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Evolution Styles of Glucose-6-Phosphate Dehydr ogenase and
6-Phosphaogluconate Dehydr ogenase Genesin Higher Plants

HUANGJ HOU Fu-Yun WANG Jian-Fei ZHANG Hong-Sheng

(State Key Laboratory of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University, Nanjing 210095)

Abstract Glucose-6-phosphate dehydrogenase (G6PDH) and 6-phosphaogluconate dehydro-
genase (6PGDH) are key enzymes in the plant pentose phosphate pathway. This paper intro-
duces the isolation of two rice cDNAs encoding plastid G6PDH and 6PGDH and describes the
analysis of the genes structure, expression profiling and phylogenetic tree of all four G6PDH and
6PGDH genes: OsG6PDH 1 for cytosolic GGBPDH, OsG6PDH2 for plastid GEGPDH, Os6PGDH1 for
cytosolic 6PGDH, and Os6PGDH?2 for plastid 6PGDH. In higher plants, the distinct evolution
styles of G6PDH and 6PGDH reveal that plant cytosolic GEBPDH gene may have a common ances-
tor with animal and fungi, while cytosolic 6PGDH and its plastid isozyme both have an endosym-
biotic gene-replacement origin. This paper discusses the possible evolution styles of G6PDH
and 6PGDH enzymes and supplies new data on the evolution of higher plants and their plastids.
Key words  Glucose-6-phosphate dehydrogenase, 6-phosphaogluconate dehydrogenase, Gene
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1.2 RNA cDNA (2002a)
RNA Trizol 1.6
System RNA GenBank -6-
DNAse | 6-
2 ug RNA cDNA Clustalx ( 1.8)
(promega) Phylip (
1.3 OsG6PDH2 Os6PGDH?2 3.6) (neighbor-joining method)
(Saitou and Nei 1987)
G6PDH(GenBank AC:  TreeView
AJ001359) 6PGDH
(Krepinsky et al. 2001) 2
Blast GenBank dbEST 2.1 OsG6PDH2 Os6PGDH2
EST
OsG6PDH2  OsG6PDH2 G6PDH
cDNA 6PGDH
cDNA (1 RT- EST
PCR G6PDH 6PGDH
OsG6PDH2 Os6PGDH2 OsG6-
PDH2 Os6PGDH2 pGEM-T -6- OsG6PDH2  6-
JM109 Os6PGDH2
OsG6PDH2 1 768 bp
14 Os6PGDH2 1480 bp BioXM
cDNA GenBank OsG6PDH2 Os6PGDH?2 ORF
(http://www.ncbi.nlm.nih.gov)( 588 508
IRGSP) OsG6PDH1  Os6PGDH1
49% 66% OsG6PDH2
15 N 55
cDNA 55
RT-PCR Gly 56
actin PCR 1 Os6PGDH2 N 37
PCR cDNA 37
1 PCR
Tablel The sequences for PCR priners used in this paper
Gene Primer sequences
OsG6PDH1 5'-cggtatattgctgaaggaaga-3' 5'-tgtctgtctatgcaagggtg-3'
OsG6PDH2 5'-catggcgctetectgeatg-3' 5'-atcatctgggtcatgecttc-3'
Os6PGDH1 5'-tccgegatttcgtcagttac-3' 5'-atggagatagctatggacctc-3'
Os6PGDH?2 5'-tcgccaccatgggecaga-3' 5'-tcctcaaatggecgeace-3'

actin

5'-ggaactggtatggtcaagge-3'

5'-agtctcatggataaccacag-3'
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2 G6PDH 6PGDH
Table2 The structuresfor GBPDH and 6PGDH genes in higher plants

Enzyme Species Gene Number of intronsin Type GenBank No.
coding region
G6PDH Oryza sativa OsG6PDH1 14 Cytosolic AY078072
OsG6PDH2 9 Plastid AY 339367
Arabidopsis thaliana ~ AtG6PDH1 14 Cytosolic AY 065054
AtG6PDH2 8 Plastid AY 065042
AtG6PDH3 7 Plastid AJ001359
Nicotiana tabacum TOBAp 9 Plastid AF231351
6PGDH Oryza sativa Os6PGDH1 0 Cytosolic AF486280
Os6PGDH2 0 Plastid AY 278362
Arabidopsis thaliana ~ At6PGDH1 0 Cytosolic AF424591
At6PGDH2 0 Plastid AY 125503
Ala 38 Leu 4 -6- 6-
OsG6PDH2
G6PDH Os6PGDH2 6PGDH
OsG6PDH2 -6-
Os6PGDH2 OsG6PDH1  OsG6PDH2
OsG6PDH2 Os6PGDH2 ( 1)
GenBank 2 Os6PGDH1 Os6PGDH2
2.2 OsG6PDHs Os6PGDHs Os6PGDH1
4 -6- ( 1A) Os6PGDH2
6- ( 1B)
cDNA 24 G6PDH 6PGDH
GenBank/EMBL/DDBJ
-6-
( 20 6 -6-
ORF 6-
Phylip

G6PDH  6PGDH
G6PDH  (Knightetal. 2001) ( 2  3)

-6-

6PGDH
2.3 OsG6PDHs Os6PGDHs G6PDH
6PGDH
RT-PCR
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Fig.1 The semi-quantity RT-PCR analysis of
OsG6PDHSs and OsBPGDHs in rice roots and leaves (G.max) (S.oleracea-1) (M.
A. The expression of OsG6PDH1 and Os6PGDH1in  sativa) 6PGDH
ricerootsand leaves; B. The expression of OsG6PDH2 ( 3A);
and Os6PGDH2 in rice roots and leaves; 1. Root; 2. . . ’
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Fig.2 Unrooted phylogenetic tree inferred from amino acid sequences of G6PDH genes from various organisms
The cytosolic G6PDH in higher plants(boxed in A), plastid G6PDH in higher plants(B) and G6PDH from
cyanobacteria (C) are boxed respectively. The Latin words represent the protein names of G6PDH from
corresponsive organisms. The numbers near branches indicate the bootstrap proportion for 100 replicas. The
scale bar indicates 0.1 substitutions per site. The amino acids for GBPDH from various organisms are extracted
from nr database in GenBank. The tree was constructed with neighbor-joining method using Phylip software. The
treewas viewed using TreeView software
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Fig.3 Unrooted phylogenetic tree inferred from amino acid sequences of 6PGDH genes from various organisms
The cytosolic 6PGDH in higher plants (boxed in A), plastid 6PGDH in higher plants (B) and 6PGDH from
cyanobacteria (C) are boxed respectively. The scale bar indicates 0.1 substitutions per site. The amino acids for
G6PDH from various organisms are extracted from nr database in GenBank. The tree was constructed with
nei ghbor-joining method using Phylip software
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