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The utility of mitochondrial nad1l intron in phylogenetic
study of Oryzeae with reference to the systematic

position of Porteresia
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Abstract In the study of plant systematics and evolution the gene sequences of mitochondrial
genome are less used for their low informative sites and complex structure compared to those of the
nuclear and chloroplast genomes. In this study we sequenced the intron 2 of mitochondrial nadl
gene to study the phylogeny of Oryzeae in particular emphasizing the systematic position of Portere-
sia a monotypic genus of Oryzeae with the only species P. coarctata . The results indicate that the
tribe Oryzeae should be divided into two subtribes Oryzinae and Zizaniinae and that Leersia is the
most closely related genus to Oryza. The present data clearly demonstrate that Porteresia coarctata
should be treated as a member in Oryza rather than as a separate genus. The sequences of nadl in-
tron 2 are informative enough in Oryzeae and thus appear appropriate for the phylogenetic study at
higher taxonomic levels. The gaps when treated appropriately can provide additional information
in phylogenetic study.
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DNA DNA
nuclear ribosomal DNA Olmstead & Palmer 1994 Soltis
& Soltis 1998 Alvarez & Wendel 2003

Clegg et al. 1997 Geetal. 1999 Sang 2002
DNA
Wolfe et al. 1987
DNA
Palmer 1992 Adams &
Palmer 2003
cob coxl nadl nad4  nad5 Adams & Palmer 2003

DNA Demesure et al. 1995
Qiu & Palmer 1999 Mitton
et al. 2000 Gugerli et al. 2001 Sanjur et al. 2002

Oryzeae Poaceae
Oryza 1. Zizania latifolia  Griseb. Turcz. ex Stapf Zizania L.
12 70 Clayton & Renvoize 1986 Vaughan
1994 Hitchcock & Chase 1951
Hutchinson 1959 Terrell & Robinson 1974 Zhang & Second 1989 Duvall et al. 1993 Ge
et al. 2002 Ge et al. 2002
Terrell et
al. 2001 Geetal. 2002 Porteresia coarctata  Roxb. Tateoka
1 0. coarctata Roxb. Tateoka
1965 Vaughan 1989 P. coarctata
Ge et al. 1999 2002
nadl — NADH ubiquinone
oxidoreductase NADH nadl
5 nadl/A — E  Gutierres et al. 1999
1 19 nadl 2
P. coarctata
nadl 2
1
1.1

19
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Porteresia Tateoka GPWG 2001 Oryzeae
Ehrhartoideae Bambusoideae
Phyllostachys Sieb & Zucc.  P. aurea Riviere & C. Riviere
1 0. granulata Nees & Am. ex
Watt Zizania latifolia IRRI
1

Table 1 The species used in the study and their GenBank accession number

Species Accession number  Provenance 2n GenBank number
Oryza sativa L. 30416 Philippines 24 AY507930
0. punctata Kotschy ex Steud. 103887 Cameroon 24 AY507931
0. officinalis Wall ex Watt 105085 Philippines 24 AY507932
0. longiglumis Jansen 106525 Papua New Guinea 48 AY507933
0. brachyantha A. Chev. & Roehr. 105151 Sierra Leone 24 AY507934
Porteresia coarctata Roxb. Tateoka 104502 Bangladesh 48 AY507935
0. schlechteri Pilger 82047 Papua New Guinea 48 AY507936
0. australiensis Domin. 101144 Australia 24 AY507937
0. granulata Nees & Am. ex Watt 2422 Hainan China 24 AY507938
Leersia tisserantti  A. Chev. Launert 105610 Cameroon 24 AY507939
L. hexandra SW. 105252 Philippines 48 AY507940
Zizania latifolia  Griseb. Turcz. ex Stapf GS 0202 Beijing China 34 AY507941
Zizaniopsis villanensis Quarin 85425 Argentina 24 AY507942
Prosphytochloa prehensilis Schweick - S. Africa 24 AY507943
Potamophila parviflora R. Br. 85424 Australia 24 AY507944
Rhynchoryza subulata  Nees Baillon 100913 Argentina 24 AY507945
Luziola leiocarpa Lindm. 82043 Argentina 24 AY507946
Hygroryza aristata  Retz. Nees 105460 Sri Lanka 24 AY507947
Chikusichloa aquatica Koidzumi 106186 Japan 24 AY507948
Phyllostachys aurea Riviere & C. Riviere - Beijing China 48 AY507949
1.2 DNA PCR
DNA Ge etal. 1999 Triticum aestivum L. nadl
2 exon 2 82 bp 2 intron 2 1423 bp 3 192 bp Chapdelaine &
Bonen 1991 nad 1 2 nad 1 2
2 nadl 25 pl 10 - 20 ng DNA
10 mmol/L Tris-HCI pH 8.3 2.0 mmol/L MgCl, 4  dNTP 200 pumol/L 2 5
pmol/L 0.75 Taq PTC-200 PE PCR
70 C 4 min—>94 C 1min 50 °C20s 72 °C 1.5 min 2 —04 C
20s 50 C20s 72 °C 1.5min 35 —72 °C 10 min PCR 1.5%
DNA Promega Madison WI

10 pL ABI Prism Bigdye™ Terminator Cycle Sequencing Ready
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Reaction Kit Perkin Elmer  BigdyeMix 1.5 pL 5 pmol 25-50 ng
94 C15s 52°C8s 60 C 4.5min 29
25 pL 13 mol/L NaAC =24:1 10 min 4
°C 12000 r/min 20 min 150 pL. 70% 4 °C 12000
r/min 10 min 3 pL Loading buffer ~ ABI-377 DNA
2
Table 2 The primers used in this study The primer underlined is designed for sequencing only
5 -3
Primer name Direction Primer sequence 5’ -3’ Reference
nad exon B Forward GCATTACGATCTGCAGCTCA Demesure et al. 1995
nadl exon C Reverse GGAGCTCGATTAGTTTCTGC Demesure et al. 1995
nadl exon B-FF Forward GGATATACACCAGGGCAAC This paper
1.3
Clustal W Thompson et al. 1994 alignment
GC pairwise distances MEGA 2.1 Kumar et al. 2001
DAMBE 4.1.19 Xia & Xie 2001
PAUP™ 4.0 Swofford 1998 MP ML
unordered MP
MULRARS Heuristic search  random stepwise addition 1000
tree-bisection-reconnection TBR ~ branch swapping ML HKY Hasegawa
et al. 1985 branch and bound search 1000
1000 Felsenstein 1985
gap
Simmons & Ochoterena 2000 ML
Kawakita et al. 2003 MP
missing Simmons  Ochoterena 2000 /  presence/
absence 1 1
1 0
2
2.1 nadl
19 1 20 1.44 kb DNA 5
nadl 2 33 bp 2
3 3 60 bp Luziola leiocarpa 1371 bp
Hygroryza aristata  Chikusichloa aquatica 1451 bp GC

53.0% —-54.4% 54.1%
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1 variabili-
ty entropy information byte
Xia & Xie 2001 1 nadl
3/
2.0 2.0
1.6 1 1.6
2 12 F 412
S
5
g 0.8 70.8
0.4 1 0.4
LU (] 0
1 248 495 742 989 1236 1483
FHIIE Site numbering
1
Fig. 1. Variable substitution rate over sites.
1485 bp 58 3.9%
27 1.8% /
18 8 175 gap-1 474 — 478 gap-
2 581-584 gap-3 709-715 gap-4 733 gap-5 852-854 gap-6 869 - 872 gap-7
996 - 1000 gap-8 76 5.1% 35
2.3% 2 6
2.2
MP 18 MP 79
Cl  0.8354 Rl 0.8571 18
2 ML MP
2 2 98 %
Porteresia 3 2 93%
Porteresia coarctata 58% 8
50% 48% Luziola leiocarpa  Zizaniopsis villanensis

98%  Potamophila parviflora  Prosphytochloa prehensilis 86%
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Oryza sativa

——— O. punctata
2 — O. officinalis
58 t——— 0. australiensis

Porteresia coarctata

L3 O. schlechteri

6 . .
o3 1 O. longiglumis
1 O. brachyantha
O. granulata
3 Leersia tisserantti
4
5 93 — L. hexandra
Zizania latifolia
1
Rhynchoryza subulata
1
——— Hygroryza aristata
7 Zizaniopsis villanensis
1
98 Luziola leiocarpa
2 Prosphytochloa prehensilis
1
86 Potamophila parviflora
1
Chikusichloa aquatica
Phyllostachys aurea
2 nadl 18 =79 ClI=0.8354 RI =
0.8571 bootstrap
Fig. 2. The strict consensus tree of the 18 most parsimonious trees of nadl with the gaps treated as missing Tree length =79 CI
=0.8354 RI=0.8571 . Numbers above and below the branches represent nucleotide substitutions and bootstrap values respec-
tively.
/ MP 18 2 3
92 CI 0.8152 RI 0.8381 3
3
Porteresia coarctata O . schlechteri 51% 3
gap-5 gap-7 homoplasy 6
synapomorphy
3.1 Porteresia coarctata

Porteresia
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2 .
< Oryza sativa

8 -BL O. punctata
8L—o0 officinalis
626 1 O. australiensis
L Porteresia coarctata
p 51 —3 O. schlechteri
98 1 = O. longiglumis
1 -B—— O. brachyantha
1 -B— O. granulata

| Frm

homoplasy

FLATATAE

I synapomorphy

I H ——— Leersia tisserantti
5 98 -H— L. hexandra
Zizania latifolia
|
Rhynchoryza subulata
1
- Hygroryza aristata
O lsens . . .
N Zizaniopsis villanensis
1 14
Luziola leiocarpa
100
2 5~ Prosphytochloa prehensilis
85 -H— Potamophila parviflora
Chikusichloa aquatica
Phyllostachys aurea
3 nadl 2 /

0.8381

=92 CI=0.8152 Rl =

Fig. 3. The strict consensus tree of the two most parsimonious trees of nadl with the gaps treated as present/absent characters
Cl=0.8152 RI=0.8381 . Numbers above and below the branches represent nucleotide substitutions and
bootstrap values respectively. The numbers above rectangles represent corresponding gap.

Tree length = 92

95 % 8 48 %
Ge 2002 matK
rapid radiation Luziola Juss.
Zizaniopsis Doell. & Asch. Potamophila R. Br.  Prosphytochloa Schweick .
23 matK
Ge et al. 2002 Oryzinae  Zizaniinae
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Terrell ~ Robinson 1974 Luziola  Zizaniopsis Luzi-
olinae 23 Porteresia
Terrell & Robin-

son 1974 Duvall et al. 1993 Ge et al. 2002

Porteresia coarctata Oryza coarctata
Tateoka 1965  Zhang  Second 1989 DNA
P. coarctata 0.
meyeriana Zoll. & Mor. ex Steud. Baill. 7
2 Adhl  Adh2 matK Ge 1999 P. coarcta-
ta 2 matK 11
mat K P. coarctata 95% Ge et al.
2002 nad1 2 2.3%

Porteresia coarctata O . schlechteri
Porteresia coarctata
3.2 nadl 2
5
5 Wolfe et al. 1987

Wahleithner & Wolstenholme 1988 Schuster et al. 1990 Qiu & Palmer 1999 Wang et al.

2000 Meng et al. 2002 Adams & Palmer 2003 nad 1
nad4 Demesure et al. 1995
nad 1
B C 2 nadl exon B nadl exon C
nad 1 2
nadl 2 3 GenBank
3 nadl 2 GC

Table 3 Sizes GC contents of and pairwise distance between Oryza sativa and its related taxa

GC

Species distl;ijzdsa sL(::]I:it:LZi GC content % GenBank No.
0. sativa L. — 1446 54.2 AY507930
0. granulata Nees & Am. ex Watt 0.005 1442 54.1 AY507938
Leersia tisserantti  A. Chev. Launert 0.008 1443 54.1 AY507939
Phyllostachys aurea Riviere & C. Riviere 0.011 1451 54.5 AY507949
Triticum aestivum L. 0.019 1449 54.4 X57967
Cephalanthera damasonium Mill.  Druce 0.057 1456 54.6 AF314858

Alocasia cucullata  Tour. G. Don 0.071 1228 54.0 AY243116
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0.004% 0.008%
1.1% 1.9% 5.7% 1.1%
3 nad 1 2
3.3
DNA

Terry et al. 1997 Denton et al. 1998 Mason-

Gamer et al. 1998

/ Johnson & Soltis 1995
5 21
4 /  presence/absence

Simmons & Ochoterena 2000
Wheeler & Hayashi 1998  Giribet &

Wheeler 1999 / Lloyd & Calder
1991 Barriel 1994 Van Dijk et al. 1999

al.

Baldwin & Markos 1998 Lloyd & Calder 1991 Van Ham et
1994 Johnson & Soltis 1995 Simmons et al. 2001

Simmons  Ochoterena 2000 /
/ Pascarella & Argos 1992 Gu & Li 1995

/
Simmons 2001 38 5 DNA 5 ITS 6 22

Simmons  Ochoterena 2000

16 8 2

Porteresia coarctata  O. schlechteri
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