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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
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Ipomoea batata MTRS--TTYITASQLLSLKR-RPNIAIVDVRDDERSCDGHIAGSLHFASD 47
Arabidopsis thaliana MARS--ISYITSTQLLPLHR-RPNIAIIDVRDEERNYDGHIAGSLHYASG 47
oryza sativa MARS--VSYVSAAKLLAMARGNPRVAIIDVRDEERSYQAHIGRSHHFSSR 48
Oryza glaberrima MARS--VSYVSAAKLLAMARGNPRVAIIDVRDEERSYQAHIGGSHHFSSR 48
Sorghum bicolor MARS--VSYVSAAKLVSMARGNPRLAIIDVRDEERSYQAHIAGSHHFASG 48
Zea mays MARS--VSYVSAAKLVSMARGNPRLAIIDVRDEERSYQAHIAGSHHFASG 48
Setaria italica MARS--VSYVSAAKLVSMARGNPRVAIIDVRDEERSYQAHIAGSHHFASG 48
Hordeum vulgare MARS--VSYVSAAKLVSMARGN-RVAVIDVRDEERSYQAHIAGSHHFASG 47
Brachypodium distachyon MARS--VSCVSAAKLVSMTRGNNRLAVIDVRDEERSYQAHIAGSHHFASG 48
Holcus lanatus MARKG-VSYVTAAELVSLVR-DPRVAIIDVRDEERICDAHIAGSHHYASD 48
Pteris vittata MASLHTLSYITASELQRLQP-NSKLAIIDVRDEERSYDGHIAGSWHFASD 49
*: HEEREES A A A T
Ipomoea batata TFLDKLPSLVQSVKGKDTLVFHCALSQVRGEPKCARRLAEYLSDEMQDDAG 97
Arabidopsis thaliana SFDDKISHLVQNVKDKDTLVFHCALSQVRGEPTCARRLVNYL-DEKKEDTG 96
oryza sativa SFAARLPELARATGDKDTVVFHCALSKVRGEPSCAKMFSDYL-SETKEESG 97
Oryza glaberrima SFAARLPELARATGDKDTVVFHCALSKVRGEPSCAKMFSDYL-SETKEESG 97
Sorghum bicolor SFEARMPELARAASGKDTLVFHCALSQVRGEPTCARMFSDYL-SETKEDSG 97
Zea mays SFEARMPELVRAASGKDTLVFHCALSQVRGPTCARMESDYL-SETKEDSG 97
Setaria italica SFAARMPELVQAASGKDTLVFHCALSQVRGPTCARMFFDYL-SETKEDSE 97
Hordeum vulgare SFAARMPELVRATSGKDTLVFHCALSQVREPSCARMFSDYL-SESKEDSG 96
Brachypodium distachyon SFAARLPELVRATSGKDTLVFHCALSQVRGPSCARMESDYL-SESKEDSG 97
Holcus lanatus GFAERLPEIAEATRAKETLVFHCALSQVRGPTCARMFSDYL-SEAKEDSG 97
Pteris vittata TFVEELPALVGKLEGQEAVVFHCAKSQIRGPTCAKKFVDHL-ATLASYKN 98
oL . HEE S S SR I BB .
HC..... R|
Ipomoea batata IKNIMVLERGYNGWEASGRPVCRCTDVFCKDNSEHGQQSNQS 139
Arabidopsis thaliana IKNIMILERGEFNGWEASGKPVCRCAEVPCKGDCA-——-—-———— 130

oryza sativa
Oryza glaberrima

TKNIMVLERGFNGWELSGQPVCRCTDAPCKGTCSPEEPEL-- 137
TKNIMVLERGFNGWELSGQPVCRCTDAPCKGTCSPEEPEL-- 137

Sorghum bicolor IKNIMVLELGENGWEGSGQPVCRCTDAPCKGTCC———-—-———— 131
Zea mays IKNIMVLERGENGWEVSGQPVCSCTDAHCKGTCS— 131
Setaria italica IKNIMVLELGENGWEVSGQPVCRCTDAPCKGTCS-—---—-—- 131
Hordeum vulgare IKNIMVLERGYNGWEISGQPVCHCKDAPCKGTCS——-—-—-———-— 130
Brachypodium distachyon IKNIMVLERGENGWEISGQHVCNCKDAPCKGTCS— - 131
Holcus lanatus VKSITILERGEFNGWELSGRPVCRCKDAPCKGVCS--—-----— 131
Pteris vittata APQVYVLERGEFNGWASAGHPVCNCAQPHCKG-C---—-—---— 130

skKk K kkk sk e kk K . * %

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

identified (boxed region). Identical residues are represented by

semi-conserved substitution residues by
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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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pear, ANNNARAN (Lactuca sativa L.) WagUIRa

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 %Ildentity
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
QI9SWW5 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




Phragmites_australis
Cynodon_dactylon
Triticum aestivum
Oryza sativa

CysCysXXXCysXXCys motif was identified (box region). Identical residues are represented by

GIKDEKLKAEFQALVSTDNLPDVLKQEIVHLRRQLVYL--CKAEEAGSHVPPSH
GIKDESLKAEFQALVSTDNLPEVLKQEILHLRRQLCYLKSCKEEECEDPVPPSH
GIKDENVKAEFQSLVSTDNLPDLLKQEILHLRRQLHYLAGCKGQEACQ-EPPSP
GIKDERLKAEFQSLISTDILHDDLKREILHLRRQLHYVRSCKEEEYGDPVPQSH

* ee . .. * ok * ko ke akkk ko . * .

substitution residues by “”, semi-conserved substitution residues by “.”.
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Nelumbo_nucifera GFMLISRLHRAPSLLYTLSCKHESWVSTSKYLMDDVPLLLESEDVKNVQQVLSVVETSLP 60
Lactuca_sativa GFMLISRLQRPPALLYTLSCKHESWVNIAKYLMEDVLVLLGSRNVKDVKDVLSVVENSLP 60
Glycine max GFMLVSRPHREPGLLYTLSCKHESWINIAKFLMDDVPLLLKSEDVKDILQVVSITIAASLP 60
Pyrus_betulifolia GFVLISRPHSEPGQLYTLSCKHESWVGVARYLMDDVPLLLKSREVKDIQEVLSVVEMSLP 60
Arabidopsis_thaliana GFMLISRPHREPGLLYTLSCKDESWIEIAKYLKEDVPRLVSSQHVDSVEKIISVVFKSLP 60
Brassica_ juncea GFMLISRPHREPGLLYTLSCKDESWISIAKYLKEDVPRLVSSQHVDSVDKILSVVEFKSLP 60
Typha_ latifolia GFMLISRFQKASSSLYTLSCRHESWLSMVKYLIDDVPIILKSGSLGDAPSVLLLLIKSLP 60
Allium sativum GFMLISKLQRAPSLLYTLSCRHESWVQTAKYLMDDVPILLKKANLNTVQDVLSLIFKSLL 60
Phragmites_australis GFMLISRHTAAPSLLYTVSCGNESWKSIAKYCVEDLPNLLKAESPDDVPTLLSHLIESLP 60
Cynodon_dactylon GFMLISRHTAAPAMLYTVSCRDESWKSMAKYCVEDLPNLLKAENLENVPTLLSCLIETLP 60
Triticum_aestivum GFMLVSRRSSAPSLLYTVSCGHGSWKSMAKYCVEDVPNLLKDESLDNVTTLLSRLVESLP 60
Oryza_sativa GFMLISRHSAAPSLLYTVSCRDESWKSMAKYCMEDVPDLLKDESVDNVPALLSRLVKSLP 60

KR KK KEKgEE KX LR HE H
Nelumbo nucifera NNFGEFIKWVAEVRRQEDGNSSLSTEEKERLAVKEEVLKQVREAGLYKHVTEWFSSANSC 120
Lactuca_sativa SKFLEFIKWVAEVRRTEEGDQSLSPEEQERLAIKGEILKQVQESELYRHVTEFLLSEKSG 120
Glycine_max SNFEEFIKWIAEIRRREDGGPSLSAEEKARLAIKEEVLKQVQETGLFKHVASFLSS---S 117
Pyrus_betulifolia SYFGQFIKWVAEVRRREDGGQSLSPEEKARLAVKEEVLRQVQDTGLFKHVAELLSSAH-S 119
Arabidopsis_thaliana SNENQFIRWVAEIRITEDSNQNLSAEEKSRLKLKQLVLKEVHETELFKHINKFLST---- 116
Brassica_ juncea SNEFNTFIRWVAEVRIAEDTKQONLSAEEKSRLNLKQVVLKEVHETELFKHISKFLST---- 116
Typha_ latifolia ANAGDFIKWFAEVRRQEEGQSRISKEEKERLALKEEVLQQVYETELYKVVKNVLSSANSC 120
Allium sativum SNAGDFIKWVAEVRRPEE-NSALSKEEKERLAIKEIVLQQIRETKLYKYVSEWLSDMRSC 119
Phragmites australis ANAGALIKWVVEVRRKEEGRPTLSKEEKERLFLKENVLQQVRDTKLFYEVHGQQY-AKSC 119
Cynodon_dactylon ANAGALIKWVVEVRRKEESGSSLSIEEKERLSMKEIVLQQVRDTRLFTILHDLKIGNIQC 120
Triticum_aestivum ANAGDLIKCVIEVRRKEEGESSLSKEEKERLFLKEKVLQQIRDTDLFRVVHELQYPKGLC 120
Oryza_sativa ANAGNLIKWVIEVRRQEEGGSGLSKEEEERLILKEMILQQVRDTELFRLVRELQFTKQPC 120

HOE A Ha S A

Nelumbo_ nucifera CONIPSLDGDDTLSQIAASVCCQGAELLTGN-SSTSNEF(CKETCVKCIKAN-GDMPVTV 178
Lactuca_sativa CNGPLCLGKESSLSDIAASVCCQGAGILEGKRESSSNGF(CGETKVHCIKSNEGEMGVTV 180
Glycine_max CSRQQVSGDGDTLPIIAASVCCQGAEILGGK-PSSAG-Y(CRETCLKCIKAE-DDKPITM 174
Pyrusgbetulifolia CCGNLYSGHEENLPNIAASVCCQGAQILSGN-SAFSGVY(CQETCVKCHKAN-GDKPVTV 177
Arabidopsis_thaliana =  ------ VGYEDSLTYAAAKACCQGAEILSG---SPSKEF(CRETCVKC]KGP-DDSEGTV 166
Brassicaijuncea —————— VGYEDSLTYAAAKACCQGAEILSG---CSSKEYJCRETCVTCYKGP-GEAEGTV 166
Typhailatifolia CTNFSFPNNKDFLPEIAATVCCQGAALLTGK-VGGKEEF(CKSTSVKCHTTN-GNGPTTI 178
Allium_sativum CCNASAFSGKDSLTDIAASVCCQGALLLAGN-LGRDNKS¢(LKETCVNNYKSN-GGGPITV 177
Phragmitesiaustralis CSCSSSS-EEDSLTRIAAAVCCQGVAMLSGN-LASRDGLECRETCIRCIQAN-GDGLKTV 176
Cynodon_dactylon CKCSLSSGRRFYCLKLQVAVCCQEAAMLSGS-IASNNGF(CRETCFSSYQAN-GNGVKTV 178
Triticumiaestivum GSCSSSS-DEDSLAEIAATVCCQGAAFLSGN-LVSRDGF(CRETCIKCIEAN-GDGLKTV 177
Oryza_sativa CSCSYSS-DDDSFTWIAASVCCQGAALLTGN-LSSKDGF(CRETCFKCYQVD-GDGPKTV 177

.*** :* * .* . . * .

cC...C..C

Nelumbo_ nucifera VSGTVLSGCSEQGVELLVPSSPTRRRACCGSSSSNYFGMHPVSNDVVTVLLLALPPRTWS 238
Lactucaisativa VSGKVMNGMSEQHVDMLIPS———————————————— IGMHPASNDVLTTLLLALPPHTWS 224
Glycine_max VSGTVVNGNSEQGVDVLIPSSSEKLCCICSKS--KYIRVHPASTDVLTVLLLSLPSTTWA 232
Pyrusgbetulifolia VSGTVVNGGTEEKMDMLVPSSKTNSGCSCA-————— IGIHPASNDVLTALLLALPPGTWS 231
Arabidopsisithaliana VTGVVVRDGNEQKVDLLVPSTQT--ECECG——-——-— PEATYPAGNDVFTALLLALPPQTWS 219
Brassica_juncea VTGVVVRDGSEQNVDLLVPSTQT--DCECG----— PEANFPAGNDVFTVLLLALPPQTWS 219
Typhailatifolia ISGTVVSDGKEQGVDMLVPVSPTKSSCCRSGLSNGVAI-HPASDNVLTVLLLALPPRTWL 237
Allium_sativum VSGTVVSEGGEQGVDMLVPTSPSKSHGCNAGSSSFCAIAHPGHGDVLTILSLALFTNSWE 237
Phragmitesiaustralis ISGTVVSEGNEQAVDMLLPISSPYTSSCNSTVS-DEIVNYPSNTDVLTVLLLSLHPNTWL 235
Cynodon_dactylon ISGTVVSEGKEQGVDMLLPMSPRCASSCNSEAG-DEIIKYPSKTDVLTVLLLALHPSTWL 237
Triticum aestivum ISGTVVSKGNEQAVDLLLPTSSSKTSLCNSNLK-SKIVKYPSSTDVLTVLLLVLOPNTWL 236
Oryzaisativa VTGTAVSGVNEQSVDMLLPISTLETSVCNSNSS-NEVVKYPSRTDILTVLLLALHPSTWV 236

H o HE L HE S
Nelumbo_nucifera GIKEEKLKQEISSLVSTESLPLLLQEEVLHLRQQLKFLRRCQDKEVIDGLSTPSVS--- 294
Lactucaisativa GIKDEALLHQINGLVSTETLPILLQEEIMHLRGQLHVLKRCKDDEVEEDLSAPSV-—--- 279
Glycineimax GITDEQLLAEIHDLVSIENLPTLLQEEVLHLRRQLHLLKRCQEGKVDEDLGAPLS---- 287
Pyrus_betulifolia GIKDEKLSKEISNLVSTANLPTLLQEEVLHLRRQLHLLKKCQEDRVDDDLGSPLA---- 286
Arabidopsisithaliana GIKDQALMHEMKQLISMASLPTLLQEEVLHLRRQLOQLLKRCQENKEEDDLAAPAY-—--- 274
Brassica_juncea GIKDQALMQEMKQLISMASLPTMLOQEEVLHLRRQLOQLLKRCQENKEEEDFAAPAF---- 274
Typhailatifolia DIEDKSLLAEIQGLVSTENLPDVLQHEVLHLRRQFDFLKRCKNNEVDDDPILPPHSQPF 296
Allium_sativum DISNKKLLDEIRALVSFONLPDVLQEEVLHLRRQLMFLKKCKDKEVDGDVLLPSISMV- 295

Figure 3 Multiple alignment of amino acid sequences of phytochelatin synthases. The consensus

, conserved
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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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