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W E: KRAERFRN—NNE KB FEES W BELWE MM GenBank FRIUIKE Triarrhena RIiE
S ITS B35, L3 Phragmites australis 352585, % F MP( maximum parsimony) Fl NJ( neighbor-joining) 434
FERTTRERBHN, XFER T EBINARERERNESMER, KBMER Miscauthus FH XL R—TBFE
258 W\ E Narenga porphyrocoma 51 R Mk B M Y RE—EH R IR E; BF Imperata cylindrica 5HEF
Saccharum arundinaceum T —/PXHWRIALKE, AF SR EHXRRE; BRAYEHDEREISH , R K
HBERBABFBESIT—BHUMAR. BFSAF FANAEREF Eranhus fulvus RRREXEZBE, MHHEEF
E. rockii B H ¥ B 4T Saccharum sinense \H BE S. officinarum HIFFH RE S. barberi FEHAR F L S. spontaneum X TR
Bk, HERAAZBREFRARER EBEH—SHRK.
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Phylogenetics of Triarrhena and Related Genera Based
on ITS Sequence Data
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(1. School of Bioscience and Technology, Hunan Agricultural University, Changsha 410128, China; 2. School of Life Sciences, Zhongshan
University, Guangzhou 510275, China; 3. School of Life Sciences, Nanchang University, Nanchang 330031, China)
Abstract: Triarrhena is a small-sized gunus of Gramineae with only two species ,which occurs in eastern
Asia, particularly in China,but its taxonomic treatment has been a controversial matter. It was treated as
an independent gunus,or a species under Miscauthus or Imperata. This study is to assess the phylogeny of
Triarrhena and its related genera in Saccharinae ( Gramineae) based on internal transcribed spacer (ITS)
and the 5. 8s coding region of the nuclear ribosomal DNA. Maximum parsimony ( MP) and neighbor-
joining (NJ) methods were employed to analyze the data sets with Phragmites australis as outgroup. The
phylogenetic trees based on the data set show that the genus Miscauthus (including Triarrhena) formed a
monophyletic group. Narenga porphyrocoma was strongly supported to be the sister group of a subclade
comprising Miscauthus and Triarrhena. Imperata cylindrica and Saccharum arundinaceum were sister group
and formed a subclade,indicating their close affinity. The present authors suggest that Triarrhena should
be merged with Miscanthus. The results of phylogenetic analysis also indicate that Saccharum arundinace-
um has a closed relationship with Imperata, followed by Narenga and Miscauthus. However it is the most
distant to the other species of Saccharum. Since the genera of Saccharum, Narenga and Erianthus are
shown to be polyphyletic, further studies on their phylogenetic relationships are still needed.
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3kJ& Triarrhena RAREAR B TR ATEEKRHHE
TR —NBY . KBRS RERFEEERR
FEFW KXY BT EFR Inperata . T8 Miscant-
hus AR H— B, iz X RAREY
REHRRRE P EEYEN, IERAERPSH,
W B A :2006-12-04 , #: 5] B #§.2007-01-16,,

KR BARER /DT, RESRER 5
TR XU RBEERT 83 AR TH
¥RB. XIEINHRIK T sacchariflorus ( Maxim. ) Nakai
S FREIE 30° LI MR EILERE, 4
WTFRILF T KM RS TRERN TR, &

FEERA BRAR(1958 - ) &, AP LB A, ERANFMYRGEENTR.
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4 K3k ( T. lularioriparia L. Liu) ,3kJ@ h & K FF
HBZ—. BRSF B0 Renvoize! " LRk EN TR
B— A~ F & M. lutarioriparius Liu ex S. L. Chen &
Renvoize IE3 %3, T H7E{ Flora of China) 12
HikAmEIkHH AR P,
KBHESEDATR . BB HERE Sac-
charum JE3 8 Erianthus M1 )\ £ JB Narenga % ,iX
HR YR BAER, ENZENEER
BEXRIAHEH, FAEKHERQEREFREM
NER , B AEEF BT NALENE RS &
Sl 8] | g ar e B Soccharum arundinaceum
HWAEH BB Saccharum BB E HABEF B Erian-
thus , A H3E 1 H R h— gV,
XKTFRFBHREEBMENRARERLRN
W EFERETES HMREEEE KRB,
TiR{E DNA JFFI 4Tt — 2R iE, E£&RE
WIFZERH TS rbel F trnl-F, rbel M tnl-F XHEE

HEEERR R R EF R, EURATRELRETH
FEUB) ITS FRFIZEBT 5T IR I IR FIEEGE & ] 5%
ANHEAHBROBREMEEMSESE, N
KBNBH AR EEERRGETRFNZF ",
FARAERSFEHETREYRME MR PR
HTERAERLHFELD? A 3CGEM X EE W E
I GenBank iy RB|MHEL K 7 )8 14 F 27
Ak B S EER Z5 ( Phragmites australis ) i) ITS 7
SIS HT, RETIB M R B ALK R, Fet kR
FIEGR AV R MF RO RARRERE S
g

1 #EERE

1.1 ##

ABFE 11 DHOR R B BB B R TR 1
HEH R AR RSN KBEFFIK B GenBank, i
FATFSHTHIR R 1,

F1 XBRMRRHRR
Table 1 The origin of material used in this study

55 MR B R KB EAEPRA GenBank 8% 5
No. Species Locality/ Voucher Accession number
01 F A5 Miscanthus floridulus Nanchang Jiangxi ,Chen 0416 EF211948
02 FH5E Miscanthus floridulus Tonggn Jiangxi ,Chen 0418 EF211949
03 FH5E Miscanthus floridulus Yunnan AF345214
04 T Miscanthus sinensis Tonggu Jiangxi , Chen 0425 EF211950
05 = Miscanthus sinensis Nanchang Jiangxi , Chen 0417 EF211951
06 = Miscanthus sinensis Cultivated in U. K. AF019822
07 Y1k Triarrhena hutarioriparia var. elevationodis Yuanjiang Hunan, Chen 0301 EF211952
08 €44k Triarrhena lutarioriparia var. elevationodis Hanshou Hunan,Chen 0302 EF211953
09 i3k Triarrhena huarioriparia var. lutarioriparia Hanshou Hunan,Chen 0311 EF211954
10 B3k Triarrhena lutarioriparia var. lutarioriparia Yuanjiang Hunan, Chen 0312 EF211955
11 3k Triarrhena sacchariflora Cultivated in U. K. AY116282
12 34X Triarrhena sacchariflora Cultivated in U. K. AJ426564
13 BE ¥ Saccharum arundinaceum Nanchang Jiangxi, Chen 0422 EF211956
14 BE¥ Saccharum arundi Yunnan AF345202
15 BE¥ Saccharum arundi Guizhou AF345207
16 H B Saccharum officinarum Yunnan AF345231
17 A F 5L Saccharum spontaneum Yunnan AF345245
18 MFFH BE Saccharum barberi Yunnan AF331657
19 FTRE Saccharum sinense Yunnan AF345242
20 4% Imperata cylindrica Yunnan AF345653
21 13 Imperata cylindrica Taiwan AF092512
22 HEREF Enanthus rockii Yunnan AF345219
23 HREF Enanthus rockii Sichuan AF345220
24 BEF Erianthus fulvus Yunnan AF345216
25 BE¥ Erianthus fulvus Yunnan AF345217
26 i J)\E Narenga porphyrocoma Pengze Jiangxi, Chen 0445 EF211957
27 FAFELT Microstegium vimineum Guanshan Jiangxi, Chen 0430 EF211958
28 3 Phragmites australis* Unknown AF019810

* Outgroup.
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1.2 EBRF*E
1.2.1 4 E DNA f9iREL

S WY CTAB 3 $25UE DNA,
1.2.2 PCR ¥ Hax it

SR B[4 [TS4 (5° —3°) TCCTCCGCT-
TATTGATATGC,ITS5 (5’ —3’ ) GGAAGTAAAAGT-
CGTAACAAGGXT B iy i Br gt 47 9~ 3% fnll ¥, PCR
1% )% R 7E MJ Research /3] fJ PTC-200 PCR {{ _E
AT, OB TR N 20 pL, P38 K48 : 94 C T AR
# 3 min,94C&4E 1 min,50CiR K 1 min,72°CLEfH
1 min,35 P§3F, ¥ I4E BB H{E DNA i ITS K
Bt (f3%%5 ITS1,5.8S tDNA F1ITS2) ., PCR =41 H
QIAGEN /A ] f PCR “ifb i & # AT 4tk , RE R
H Ugene f)%EEE [EIGER & FR .
1.2.3 FIAE

W B2 W #E MJ Research 4 @] # PTC-200 PCR
ST, REFRFRN:96C 2 # 10 s,50C 1B k
10 5,60°C ZE {1 4 min, 40 953K, R N B &R K
10 pL. Fi Bigdye 3R 7 A7) & 7€ ABI 2\ &) (3£
E R A RGN F]) ABI 3730 £ B 3l B4 b 3
TIE BT
1.2.4 FHHHASFREERERPNE

230 58 B9 7 5 A1 M GenBank #1718 89 51 3%
F DNASTAR {44 (DNASTAR Inc.,1995) i#47
BIEMEERFFILIT)G, 2560 (gap ) fE N BRAK AL T,
WIS )R 5 35 (Phragmites australis) 2 5b
KB, P ERTFH LA Arundinoideae B & T Fl
Panicoideae 7 = ¥ #8 8 Andropogonatae ( Ik J H i
ZHEYVFRTRERFEERKR) , FEERSL
Sk EIGEZEY A ML, B X RENEHEH
B P RSCRAFR RN FRFIHET AT, 48
F R K 1) 4935 (maximum parsimony , MP) Fi4f % 5k
(neighbor-joining ,NJ ) Xt ITS FFFISET ML IR S
RESHr. MP 1l NJ 23R F MEGA2b3 #4474
B, FH H # Kimura 2-Parameter Distance!™! | £:%%
el SRt IR REUS Al NI 200 MP BHgi; Rlad, 3
17 1000 Ik B BRI, LU 8- S BTl S0

2 #REHE

Pt B9k R BOE Z MY IIG + CE BAEITS-1
R TEE S 61.8% ~67.5% ,7E ITS2 K K
66.1 % ~73.3% ,FFFIKBEFEE K 540 ~ 557 bp, F¢
FIns IR IR B0 565 bp R ALASKE 144,15 8,
SIRFH 77,1TS1 K EFEH D 204 ~208 bp, BRI

B (5 BALE 24, HERF J3 K B 4224 bp,
ITS2 KEFE K 172 ~ 176 bp , R KK 54 4,15
BAOLEHR 31 A HEF B KB 164 bp, EEFF B KB
1 5.8 S IDNA FHI1R{R<F, KEEHIH 163 bp, TKA
FORZAEY B ITS K| (ITS1 + ITS2 ) 1 45 /& # (]
KERBRERE, HERHEEAFENERMRK
ERALE, =R MIkE o B 7E 34.52.82 bp #
413 bp M FERERTERAUR, FHIH“A”,
“AT TV VCA”  TTH MBI AR R85 A
“C” G “G” “TER“G” ;B 7E 82,117 207 bp
#1548 bp AFERFEHNERMEHI“A” . “C”.“C”
MG”; HERBMF S. arundinaceum . 17 S.
sinense \HBE S. officinarum . 48 FF H RE S. barber FIFEH
WTFEH S. spontaneum, FEF B EF E. fulvus, I 7
¥ E. rockit ). H¥ )& Imperata B H ¥ L cylindrica
420 bp#11421 bp 4LHF7E 2 MERK AL G 5, X LA IK
BEAEZBHMRERE MAREMTRRBRMET
BEEMSFRER.

AT EAEF UL R, RATKA MP 1 NJ
B, EARES AT, £33 1000 RE R MKt
BEEXBHOEKHAWBY —BHEER(CH A
0.833333 fRFFFEH(RI) 0.87857TI . EHE R F—
TETE 41 0. 732143, F4REEE: £ 1000 R E E fike
HE, KRB 50% SHEM -0 (H 1),

ITS RGEWEN, TRFAIARVERLEER
KR B R A TE B — 1~ B R 25 B ( monophyletic
group) ,iX—45R13%] T 82% (NJ ) #1100% (MP)
WERBIBEN IR (E 1,8 2),FHREZE i ITS
FFIIRAHZ 3 1~ bpo ZEXANKBES, B Miscans-
hus AR — KM 4332, BH 100% (MP) F179%
(N)) X5 3%, k)R Triarrhena W AR — R B4
X, RHE 82% (NJ )F189% (MP) (X7 ; =@
FESEPENESHEEREEE (8 ITS @i
SREBUN. BRSF R XIZ %00 R 40 2k AT 3K
TMHFRENESERRWENTE N S0 ~
250 cm, FFE23.5 ~10 mm, BRIEFH 5 ~20,7E
4K 2.5 ~3 mm, /& FFE R 300 ~700 cm, FF H
1210 ~ 20 mm, BARIEFH 20 ~40, 25K 1.5 ~
2 mm, ThFEHK KR4t KRB B ITS FHI447
BN 1TS BRSNS RERPEF L o
lindrica 583 S. arundinaceum B 7E — & 3 B 1H
REE, KB T 79% (NJ) F1100% (MP) B B BEUE
XRR, RAXHEZRFEEXERRIL; AFRE In-
perata 53K)E Triarrhena (X R BT, B KA W
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l
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6o (15 8. arundinaceum

¥V 27 M. vimineum :]MiL‘rostegium

9o ' M 211 eylindrica
14 s. arundinaceum

13 S. arundinaceum

| A24E. fulvus

99 [ A 23 E. rockii

| ]Erianthus
99" A25E. fulvus

A 22 E. rockii
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19 S. sinense

97

17 s. spontaneum

56

Saccharum
016 5. officinarum

18 5. barberi
@ 28 P, australis Joutgroup

51

—n

0.08 0.06 0.04 0.02

1
1

0.00

O Miscanthus; @ Triarrhena; A Narenga; WM Imperata; [ Saccharum; V Microstegium; A Erianthus; @ Phragmites

B 1 A3 (Phragmites australis) 58, BT HRME IR KB ITS K52 NI b
(43X ERBEF R 1000 K A BRHBEE X/ FE)
Fig.1 The Neighbor-Joining tree based on Triarrhena and related species of ITS sequences analysis with P. australis as

outgroup( Numbers above the branches are bootstrap values (% ) of 1000 replications)

PRI A =19, TTEF R Imperata HIFLE
EEECH x =101, Hilt, BTN RIKR Triar-
rhena A3+ 3|58 Miscanthus EREG M , A FIKE
FHEFR Imperata 373 5L —BHIMA o

HrER Saccharum REF J& Erianthus M N\ E
J& Narenga HHWTESAMIE , R FEZ X RIEHN—BE,
ENRHRRAERE,EFE Erianthus RIF N\ LR
Narenga % JAZE H )R Saccharum By, WH M KR
B, ZEFFAE RO T X A YRR E AR 43T, T BB —
NG K, Mukherjee 732 J1“ H /R Saccharum H &
& XEHY R TR ETHE, R, S5

R HRABAH™, BN HEREEANEFLE
BEF B K — A E. arundinaceus'™”! | B py, 4 1E
1997 4R A P Y&, BEF N Ba e H R =
S. arundinaceum , PR 58 H R ROE 4R
SHHEYH A TERNEIHRENR, BFHHT
EEMX TR 400, B X FAh A X A KR fk 21
M, 5HRERNERE R TFEANRFRNEFISE
HBEF, AANEREFAHERREELESE
M. REREP MHERRLELZBH TS
rbeLl 3 B (1137 bp) #H47 T HFF LA, AW BEF
ARFIABERREF R, MM I—B. BRE
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@ 11 T. sacchariflora
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013 5. arundinaceum
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98 18 $. barberi
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___E 0317 5. spontaneum

63 119 8. sinense

gium; A Erianthus; @ Phragmites

2 VAP5% (Phragmites australis) 50385, BT HRRM B A KR A ITS K eI 89 MP &
(BFARE A STHI B R 1000 WHISTHFER)
Fig.2 The single most parsimonious tree of Triarrhena and related species based on ITS regions
(length 531,CI =0. 833333 ,RI =0. 878571) . Gaps were treated as missing data. Values
above braches are bootstrap supports (% ) for the clades

U g B iR R IR SRR ITS STk
BEF AR T HMER Saccharum, %™ i AFLP
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BHA—N4rX,3K1897% (NI) F1100% (MP) W&
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