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ABSTRACT: The Polygonum amphibium complex (Poygonaceae) is a highly polymorphic taxon that can grow in
aquatic environments as well as in moist terrestrial habitats. Aquatic and terrestrial plants of the P. amphibium
complex vary significantly in morphology and exhibit very complicated patterns of morphological variation,
resulting in the description of numerous infra-specific taxa. Principal components analysis of 107 individuals of
the P. amphibium complex from Asia and North America using 11 morphological characters showed that the
aquatic plants can be discerned from the terrestrial plants by leaf size, shape, and petiole length. In contrast, both
aquatic and terrestrial plants collected from the same population or locality shared identical sequences in the
matK, psbA-trnH 1GS, rbcL-accD 1GS and trnL-trnF regions of the chloroplast DNA (cpDNA), suggesting that
aquatic and terrestrial forms of the P. amphibium complex are not genetically diverged; morphological differ-
ences between the two forms are probably due to the differences in environmental conditions of the habitats. In
addition, results from the morphological analysis and the maximum parsimony analysis of the cpDNA data set
revealed that the plants from Asia including Korea, Japan, China, Mongolia and Russia Far East are diverged
from those in North America and Europe, suggesting that the Asian populations should be recognized as a dis-
tinct variety, P. amphibium var. amurense Korsh.

Keywords: Polygonum amphibium complex, Polygonaceae, chloroplast DNA sequences, principal components
analysis, phylogenetic analysis
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TEHE Ao Z Yguth 28y, Y AT B Y A9 A-E Y SAY NAES 9

7 f

e

A DNA 470 FZmatK, psbA-trnH 1GS, rbcL-aceD 1GS, trul-trnF)olA $+43] Fd 3t
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o Feha ol MAA B wE AA Welal
Fme AT A, @7, B, FF, 2

‘]
HAok A9 Fol BESHE chAol AAEL Hn)

A9 HAE B FH Gk RA S FEjA, FAHeR Felo] FEEE Ao Yeion, uetd &

WA AAES THAE oMot AN AAEL P

Korsh) 2.2 Q143h= 2] B33 Z1o= Arte)

FRO: =¥ T, viH &3, =4 DNA 9714 <€,

=¥ (Polygonum amphibium L)< VIHES o] ¥4
[Polygonum L. sect. Persicaria (Mill.) Meisn.]oll &381= 57
TOoR Hu] goprlof, f1 & HRERY] ZielA o}t
o Aol 2 Faap, wr|, WAE W golre)g) &
A= A FiEo] A gl Aew dHA vk
(Maire, 1961; Mitchell and Dean, 1978; Webb, 1993; Partridge,
2001; Li et al,, 2003). ¥ T2 F2 5, 35, A%}, 7L
FA T F717F B2 3ol A2lshe, dbee] Ae TR
G54 TAE THOE e BT A9 Ak v
FA T AFA e B Ay Aol AgtA o FiE
al= 7 o7 Bawo] QITHW. T. Lee, 1996; Y. J. Lee, 1996;
Lee, 2006; Park and Hong, 2007).

2 T2 FHA AE AES 2AR Linnaeus (1753)
of &l Hx= 7=, thdd 2Ho® FA e
FAstE F4, do= 7IAY B ek AsH,
el ZR7F whdslA] o= B (ocrea), BILA] AL
A ehs a7dsA Bk 3hA, 29sks s a9,
Ed, i 4 3}lu]e] %ol epidermal cavity’| T3] oF
=54 ol a) oA ) ThE BREEY TR
(Kwak, 2001; Li et al., 2003; Hinds and Freeman, 2005).

=017 ARl whet wie Habsh okte] FEf wio]
E el Aoz 44 thMitchell, 1968, 1971a, b,
1976; Mitchell and Dean, 1978; Partridge, 2001). 2]&412] o
F2o] &5 FAA ASshs 783 (aquatic form)y 2
A AAZE AL FRola, Slo] FL FEHE WA
eheldoln], G oFst ol e EF WA dFola,
PA = oFgt Ao, o] AA Wdehs SH =
UeRdith, ¥, E718] 2 Hs FAHEE gellx] ASst
= S48 (terrestrial form)S 2l&EA)|el Ho| @1, ¢lo] A3,
A WA F2 dFolm, JAle ofF &

Mitchell and Dean 1978; Partridge, 2001). B=3F S| 9} =8F
73] ALY Bl 27k 22 A elA ASstAY 4
T e o] Moyt vhH = el A e
MAES A5, 7 B8P S 545 = HE
7]1% 3} (Partridge, 2001).

kA, Bo4H FX P amphibium complex)Xll 3= &
FrES 71 B5FE0A Uehds Fe Wolol &
7oy 71 A= o] gkt}(Standford, 1925a, b; Mitchell and
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Dean, 1978). 915 &9 594t P amphibium 252 7%
Moench (1777)= el €o] 3la1, o] A2 glow, &}
8] et e ¥Rl S8 JNAISES P amphibium var.
terrestre Moench@, ol ©o] ¢la, fAwo] 4o, 3149
Fe7) ol &Rl =AY MNANES P amphibium var. natans
Moench® 7|3t v} QJth(Table 1). =38t F0] tfEo AL
st B Tl Sk A=< 49 Michaux (1803)
= o] W I3 Yol shA ] FEr) ek @] &
A 2EE P amphibium var. emersum Michx. 2, 0]
W BRl o)1 A9 ez dE) F8E AES P
amphibium var. natans Michx. (non Moench, 1777)Z <1213}
SATH Table 1).

Willdenow (1809)% &Hm]oll FE3h= & F3wkel &3t
= AES 4O P amphibium®} 723101 A2 21 P
coccineun Muhl. ex Willd.Z gslal, Hojol] EXsh= 4=
S P coccineum var. aquaticum Willd.Z, S-S P
coccineum var. terrestre Willd.Z 2|5} tH(Table 1). ©] &
=71, &, B9 2 A9 FH, 4 dol, 949 +x
ot 5ol Wt P ohartwrightii A. Gray, P amphibium var.
stipulaceum N. Coleman & = Tl o= WS 57
T50] HuloA] 7] A= S tH(Gray, 1873; Coleman, 1874,
Standford, 1925a, b). $FH, Mitchell and Dean (1978)= 51|
AR TR AEe A A A3 Mitchell, 1968,
1971a, b, 19765 AR, B1] FYol EEs= & F3vt
XES P amphibium var. amphibium, var. stipulaceum, var.
emersum®| 3WME O F A SHHA, Hvlol|l P amphibium
var. amphibium®| AJ53H= A 02 124815 tH(Table 1).

ofrlofe) B B FH T 21E2] A9, Forbes and
Hemsley (1891)= =72} ol ©o| Wil 47} gk 54
< Z2H= T AbselA XS Y ANAE P amphibium
var. vestitum Hemsl.Z 7| At v} Q1 O} W. T. Lee (1996)2}F
Li et al. (2003) & 572 P amphibium®] ©]78 0%
2|3} tH(Table 1). %3, Korshinsky (1892)i= Ao} o
2ojA A glo] eRdolar, A7 2E Ao,
g7t 2 o] B AR EAE 2= 78F A
ol ZASI P amphibium var. amurense KorshZ 7] #1315
t}. Nieuwland (1912y= P amphibium var. amurense’} A3
FAE O, A A WA ke o] A JAE =
E4e o] F§ W w|=ol FESH= P amphibium¥}
FHlo] FEEt wdste], 2 ERTS S5HEY T



36 Gao Yagian, Gauri Shankar Bhandari, Jin Hee Park and Chong-Wook Park

Table 1. Taxa of the Polygonum amphibium complex recognized in Europe, Asia, and North America by various authors.

Komarov (1936),
Linnaeus Moench Michaux Willdenow Forbes and Korshinsky Nieuwland Hara Mitchell and  W. T. Lee (1996), Resion
(1753) (1777) (1803) (1809)  Hemsley (1891)  (1892) (1912) (1952) Dean (1978)  Lietal. (2003), &
Yonekura (2006)
P. amphibium - - - P. amphibium P amphibium  Persicaria Persicaria P amphibium P amphibium/
var. amphibium  var. amphibium amphibia  amphibia var. amphibium  Persicaria
var. amphibia amphibia
P. amphibium - P. amphibium Europe
var. natans var. aquaticum
P. amphibium - P. amphibium
var. terrestre var. ferrestre
- - - P amphibium  Persicaria Persicaria
var. amurense amurensis amphibia
var. amurensis Asia
- - - P. amphibium -
var. vestitum
- - - P amphibium
var. amphibium
- P, amphibium P. coccineum - - - -
var. natans  var. aquaticum North
America

- P amphibium P. coccineum -
var. emersum Vvar. terrestre

P amphibium

var. stipulaceum

P. amphibium -
var. emersum

[Persicaria amurensis (Korsh.) Nieuwl. |22 <123} th
(Table 1). 184} £ EF2 Ao w2l Nieuwland
(1912)°] A= Se FO2 X ArH(Voroshilov, 1966),
Polygonum amphibium 5= Persicaria amphibia (L.) A. Gray
°] WF(Hara, 1952) =2 o5 0= 14317 gt}
(Hultén, 1971; Sojik, 1974). 38, A¥- 3+ (Komarov,
1936; W. T. Lee, 1996; Li et al., 2003, Yonekura, 2006 =
] e Wol7t P amphibium®] ¥o] Zoll LT
3 HBsted olE P amphibium Y= Persicaria amphibia®)
olgom Aeld b glof, ¥ EFe 74 B
Rk opue} sIEE EEHSE ofAlopt EolH FHT A
£ ek AL e Ao|thTable 1).

olelgh Eoj¥ Tl FAH = EFRTH A
A& dlidatr] Sl duPdA] A R &
A HHAQ A3t ARE M EApAEE A 94
(DNA 97144 2H8) 55 AEate, ¥ TG 24 &7
T 0 ASYY A, LR X9 fAH 8] A
= Jg3)] ghs|= Zlo] Aaslt} 9, Kwak (2001) 2
Kim and Donoghue (2008a, b)= It &4 oj¥] o] that
EAAEEA A5 Fasto] 2o4¥= ¥ EY] vE
ERosd ¢ds] 27180 54 AEd A 2
= 2l 45 BRl Bl QLo 2 FRdel] oisk iAl
ol o] AR BAAIE S A= ok o] Fo X nt
k.

A, B Aol A= SHHEE X3S ofAJof, Hu|,
Y 5 kst (el Exshs By T MATS

o2 =3 DNA (cpDNA) maiK, psbA-tmH 1GS,
rbcL-aceD 1GS 2 rnl-trmF T3HS] 47144 &4
Bato], 2 TN UEhs SAY Y e
2] o] s Fetstar, A9 7] FEA,
A4 77 AEE weiY, olE 27R bk Rxst
2 S ANAEY E7EA AAE getstaat st

o,

32

Mz 3 ey

AR: 2 Aol 1998d5E 2011 Aleolof] = 7t
A g gAajokg-a]), L&, T, vla SAA A s
WA = (Table 2)7 Aoty AJwE e A EE2Y
(SNU)o| 2=e] Q= B, 18] ofFtsty &
(AJU), ] - ofA ik A4 EEIH(WTFRC), 5=
gkl HAAEAT A BEIHPE) S ZHE djojuke i
5 AR AFEEIQITE B AT 717 Fof AR A
T AYREoR AFste] AEoigtn AW A AE
FEEISNUpel S5iE 07 233180t

DNA 242 A7) 713F 5 A=t 24l A st 1271
At BAAGER 1870, S8 1570A), LAt 270
At WA EGAE 204, FAF 1A, S=AE A G
Y, S=AF UIAT 270 GEE IA], 5283 170A),
Alort RAE 20A (BB AL, SA8F 1A,
vk 7N BAAIGAE A, S8 1271A)sE 9
= Kew 2 EAK)S Fa st G=2F VA& )2
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Table 2. Collection data for 26 populations of the Polygonum amphibium complex and two outgroup species used in this study.

Accession no.

Voucher information

P. amphibium complex

Asia
KORO1
KORO02-05
KORO06-09

KOR10

KORI1, 12
KORI13-15
KOR16-18
KOR19-24

KOR25-29
KOR30, 31
KOR32
KOR33
MONO1, 02
JAPO1
JAPO02, 03
CHNO1
RUSO1, 02
North America
USAO01, 02
USAO03
USAO04, 05
USAO06, 07
USAO08, 09
USA10, 11
USAI2

USAI13
Europe
ENGO1
Outgroup
P, lapathifolium
OUTI
P. hydropiper
OUT2

Korea. Gyeongnam, Gumi-shi, Changlim-ri, 23 Dec 2004, Kim 1000 (A) (SNU).

Korea. Gyeongnam, Changnyeong-gun, Sibiriji, 13 Oct 2010, Gao & Park 2101 (A), 2102 (A), 2202 (T), 2204 (A) (SNU).
Korea. Gyeongnam, Changnyeong-gun, Jangcheokji, 15 Aug 2010, Park & Shankar 121 (T), 128 (A), 132 (A), 136 (A)
(SNU).

Korea. Gyeongnam, Changnyeong-gun, Upo Swamp, 13 Aug 1999, Kwak 314 (A) (SNU).

Korea. Gyeongnam, Changnyeong-gun, Upo Swamp, 25 Jun 2009, Gao & Jeon 201-1 (T), 201-4 (T) (SNU).

Korea. Gyeongbuk, Yeongcheon-gun, Bonchonji, 13 Oct 2010, Gao & Park 3101 (A), 3202 (A), 3301 (A) (SNU).

Korea. Gyeongbuk, Yeongcheon-gun, Yusangji, 21 Sep 2008, Gao 7105 (A), 7116 (A), 7120 (T) (SNU).

Korea. Gyeongbuk, Chilgok-gun, Namgyeji, 13 Oct 2010, Gao & Park 4102 (A), 4107 (A), 4208 (T), 4210 (T), 4302 (T),
4304 (T) (SNU).

Korea. Gyeongbuk, Yeongdeok-gun, Daepo Swamp, 17 Jun 2009, Gao & Jeon 201-205 (T) (SNU).
Korea. Daegu. Dong-gu, Gasanji, 14 Aug 2010, Park & Shankar 101 (A), 104 (T) (SNU).

Korea. Daegu. Dalseong-gun, Songsan Bridge, 15 Oct 2009, Lee 1305 (A) (NIBR).

Korea. Incheon-shi, Ganghwa-gun, Giljeong-cheon, 24 Jul 2007, Ryu 0806048 (A) (AJU).

Mongolia. Dornod, 31 May 2009, Kim et al. 27874 (T), 27945 (A) (WTFRC).

Japan. Hokkaido, Nemuro-shi, 15 Sep 2007, Na J2007-73-1 (A) (AJU).

Japan. Hokkaido, Toyotomi-cho, 9 Aug 2011, Park et al. 2011-1 (T), 2011-2 (A) (SNU).

China. Jilin, 28 Jul 2007, Choi 40980 (A) (AJU).

Russia. Primorsky, Aleksey-Nikolshoye Village, 28 Aug 2011, Gorovoy & Doudkin 1 (A), 2 (T) (SNU).

U.S.A. New York, Tompkins Co., Jenning’s Pond, 14 Aug 2010, Oh 5392 (T), 5393 (T) (SNU).

U.S.A. New York, Tompkins Co., Jenning’s Pond, 12 Aug 1998, Park s. n. (T) (SNU).

U.S.A. New York, Tompkins Co., Ithaca, 19 Aug 2003, Park et al. 030819-12 (T), 13 (T) (SNU).

U.S.A. California, Lassen Co., Honey Lake, 12 Aug 2000, Park et al. 2000-08-143 (T), 153 (T) (SNU).

U.S.A. California, Solano Co., Lake Herman, 3 Jul 2010, Park & Park LH6 (T), LH7 (T) (SNU).

U.S.A. California, San Luis Obispo Co., Arroyo Grande Creek, 9 Aug 2000, Park et al. 2000-08-026 (T), 027 (T) (SNU).

U.S.A. California, Alameda Co., UC Botanical Garden at Berkeley, 7 Aug 2000, Park et al. 2000-08-053 (accession no.
83.0113) (T) (SNU).

U.S.A. California, Mono Co., Bridgeport, 11 Aug 2000, Park et al. 2000-08-019 (A) (SNU).

U.K. England, Somerset Co., King’s Sedgemoor near Moorlinch, 21 Jun 2000, Gowing 017 (Kew reference no. 10803) (T) (K).

Korea. Gyeonggi, Gapyeong-gun, Seolak-myeon, 1 Jul 1999, Kwak 99140 (SNU).

Korea. Incheon-shi, Ganghwa-gun, Kukhwa-ri, 30 Sep 1999, Kwak 99278 (SNU).

(A): aquatic form, (T): terrestrial form.

DNA A& 5 F 260041 55/0AFAE 5 2470A1, 548 SATHKwak, 2001; Kim and Donoghue, 2008a, b) (Table 2).
g % 317HZﬂ)J =07 TG NAE tdow st

%1 © ™ (Table 2), cpDNA marK A A G3F pshA- P £4: =ol¥ TG T2 FeHFA] BEe
trnH 1GS, rbeL-aceD 1GS 2 grnL-trnF 73 5 3 47 3¢ AT71ZF F AT AAET TS EET| A%bE o
9] A7 LS B35kt 9 (outgroup) LR = B Sl BES AMEStY] sl o, o2 H Yo A
FTAGT FADATE AL AoE g 4FEe] P 7 ‘§< S, 94 9 FA F=, e dol, B51e] ¥
hydropiper L.(1%) 2 P lapathifolium L.(Z37 Y& 73} Bl W F7], /9] A7, & N T T2 FHFAS dAHH
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Table 3. Characters used in morphological analyses of the Polygonum
amphibium complex.

Character (unit)
1. Leaf blade length (cm)

2. Leaf blade maximum width (cm)

3. Distance from leaf base to the widest leaf point (cm)
4. Leaf width at 1/5 point of the blade (cm)

5. Leaf width at 1/2 point of the blade (cm)

6. Leaf width at 4/5 point of the blade (cm)

7. Character 2/ Character 1

8. Character 4/ Character 5

9. Character 6/ Character 5

10. Character 3/ Character 1

11. Petiole length (cm)

Gk #, 9le] A7) 9 e, e dol &
°J 3 AAERE, SRl Wl 7t
FAZ QAAHo| gformg, 2 AFolA
TG FH) Wo] F2 Z gk
73k ofrJoRil A1 387‘4(5};’& 26
] %—TL)\ 44 01%)‘\1- 3751 iyl )\]- 2%4 aﬁ/\]o]_ 3%) u]
23‘;1’ %gy\} 4x4 o]i)\]- 2x4 EJ—)\]-
47\(;1’ g}/\]o]. 57(—1)_4. ﬁ‘u]/\]— /“Agzs:] 67(4 u] O}\gzsﬂ 257(—1 %—‘_
T 107489 RS ugoz o 7] W Feof
Sk 11719] 32 (Table 3)2 zﬂﬂoﬂ T4 —Erv‘i——.(prlnmpal
components analysis)= <~
SAS program (SAS Institute, 2011 Release 9.3y F&OPJ
A2 EZHEH correlation coefficients AlAkste] 415
Fasgic,
DNA E714Q 2A: & A7 olxs e o &
At 2670 S570A 2 2] 270 A 270 A (Table 2)E
02 cpDNA 471 TZFmatK, psbA-trnH 1GS, rbcL-

aceD 1GS @ #rnL-mF)Q] 97149S 2743510tk DNA 3
=5 A% AmzEE oks]elA A3t silica-gel® w55
AZAIR Q] T -70°Ce] WBE, Bk ols ARESIlT
DNA$] F%-2 DNeasy Plant Mini Kit (QIAGEN, Germany)
= AHgsiiew, 2E AYAES ¥ manval
(DNeasy Plant Handbook, 2012; QIAGEN, Germany)= 2}
T 7] WHe® FE3 DNAE F3o%
double strand PCR (Polymerase Chain Reaction)ys ©]-3-3}
cpDNA 47 FZt(matK, psbA-trnH 1GS, rbcL-accD 1GS 2!
trnL-trnFYye SZAF 0™, ZF cpDNA 77+ F3Fol| AR
%l PCR primer®} PCR F71-2 Table 4ol A|AI&FTE PCR
HES-2 0.6 mL microcentrifuge tubell ‘4% template DNA
10-50 ng, 10X PCR buffer (100 mM Tris-HCI, 15 mM MgCl,,
500 mM KCl, pH 8.3) 5 uL,2 mM dNTP 5 L, 10 uM forward
primer 1 uL, 10 pM reverse primer 1 pL, 7ag DNA polymerase

(Super-Therm DNA polymerase, Germany) 1 units 3713t

& SHTFE F FYE 50ul® 9o el on,
PE 2400 Thermal Cycler (Applied Biosystems, U.S.A.)YE A&
ST 558 7 7712] DNA+ exonuclease 1 5 units2}
shrimp alkahne phosphatase 2 unitss 37}k JASH &
(Werle et al., 1994), BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, U.S.A.y& A28 cyclic sequencing
S-S 435199 0| primers= PCRO) ARE-3t primers 1
2 ARE-3FSItH(Table 4). Sequencing -2 ¢t B& A
2742 ¥ 54 manual (BigDye Terminator v3.1 Cycle
Sequencing Kit Protocol, 2010; Applied Biosystems, U.S.A.yS
mel skl on, 1 Az Aozl AHES ethanol/sodium
acetate WS o] g3k A3 3, ABI PRISM 3730
Genetic Analyzer (Applied Biosystems, U.S.A)E ©|-23}
AR

E7NME B8 L AERA: 2713 pDNA 471 771
sequencing 2 ¥} Z F-E] Sequencher program (ver. 4.10.1;

Table 4. PCR and sequencing primers and PCR cycling conditions for four cpDNA regions examined. Stars (¥) represent primers used only

for sequencing.

Pre-denaturation Denaturation Annealing Extension Final extension
Region Primer Temperature Time Temperature Time Temperature Time Temperature Time Temperature Time
(°C) (min) (°C) (min) (°C) (sec) °C) (sec) (°C) (min)
trnK_670F
matK_193F"
matK - . 95 3 95 53 30 72 50 72 7
matK_479R
matK_1246R
psbA_ prA_F
ot 1GS umH R 95 3 95 53 30 72 50 72 7
rbel- rbeL_50F
. 95 3 95 53 30 72 45 72 7
accDIGS  acecD 79R
c
trnL-trnF 95 3 95 53 30 72 45 72 7

f

Korean Journal of Plant Taxonomy Vol. 43 No. 1 (2013)



Systematic study of the Polygonum amphibium complex 39

Gene Codes Corporation, U.S.A)S AFHE3Io] 2k G71A4
= 274sielon, 7k 717k 714 EE Clustal X program
(Thompson et al., 1997)y& o]g3t] 4E §F &, Ao
FHF 2dstt. JE%E cpDNA 471 F7ke] G71M4E A}
55 44 5953 0m dA AEAS A, 74 7k
7PH% 21 9] <=(number of variable sites)’} Zo] FE-3t 3l
AEE 9A Esiglon, webA olF ARE SHE
Fate] AT cpDNA 47 3 71MD FEAE
 5E| PAUP’ program (ver. 4.01b 10; Swofford, 2003)& A}
43to] A kA% <= (maximum parsimony tree)S AtE
3F%1 9™, ‘heuristic search’, ‘TBR’ branch swapping,
‘SIMPLE’ addition, ‘hold =10, ‘steepest descent’, ‘collapse
of zero branch lengths’, ‘MULPARS’, ‘equal weighting of all
characters’ %! ‘ACCTRAN’ options 2]-8-3}%it}. 4,
matK73}e] 37-45A 171 Afolel] EAsR= 9 bp 2o]9
indel B! 637-660 4] 7] Afole] EA3I= 24 bp A ]
9] indel, 22|13 trnL-trnF 73] 163-167T:1A] 7] Aolel]
EA8H= 5 bp 4o]9 indel simple gap coding W
(Simmons and Ochoterena, 2000)°. % codingd}o] #2935}
AL, ©]1$]9] indel> B A o] % el (missing character
state)= *]2]S}ITE. Bootstrap 2] (Felsenstein, 1985)
71 AZEA A AR 218 1UlE A-83510] heuristic
searchs 1,0008 HHE3lo] 343130} cpDNA 471 -3¢
SI2k5 o] 7|0 (nucleotide divergence)i= PAUP" program
9] “distance matrix’ optione ©]-&3F] AMETI O,
transition:transversion H]&-& 2:12 7193} two-parameter
method (Kimura, 1980)% A3},

24 o
1. 212 el Ho|

Eoly] TR ol A5 Al o] JHi=
Figs. 1, 20l AAIBIATE & F3de)] &sh= A& U
“goz £7]9] vit]el] sAstch dale] do|(3E =
FAFL 62-134cm, FAH2 49-19.5cm=, T
Hla S0 Ajror & £o WHolE Yehyitt
(Fig. 3). 9212 Z@&A 2, 4-6)°] ASo® $AE NAS
o] Y A vlsl] Aoz F %9 ®¥lolg 1
el o, B ofrjolo] B Y MAES 4
Aol HFEA 2)0] F 14emBA, HHo| Ff
42emQl H1] §A8F MAEe 8l 52 Aol U= A
o2 B FthFig. 3). 9419 dole| digt %2] &3
A 72 A, obrlol SAY MAES 0.1-0.29] W 3%k
< 7HAA 5o Y JiAES FEo]l FEEH T
(Fig. 3). 3, 48 /MAE2 T2 Fepdd o gals
7, S ARSI de] G4l e 2 =79
o) FElsk A1k o 7k UER A b= 10 R Aty
ATHFig. 3). FAFT AP 4] Felell A=
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2cm

A B c D E

Fig. 1. Representative leaves of the aquatic form of the Polygonum
amphibium complex in Asia (A-D) and North America (E). A:
Korea (Choi et al. 35320); B: Mongolia (Kim et al. 27495); C:
Russia (Gorovoy & Doudkin 6); D: Japan (Park et al. 2011-8); E:
U.S.A. (Park et al. 2000-08-023).
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Fig. 2. Representative leaves of the terrestrial form of the
Polygonum amphibium complex in Asia (A-D) and North America
(E-G). A: Korea (Gao & Jeon 205); B: Mongolia (Kim et al.
27874); C: Russia (Gorovoy & Doudkin 8); D: Japan (Park et al.
2011-1); E: US.A. (Park et al. 030820-3); F: U.S.A. (Park & Park
LHO03); G: U.S.A. (Park et al. 2000-08-025).

ztolg YERY, S A4S FE GRS oAF
= ARTolalFig. 2), TR A2 FF A A
O|th(Fig. 1). $HA, <] dol(@Z 11)= 0.8-5.8 cm= 7]
AZE, AR, BT Wo] Fo] aw, FAFo] SAY
of Hlal 71 Zow Vel A orE B AT
o] opAlo} MARTERTE 71 AFo] Sl FoE e
tHFig. 3).

2. 2455
B QoA Bol9 Tl tehb e o]
P A5 sfoks] 918 obalotsh HvlelA] A
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AS-A —e——— AS-A e—p—— AS-A ———— AS-A ————
NA-A - NA-A ——— NA-A —— NA-A —_—
AS-T ————e—(——— AST | —empm— AS-T —e——— AST | —ej——
NA-T e —— LT L e—— NA-T e —— NA-T L ———
0 10 20 0 4 0 5 10 0 2 4
Character 1 Character 2 Character 3 Character 4
AS-A ——— AS-A ~emf—— ASA = AS-A ———
NA-A -
NA-A - NA-A - NAA
AS-T | —emp— AS-T | —emp— AS-T —ej——
AST ————
NA-T NA-T NA-T —e—(——
NA-T ———
0 4 3 0 4 0.0 0.3 06 0.2 0.6 1.0
Character 5 Character 6 Character 7 Character 8

AS-A ————— AS-A —e—t—— AS-A ——t——

NA-A - NA-A ——— NA-A —_—

AS-T —ef— AS-T ——— AST| —e——

NA-T ———— NA-T —_— NAT | — e

0.5 1.0 15 01 04 07 0 4 8
Character 9 Character 10 Character 11

Fig. 3. Ranges, means and standard deviations for 11 morphological characters measured from 107 individuals of the Polygonum amphibium
complex. Means are indicated by vertical lines. Character numbers correspond to those in Table 3. AS-A: aquatic individuals from Asia; NA-
A: aquatic individuals from North America; AS-T: terrestrial individuals from Asia; NA-T: terrestrial individuals from North America.

TAEY Y 1071AE doz 7] T3
Ao A Aoz 117] A (Table 3) #2 AHE3t] T4
H/\i_o_ /\614 ]-031:]—

1 A, AL 372 FAEPC 1, 2, 3)°0] AA A
87.1%% Argshs A2 YepteH, U F42=
S 1 7]ojEo] Z+z; 549% o|atH(Table 5). FAI
1(PC1) xﬁﬂ AR 54.1%%5 s, iAol Hul%
F2 2), FHoZHE 1/5, 112, 4/5 AFA 2 0,3{ =3
2 4-6), QA1 ool dist HojZ%o vE@d 7) T
GAale] Z gl dA Felel Sy FHo] vuA i" 71
ol &2 UEhSItK(Table 5). T, F4E 2(PC2)= *zﬂ
AR 208%E Awatn, Al Hol(@FA 1)yt =
negative vectorgker, 941 AF-E0] vl&(34 8) Y ?3%«]
oA 11) 5°] %2 positive vectorat-s LFERA ST
TR 3(PC3) WA Ak 122%F EWEkd, 94l 8t

r-{m S

i

$E) B &@A ot Al ArjE] 94F ehl 3
A 100] 3 710182 RISt Table 5).

13 FARRAN T80l 1 e T 1 2
g How s 2 AASL IR A, B 4 of

Ao} 8l ‘:'UW TG AAEE T4 200 3o vl
FE gk A SA89 iAlE Y s eEgle.
U (Fig. 4), °l= 8% AMAIEe] S48 A Hot 4
Aok iAoz gL, Aal 7t evkehAl EoleH,
A9l Aol7k 21 Aol Aa= oJuIh(Table 5). 2H,
oprlob 8l it =AY S shuel HvE P48t
Ao, o5 Fuhel N2 eHA g Jlew

Table 5. Loadings of the first three principal components for 11
morphological characters from the analysis of 107 individuals of the
Polygonum amphibium complex. Character numbers correspond to
those in Table 3.

PC
Character no.
1 2 3
Cl 0.2239 —0.4763 0.0871
C2 0.3930 —0.0524 0.2168
C3 0.3054 -0.3576 —-0.2332
C4 0.3422 0.3080 0.0696
C5 0.3984 —0.0268 0.1687
C6 0.3819 0.0006 0.2946
C7 0.3256 0.3299 0.1533
C8 -0.1170 0.5276 —0.1009
C9 -0.2194 0.0610 0.5998
C10 0.2365 0.0706 —0.6063
Cl1 0.2380 0.3886 —-0.0999
Eigenvalue 5.95 2.29 1.34
Cumulative % 54.1 74.9 §7.1

of eigenvalues

UERTH(Fig. 4).

A, =, A, T, T2 B S EAlop Al 2
E&H= oprloil SAIE AAIES H1] 5 New YorkT
oM AFE AN AWAST A Bl sk YL 1k
= 7HAEA, UmA Seih S8 RS EE AT
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go- 0':
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o ﬁo«).o'. ° o o
s ® o &8
1 8
] ° OOO
[ ] % o) o
® o o
-2 ; . r : \
-2 -1 0 1 2 3 4

PC1 (54.1%)

Fig. 4. Ordination of 107 individuals of the Polygonum amphibium
complex along PC1 and PC2 from the principal components analysis
using 11 morphological characters (cf. Table 3). Some individuals
are hidden due to the same values. A = aquatic individual from
Asia; A = aquatic individual from North America; @ = terrestrial
individual from Asia; O = terrestrial individual from North America.

(Fig. 4). 773% 1= §A1 Z&FA 2, 4-6)% 941 Zole] o
g Hoi o] vj&(F4 7) 79 AR =& AAWAE
e = (Table 5), ol&] st Ayb= 7] 7iAlEe] U A|
Eulab S AAE vla] Al ol Fa, HAl 3
Bl7F A8 s F2 9P B3] 9l =5
o} s, YA Hujak SAY AAES Gl

2le] Fo] Wy, A Fert w5 933, elE uiH F
2 W8l Eo] SUTh(Fig. 2F, G).

-

3. &=x| DNA &7|Mg tHo|

HESA DNA #% A5 A7I4E §4: 2 Al
Aol =Zoi¥] T 550 E )R] P hydropiper 3 P
lapathifolium 270WA2] cpDNA marK, psbA-trnH 1GS, rbcL-
accD 1GS B rnL-trnF 73} 7IMES f-3st 2, o]
£ A7IY9e F 2984 bp= F A UK Table 6). A%

Table 6. Statistics for cpDNA data set used in this study.

cpDNA 47 17+ F-dAkE A 7Pl 9] 4=(number of
variable charactersyi= 1871910, ©] < informative character
o] 4= 167001 tk(Table 6). T3, Eoi7] w2 74|
b A7HOIES 0-0.4%, Eo1¥] SR 9rgte] 947)
HO&E 2.7-32% olglom, Y MAT == Y AY
i(GEu], ofAlopelA A E Eoly] T AP
FSAY NMAES T A7IAEE 2= Fo=w e
Z=

cpDNA marK, psbA-trnH 1GS, rbcL-accD 1GS %! trnL-trnF
T2 A7IMEE A uEEd ), B TR Uof
+ 671419 cpDNA haplotype (H1-H6)°] EAeH= A o2
215 FtH(Table 7). Haplotype HI-H3 = ¥ ZHthe] ofA]
ok TNAE A R, HI L34 2719} EE=At
AAE ALJet vp=] oprloit 7HAIE, H2E 24t 270
A, 718]al H32 F2Al 270 A elA dERta, o5 Al
haplotype> frnL-trnF 7-{FollA Aol 1 bp2] 171%]$ko
2 Z}z} S th(Table 7). 3HE, haplotype H4: H1] B4
New Yorkol|4] 25% 3 7HA(USA01-03) 2 Californiait
IRA(USA13)elIA, H5 = WA o] ZjAEelA vert
1, o]% % haplotype 10 bp2] 971Xk} 2719] indel]
2to]E YERHATH(Table 7). Haplotype H6< 2] =14t
IWA(ENGODeI A vrERH, ofAJoRil haplotype H1¥H=
5 bp2] 71X18+} 2709 indel, H2 2 H391= 6 bp2] %71
X2k} 2702 indelell &J&l 747t ¥ tH(Table 7). Bogt
haplotype H6:= 514} haplotype H49}= 6 bp] 713k
7} 3709] indel, H52H= 10 bp2] G718k} 4719] indelo]
ol&l| Z¥z}t FHEEth(Table 7).

AFTEA: 7] cpDNA 2714 d FHAZE PAUP
programs AFg-3t0] AlFEAgt A3 108 step] branch
lengths 2t 27112] HUWEHAIES(MP tree)s AS0H,
uninformative site= #1213k CI 72 0.972, RI a2 0.986°]
THFig. 5A, B). ©|& 7 HEoA S5 240w

cpDNA region
matK psbA-trnH 1GS rbcl-aceD 1GS trnL-trnF Combined

Sequence length (bp)

Ingroup 1183-1207 489-491 873-878 2759-2784

Outgroup 1183 371-374 503 855-857 2917-2918
Aligned length (bp) 1216 511 883 2984
No. of indels” 33 2 5 40
No. of coded indels 2 - 1 3
G + C ratio (%) 33.6-34.0 32.7-33.7 35.2-35.6 34.1-34.4 34.1-34.9
No. of variable characters’ 5 3 6 18
No. of parsimony 5 ) 6 16

informative characters”

“Ingroup only

Korean Journal of Plant Taxonomy Vol 43 No. 1 (2013)
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Table 7. Chloroplast DNA haplotypes found in the Polygonum amphibium complex in Asia, North America, and Europe. Accession
numbers correspond to those in Table 2. Dashes represent indels.

Variable nucleotide sites in alignment

. matK psbA- rbcl-accD trnl-trnF
. Accession trnH
Locality Haplotype
no. 0000000000000 O11 111112222 22222222222
0000000001136 _601 335590000 11222223347
3334444442573 686 5526 92377 5666666247 4
7890123457587 011 0191 05234 4956789356 1

Korea KORO1-33
Japan JAPO1

~ China  CHNOI Hi ;
Asia  Russia  RUS01-02

Japan JAP02-03 H2 -

Mongolia MONO01-02 H3 -
USAO01-03

North U.S.A. USAI3 H4 -
America USA04-05

U.S.A. USA06-12 HS5 - IGT AACG AAA-- €CG- - - - -
Europe U.K. ENGO1 H6 1

1= AATAAAAGATTCTTTTTGITCTTA (24-bp insertion/deletion in marK at base position 637-660).

A C —— KORO1

KOR02
. p————————— KOR03
Asia ————————— KOR04
[———————— KORO05

KORO6
KORO7
———__ ALY

North ——————— KOR09
America ——— KOR10
———————— KOR11

I Europe p————————— KOR12

——outt out2 ———— KOR13

— 1 change - KOR14
KOR15
KOR16
——————— KOR17

B ———— KOR18
———————— KOR19

—————————— KOR20
Asia 90 L KoR2t
KOR22
KOR23
——————— KOR24

I Europe [—— KOR25
- KOR26

North ————————— KOR27
America  KOR28
b KOR29

H1 | Asia

——ourt p—————————————— KOR30
— 1change our2 b KOR31

KOR32
———— KOR33
100 P RUS01
[—————— RUS02

CHNO1
P JAPO1
61 JAPO2

[
>
o
o
@

66 MONO1

=
o
=
oS
N

USAO1
USA02
USA03
USA13
USA04
USA0S
USA06

96

67

North

USA07 America
USA08
USAO09
USA10
USA11
USA12

ENGO1 1H6 | Europe
[———— OUT1
{ oUT2 - IOutgroup

100

H5

A NEEEEEEEECEEE ROOROORCOONOEEEEEEEEROOROOO00ORROO00OROROO0

Haplotype
Fig. 5. The two most parsimonious trees (A, B) and their strict consensus tree (C) obtained from the analysis of the cpDNA combined data
set. Accession numbers correspond to those in Table 2. Numbers above branches represent the bootstrap values above 50%. Haplotype
abbreviations (H1-H6) refer to Table 7. B = terrestrial form; [] = aquatic form.
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FrAFet topologys 7HAIM, <] F=4t ZWA(ENGO1)2)
Aol ef ARt Zpol & vERAITE AWMA H ook
BT A, YA A= A EZolH FHEE A
=9 7] XFLOE AA = o (Fig. 5A), FHA HojE
oAM= Erlat AAER 739 clade® Al
07 A AHFig. 5B). o1& F HEHAIEF o
Y 5ho] A<= (strict consensus tree) Aol =¥ F3|
9 MAESE AAF R ddATTS FAFsH o, =
< bootstrapgt(BS = 100)°ll 2J3l| ©]=2] A AEA o] A
A = QA th(Fig. 5C). $HH, ALFAET delA 2 T3
ol &el= AR Al 1) ofrlot AR FAE
clade, 2) Huj2t AAEZ 7% clade, Z18]aL 3) F=HAk
NAENGOHZ = A THFig. 5C). &v] MAEZ T4
¥ clade= A haplotype H4E ZH= New York=ollA] 217
#3704 (USA01-03) 2 Californiat 1703 (USA13)E 74
% subclade H49} haplotype H5E ZH= YHA] H1] 7|AE
2 T4 % subclade HSE 715 A thFig. 5). °l& F
subclade™ 717t =2 bootstrapEk(BP—% 100yl &J3f A
A= SO, 7 subclade?te] FATAE vl A oFaH
A A = ATHBP = 67).

=t
=

kd

A& B Wol: =7 FHE el A7]9 9

Bl e 1) B A4, SAsle] FHREAL S
g A3, B R opAlo} 8l He) Al mFeld ol

71 2 =), 82 o] el g3l FAB Y FAFo)
FElo] FtEE 2R YERTHFig 4). AP 9al
o] dol7} S48 JHAE Buh Aid ez o, gAl
o] A7t entstAl Eo5a, Gl dolrt 71 5349
U= HHE, SAF LS Al AT 5438 2ojee] A
o] o E FHFE E7hFal, 9ol vluA g 4
ol QATh(Figs. 1, 2, 4). =3t FAHL A=A AA7F F
Rola, AP £7], o, &9 Tl ’o] &3t} 1
i, 3011%1 TR A e o sk F7 o] oA
& O thekst A A3 stell st Al Sl A
s Holqlo] o A3EE &8 wexl vt 9l
D%(Mnchen 1968, 1971a, b, 1976), =3k AX- A% 9] 7

TN FAY o] FAlel LRI (Table 2), A1241%]
91 FAol &2 A FAEY AP T S-S
Zb= Holgo] #AE 7| SHh(Partridge, 2001).

ShH, 2 A M e A 167037 2470A] 2 °*§6ﬂ
1WA 37RAIE 28 ek 2oy T4 A=
Ao, 947|Wo] £X7t vwA wE Zow %}Eﬂl?ﬂ A
i cpDNA 47 7718] 7|1 LS vl FA sk +A4Y
I AP FAA 7] oS getstazt kel
2 Ay, T AR B L A9l AdE A
o} 549 JMAES 24E cpDNA 471 el A] ¢k

F
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5] T Q7IMES ke 2 o= IS TtH(Table 7,
Fig. 5). = x}/\g] )\10] OE oA AAE 487
S NAERA Lit 271A(JAPO2, 03)= haplotype H2,
A 27HXJ](MON01 02)= H3, 12]3 st=at A&
(KOR02-05, KOR06-09, KOR16-18, KOR19-24, KOR30, 31)
gl gAJolil 270A(RUSOL, 02)= haplotype HIS 22} &
F3Fth(Table 7, Fig. 5). o]2igt Anz & o] & FHo
ol UERbE A3 ket FE ol AAA
7ol W A WolQl Zlo = k], wba Z; XY
oA AAS5HIES] Fel Wolo] FAste] AAE thFst
FrS(Table 1) et A E7F D Q3 5107 AlgF),

F

rigs

r.?h

HE E97 FHS AL BFEHE AA: obrlofel
xshs 2ol¥ TG e fd 9 5y ERaEd
T== o P amphibium (= Persicaria amphibia)®] W& S
ol o= QA ¥ A (Korshinsky, 1892; Hara, 1952; Hultén,
1971; Sojék, 1974), == 55 To= HH7|% 3%
TH(Nieuwland, 1912; Voroshilov, 1966). 1814}, U+ shx}&=
(Komarov, 1936; W. T. Lee, 1996; Li et al., 2003; Yonekura,
20060)= ol yEhe FEiA 540l P
amphibiumfﬂ tﬂo] Lo xtATty FAste], o]F P
amphibium 22 Persicaria amphibia® ©]§ 0% 2|3t v}
AT
cpDNA A E AU FYA G el s, A,
T, T2 2 =% gAo Aol Bk oprloRrt I
AT =2 bootstrap FH(BS = 90)01] A AAH = G
Aevs FAEA Hr) AAE D FHe] F=AE A
9} HFHlo] E— | A tHFig. 5C). oFAloPit AAES B
Ak 27Hxﬂ 9 AR VNS AlQlskali= cpDNA 47l 31
oM B %‘?—if& A7NM LS FRetl o, sEAk 270
A 4 Oé B2 WAE rmL-rnF 7N Z2E 1 bpe] 971
x| gho] TAfEE H pA] e vE ofrfokrt JHA
S sAds AVIHD S 2 A o= UER, ofAlopit
7HXJ15€— EAE A AL A WHelZt gl Al
—si?dr:}(Table 7). 53] Ak 2 ek 127037 33
7Hxﬂ«1 35, cpDNA 47 7-3tellx] B s dsh 714D
= 7HIAA, grlel B F=4k A o AEAE A
2} cpDNA haplotype HIS &5 2.7 (Table 7), FENZ]
S 2% olF JHAISt FHaTE v, ofxlol A EE
TE clade®} 50 MAEZ 9% clade A10]2] cpDNA
47H TZF A7 0.25-0.44%, B NAI2ke] $37]Ho)
= 0.15-0.18%% BlwA Eokon] o]gjgh Awk oo}
A RSN ebks ool B, 24 Sol gloiAle)
e ZFol7F Pamphibium®] ®lo] FHeo| IFFETEAL
AH- 8= }=(Komarov, 1936; W. T. Lee, 1996; Li et al., 2003;
Yonekura, 2006)2] ZSIE R A|5FA] &k
& cpDNAFEALE g ghel) o$(F1g- 5C) “dellA
Hulil AEZ % subclade H49l &= S4838 7
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A A 7Pt 7t S A vPgES gkl &
NERFOE Whgeh= FEo BS 7HAH, A A

3 54 2H= 2153 Coleman (1874y> P amphibium
var. stipulaceum® = JQ2$t 1} QIT}. Subclade H49} HEUHE
Hujil subclade HS AF0]2] cpDNA 471 T3+ S47]Wol&=
033%%2 HlwA H2 7oz FQIE] o w3l J=ik
AMASE 0.18%2] @7I¥o)E Ve GITh olelst A
= olE MAE P amphibium®) 3h}e] WFEO R Q1A
Coleman (1874)%] #7382 A2]& AAek3ict.

Subclade H49] S48 7fAl= 2] Fe7F A8 == F
2 ¥ (Fig. 2E)CZ subclade H5° £58H= U#] &u)
b MAE Bek= oprlote] Hxzsh= S A
AbetH, FAERA AT ofrot §AE JiAET
7 shte] Heke FAEITHFig. 4). ©3F, subclade H4l
&3= California®ll A A E =48 AA(USAIE *47]
S NA Q] A9 vhHA R FAEEA A TY
MAREAA AR o T8 MAEZ &7 ofAlotel
Lxshs FAE AES st AdE A ST
(Fig. 4). 121}, olrJolil ZNAIE2 subclade H4l &3k=
MAEZF 1) cpDNA 47 F-7ellA] 0.25-0.29%2] S7|w1o]
= el gejg oz 2) 2o] Malo]y, 3) 8419
789 AT EEA] o= 45 HY g9s 7T, 4)
TAEE Agelles GA7 AFARJD Sl osf FHo]
TEE, 8HH | subclade H5Oll &8= Svit ZAIES &
T SA¥eR, Z77F FA desh, AYsta, W 1
A UH F2 e o) o 83 Ao F4EA
ol =0l B9l S 711, Michaux (1803)= ©]& 8t
Jed A4S 2t Hulit MAES P amphibium var.
emersum® %|2]8}3It}. Mitchell and Dean (1978) & -
Faro] Julalk 209 ST T M S48 & A
S ERTORE Ao, 245 7] W F5o]
whhelA] 9= A 0% H33k3ITE Subclade HSE cpDNA
a7 FZreA| A ofAlotAal A cladet 0.36-0.40%, =4k
MAGEAAE)2 029%2] F71WHelE debfo] 44
o7 o=AHE ErE Aoy ddyw, o]gjdt Ay

)
i
=
[
X

o5 MAZE P amphibium® sh}e WHEOoZ Q123
Michaux (1803)2] =784 sllE RA5F3itt.

2 AelA] Ao ARE Fite| & u, ey, A S
=, o= 2 F% PO AY9S E3Fehs ofAlolel] A

sHe Boly AW MAES Sv] A Axs F
7 aEa A oR Flo] FHEEE AR e
th R 2 A7) A, A 2ol SR AT A
57} T3] gy oo} o533 oprJopt A9 1H
o] FAA wlo] oS Al BB E KoL,
B oo Bk At 17hAlE oA ot A St
2] haplotype H6E 7FA%A1, cpDNA 4711 F+7FellA] 0.15-
0.18%2] 17IWolE R fiSieh. sk ofalopik ThAIE
& Zo] MAo]q, AL A JATF AN 54

o olal YA B FAG AAEY FeHow A
(Partridge, 2001). °]2i3 Fejd 54 gl & FHE oo}
Aol AAST Hulak Aodxlek 8l fglak Ak
T4 271 Axs e u, oprJo} AT A=
< Korshinsky (1892)2] AslE Wt P amphibium®] W&
(P amphibium var. amurense)C = Q12sk= Zlo] Efgst 4
O F yhekEit,

Al A

 ATE RN apAddiol Zol o] A 7= AL
7o) ] A YA HE 416-111-005) 0.2 F3 = A
FUh 2 AFE FJ8 ASs BES tofste] Fal of
Fiet EEIHAIU), doff - oA A AT A FE
(WTFRC), 57322 AXEIHPE)S] AR TAI=H
SRl w5, A, HAJol AR ZALe]
T2s Tl HES ua, 4E i, A9 1y
", Gorovoy B 4! Doudkin ®APEA 212 XS =
Huoh Esh, 7149 Aol 288 A Aty
AEASEFTATA Ae, Aew, Hey 2 giskd

A=
e ke AU
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