHFKH
2 EB2EM (L LT RARD20E) HDZ LBRHLN LR TEASHIAERERR— DBEHIRIE Th - 72 2 & 2RI

K3, B AAURR (BFE, BRM) LZOMm=T RREAFHREOR TS O DNA 2RI
Table 3. Comparison of DNA polymorphisms in the Nuclear ITS region in Nuphar subintegerrima sensu lato and other four Nuphar taxa
weie " DDBI 77t vy 2 v &5 DNA %R
Nucleotide position”
99 114 162 176 241 319 512 519-526  542-545 581 749 770

)

Abbrevation "’ DDBJ accession no.

b Aaygx (L, FRM-1,2,3)

N. subintegerrima sensu lato (Benten-ike-1, 2, 3) LC512889 T T ¢ T A T o o GTGG o G G
b A aydx ($keg, #A -1

. . = . ' . LC512891 * * * * * C — — * — * *
N. subintegerrima sensu stricto (Dachibokubora-1)
b xayRg ($RE, EHIF-2,3)

. . . . LC512892 * * * * * C — — * — * *
N. subintegerrima sensu stricto (Dachibokubora-2, 3)
FAareravrr (BK-1,2,3)

. LC512890 * * * * * * C — * — * *
N. saikokuensis (Kumamoto Univ-1, 2, 3.)
RF (EHEK -
N. japonica (Showa Pharm. Univ.-2)
R (B3 -
SO QR LC512895 I * A
N. japonica (Showa Pharm. Univ.-1, 3)
ayhx (BEK-1,2,3) 512896 . . . . R . o . A
N. japonica (Kumamoto Univ.-1, 2, 3)
Fr77avkRx (BBK-1,2,3) CACCC
LC512 T * - T *

N. oguraensis (Kumamoto Univ.-1, 2, 3) 512893 ¢ ¢ ¢ G ¢ ACC ¢

1) BEFEIE, o2& 2. 2) DNA ZAUEFTIL, PCR BRI D 7' 7 A ~ — & & 725 R b OIS Kb [ 13RKR, 1) 13 LB O 2 27k % (K3, HKiM)
L Fl— DR

1) Details for the abbreviation are shown in Table 2. 2) Variation sites are shown as nucleotide positions from the 5" end of the PCR-amplified region without forward primer sequence.
Dashes (-) denote alignment gaps. Asterisks (*) indicate nucleotides identical to those in the top row.

K4 vravsx (RF, PR L2OMa T RREIDFEREOIERKMAE traL-trnF AR RIFIRO DNA 28 Lk
Table 4. Comparison of DNA polymorphisms in the Chloroplast #rnL-trnF intergenic spacer region in Nuphar subintegerrima sensu lato and other four
Nuphar taxa

weie DDBI 7 7% v ¥ a V&R DNA ZRIfE5T "
. Lo

Nucleotide position

303-305 312-314 347 348-351 352 373-378 388 401 407-412 920 977

)

Abbrevation "’ DDBJ accession no.

b AayEx (L, FRM-1,2,3)

N. subintegerrima sensu lato (Benten-ike-1, 2, 3) LCs12897 o o A TATT A ATATAT A A - G T
SR
b xayRg (R, EEIE-1) 512899 N N N B N N N N _ N N
N. subintegerrima sensu stricto (Dachibokubora-1)
EX20t (@ BAW-2,3) LC512900 TTA ATA — — — * T * TTATAT * C
N. subintegerrima sensu stricto (Dachibokubora-2, 3)
PAareravrr (BK-1,2,3)
: LC512898 — — * * * * * * - * %
N. saikokuensis (Kumamoto Univ.-1, 2, 3)
IR N
SRR (FEA -2) LCs12902 e
N. japonica (Showa Pharm. Univ.-2)
R (IE3EA -
avFRr (FHX-1,3) LC512903 % * % * % * * *
N. japonica (Showa Pharm. Univ.-1, 3)
E——
avaE (EA-1,2,3) Les1a00s B L,
N. japonica (Kumamoto Univ.-1, 2, 3)
F7FavmE (FEK-1,2,3) L5191 A,
N. oguraensis (Kumamoto Univ.-1, 2, 3)
1) BER0VE, 2% 200, 2) DNA ZAUEFTE, PCR HIMEHEINGD 77 A ~ — & & E RS RKiih O OFEFEE. PO T— ] 1TRE, [+ 138 EE O 2 2y kR (K, R

L Al— DM
1) Details for the abbreviation are shown in Table 2. 2) Variation sites are shown as nucleotide positions from the 5" end of the PCR-amplified region without forward primer sequence.
Dashes (-) denote alignment gaps. Asterisks (*) indicate nucleotides identical to those in the top row.
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FRM (BREAIET) Az vRx (R3) HSEERED S HFEIES

61

64

b
0.001

eXxa9k®x (BKH, FXi-1, 2, 3) N subintegerrima sensu /ato (Benten-ike-1, 2, 3)

YA av etk (BBK-1, 2, 3) N saikokuensis (Kumamoto Univ.-1, 2, 3)

ARk (Bk%F, EBR-1) N subintegerrima sensu stricto (Dachibokubora-1)

ek (Bk&E, ERBR-2, 3) N subintegerrima sensu stricto (Dachibokubora-2, 3)

arykr (BEKXK-1, 3) N _Jjaponica (Showa Pharm. Univ.-1, 3)

aARR (BEK-1, 2, 3) N Japonica (Kumamoto Univ.-1, 2, 3)

ok (BEK-2) N Jjaponica (Showa Pharm. Univ.-2)

FT5aokRxr (BBK-1, 2, 3) N oguraensis (Kumamoto Univ.-1, 2, 3)

X 2. BZITS &ZERRAK trnL-trnF R T FIEIKIC X - TRBE I NI 2 U SR BESO B ORARME. Lo
500 DT — kAR v 750% LD b D, Mo Ry — VR EEHRN A R, Koy RxBOEROERR X

UL, F2E2ZH.

Fig.2. Maximum-likelihood tree of the five Nuphar taxa based on the combined analysis of Nuclear ITS and Chloroplast
trnL-trnF intergenic spacer regions. Numbers on the branches indicate the percentages of bootstrap probability based on 500

replicates; only values exceeding 50% are shown. The scale bar indicates 0.001 substitutions per site. Details for source and

abbreviation of each Nuphar taxon are shown in Table 2.

TOHRERL R o0z, 5%, EAavRx (K#E, FERH)
DHEMNEROFEICONT, J o FAEE R LT L
TV TPETH D,

K2 ITS & ZERRAK trnl/F O DNA Fi5 2 &% T, fho=
UARRE L O TR S DAN ZH B3R S hict 77 ay kR
F (JEKR) #2707 b A—7L LTRERMB ZHELE LT
(2), B Aavkx (hFF, FRM-1,2,3) X, eAay
AER (BRFE, EHIA-1,2,3) OV FAZ—IZEEENRD -
Teo FElz, BAaURFR (RFE, FRM-1,2,3) 1% EITS
B L OLERK trmL/F T3 7R x (BEK -2) & —FK L,
Zooa v Ax (BHEK-1,3, BBA-1,2,3) [XoTE
REINTer T AL —ZZEENR P oTe, TDe, HERN
ICHEBICE R oTce AUk g (B3 b U< Ik H AR
EoREEDOH S a vk (BHEK-2) k<L, A
avRx (JBF%, FRM-1,2,3) TV arerxavrx (B
K-1,2,3) LR LEBTHo, LEB-T, ALEEK
HHFE L 5T RFENRIT D, B xavRx (K%, #
K -1,2,3) EHAarseravix tRAETE .

ReNSBONEICHT 5125

AEEREE, K EIEOTRARM (EH, 2015) BI04
TR FHIRNT S FEHTE A D 2 a vk (k) T
<, HEHEUEICIES AT 54 278 A a Uk
I ERES NIz, BEAL Y KU A 82017 (EREE, 2017)
Tl A U ARRITHEGEE T EE R->TNWD R, F1 2
JeXavRREREIn TRy, L, thoa vk

29

XE (A7 T avrx, A¥avEFR N pumila (Timm) DC.
var. ozeensis H. Hara, > 7 27 7R % N. submersa Shiga et
Kadono, A" 27k N. pumila (Timm) DC. var. pumila, t
AayRR) FREE LY KU R R2017 GRBEE, 2017) 12
FRE S, YA a7 b A v RREEER G B R
i, 2015) TIHMERERMEICIEE SN TV D, Relf#i 21T -
TW5 L TESTELRM RS LTWDAYIE, HikER
DOFEDPHEDE NS D] LEH - BEHRICHFLTLES 2 L
BD, HENIT, RENSBMOMIKESGECHDIEDL, e
IEBIOEE-S1F, IEFOETFN— 3 VHERFC O R 55
Livevy, Lo, R G CESRAMILTnWE A a2
t A AU RRDREIFMEARFEIZTT, aUFXBOEET
HITEHITHEL TWD, AFEICBNTHEZRAATND
EREEDS, HMEHGEE Tk <, s LA IC A < 3F6
TEIA a7 A FEFTHo THRIEmEHEEE LT
KZLRIEFITERERNZ L THD,

POT, v arerayhipride Aavrxr (L) &
LTS T&iznr GEHE - A5, 2005), 20154R (20T
FRICe o Te 2 EBHEZ TS (Shiga and Kadono, 2015 ;
HHE, 2015). L7choT, REENBHIE S I22017TF DB
BT, AEARFHIE AU AR (BF) Ao Aasexa
URRICEESRRL TREWT R ofz, LL, AFHiC
SN L TWIZBFSE#H O ST R R 2R N THEA MEES h
ROVEFE0IMEETHRESN T LE -T2, AFEEIISML
st & LT, BB TARBEERBEOBFEE 21TV, &
U AT JEIC BT D IR 2 kR R E D 2 L DL
PEEZFRH Lz, =612, EH (191 HIEELTNWDS L9

iZ=
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I, FHERT LRI REYTEDO S FFITTE 3 ATHEZ X
N, Rt & LIZEYOFTERIIUER 2 RE LTS
ZLLBETHD.

# OB

ABFZEN, TR ORERENE B S— b —v 7
AR DIEFO—BRE LT b D ThDH, REFFRB X
CHH R 2550 ST A TSR EERR 0 ZBAR & 21 /12 ket
BLUET. AW, NEROEES S5k - RELeFE)
DR T Tz, IERHFEAROE 2 avhx () 122
WL, BRI O (BRETHE (%) Ha825, Fk
304E10A26H) 15T, IR ERILALS A SRBREERE H AR/ %R
SEHBENVD L LB LT, BEA KB ER O R RIMEAR
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