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Abstract The infrageneric phylogeny of Metagentiana, a newly erected genus in the
Gentianaceae, was constructed based on the analysis of the nucleotide sequences of the
internal transcribed spacers (ITS) of nuclear ribosomal DNA of 10 representative species of
this genus and 22 species of Gentiana, Tripterospermum and Crawfurdia. The analysis
indicates that the genus Metagentiana is polyphyletic, because all sampled species of
Tripterospermum and Crawfurdia are clearly embedded within Metagentiana. The species of
Tripterospermum and Crawfurdia also did not cluster respectively as two monophyletic
clades. These results do not merit status of three separate genera. However, these three genera
clustered together as a monophyletic clade sister to Gentiana, which is in agreement with the
previous conclusions on the separation of Metagentiana from Gentiana and its closer
relationship to Tripterospermum and Crawfurdia based on studies of gross morphology, floral
anatomy, chromosomes, palynology and embryology. The ITS sequences do not provide
sufficient information to make a robust estimation of the phylogenetic relationships among
dysploid cytotypes of x=17, 21 and 23, within the Metagentiana, Tripterospermum and
Crawfurdia complex, but the preliminary results seem to indicate their reticulate and
paralleling evolution.

Key words Metagentiana, ITS sequence, phylogeny, Tripterospermum, Crawfurdia,
Gentiana.
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> x 1721 23

; ITS

Metagentiana T. N. Ho & S. W. Liu Ho (2002) Gentiana
(Tourn.) L. s 14 ,12 ,
, 2 , 800 4400 m
Tripterospermum Blume
Crawfurdia Wall. (Ho & Pringle,
1995) , sect. Senogyne Franchet (Franchet,
1884; Kusnezov, 1894; Pringle, 1978; Ho & Liu, 1990; Yuan & Kiipfer, 1993) Smith(1965)
, Love
Love(1976) , Tripterosper mum
subgen. Senogyne ,Halda(1995) ,
, Yuan (1996) ITS
(1996) ,
,Ho (2002)

b b b

: , Struwe  (2002) ,

> >

,x =23 21 17(Yuan & Kiipfer, 1993; , 1997; Ho et al., 2002),

ITS
, (Hodges & Arnold, 1994;
, 2000; ,2001; ,2002; ,2002; , , 2003; ,
2004), Gentianaceae
(Yuan & Kiipfer, 1995, 1997; Yuan et al., 1996, 2003; Liu et al., 2001, 2002a, b) ,
Yuan (1996) 2 ,

10 10 , 20 ITS , GenBank
Swertiinae 12 ITS , , (1)

;(2) ,
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1
11
Megacodon (Hemsl.)
H. Smith 20 , 6 ,14
1 (HNWP)
12 ITS GenBank, Yuan
(1996)
12
DNA CTAB (Doyle & Doyle, 1987),
CASsuper Plant Genomic DNA Isolation Kit (

) ITS White  (1990)
ITS1(5'-AGAAATCGTAACAAGGTTTCCGTAGG-3") ITS4(5-TCCTCCGCTTATTGATA-
TGC-3") Biometra thermal cycler PCR , 25 uL,

:10x PCR (1.5 mmol/L MgCl,) 2.5 pL,10 mmol/L dNTPs 0.5 pL, ITS1 ITS4
1.25 pL (5 pmol/L),MgCl, 0.5 uL,Tag DNA 0.25 uL (1.25 U), DNA 1 uL
(1020 ng) 17.75 uL 194 °C 4 min,94 °C 505,53 °C
50 s,72 °C 50 s,36 , 72 °C 7 min CASpure PCR
Purification Kit ( )
ITS1 ITS4 Amersham DYEnamic Dye Terminator Cycle Sequencing
Kit PCR , 10 uL, :PCR 1.0-2.0 pL, 1
uL,ET 2.5 pulL,4.5-5.5 ulL ; 195 °C 88,95 °C 15 5,50 °C 15 5,60 °C 90 s 31
, 60 °C 90 s Autoseq 96 Plates(Amersham ) ,
MegaBACE 500DNA Analysis System (Amersham Biosciences Corp.)
650 bp, 90%
ITS GenBank s GenBank
, GenBank Gentianopsis Ma Comastoma
(Wettst.) Toyokuni Lomatogonium A. Br. 12
1
13
Struwe  (2002) tribe Gentianeae 2 , subtribe
Gentianinae subtribe Swertiinae ,
; 14
1
14

Clustal X (Thompson et al., 1997) ,



494 43

1 GenBank ( (1988) )

Table 1 Origin of materials, chromosome numbers of species studied and accession numbers in GenBank (The
infrageneric classification follows Ho, 1998)

Taxon Locality Voucher Chromosome  GenBank
number Acc. No.
(2n/n)
Metagentiana T.N.Ho& S.W. Liu
46/23 AY562174
M. rhodantha (Franch.) T. N. Ho & S. W. Liu Kunming, Yunnan g-é-fhen)
? AY 858672
M. villifera (H. W. Li ex T. N. Ho) T. N. Ho &  Yunlian, Sichuan (Yibing
S. W. Liu Division,
Sichuan
Economic
PL. Exped.)
0018
34/17 AY562175
M. serra (Franch.) T. N. Ho, S. W. Liu & S. L.  Lijiang, Yunnan (S. L. Chen)
Chen 03141
42/21 AY562178
M. primuliflora (Franch.) T.N. Ho & S. W. Liu ~ Kunming, Yunnan  (S. L. Chen)
03124
42/21 AY562177
M. gentilis (Franch.) T.N. Ho & S. W. Liu Kunming, Yunnan  (S. L. Chen)
03122
46/23 AY562170
M. souliei (Franch.) T.N. Ho, S. W. Liu & S. L.  Lijiang, Yunnan (S. L. Chen)
Chen 03146
34/17 AY562171
M. pterocalyx (Franch.) T. N. Ho & S. W. Liu Heqing, Yunnan (S. L. Chen)
03158
46/23 AY562173
M. striata (Maxim.) T. N. Ho, S. W. Liu & S.  Dawu, Sichuan (S. L. Chen)
L. Chen 03081
? AY858673
M. eurycolpa (Marq.) T. N. Ho & S. W. Liu Luquan, Yunnan (Y. P. Chang)
0274
? AY858674
M. leptoclada (I. B. Balfour & Forrest) T. N.  Dali, Yunnan (T. N. Liou)
Ho & S. W. Liu 22798
Tripterospermum Blume
sect. Tripterospermum
46/23 AY562172
T. cordatum (Marq.) H. Smith Kunming, Yunnan  (S. L. Chen)
03112
Anonymous ? AYB858667
T. volubile (D. Don) Hara Nyalam, Xizang 1279
sect. PlatyspermumC. J. Wu
46/23 AY858668
T. chinense (Migo) H. Smith Mt. Tianmushan, (S. W. Liu)
Zhejiang 160810
Crawfurdia Wall.
? AY563383
C. tibetica Franch. Mt. Gongga, (S. L. Chen)
Sichuan 03097
46/23 AY562176
C. delavayi Franch. Cangshan, Dali, (S. L. Chen)

Yunnan 03140
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1( ) Tablel (continued)
Taxon Locality Voucher Chromosome  GenBank
number Acc. No.
(2n/n)
Anonymous ? AY858675
C. speciosa Wall. Cona, Xizang 751592
Gentiana (Tourn.) L.
sect. Cruciata Gaudin
from GenBank  52/13 AF346015
G. straminea Maxim. Maqu, Gansu
sect. Monopodiae (H. Smith) T. N. Ho
? AY 858669
G. futtereri Diels & Gilg Déngqén, Xizang (J. Q. Lin)
1056
26/13 748078
G. callistantha Diels & Gilg Luqu, Gansu (Y.M. Yuan)
Y92-298
from GenBank 748095
sect. Microsperma T. N. Ho
26/13 AY858670
G. vernayi Marq. Gyaca, Xizang (J. Q. Liu)
1158
26/13 748099
G. delavayi Franch. Lijiang, Yunnan (Y. M. Yuan) 748080
Y92-229
sect. Chondrophylla Bunge
12/6 AY858671
G. haynaldii Kanitz Qamdo, Xizang (J. Q. Liu)
1242
14/7 771937
G. flexicaulis H. Smith ex Marq. Mt. Taibaishan, (Y. M. Yuan)
Shaanxi 92-264
from GenBank 771938
36/18 771955
G. piasezkii Maxim. Ming Xian, Gansu (Y. M. Yuan)
92-272
from GenBank Z71956
40/20 771935
G. crassuloides Bureau & Franch. Mt. Taibaishan, (Y. M. Yuan)
Shaanxi 92-265
from GenBank 771936
sect. Dolichocarpa T. N. Ho
G178 20/10 771961
G. pudica Maxim. Maqu, Gansu from GenBank 771962
sect. |someria Kusnez
24/12 748062
G. depressa D. Don Zham, Xizang (Y. M. Yuan)
92-118
from GenBank 748081
sect. Frigida Kusnez.
24/12 748142
G. algida Pall. Colorado, USA (Y. M. Yuan)
91-S10
from GenBank 748117
Megacodon (Hemsl.) H. Smith
? AY858679
Meg. stylophorus (C. B. Clarke) H. Smith Lijiang, Yunnan (X. J. Ge)

106
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1( ) Tablel (continued)

Taxon Locality Voucher Chromosome  GenBank
number Acc. No.
(2n/n)
GentianopsisMa
26/13 748106
Gs. paludosa (Hook. f.) Ma Maqu, Gansu (Y. M. Yuan)
92-314
from GenBank 7438131
Comastoma (Wettst.) Toyokuni
18/9 748144
C. pulmonarium (Turcz.) Toyokuni Zoige, Sichuan (Y. M. Yuan)
92-279
from GenBank 748121
Lomatogonium A. Br.
V. Zuev 6649 32/16 AJ294634
L. carinthiacum (Wulf.) Reichb. Without precise from GenBank AJ294694
locality, Germany
(HNWP); Yuan & Kiipfer (1993)

(1997) Ho (2002) ;
All the vouchers are preserved in the herbarium of Northwest Plateau Institute of Biology, the Chinese Academy of
Sciences (HNWP). Chromosomal numbers are compiled based on reports by Yuan & Kiipfer (1993), Chen et al. (1997) and
Ho et al. (2002); question mark indicates that the chromosome number is not affirmative or unknown.

5.8S rDNA ,
PAUP* 4.0b10 (Swoftord, 2003) (gap)
(parsimony) , TBR heuristic
search MULPARS ACCTRAN 100 ,

(bootstrap analysis) , 1000 (Maddison, 1991) MrBayes 3.0b4

(Ronquist & Huelsenbeck, 2003) Bayesian inference BI ,

DNA GTR+G, 4 , 200

, 100 , 2000 18000 ,

(posterior probability)PP

2
10 0.96%, Metagentiana
eurycolpa M. leptoclada ; 7.22%, M.
pterocalyx M. rhodantha
, 10.6%, Crawfurdia
delavayi ; 0.8%, C. tibetica
Tripterospermum cordatum 13.8%,
M. gentilis Gentiana crassuloides
ITS 608-633 bp , 644 bp ,
,181 , 28.11% 128

, (maximum parsimony, MP) 1 , 662
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40 100 7 M rhodantha (46)
5 -
7 M. villifera (?)
0
gé ,T M. eurycolpa (?)
. - L M. leptoclada (?
Subtribe Gentianinae 6 ® @
\ iE Gentiana delavayi (26)
100 99 4 G. depressa (24)
11 9 12
G. callistantha (26)
63 ° f
....... G. futtereri (?
....... - 1)
20 G. vernayi (26)
Gentiana 8 G. algida (24)
\ 71 E G. haynaldii (12)
6 .
Zé 55— G. crassuloides (40)
33 .56 16 O Piasei (36)
13 G. pudica (20)
>3 G. flexicaulis (14)
G. straminea (52)
.
84 ) Comastoma pulmonarium 0
79 8 19— Lomatogonium carinthiacum g
18 0 Gentianopsis paludosa %
Megacodon stylophorus §
1 ITS 128 (length=662, Cl=0.594, RI=0.735)
)

Fig. 1. One of the 128 most parsimonious trees obtained from ITS sequence data (length=662, ClI=0.594, RI=0.735).
Numbers above and below the branches indicate bootstrap support and branch length, respectively. Dashed lines denote
branches that collapse in the strict consensus tree. Vertical bar delimits outgroups. The numbers in the brackets following
each species represent the somatic chromosome number of the relevant species (Question mark means that chromosome

numbers are not available).
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99 L Crawfurdia tibetica

100 T. volubile

T. chinense
L': Metegentiana souliei

59 M. pterocalyx

M. striata

100 — C. delavayi
100 L c speciosa

_.LO_O_|: M. rhodantha
M. villifera
97

100 [————— M. serra

98

100

M. primuliflora

M. gentilis
75

— M. eurycolpa
L wm leptoclada

92 Gentiana haynaldii

100

ﬁ

crassuloides

100 piasezkii

89 pudica

flexicaulis

straminea

92

56 vernayi

99 algida

delavayi

100 depressa

G.
G.
G.
G.
G.
G. futtereri
G.
G.
G.
G.
G.

e
S
100
——— G. callistantha
L': Comastoma pulmonarium
98 Lomatogonium carinthiacum|

Gentianopsis paludosa

seulllemMS qrIgns

Megacodon stylophorus

2 ITS Bayesian 50% Bayesian R
Fig. 2. Fifty percent of Bayesian majority rule consensus tree of ITS sequence data. Numbers above internodes indicate
the Bayesian posterior probabilities. Vertical bar delimits outgroups.
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12 , 4 : )
, (bootstrap value)BV PP
71%  92%; ,BV PP
96% 100% , M. souliei(x 23)
x 17 M. dtriata(x  23)
; , M. serra(x=17)
M. primuliflora(x=21) x 21 x 23) M.
villifera ,
b 3 b
3
ITS >
2 , (Yuan et al., 1996) 10
ITS , MP BI ( 1,2),
ITS >
(Yuan et al., 1996; Ho et al., 2002)
; I 3 (
,1988) ,Nilsson(1967) ,
; [
hypertropous; 3, ; I ; ,
2, ) >
" 10-30 , , ( , 2000;
,2000) , DNAITS
MP BI ( 1,2),
, ,BV PP 75% 98%,
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Tripterospermum volubile,
3 3 1 s
R s 6 ITS
, 41 (Ho & Pringle, 1995) , 3
ITS
, ( , 1988) ,
) 3 JTS
3 ; >
s 8 (Yuan & Kiipfer, 1993;
, 1997; Ho et al., 2002) 3 , x 1721 23 Yuan
Kiipfer(1993) ,
x=7-15 21 x  23( , )
x=7( , 1990),
12 s
, 3 x 17 21 23 3
3 5 , 3 (x
17 21 23), (x=17) x 21)
(x=23) ,
x 17 23), x 17),
Tripterospermum chinense x 23) ,
, (x=23)
x=17) s
, (Gielly & Taberlet, 1996; Yuan & Kiipfer, 1997)
Bao Y ( ), Ge S ( ). 2003. Phylogenetic relationships among diploid species of Oryza officinalis

complex revealed by multiple gene sequences. Acta Phytotaxonomica Sinica (
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