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Preliminary Study on Characterization of Partial Ammonium Transporter (AMT2) and

Inorganic Phosphate Transporter (PT1) Genes from Cassava (cv. HB80)
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Abstract

Ammonium transporter gene (AMT) and inorganic phosphate transporter gene (PT) are known to
involve in controlling the major steps of nitrogen and phosphorous uptake affecting on growth and development
of plants. In this study, AMT2 and PT1 cDNA of cassava (Manihot esculenta Crantz var. HB80) were isolated
from developing cassava roots obtained under tissue culture condition. The partial MeAMT2 and MePT1
cDNA comprised 730 and 763 bp in length, and showed 65-77% and 71-74% identity with other plant species,
respectively. The phylogenetic tree analysis of these partial AMT2 and PT1 genes can be divided into clusters

and amino acid sequences were highly homologous with those from other plant species.
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mseanuuuinsiues
mssanuuulnTiues  leasshdeuiuavasiu
PT1 U8z AMT2 nnNTUhaen9e (2% Lycopersicon
esculentum LePT1 (AF022873), Solanum tuberosum
PT1 (X98890), Lotus japonicus AMT2 (AF187962)
Wae Arabidopsis thaliana AtAMT2 (AF182039) Tu
udaysdduiaues GeneBank wifipui3uaiiiam
ﬁaaéi'léfuamﬁﬂﬁmaaﬁuﬁaaaﬂ@y‘lﬂﬂﬂmmu ClustalW
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nniuseimssenuuynswes laglsldsunsu

FastPCR (http://primerdigital.com/fastpcr.html)
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wnlY incubate A 70 °w 1wan 5 wifl WawsSaud
vhanuglwiuds 9nsiufitdin 5X Reaction buffer 4
ul, RiboLock ' Ribonuclease inhibitor (20u/ul) $1%3%
1 ul 48z 10mM dNTP mix $1%9% 2 pl MNUUHFNLED
Wnly incubate 7 37 °w wnan 5 wifinsoadauda
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VL@TLawwzﬂﬁaae‘iﬁéTuagﬁﬂﬁmaaﬁu PT1 unz AMT2 #
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DH50 §28/3% heat shock Lad3saaidanlalafiduian
Lgﬂﬂua’lmimmgm LB ‘ﬁlﬁ ampicilin 100 ug/ml
anawanaialasld High-speed plasmid mini kit
(Geneaid) @9azdsdntananainnlaaufidaiion
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Center for Biotechnology Information (NCBI) waeld
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1Usunsu GeneDoc (Nicholas and Nicholas, 1997) 1w
nsifsuEusiduiuatveyintuasiu - PTT  uas
AMT2 03U UznaIwus wauus 80 AuRrTiadug

T5ldsunsy MEGA4 (Tamura et al., 2007) lu
NI phylogenetic tree 2098% PT1 uae AMT2
laold3s Neighbor-Joining (Saitou and Nei, 1987) L8z
tree  @2873%

NAFOUANNLTENUYEY  phylogenetic

NAROU bootstrap NINUA 1000 AT
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1. N3LAABLASIAIITRANYA A UL AVDITIAIA L
ausndvasiin PT1

NINGRBY WU ﬁaaﬁwé’uag%’nﬁﬂumﬁu
PT1 N&1AILHAIGAIN RT-PCR Rawailszunns 760
bp (Figure 1) wasiladIndeend plasmid DNA
a [ A o @ . a A v
AANzRNarEAULLEVed partial B PTT Nlaawla

mnﬁﬂﬁuéwﬂmé'aﬁ'uﬁ: #I8U9 80 WUINNIMIe 763

LS (Figure 2) Tadn complete coding sequences
voadu PT1 luiawiiassg ffinonulu GeneBank
nwasfivune Uszanm 1,812 dua wlaimduiay
niaaslilule 540 13836 lawgdaveyindvesiu
PT1 ‘ﬁiﬂauvléfmmﬁﬂﬁuéﬁﬂwé'aﬁ'ufﬁam_m 80 in
agju’%nmﬁwé’uﬁmﬁ‘[a%ﬁﬁ 343-1,108 e
WIsuAsuny complete coding sequences Va3t
PT1 wo9auil5s (X98890) 1 GeneBank
Lﬁaﬁﬁéwﬁuma‘ﬁmmﬁﬂﬁmaoﬁu PT1 an
Wisuifisuanuadmoaianuiulugiudoya  Gene
Bank laulflusuna BlastN wui1 gasdauauingd
vasdu PT1 S§euisadondanufooiadun 9
Lycopersicon esculentum (AF022873) 74%, Solanum
(X98890)  74%,
(EF472461) 73%, Capsicum frutescens (EF091663)
73% (AK226783) 71%

ANEAL (Table1)

tuberosum Phaseolus vulgaris

Wae Arabidopsis thaliana

763 bp

N1 partial Bu PT7 AFAT2ALlAETT RT-PCR 9nlududuznaaiugiiou 80
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1 GCTGGACAGTTGTTCTTCGGATGGCTTGGTGACAAATTAGGCAGGAAAAAAGTGTATGGA
AGQLFFGWLGDKLGRKKVYG
61 ATGACCCTCATGCTTATGGTGGTCTGTTCTGTTGCCTCAGGACTTTCGTTTGGACATTCT
MTLMLMVVCSVASGLSFGHS
121 GCAAAGGGTGTTATAGCCACACTTTGTTTCTTCAGATTTTGGCTTGGTTTTGGCATTGGA
AKGVIATLCFFRFWLGFGIG
181 GGTGACTACCCTCTCTCTGCAACAATCATGTCTGAATATGCTAATAAAAAGACTCGTGGG
GDYPLSATIMSEYANKKTRG
241 GCATTTATCGCCGCAGTGTTTGCAATGCAAGGATTTGGGATTCTAGCTGGTGGGATCGTT
AFIAAVFAMQGFGILAGGIV
301 GCTCTGATTGTGTCGGCTTCCTTTGATCATGCCTACAGTGCCCCTACTTATGAAGTTGAT
ALIVSASFDHAYSAPTYEVD
361 CCGTTAGGCTCAACAGTGCCGGAAGCAGACTATATTTGGCGAATCATTTTGATGTTTGGA
PLGSTVPEADYIWRIILMEFG
421 GCCGTACCAGCAGCTATGACTTACTACTGGCGAATGAAGATGCCTGAGACAGCTCGTTAC
AVPAAMTYYWRMKMPETARY
481 ACAGCTCTGGTTGCGAAGAACGCTAAGCAAGCAGCTTCAGACATGTCTAGAGTACTGCAG
TALVAKNAKQAASDMSRVLAQ
541 GTTGAGCTTGAAGCAGAAGAGCACAAGATAGAGCAGATATCTCAGGACCCATCCAATTCA
VELEAEEHKIEQISQDPSNS
601 TTTGGACTTTTTAGTAAGGAATTTGCTCGCAGACATGGGGTTCACTTGCTTGGAACCACC
FGLFSKEFARRHGVHLLGTT
661 GTGTGCTGGTTCTTACTAGACATAGCTTATTACAGTTCAAATCTTTTCCAGAAGGATATC
VCWFLLDIAYYSSNLFQKDII
721 TTTAGCGCAATCGGTTGGATTCCACCAGCACAAACCATGAAC
FSAIGWIPPAQTMN

nw 2 §reuiheilalnduazninaziluves partial Bu PT1 nTUSUzRAINUTHAILLI 80 YA 763 dlus
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@137 1 ugad % szaufiandlalng ves partial Bu PT7 nlududidenasiusiious 80 nuizriindus

BHANY

. i o a &
% Identity 320U #Hadlalng

Manihot esculenta (partial PT1 cDNA)
Lotus japonicus (AB257212)

Solanum tuberosum (X98890)
Lycopersicon esculentum (AF022873)
Phaseolus vulgaris (EF472461)
Nicotina tabacum (AF156696)
Capsicum frutescens (EF091663)
Arabidopsis thaliana (AK226783)

100
74
74
74
73
73
73
71

100

100 L. esculentum
100 l: S. tuberosum

C. frutescens
N. tabacum

A. thaliana

M. esculenta

34 —‘
100

P. vulgaris

P
0.05

L. japonicus

AN 3 Phylogenetic tree LAAITZAUANURURUTIERINIRGURIAR 8 Induad partial B PTT nndudtznas

A

wudaoud 80 fiudu PT1 luizriiaduy
AN TAMITest i auayIng

2898u PT1  lasusasnnudunuslugdues
phylogenetic tree W31 phylogenetic tree ﬁvlﬁﬁ?mmﬂ
Tdauaninsueitn PT1 anuziiavasis (Figure
3) Im*‘ﬁwﬁﬁﬁuag{ﬂﬁmmﬁu PT1 niusUznag
Wugweus 80 iwdanulndifesiu Lotus japonicus
(AB257212) s Phaseolus vulgaris (EF472461) 341N
‘ﬁq@ TimoaaRedny % Identity azduianilelng
wurn lwwoefitn PT7 wes Solanum tuberosum

(X98890), Lycopersicon esculentum (AF022873),

Capsicum frutescens (EF091663), Nicotina tabacum
(AF156696) Waz Arabidopsis thaliana (AK226783) Nl
ANMNTUNUTIBIRIAN

NnRanInanadIsuisutsiauayIng
vosdaunInazlily PTT sauiudendanusiious
80 nuniaeziilu PT1 vasiwa1eg laslsldsunsy
GeneDoc LLamlﬁLﬁuﬁnmﬁ conserve E]%Ijvsmil
G %dﬁﬂiﬂﬂ%ﬁaii’lx‘lll’lﬂsl,uﬂ’]ﬂ’fﬂﬂuﬁaﬂa
ﬁug’mlumsé’omﬁzﬁm complete coding sequences
2p98u PT1 vasiudznassa’lyl
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AN 4 MIILATIZA multiple alignments 321314 partial Vadd1auUnIAaLdlY PT1 Iuﬁuﬁﬂﬂz%é'aﬁuﬁfﬁwm 80

Auntaaziluaas PT1 luiwasdalun lasugasdtdauainsiasaiatniasn: M. esculenta,

L. esculentum, S. tuberosum, P. vulgaris, L. japonicus, N. tabacum, C. frutescens L8z A. thaliana.

2. Milaanuazdiarzdas a1 uIUAYITNAIaUaRSNEYa TR AMT2

M

750 bp —|

730 bp

NN 5 partial B AMT2 AFaAT12Alas3T RT-PCR anlusiudiznasiiugnanua 80

nnMInasad wudl Frdduayinduestu
AMT2 ffae7zhlaain RT-PCR famadszanas 750
bp (Figure 5) uaziilagssiagns plasmid DNA 'l
'imiﬁ:ﬁl,ﬁamﬁﬁﬁuLua‘ﬁuﬁﬁﬁumﬁﬂﬁﬂuaoﬁu AMT2
“?ﬁﬂauvl,@ﬁ’mﬂsl,waoﬁuﬁwﬂ:%ﬁaﬁuﬁﬁwm 80 wWuini
WA 730 LUF (Figure 6)

108N INBNURIUVDI complete coding
sequences 20984 AMT2 1w  Lotus Japonicus
(AF187962) Hawia 1,655 dlwa ulayiadudioy

nynardluld 486 1I8TAY TILANGIINY B AMT2 N

owldlu  Arabidopsis  thaliana  (AF182039),

Cryptomeria japocica (AB211692) Wae Taxodium
distichum (AB211839) @sfuma 1,658 1467 uaz
1,464 giuy auiay usadlWidwindu AMT2 g
anunanraeluisdesiiany  nNamMIIeER
fauiiadlalng Fredauenindvasin AMT2 Alaau
ldannluvesiuddendaiugiious 80 ﬁ?uag'u‘%nm
seufinalelngn  666-1,307  HawSuuiiauny
complete coding sequences 2098% AMT2 U84 Lotus
Jjaponicus (AF187962)
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1 GCTGCTTACTGGGTAGGACCAAGGCTAAAGAGCGATAGAGAAAGATTTCCTCCAAATAAC

AAYWVGPRLKSDRERFPPNN

61 GTGTTGCTGATGCTTGCCGGTGCTGGGCTGCTGTGGATGGGCTGGTCTGGCTTCAACGGA
VLLMLAGAGLLWMGWSGFNG

121 GGAGCACCGTATGCAGCTAATCTAAATGCTTCGATTGCGATATTAAACACCAACATAAGT
GAPYAANLNASIAILNTNIS

181 GCAGCAACAAGCCTGCTTGTGTGGACGTCGCTGGATGTTGTGTTCTTTGGTAAACCATCA
AATSLLVWTSLDVVFFGKPS

241 GTGATCGGGGCTGTTCAGGGTATGGTGACAGGACTAGCTTGCGTTACCCCAGGAGCAGGG
VIGAVQGMVTGLACVTPGAG

301 CTGGTTCAATCGTGGGCGGCTATTGTGATGGGAGCTCTTTCTGGAAGCATTCCATGGGTG
LVQSWAAIVMGALSGSIPWYV

361 TCTATGATGGTGCTTCACAAAAAGTCTTCGCTGCTACAGCAGGTGGAACGACACACTAGG
SMMVLHKKSSLLQQVERHTR

421 CGTGTTTCACACTCACGCGGTGGCTGGGCTATTAGGTGGCCTCCTCACAGGGCTTCTAGC
RVSHSRGGWAIRWPPHRASS

481 AGAGCCAGATCTTTGCGACCTTATTCTACCGAAGAAAACACGAGGCGCATTTTACGGCGG
RARSLRPYSTEENTRRILRR

541 AAATGGTGGACGGCAATTCTTGAAGCAATTGGTTGCTGCTTGCTTTATTATAGTTTGGAA
KWWTAILEAIGCCLLYYSLE

601 CATAGTCTCCACCACCATAATCCTTTTAGCTATAAGATTGTTCATACCCTTGAGAATGCC
HSLHHHNPFSYKIVHTLENA

661 GGAAGAGCAACTGGTAATCGGAGACGATGCCGTTCATGGAGAGGAAGCTTATGCTCTTTG
GRATGNRRRCRSWRGSLCSL

721 GGGAGATGG
GRW

M 6 saudianilalnduaznsaaziiluvad partial Hu AMT2 NNTUd LA IRUTEIDL9 80 YW@ 730 Alus

Lflaﬁ’]éwé’muaﬁaoﬁ’]ﬁuaﬁnﬁmmﬁu AMT?2
yudSouiisuanuasaafanudu lugudoya
GeneBank laslflusunsy BlastN  uazltlusunsy
GeneDoc  lumalfinudssdduiasisdauaying
PpI8w AMT2 maoﬁuﬁwﬂmﬁqﬁuﬁ: Waeu9 80 NUNTY
BRI WU Fiauauinduedtin AMT2 Jdeau

WAASEARINL  Lotus Japonicus (AF187962) 77%,

Cryptomeria japocica (AB211692) 72%, Taxodium

distichum (AB211839) 72%, Arabidopsis thaliana
(AF182039) 71%, Oryza sativa (AB051864) 71%, Zea
mays (EU956588) 69% 8 Triticum aestivum

(AY428038) 65% (Table 2)
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@13197 2 uged % szauiindlalng ves partial Bu AMT2 nlusiudznasiuiwinus 80 Auizoiiaduy

Hhaiy % Identity fiszauiiinalalng
Manihot esculenta (partial AMT2 cDNA) 100
Lotus japonicus (AF187962) 77
Cryptomeria japocica (AB211692) 72
Taxodium distichum (AB211839) 72
Arabidopsis thaliana (AF182039) 71
Oryza sativa (AB051864) 71
Zea mays (EU956588) 69
Triticum aestivum (AY428038) 65
ﬂl: Z. mays
100 O. sativa
T. aestivum
A. thaliana
M. esculenta

g3

L. japonicus

[~ C. japocica

01

100 L 7. gistichum

NINT 7 Phylogenetic tree LRAITZAUANNFNNUTIZWINIE@URInala Indvad partial B4 AMT2 ann

fuendanuiiaous 80 nudu AMT2 luizriiadue

MIANBTIIIWUINTLALURAIANURUNUT
Iugﬂmaa phylogenetic tree 721313 ﬁaaﬁwé’uag%’nﬁ
V098U AMT2 vaadiudzndaniuiviious 80 fu Hu
AMT2 luﬁwmﬁQSuﬂ NANNIN@ARAIWLIN phylogenetic
tree Mldutisdueanausiinuasits (Figure 7) lag
ﬂé};ml,‘m Oryza sativa (AB051864), Zea mays
(EU956588) Wae Triticum aestivum (AY428038) ag‘lu
ﬂﬁjuLaﬂaﬁu sl,mlmz‘ﬁl Manihot esculenta, Arabidopsis
thaliana (AF182039) ey Lotus japonicus (AF187962)
ﬁ%@ayj’é‘nn@;wﬁa s'f}ammé‘wﬁuﬂugﬂmaa
phylogenetic tree Wae %ldentity ﬁi:ﬁuﬁmﬁia%ﬁ
wuhdeueuintuasiin AMT2 vasiudindaiug
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