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HURE S AT 1A P | 368 5 SR FH AR DA 48 R B0 0 B — e 5 R 91 2 5 4 40 R S 5 RO EAT PR AN, O 2
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Study on X Bolboschoenoplectus mariqueter and
its related species based on DNA barcoding
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Abstract; The taxonomic status of X Bolboschoenoplecius mariqueter ( Tang & F.T.Wang) Tatanov is still up for
debate. To clarify this status and explore its genetic relationship with closely related species, the candidate DNA barcode
sequences of one nuclear gene (ITS) and five chloroplast genes (matK, ndh¥, rbcL, trnl and trnl-trnF) were used for

PCR amplification and sequencing of 21 individuals from four species, including X Bolboschoenoplectus mariqueter and its
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related species. The basic local alignment search tool was then applied to evaluate the identification efficiency of the
screened barcode sequences and sequence combinations. Finally, species identification analyses were performed by
constructing a phylogenetic tree using the Bayesian inference method. The results were as follows: (1) The ITS + matK
sequence combination showed the highest species-resolving degree of 71.4%, which could achieve interspecific
differentiation and identification of X Bolboschoenoplecius mariqueter and its closely related species. (2) According to the
phylogenetic tree based on ITS + maiK sequence combination, samples of the same species showed better aggregation
and were mostly monophyletic, with X Bolboschoenoplectus mariqueter clustered together with all Bolboschoenus ( Asch.)
Palla individuals, rather than Schoenoplectus ( Rchb.) Palla species. All X Bolboschoenoplectus mariqueter and
Bolboschoenus maritimus ( Linnaeus) Palla samples formed a monophyletic clade. In conclusion, ITS + matK sequence
combination appears to be the best barcode sequence for interspecific identification of X Bolboschoenoplecius mariqueter
and its related species. Furthermore, X Bolboschoenoplectus mariqueter could be a synonym of Bolboschoenus maritimus
rather than a natural hybrid. This study establishes a theoretical foundation for the taxonomic research on X
Bolboschoenoplectus mariqueter and its closely related species.

Key words : X Bolboschoenoplectus mariqueter , related species, DNA barcoding, species identification, genetic relationship
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1 =1 BE B [ X Bolboschoenoplectus mariqueter
(Tang & F. T. Wang) Tatanov | J& T ¥ % &}
( Cyperaceae ) , 3= 2 43 A 76 1 VLA 11 B2 Bt M 15 v
TR, G Wl T Ay T R A 1 M O 3 e A A (R
ME K, 1965) , HATHERF 22 1) 22 48 1 38 08
TR TSR AR e VD TR A 3T O B A K 5
FEOENT B b 25 22 Fh AR A T RE (R dH 55, 2007 R 75
ZHFNBE,2011)

T = B R 1 1 4% [ 70 e o 7 T 1) 53 2 b
fL— ERBEAT B A e 13 =0 B 51 DY R O =
T | 67BN A S5 AR 5 8 B ( Seirpus triqueter L.)
AEARL T A R A/ 1 SR S T 9 50 5 1 AR S
FFHEE (S. planiculmis Fr. Schmidt) AH{LL , #% DL FE ¥
s FF JBE BT 1Y K SR F S A ( Scirpus X mariqueter
Tang et F. T. Wang) & & ( fEiEFl £ & #E, 1965) 5
bifi 5 JBE B ( Scirpus L) RAE LM ABIEA
I SCRE R R AR oy R TR b R SR AR
JRE T i AT E 5 0 R 23 B[R] 19 ), BV K 2R
[Schoenoplectus ( Rchb.) Palla ] 1 = W R JE
[ Bolboschoenus ( Asch.) Palla], — 35 ) H 044 Fl2¢
A8 R = K A [ Schoenoplectus triqueter (L.)
Palla] Fl Ji #F 3] = #& [ Bolboschoenus planiculmis
(F. Schmidt) T. V. Egorova ] ; Tatanov (2007 ) 7K1k
T A B N TR (A] A S O DL ST T T B A
& X Bolboschoenoplectus Tatanov , [K I} i = 1% #E
HHY 25 24 28 BN [ X Bolboschoenoplectus mariqueter
(Tang & F. T. Wang) Tatanov ] ( Dai et al., 2010) ,
Koyama ( 1980 ) # Scirpus X mariqueter 1§ N

Bolboschoenus planiculmis B 5 25, A R T = 1%
o I AR = ) AR S 2 R B T R
MW K T, — 8603 T hRic 8T K B T =k
TR e S HG T G ol 1) 38 A% S5 AR R DR G R R i b
Yang % (2009,2013) i1 AFLP 43 FFric £ AR Al
ol [R] 23 250 43 AT T i = S T AE R A
FIIR) =R P = MK B 2R G R S5 R R WL =
W RE HEAR 2SR IR H S i AT R =R SE GOC R B
I ARAE B R B R R A S ST R
T8 BN R A AFLP 43 FFRic 5 AR s 1 2 4w
R S N2 I N T I 1 I 7 SR (5 NV
[ Bolboschoenus maritimus ( Linnaeus) Palla ] 1515 %%
PR, IR A 8 0 AT R B & XCUR B TR
AR SE G AR (H 3 88 A A TE 1k o 43 25 pR AR
T G ) Y Fh B2 (Zhou et al., 2009; PiSova et
al., 2017) , AWFFEFRT, = b 5 Jm fE Wy 2R 55 1Y B
DI T IR F0 2R B J5 R 2 S % A () 45 0] Ry AR
(Hroudova et al., 2007 ; Pigova et al., 2017), R
SR (2019) il W5 Pe ity — b e e S R %
ot SR SR 25 MR e T 5 M R AL, e B =
FARSIE SR R b 5w AR = ] 22
S T 5 T 9 =8 AR ARL DR 4 08 G A T =
K IE W M [ Bolboschoenus maritimus subsp.
paludosus ( A. Nelson) T. Koyama | B %4 . %% ik
SN, TR =0 R ) 03 SIS LA B G T G M i) S %
KRNIR TG L L RITE

2003 4, Hebert 1 K42 i T DNA P % 44
A, BRI — BEA KB ARER) 5 T4 1 1y B B



41 g 2245 TR = b E R R T R ) DNA ZRIE RS 5Y 701

A RUEAE 5 15 DNA Fr Bk 52 30T 4 iy Bkt
Y5 5E (Hebert et al., 2003a, b), Z3d 20 41 &
J& ,DNA ZIE R AR B 2800 A i Bk A 50 b &
J Bt GH ) 7 0] 2 — AR A A A E By T &R
G W UG W ) R B9 N AT 5% ( Costion et
al., 2011; Li et al., 2015; Hu et al., 2022), H
Tl , DNA Z5IEHOR & 87 2 b TR FERHE )
MEETE  RGKE KRB ACT LR, JF H
BAT —FER R F (Yen & Olmstead, 2000; Starr
et al., 2009; Clerc-Blain et al., 2010; Glon et al.,
2017; Léveillé-Bourret et al., 2020) ., {H & T =
1 N T G e TR 3 By O F R G AT
FURXS T IS o A I ) b 2 AR ) 2 AR AR A
B SRl FITEGT 3 ( Vane-Wright et al., 1991) , SZEL
SRR EEN SRR ARG K T H
R gy RS B B R 8 2 SO S8 B
INIERS

ARWFEE i ¥E H 6 45 1% 7 %1 (ITS . matK |
ndh¥ .rbeL arnL B trnL-trnF) 318 = 4% BE 5 N H 3
A TGP 21 AMFEABEST DNA 20 IS, 8 i
PRI 7 35 77 5] 14 R AE ol oA i 1) 228 S 48 0 8
JERCRAEFR bR, PEAR A [F) 53k 7 91 S A5 19 )
T o3 BRAE 3, 40N 2t 3 PH T o = b B A S kT
L3 Fh % E 1 Bl DNA B 7 41 [a] i 56 7 A Avf
BT RGERE T, R =R TS
FOR G R 2Z 0] (1 5C &, LA Ry g — g B 1) 3 28
PSR MR AU

1 MHEF*

1.1 w4}

AW G R = BEH [ X Bolboschoenoplectus
mariqueter ( Tang & F.T.Wang) Tatanov | }2 H: 3 />
I~ S ST T B 73
planiculmis (F. Schmidt) T. V. Egorova] J&E =&
¥ [ B. maritimus ( Linnaeus) Palla] 3] = %%
[ B. yagara (Ohwi) Y. C. Yang & M. Zhan ] 513t 21
WAV RV B (R 1) AP =1
B I G T 2 R B b B A L R LR
2 I 3,

1.2 ik
1.2.1 #ip R A B3R PCR ¥ 3 AR5 KH
FEWI A R 2H DNA 38050 & [ RARAE AR (dbst) A

[ Bolboschoenus

FRA R T HE O 19 6L DNA 7909 38 210 19 51
YoM B PCR RN MY SRy L3R 4, PCR 974
K 100 mL R WAKZR : KI5 ddH,0 69.5 mL,
TaqBuffer 10 mL, NTP 8 mL, I F 51 4¥ 4% 4
mL, DNA #i#t 4 mL, EX Taq i 0.5 mL; " 3% 58 1,
J5 1% B SRUNR AR BE I i VIR AT G I, 97 28 1 A%
TH T A AR i 2% ) b 505 B A8 R R RO BR 2 ]
HEAT XL

1.2.2 #3422 F|H DNASTAR Lasergene 3X {441,
( DNASTAR Inc., Madison, WI, USA) H ) SeqMan
PP X T P A 30 1 L i) g PRI R AT A B, JeBR
P e P L i AR B R 1, SR HIMEGE 7.04K
TEE 4T 2 Fp 51 L %), Bl AT DnaSP 6.0 4t it 45 4>
DNA Z5IE A5 5 51 1Y R E A5 2 F0 728 S o7 n £ L 5 Ak
F K2P ( Kimura 2-parameter model ) X2 5 A5 71 -
SR N R ] 1) 35 A% BE B PEAN SRJE RS AR AD Y (B
B 9 7% S 175 50 5 A1 H AH AR 3% & B2 (basic local
alignment search tool, BLAST) % %% 431 45 X B %
B 18 P 51) 1Y S 7 03 i e K S 0 AR AR Y 42
SIAE ] 45 18 15 51 it A B GenBank 4 2, F) H
NCBI-BLAST AHABI: % T2 H R A7 41 i s 3 A7
53R 1] {4 b 6 485 2w die KR A DL A (identity >
95%H E {6 < 1x107) 5% A i) ¥ 51 T & (149 49 Fb
— 25 ELAS A5 At A e s DU 2 ) o S 1
S Z DR R M R M, R TR B R S e 2K
R EARBE T h RS — A Fr BCRB % A
D iz, 4 & 7 Bo L RE 58 7€ i W A
(Liu et al., 2015) , ¥)FP 4 2 0% = 55 € BT Py
AMAREL B K, SR DU ST A 0T R A R
REW, AT BAE R,

2 HRH A

2.1 DNA £ IEIE R B F S ES

X = R B N HOE 2 MY 6 2H DNA S50 05
ik P AT G it o AT A5 R (R 5) R EA S
RS rbel e A K, A 1 374 bp, trnL-trnF JF 5]
WL, R 444 bp; ITS JF 519 GC & &t fie s, T ernlL
JPENIR GC & e fik, 6 1~ DNA ZZJE F Br iy 48
S EBARIRHEE H ITS > ndhF > maiK > rbel, >
trnL > trnL-trnF o V6 =02 B8 7T K G 2% i) % 5
ITS J7 51748 5o #3800 KT oAt 5 A~ - 2 44 i
B Be i 728 S i 88
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Table 1  Information of collected samples
Yy PSS TEUEARA KN R HM
Species Locality Voucher specimen Collector Collection date
=R b W AR Xu20161017-1 XI5 XU Xiao 2016-10-17
X Bolboschoenoplectus mariqueter Chongming Dongtan, Shanghai Xu20161017-2
Xu20161017-3
Xu20161017-4
Xu20161017-5
Xu20161017-6
Xu20161017-7
Jid IR =k iR A B DII20180624-1 FF¥STH DENG Lingli  2018-06-24
Bolboschoenus planiculmis Shanghai Chenshan Botanical Garden DI20180624-2
DI1120180624-3
DI120180624-4
DI120180624-5
DII120180624-6
I = he ST ST 2 T 5 A8 7 Scw20180918-1 K2 SONG Chenwei  2018-09-18
B. maritimus Ulungu Lake, Altay City, Xinjiang Sew20180918-2
Sew20180918-3
Sew20180918-4
Sew20180918-5
I =He S HE N ) LB AR B Scw20180914-1 K2 SONG Chenwei  2018-09-14
B. yagara Takeshiken Town, Qinghe County, Xinjiang

Sew20180914-2
Sew20180914-3

2.2 DNA £EBEEFENTHA MESZEER
HRAELE) DNA ZIE08 1510 Ff o 728 S5 7K 1 By B
JNTF R ) AR S KO (7 IO AR, 2008 ) . ARBFSE Y
AR AR ] K2P mAE R B 25 R (£ 6) W, 6 4
DNA F A5 5 355 17 51 19 Ff 9 28 52K 218 0, BR
ITS FE5I 2 4k, Hidy 5 20 DNA 4590 4 3% 5 51) £
Pl oy R E) 22 R A EARRENES, 415
TEASF ] (14 A8 S KM IK HEF 4 1TS > ndhF >
matK > trnl. > rbel. > trnlL-trnF
2.3 DNA £®EmB&EEFEHEERETN
AAIF5E R FH BLAST 75387 6 41 DNA I8 4id
TEFPHIR S ERCR R (R 7) WoR P o 1 48
SERR R IKF) 100% , matK % 5E R e N
52.4% , HUK G2 ndhF F rbel 21K 28.6% ,ITS 1Y% ¢
RORN 23.8% , trnL-trnF Fl irn L. F BEBGH) P A E XK
FN O, AT ITS + marK % ERCR
BN 71.4% , HkJ& matK + ndhF Fl matK + rbel
5 ORI R 61.9% , 11 ITS + ndhF ITS + rbel.,
ITS + ( truL-trnF ) FITS + trnL 4G MY ERCHR

AR 52.4% 52.4% 23.8%F1 23.8% .,
2.4 BERESHT
HARGTHE =N R S G ] YOG &R AR
WFSEHET ITS + marK PSR EE T i = e o S
LM RS E R, 3R 8 512 T M GenBank %X
B PR ERAY S EBE A 1TS A marK SR . R
T VP A R R - S A B TR 400 16 5 AT 22 TR 7Y
— M AR AE PAUP “4.0b10 [ iF4T T R—3
£ 22 KK (incongruence length difference test,
ILD test) ( Dolphin et al., 2000) , P {HJ& >k &
WK 2 18] & B A7 i B 22 5 (P<0.05) , it
BEAR P EN 1.0, WAL ITS R 2k (2
matK J7 9 EUE 2 [ A 1 25 Pk 22 5, T AR 65 3
7500 o AT 3E 38 2R ] DL 307 4E B 7 ( Bayesian
inference, BI) K17 2 JL BB MW, 12 5 1 0
RIE TR N AT, B R 4 R ] 58 (Heled &
Drummond, 2009) ., ITS Fl matK J7 5 B 50 [ 2
KEEN 1839 bp, B RALEECH 39, RELEFW
ZER (B )R, % XRERY , REZRH N H
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Table 2 Morphological feature comparison of X Bolboschoenoplectus mariqueter and related species

Ji FEIR =

Bolboschoenus planiculmis

i
X Bolboschoenoplectus

mariqueter

S kY
TR = R
B. maritimus

Ih =
B. yagara

B Y8
Schoenoplectus triqueter

FF
Culm

Rhizome

i
Leaf

A

Involucral bract

1

Inflorescence

/MR
Spikelet
(Dai et al., 2010,
Liang et al., 2010)

Stamen

R
Pistil
Nutlet
(Hroudova et al., 2005;
KRIRPEA,2019)

FFHLE 1 60~ 100 em, 4t
=WRIE i

Culms solitary from a tuber,
60-100 cm tall, sharply 3-

angled ; smooth

(NGRS INE S S B 5 N
Hezk
Rhizomes

long  creeping,

terminated in a globose tuber

4~ 6, M A RAF AR, S
JE I i F .25 mm 96
HETREAT K A

4-6, leal

blade linear, 2—5 mm wide,

leaves basal,

base with long leaf sheath

MR 2~3, KT AT
Involucral bracts 2-3,
leaflike often surpassing

inflorescence

AL 2 p: A6 F J 40 1 ke

AR T (B A S A
Inflorescences capitate or

simple paniculate; rays 1

to few

Tt/ 1~ 6, B0 E 8RR
R G 5 % 1 J 1, 6- 8
mm £, A 15k, TS H
B 2OR B2, AR AR
Ea~6, HAEH KA K
R 1/2~2/3, Btk
Inflorescences of 1-6 sessile
spikelets, ovoid to oblong-
ovoid; glumes oblong to
elliptic, 6~8 mm, 1-veined
costa projected beyond apex
forming an awn;
4 -6,
scabrous 1/2-2/3 as long as

perianth
bristles retrorsely

nutlet, caducous

e 3, HEHLIE

Stamens 3, anthers linear

e K3k 2

Style slender, stigmas 2
XUUPAR 5 3% 18 S0 AR 5 A1
B 5 e R i AR
Biconcave; achene surface
shows a well-visible
polygonal network structure;
exocarp approximately as

thick as mesocarp

FRHLZE, #5 20 ~ 90 em, B
=B

Culms solitary from a tuber,
20-90 cm tall, sharply 3-

angled ; smooth

R AR 2R K, B ROk
P2k

Rhizomes long creeping,
terminated by a small

ovoid tuber

1~2, %18 4k,2~3 mm 58
1-2, usually leafless, 2-3
mm wide

2, — RO I SE i
BAVEKIRZ, 55—t
NI A

Involucral bracts 2, one is a
continuation of culm, much
longer than spikelet, the
other bract is nearly as long

as the spikelet

AEFP BN 1~2.5 em &
Inflorescence pseudolateral

1-2.5 em long

ANEETEON RDE , JEAR , 8
LA B0 2 ~3 A B B
., 6~8 mm & ; o kA
oS S R AL NI 4,
KRN 172 ~2/3,
B 5tk

Spikelets broadly ovate,
sessile, usually 1,
occasionally 2-3; glumes
ovate, 6-8 mm, 1-veined
costa excurrent into an awn;
perianth bristles 4, 1/2~
2/3 as long as nutlet,

retrorsely scabrous, caducous

s 3

Stamens 3

FEREANIC  FESk 2

Style slender, stigmas 2

AL IS EE T
B Sy rf R SR RER 2

Biconvex; achenes surface
with  well-visible polygonal
network structure; exocarp
mostly ca. twice as thick

as mesocarp

FRHLE ¥ 25 ~40 om, B
=W

Culms solitary from a tuber,
25-40 cm tall, sharply 3-

angled ; smooth

AR R 25K, H ROk
Pzt

Rhizomes long creeping,
terminated by a small ovoid

tuber

1~2,%i81k,2~6 mm 5
1-2, usually leafless, 2-6

mm wide

A2, — R R0 HE i A
MERARZ, 55— K
B EEEUN SRS
Involucral bracts 2, one is a
continuation of culm, much
longer than spikelet, the
other slightly longer than or
equal to the spikelet

KA, R B R
A
Inflorescences capitate ,

rarely with short rays

/NI BE BRI JE | G A 8
LA I 2~3 4,

RO, 5~8 mm K,
JoAd L T R 5

TRIFIE 4~6, K R/
HBy 172, HBER, 5 150E
2 -3

spikelets, ovoid to narrowly

1, rarely sessile
ovoid; glumes oblong-ovate,
5-8 mm long, 1-veined
costa excurrent into an awn;
perianth bristles 6, ca. 1/2
as long as nutlet, retrorsely

scabrous, caducous

e 3, TEL LM RIE
Stamens 3, anthers

linear-oblong

AEREAN K 3k 2 5 3

Style slender, stigmas 2 or 3

XLIR 5 3 18 S0 AR A1
By b R R R 2 A
Biconvex; achenes surface
with  well-visible polygonal
network structure; exocarp
mostly ca. twice as thick

as mesocarp

FFO 2k, @ 70 ~ 150
em, B =G

Culms solitary from a tuber,
70-150 em tall, sharply

3-angled; smooth

MEARZE K, HERR
Pzt

Rhizomes long creeping,
tuber globose to

depressed obovoid

A AT, 5~ 10
mm 5
Basal leaf and culm, 5-

10 mm wide

B34 KT
1E7

Involucral bracts 3 or 4,
leaflike, usually longer

than inflorescence

RBP4 )T 5
H3~8 Mg AL
R K IR T em, &
AR BCR 1 ~3 4
/N

Inflorescence a simple
3-8,

unequal, to 7 ¢m, each

anthela; rays
terminated by a single
spikelet or a cluster of

1-3 spikelets

N -3, R, G
8% A KRB, K2
7 mm, #FHEA—%
Rl TS FL ;R AL
WI%E 6, JL5 /N IR L4
K, B

Sessile spikelets 1 - 3
oblong; glumes oblong,
ca. 7 mm, I-veined
costa projected beyond
apex forming a recurved
scabrous awn; perianth
bristles 6, as long as
nutlet; retrorsely scabrous,

persistent up to maturity

e 3, L LIE
Stamens 3, anthers
linear

AR A3k 3

Style slender, stigmas 3
BV EINE 3 g i
AR AR B B, S op
RBZIREEER 1/8
Triangular; surface
ornamentation with

a fine network ; exocarp
is very thin, exocarp
thickness ca. 1/8 of

mesocarp thickness

FFHCE , ®5 20~90 cm, &l
=B Ot

Culms solitary, erect, 20—
90 em tall,

angled ; smooth

obtusely 3-

R AR ZE K TR ER R
Pzt
Rhizomes long creeping,

without tuber

1~2, %Rk, 1.5~2
mm T

1-2, usually leafless,
1.5-2 mm wide

A1 R RSE A B/
MRIRZ
Bract 1, elongated culm,

longer than spikelets

1 B A A 3R s 4K T IR
DA A5 1~ 8 AT AL,
R = RIB, KTk 5
em , BEFR SR IO 1~ 8
AFEA /N

Inflorescence a  simple
pseudolateral anthela, rays
1-8, to 5 em long, bearing
1-8 spikelets or congested

in a headlike cluster

INEE 3 ~20, KIETE 5 8% )7
KRB | 5 7 JE 5 98 51
JE, K 3~4 mm, H HH—
Zk rp U, S et H T 5
B TN 3~5 5%,
JUAE R EUR I T/ I 2R
A3

3 - 20 spikelets, oblong;
glumes oblong, elliptic, or
ovate, 3—4 mm long, apex
emarginate to rounded with
a costa excurrent into a
mucro; perianth bristles 3—
5, a few length or slightly
longer than small

nuts, agnail

e 3, HEHLIE

Stamens 3, anthers linear

AERERT Mk 2

Style short, stigma 2
RRARINTE 3 &R
LIRS 8§ M LN
SIRBER) 1/8
Plano-convex; surface
decoration smooth type;
The outer pericarp is

very thin, 1/8 of the
thickness of the

middle pericarp
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Table 3 Habitat and distribution area of XBolboschoenoplectus mariqueter and related species
i R S iy = A= b SHokH
Item Bolboschoenus planiculmis X pLect Bolboschoenus maritimus Bolboschoenus yagara Schoenoplectus triqueter
mariqueter
A PR G R K A R (CTT 1 W R, ARG T W, ARG W ok TR K IR VA i
Habitat ) % =5 Lake, riverbanks, Freshwater habitats or
Freshwater habitats ( river, Coastal marshes, inland Coastal marshes, saline shallow ditche brackish habitats
lake) , mostly inland lakeside, riverbank, ete. lakeside, riverbank, ete.
S RECRIETE AR AT PE(RSEE dE dbet, E R R ), R CRIEVE AR, PR AINNEY NS

S Py e de s
Kt R R VLR %
e, W TG
b7 W = R B
[ =N W N TR N
S BT HAR

China ( Heilongjiang, Jilin,

TR 0 NN w3 [ RA W)
China ( Inner Mongolia,

Distribution area
(13, 2022)
Hebei, Beijing, Shanxi,
Jiangsu, Shanghai,
Zhejiang)

Liaoning, Inner Mongolia,
Shanxi, Hebei,
Tianjin, Henan, Shandong,

Beijing,

Jiangsu, Anhui, Shanghai,
Zhejiang, Jiangxi, Hubei,
Guangxi, Yunnan, Chongqing,
Shaanxi, Ningxia, Gansu,
Qinghai, Xinjiang, Taiwan),
Japan, Korea

B IT BB R
FRE [ N A N R
S0 WO, A6 & PR 98
I N e ]

China ( Shanghai, Xinjiang,
Taiwan) , Afghanistan, India,
Japan, Russia; Africa, South-
West Asia, Atlantic Islands,
Europe, North and South

America, Pacific Islands

SN E SRR NI
FASUICIG T NS
YL WL W L
s, zm), ¥
s, H A

China ( Heilongjiang,
Jilin, Liaoning, Inner
Mongolia, Hebei,
Shandong, Henan,
Xinjiang, Anhui,
Jiangsu, Zhejiang,
Hunan, Hubei,
Guizhou, Yunnan) ,
Korea, Japan

EENCE ST AN
AREE BT H O
T B R
AR 1IN U ANV DL I 95N
EAENLE N =R A
R W, B, 8
fif 5 TS ANE, BRI, 2
China ( Beijing, Heilongjiang,
Jilin, Liaoning, Inner Mongolia,

Hebei, Shanxi, Shandong,
Henan, Shaanxi, Ningxia,
Gansu, Qinghai, Xinjiang,
Anhui, Jiangsu, Zhejiang,
Hunan, Hubei, Sichuan,

Chongqing, Yunnan, Xizang,
Fujian, Taiwan, Guangdong,
Guangxi ), Russia,
Korea;

Japan,
Central Asia,

Europe, America

&4 PCRYMESIMEYIEERF

Table 4

Polymerase chain reaction amplification primers and procedures

DNA B
DNA barcoding

151 (5'-3")

Primer sequence (5'-3")

PR

Amplification program

ITS ( White et al., 1990;
Ward & Adams, 1998)

matK ( Gilmour
et al., 2013)

ITS4_F: TCCTCCGCTTATTGATATGC
ITS5_R: GGAAGGAGAAGTCGTAACAAGG
matK-1F; CGTCAACAACAATGCTTATATCC
matK-RL: GCTTTGCCTTGATATCGAAC

matK-2.5F; TCAATGCTGGRTCCAAGATA
matK-5R: TTTATGTTTACGAGCCAAAG

ndhF ( Gilmour
et al., 2013)

ndh¥F-A; TATGGTTACCTGATGCCATGGA
ndh¥F-B: CCCCATAGAGATATTGAAT

ndh¥F-C: TAACAGCATTTTATATGTTTCG
ndh¥-D1; CTATRTAACCRCGATTATATGACCAA

rbel. ( Shinozaki & Sugiura,
1982; Olmstead et al., 1992)

trnl. (Taberlet et al., 1991)

1F: ATGTCACCACAAACAGAGACTAAAGC
724R: TCGCATGTACCTGCAGTAGC
trnLe: CGAAATCGGTAGACGCTACG

trnl.d: GGGGATAGAGGGACTTGAAC

trnl-trnF ( Taberlet et al., 1991)

trnLe: GGTTCAAGTCCCTCTATCCC

trnlf; ATTTGAACTGGTGACACGAG

94 C/2 min, 25 cycles (94 C/30 s, 42
C/2 min, 72 C/2 min) , 72 C/10 min

94 C/2 min, 40 cycles (94 C/30 s, 47
C/1 min, 72 C/1.5 min) , 72 C/8 min

94 C/2 min, 40 cycles (94 C/30 s, 47
C/1 min, 72 C/2 min) , 72 C/8 min

94 C/4 min, 38 cycles (94 C/30 s, 45
C/1 min, 72 C/1.5 min) , 72 °C/7 min

94 °C/2 min, 35 cycles (94 C/1 min, 50-
55 °C/1 min, 72 °C/2 min) , 72 °C/8 min

94 °C/2 min, 35 cycles (94 C/1 min, 50-
55 C/1 min, 72 °C/2 min), 72 °C/8 min

Fo SNRBEWA R PR T ARG LR, K A
J& [ Schoenoplectus (Rchb.) Palla | ¥Fh3SHE B B —
X, =R E R YA ZEEE [ Bolboschoenus ( Asch.)
Palla ] IR I3 IF, SR B BER N 1, —He &)@ Yy i
TP ph T =0 e N O R b AL, TT R S =

T, R — T A R
Bolboschoenoplectus mariqueter ) Fl i

= R (X

B

( Bolboschoenus maritimus ) FIFEAS . 58 —SZAFE T
i FF36 =42 ( B. planiculmis) B 6 ASFEA 25 = 372 )
Il =8 (B. yagara) (I A MEA R, YRS HK
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Table 5 Length, GC content and variable sites of six DNA barcoding candidate sequences

DNA T I oo i SPs 1521 A BRORBL R LA R
DNA barcoding 1Ll Ty NP stes  erion/deletion T vaiable s (%)
ITS 706 61.1 32 3 35 4.96

matK 1188 27.8 4 0 4 0.34
ndhF 1038 28.8 6 0 6 0.58
rbeL 1374 41.7 2 0 2 0.15
trnL 597 25.8 1 0 1 0.17
trnL-trnF 444 27.7 0 0 0 0

R 6 64 DNA ZHEBRIERFTIMHA,
18] i 1% = R 44
Table 6  Analysis of intraspecific and interspecific

divergences of six DNA barcoding candidate sequences

DNA ZJE
DNA barcoding

Fift A7 7

Intraspecific variation

i i) A5 S

Interspecific variation

(0.001 5 + 0.001 4) ~

FSCRER TR ITS + marK PP R 58 % 7
H e = R I e IR A — R, R TR
=R TR R Al SR — SR AR IR S, 5 o
EERER— DM S KRRy —3,
FRAEARM I8 =4 R — 32, 55 =B w1 5%

IS 0 (0.045 3 + 0.008 3)

matK 0 0~(0.003 5 + 0.001 7) 3 w5 Zi

ndhF 0 0~(0.005 9 = 0.002 4)

rbel. 0 0~(0.001 5 = 0.001 0) H AR ) 0% Ak DD sl 52 2% LR I R e N

irnl. 0 0~(0.001 7  0.001 7) Y Cor LK — | BB A% TR AR ) 38 FH 25 55 1
irnLetrnF 0 0 B — B, DRI DA o A R DR 2 AR SR TR A

K7 64HDNAEEBELEFEINLEENE
Table 7

Identification success rate of six DNA

barcoding candidate sequences

Identification
success rate (% )

S

Number of samples

DNA B 6%
DNA barcoding

rh 8 H R A Ll B 9 DNA S50 i 4 8 | Br —
B R UARY) 27 5 0 MR (R TR R NG R
2015) , ABFFERIH 1AM BL(ITS) 5 5 A4
2 R 3 I B (matK | ndhF | rbel trnl #1 tralL-
ornF) X = e BERE K L 3 NI S A iE 1T DNA 4%
TERSIE5E , PEAG 6 41 %% DNA ZKIE S )7 51 e 41
G R B F S ERE ) Rl PR = RS 3

- ’ o VLT eSS
IhE )l 256 3.1 "5 DNA £ BEFIES=EBEERHLE%
bl . 286 TR EE R R
P 21 0 P AR Y ITS J7 51 2A 3 5 B ARy 4 DL
il 21 0 B OhE AT 2 T 0 AR X A R R
ITS + matK 21 71.4 (Baldwin et al., 1995) ,#% Z W FH F I E R AE Y
ITS + ndhF 21 52.4 MRS KB F ( Yano & Hoshino, 2005 ; Shiels
ITS “+rbel. 21 52.4 et al., 2014) . ZROF5E A1 HI 514 1TS4/1TS5 47 Y
ITS + trnL-trnF 21 23.8 HENR ITS FFAIA & T ITS1 751 .5.8S rDNA A1
ITS + trml. 21 23.8 ITS2 J#51 3 4~#B 4, K& > 706 bp, Jung 1 Choi
matk + ndhlt 21 61.9 (2010) #F 5¢ & W], 1% ¥ 91 76 K 20 @ 0 5 i 8
matk + rbel. 21 61.9 ( Schoenoplectiella Lye) f %) 4™ 14 K & 4 636 bp
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Table 8 Accession number of outgroup
downloaded from GenBank

B R By aS
DNA region and GenBank

Yy accession number
Species

ITS matK
Bolboschoenus robustus KC677980 KX036983
=W KZ Schoenoplectus trigueter  AB206269  MK926068
=HAKALS. triqueter KC677957 LC655263
ST Eleocharis atropurpurea GU110759 KX036926
E. marginulata AY242056 KC123404
AR E Abildgaardia ovata AB180719 KX036923

1 5 TR # Fimbristylis dichotoma  JX644882 KJ513620

(Shiels et al., 2014) , 7£ B 55 @ AH Y 993 12
N 712 bp, 53 AN T S TE BE B A b R S R R
18 47.3% , TE /K 28 @ FHL TR AR ) b e AR e R
N 32.4% T A T = B R K HLIE Gk vh Y 78 S
FALN 4.96% , eI 7] GE 52 b AT 58 FEAS /N 22 5
B, W X R T ITS P ATE D FRA [
& T ) e 9K B A S oK XA BT 2 5

matK H R 2 S A RE PR 20 1 2 1 i ) IX v it
AR B PR JE R 2 — ( Chase et al., 2007) ,{HH:
51 Wy 1 A A7 AR 3 22 G, AN [R) o3 S A 22 1]
AT E E i Z X 5| Y17 3 ( Fazekas et al.,
2008) , AHFFEIEFR P ALE 51 ¥ 34T PCR 9
BRI maK BB B 1 188 bp, L4 R S
Gilmour 5% (2013) WIMFREE R IEEA —B, AR
W, marK R B i = 8 b HL I 2 b i b
YERURN 52.4% ,1Mi Clerc-Blain 5§ (2010) 1Y HF
FAIRRY marK 7 BeBe % P00 &= AL i fE
5 F 95% B 25L& ( Carex L.) F17& % J& ( Kobresia
Willd. ) A7, $E 00 w] BE 09 D A 2 A b 3R BF 5T IX 3
P [ Ja i 5 b 8 H 5 /b S92 30 el R v R B R R
FEANFE 57 ( Fazekas et al., 2008) .

ndh¥ J7 5 A T W 2 1A L RGN B8 DT X
( small single-copy region, SSC), Kim #l Jansent
(1995) WF5E R, % 7 91 5" i 45 A AR ST 1T 37 v A2
SRR AL ORI rbel FEIR 0 2 5, ABFITIR
21 ndhF ¥ 3K BN 1 038 bp, 5 Gilmour %
(2013) FFFEEE R B A AT (HIZ 7 90 TE 1 =1

TR e R G 5 Ao v 18 28 S 7 5 B0 AN K TR K 2
L 1 Ja T, I 8 M 8 ORI 28.6% -

rbeL JPHNARXS PR AT il 8] 7228 S5 /0 PR HG 3 DR 1Y
WA ZH T RERFEIE T, B
Starr 5% (2009) 7EfE 51 W) rbcL-a_f / rbel-a_r X
ERBAEY Y rocL ¥ 5 FEAT Y 5E FOW P & B
T IV IRAFRALN 18% , ABFFERI 1F/724R X
rbel FEIVHATY 1Y, N3RS T rbcl v B, {H)F 5]
AR SR (0.15% ) , 32t /N T e i [ s 1 ) v
F AL 5 7K - ( Jung & Choi, 2010) , ANREXT i — 1%
JEE R N R G AP AT AT R X O

SRR tRNA JE ] e L (UAA) 1975 F BA i
b e HAF7E — 2 45 #4 ( Kuhsel et al., 1990) ,
W P 9 A2 S AR AR 5 T ermLtrn [0 i IXC TET I 179 328
FEIE /0 A R PR 3 T o3 2R B e B IR Y 36
BER] ) 2R 4 & B WF5E (Taberlet et al., 1991) ., {H
AL R R 3K W45 7 51 78 1 = b JBE B e
IE G AP AR DR ST 8 S AR AR ] 22 S A/ B
T AT FAE Ay e =0 R e S HL T % ol 8 5 4
% DNA Z&IBH4,

Starr 4 (2009) BF5E T 5 4> DNA ZIE 1 A B
(matK  rbcL, rpoC1  rpoB | trnH-psbA ) 7E Z K. J& T
Deweyanae 2, Phyllostachyae L F1 Griseae 2 1Y) H
R, S5 R E W], . —1 DNA KB R Bty
TP PER BN T 60% , TEAM I, B — Fr Bt
e =1 0 e HG O % ol v 1) M 80 e v
52.4% (matK) A 11 DARBORIISEE . XUk
AR B — i B O 1k %o ¥ = o o R HL T %
HEATA B G, FATHE— 22087 T DNA B
G P Bre e = B S I G mp ] B ) b o3 Bt
R M A PRI Ry R M Sy — A (G i) st
B, BT LA A DB 118 i S 4 51 AT DB 2 0 A7 Bk
BOHT. BT R, B 2 4 i BRI AR
FPOHATH B R PR i 55 8 SR A B AR T T
matK + rbel I matK + ndhF B F B S B #p 4y
PERAFHIERTE & 61.9% M 61.9% . X 3L B X DNA
FOCN JEAT B 5 0 B RE 8 S 4k B 24 280 fF B A
S DT v U 5 4 SR 0 o R 2 RN AT S P ( Fazekas
etal., 2008) , #THIYI B BALH T A, M4k
B FR SUAHRS OR AT, AL 2208, B A A5 2 L A5 KK
FHXFEE /D . Wang 25 (2011) BIF 5% 2 B A% 5L A A B
(ITS) Al G 5 M My Wy e UK 28 B8 N %5, P 910 1Y
AR EE TR XA (2015 ) FEBCHE i S A 5



4 AL 22 A5 Mg R R R LI G ) DNA 2B iS5 707

SR EL Abildgaardia ovara
PISEINEL Fimbristylis dichotomax

WHE= R imus (Scw20180918-1)
2.0 HERZHMEHE 8. maritimus (Sew20180918-2)
L 505 WRE =ML 8 maritimus (Sew20180918-3)
R EEEE 8. maritinus (Scw20180918-5)
MR 8. timus (Sew20180918-4)
WESMERHE x Bolboschoenoplectus mariguerer (Xu20161017-1)
0.12 WM < 8. 7 7 (Xu20161017-7)
0.04 WML x 8. mariquerer (Xu20161017-2)
0.17 Lo W < 2 (Xu20161017-6)
] |w)_i§%&;2iﬁi x 8. marigueter (Xu20161017-3)

WML X 8. mariquerer (Xu20161017-5)
WML X B mariquerer (Xu20161017-4)
AP =h
0.1 _
0.05 AT =4 2.

js (DI120180624-1)
is (DI120180624-5)

T FFH = 2 /s (D1120180624-2)

0.1
RFFIR =M B, planiculmis (DI120180624-3)
0.96 I ’

i AT =A% B s (D1120180624-6)

B. robustus*

| 033
1

1 EC 238
1

1 SHOKA S o
S 7

£ marginulata

1.0

1 it I =4 4.

s (D1120180624-4)

=R 2 vagara (Sew20180914-1)
=M B vagara (Sew20180914-2)
=W 8 ragara (Sew20180914-3)

O3 SV R BB R AR (PP) L " ROk A GenBank H1 /751,

The numbers on the branch are posterior probabilities. *

represents sequence from GenBank.

B 1 B=RREERHEEEZMET ITS + maK 72 BI Kt

Fig. 1

Phylogenetic tree based on ITS + matK sequences constructed using Bayesian

inference method of X Bolboschoenoplectus mariqueter and related species

FEBS R4 DNA 5008 — & FHE Y %
Pl 3 2298 . ARFFE R ITS + matK J¥ 5141
AR ER BRI AAAE R BT &RE
(71.4%) ,HEA T B8 52 30X 1 — b B 0 g Ll 2%
FRESE S, 256 75 IR S I AR 5 Ik 55 | 458 15 58
FHAE RNy F 4 5 fig ) AE TRV R FRATT A B0 ITS +
matK J7 IV G A 0 i = 8w B HL T 2 P %
M e fE DNA SR80
32 BEREEAN S KM

TR =2 B B B W) A O 2 2 S R IR (R R
¥ K& #E, 1965 ; Tatanov, 2007 ) ; 1B M IE & 457 1F 3k
B HCHBBREE A 2 0 R B B R
TE 57K 208 A W AN i HL /Iy 15 S 3% 1T 1) AR
i, 55 7K 20 0 /) 1 B 1 SF T U S0 AN A K L
TN = EJE (Dai et al., 2010) ., ASHF 58 3 T 1
B ITS + matK Jp AR T i =1 e 7 S H i %
P RGE KBRS R ERG =R S =R
Ja& W HoAth 3 D RNIE B — 32, B 5K ZUE 53 T,
HTHPEN 100% , KL, ARBFFEEE A L =
T HE FEAE A K 28 T8 RN = ik R Y R (R 2 5SS
FRl A =R s X 5 (2010) 3T 1TS
JP 80X i = b B R HEAT R GE & B WO B 458 MAT

B BN REEEWERE LR, G RKERS
VI = REIE BB 3R, — T T R Vi =0 R g
W AR R A — A R R AL T A R, S —
], A5 v — e B U — A AN 5 [ F
A AR i 53T T 5 9 = b B B el FLJR S0 MR AN
90.09, X BEIRE % S BEAFEALE, (HORNHERR
PSRN N B2 A ] B, BN 2 T E 3 B Ok U i
SRR SR SRR AR SRR A A
Yifh, G5B EF R M B WS A X 5
Brof LRI, 18 =R 58K — R EAEIEE L
JUF—3, oA e /N 8% R B R T A7 WA R
FAETEMEE S AR B — B, B O U I T PR R
DAY 0 V5 9T 5 5 o A DX X R 0 A —
(R4 SE,2010) , (H AR 5 22 R Ak,
IR LG = B R A0 A I HGE L XN %
Vg b8 T BRIV Y = R R A 44 KRV BT 3 3L
(), 25 AR, ASHIE 55 45 SR R S 3 I = 1 B R
H = 7K 200 Jis FFFR) = 4% P B) 2% 38 B 15635 ( Yang
et al., 2009) , T WK H 40 A = b w0 )@ b R S 4
Koyama (1980) 2 B9 i = BE &0 i #1901 =%
(52 WS, SRR — R B R O R SR R R 4
IR (RRSE ,2019) .
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ZE LR A B 5% 38 ok i = e HT
ZRh Y DNA £ 08 15 0F 5, — 7 1 0 % 9 B T
ITS + matK 216 55 by ifg = o8 5 S FLaf 2 o
PR B i DNA I R Be Al &, o5 — Jr Tl ik
B0 F TS R ) B 2 E 4 AR 25, I T
W1 = B R = R R v LR U
FR 54, RS 5 T b B R LT 2 A Y oy 2
PR B E TS B, AMFRAGEN T 6 4
DNA FI A8 i 18 )7 51 HE AT IF 5%, A3 6 — 4% W Jd A
YK DNA ZRIC A f it — 25 R T
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