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ABSTRACT

Accumulation of arsenic (As) in plants can
severely inhibit plant growth. Once the arsenic is
taken up by roots, arsenic detoxification enzymes
such as arsenate reductase (AR) and phytochelatin
synthase (PCS) are up-regulated in response to
arsenic accumulation. In this study, the two-
detoxification enzymes were cloned from roots of
arsenic-treated Oryza sativa L. ssp. indica, cv. Khao
Dawk Mali 105 (Jasmine rice). The results showed
that the AR gene consists of 414 bp encoding a
polypeptide with 137 amino acids long. This encoded
amino acid sequence contains the consensus motif
HisCys(X)sArg that is essential for reductase activity
and is similar to the arsenate reductase polypeptide
from African rice (Oryza glaberrima Steud.).
Moreover, the partial phytochelatin synthase gene at
3' end, 1,498 bp containing 873 coding sequence,
was successfully cloned. The obtained phytochelatin
synthase gene encoding for a 290 amino acid
related

polypeptide was highly to phytochelatin

synthase from Triticum aestivum L. The deduced
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amino acid sequence contained consensus motif
CysCys(X);Cys(X),Cys at C-terminal which serves

as a sensor for heavy metal ions and arsenic.
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Table 1 Comparison of amino acid sequence similarity between Jasmine rice arsenate reductase and other

reductase genes found in GenBank.

Accession No. Plant species Common name Amino acids %ldentity
KJ200296 Oryza sativa L. spp. indica, cv. Jasmine rice 105 137 100
Khao Dawk Mali 105
11QVM3 Oryza glaberrima Steud. African rice 137 99
C5WTH4 Sorghum bicolor (L.) Moench. Sorghum 131 85
B6TQK1 Zea mays L. Corn 131 83
MOWIP5 Hordeum vulgare L. Barley 130 83
XP_004983768 Setaria italic (L.) P.Beauv. Foxtail millet 131 83
1115V8 Brachypodium distachyon (L.) Purple false brome 131 82
P.Beauv.
AAU11500 Holcus lanatus L. Velvet grass 131 71
ADK38620 Ipomoea batatas (L.) Lam. Sweet potato 139 57
ABMO05620 Pteris vittata L. Chinese brake fern 130 48
NP_568119 Arabidopsis thaliana (L.) Heynh. Mousear cress 130 59




aa o

el U

ANa Lazame

| ponpea_bat at a

Ar abi dopsi s_t hal i ana
oryza_sativa

Oyza_gl aberrima

Sor ghum bi col or
Zea_mays
Setaria_italica

Hor deum vul gare
Brachypodi um di st achyon
Hol cus_l anat us
Pteris_ vittata

| ponpea_bat at a

Ar abi dopsi s_t hal i ana
oryza_sativa

Oryza_gl aberrima

Sor ghum bi col or
Zea_mays
Setaria_italica

Hor deum vul gar e
Brachypodi um di st achyon
Hol cus_I anat us
Pteris_vittata

| ponpea_bat at a

Ar abi dopsi s_t hal i ana
oryza_sativa

Oryza_gl aberrima

Sor ghum bi col or
Zea_nmys
Setaria_italica

Hor deum vul gare

Br achypodi um di st achyon
Hol cus_| anat us
Pteris_vittata

Thai J. Genet. 2014, 7(1) : 41-50 45

MIRS- - TTYl TASQLLSLKR- RPNI' Al VDVRDDERSCDGHI AGSLHFASD 47
MARS- - | SYI TSTQLLPLHR- RPNI Al | DVRDEERNYDGHI AGSLHYASG 47
MARS- - VSYVSAAKL LAVARGNPRVAI | DVRDEERSYQAHI GRSHHFSSR 48
MARS- - VSYVSAAKLLAVARGNPRVAI | DVRDEERSYQAHI GGSHHFSSR 48
MARS- - VSYVSAAKLVSMARGNPRLAI | DVRDEERSYQAHI AGSHHFASG 48
MARS- - VSYVSAAKLVSVARGNPRLAI | DVRDEERSYQAHI AGSHHFASG 48
MARS- - VSYVSAAKL VSMARGNPRVAI | DVRDEERSYQAHI AGSHHFASG 48
MARS- - VSYVSAAKLVSVARGN- RVAVI DVRDEERSYQAHI AGSHHFASG 47
MARS- - VSCVSAAKLVSMIRGNNRLAVI DVRDEERSYQAHI AGSHHFASG 48
MARKG- VSYVTAAEL VSLVR- DPRVAI | DVRDEERI CDAHI AGSHHYASD 48
NASLHTLSYI TASELQ?LQD NSKLAI | DVRDEERSYDGHI AGSVWHFASD 49

..... Koo kkk ks kK CoKK K ke ek

TFLDKLPSLVQSVKGKDT L VFHCAL SQVREPKCARRL AEYL SDEMQDDAG 97
SFDDKI SHLVQNVKDKDTL VFHCAL SQVREPTCARRLVNYL - DEKKEDTG 96
SFAARL PEL ARATGDKDTVVFHCAL SKVREPSCAKMFSDYL - SETKEESG 97
SFAARL PEL ARATGDKDTVVFHCAL SKVRGPSCAKMFSDYL - SETKEESG 97
SFEARVPEL ARAASGKDTL VFHCAL SQVREPTCARVMFSDYL - SETKEDSG 97
SFEARVMPEL VRAASGKDTL VFHCAL SQVREPTCARMFSDYL - SETKEDSG 97
SFAARMPEL VQAASCGKDTL VFHCAL SQVREPTCARVFFDYL - SETKEDSE 97
SFAARMPEL VRATSCGKDTL VFHCAL SQVREPSCARMFSDYL - SESKEDSG 96
SFAARL PELVRATSGKDTLVFHCAL SQVREPSCARMFSDYL - SESKEDSG 97
GFAERLPEI AEATRAKETLVFHCAL SQVREPTCARMFSDYL - SEAKEDSG 97
TFVEEL PALVG(LEGQEAWF HCAKSQ RGPTCAKKFVDHL ATLASYKN 98

skkfokk ke KAk kke

HC..... R|
I KNI WLERGYNGWNEASGRPVCRCTDVFCKDNSEHGQQENQS 139
I KNI M LERGFNGNEASGKPVCRCAEVPCKGDCA- - - - - - - - 130

TKNI WLERGFNGWNEL SGQPVCRCTDAPCKGT CSPEEPEL - - 137
TKNI MVLERGFNGWEL SGQPVCRCTDAPCKGT CSPEEPEL - - 137

I KNI VL EL GFNGAEGSGQPVCRCTDAPCKGTCC: - - - - - - - 131
I KNI MWVLERGFNGWEVSGQPVCSCTDAHCKGTCS- - - - - - - - 131
I KNI ML EL GFNGAEVSGQPVCRCTDAPCKGTCS- - - - - - - - 131
| KNI MVLERGYNGWE| SGQPVCHCKDAPCKGTCS:- - - - - - - - 130
| KNI MVLERGFNGWE| SGQHVCNCKDAPCKGTCS:- - - - - - - - 131
VKSI TI LERGFNGAEL SGRPVCRCKDAPCKGVCS- - - - - - - - 131
APQ\/YVLERGZI\G/\ASAG-IPVCNCAQDI-K](G Commmmmnn 130

ckk keokkk cke kK K.

Figure 1 Multiple amino acid sequence alignment of arsenate reductases. The consensus HC(X);R motif was

identified (boxed region). Identical residues are represented by

semi-conserved substitution residues by “.

“n

3

52£Sorghum_bicolor
85 Zea_mays

72 L—— Setaria_italica

—— Hordeum_wilgare

97

97

93 L——— Brachypodium_distachyon

r oryza_sativa

100 | Oryza_glaberrima

Holcus_lanatus

98

Ipomoea_batata

Arabidopsis_thaliana

—
0.05

Pteris_\ittata

, conserved substitution residues by “

“,n

Figure 2 Phylogenetic tree of arsenate reductase amino acid sequences from eleven plant species. The tree
was constructed by neighbor-joining method and the Poisson correction using MEGA 4.0 with a bootstrap

number of 1000.
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Table 2 Comparison of amino acid sequence similarity between Jasmine rice phytochelatin synthase and

other phytochelatin synthase genes found in GenBank.

Accession No. Plant species Common name Amino acids %ldentity
Partial/Complete
KJ200297 Oryza sativa L. spp. indica, cv. Jasmine rice 105 290/- 100
Khao Dawk Mali 105
EEC79817 Oryza sativa L. Rice 290/415 99
AFU06381 Phragmites australis (Cav.) Trin. Reed 287/498 69
ex Steud.
AAO13810 Cynodon dactylon (L.) Pers. Bermuda grass 291/504 65
Q9SWW5 Triticum aestivum L. Wheat 289/500 71
AAG22095 Typha latifolia L. Broadleaf cattail 296/421 52
BAN08523 Nelumbo nucifera Gaertn. Sacred lotus 294/505 54
AAO13809 Allium sativum L. Garlic 295/505 51
NP_001235576 Glycine max (L.) Merr. Soybean 287/498 48
AAU93349 Lactuca sativa L. Lettuce 279/490 46
AAD16046 Arabidopsis thaliana (L.) Heynh. Mousear cress 274/485 45
CAC37692 Brassica juncea (L.) Czern. Leaf mustard 274/485 46
AEY68568 Pyrus betulifolia Bunge. Birch-leaved pear 286/497 49
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Figure 3 Multiple alignment of amino acid sequences of phytochelatin synthases. The consensus

CysCysXXXCysXXCys motif was identified (box region). Identical residues are represented by “*”, conserved

@, “n

substitution residues by “:”, semi-conserved substitution residues by “.
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Fiure 4 Phylogenetic tree of phytochelatin synthase amino acid sequences of twelve plant species. The tree

was constructed by neighbor-joining method and the Poisson correction using MEGA 4.0 with a bootstrap

number of 1000.
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