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Abstract

The oligopeptide transporters are membr ansee ciomtdeaagryala ng raof
aci ds, smal | peptides, organic nitrogen mobilizatven and c
performed comprehensive bioinformatic identification of t
identified in tomato. These proteins -fweemiel yclard nf 3Ly dswibh ho
eight genes in each based on phylogenetic analysis. Mor e
consi stentouwiltyh rpmpevted studies and validate its phyl ogei
members exhibited diverse exmreaepeicod i pat t,s s eyanldlFfoeSd eyFeimdg 3
S| OPT5 expressedTln Sl owe2zs amd SIWVOWEL2 in roots. However,
fruits at various developmental stages. These include S| OP
expression of some S| OPTs swere aisndwd &€d uumnd eradmeé aavmy metoal, s 1
l ead in both root and shoot. This suggested a potenti al i
summary, our work is the first crotngprrse hiemsti omatamadrydi an oif mp
prioritizing genes especially in metal ions mobilizing and

Kewor demat o, OlHegponwd, [ati d dEexepmr easrsa loyns i s
I ntroduction a wide range of substrate ac
pivot al ruosl ebiionl owa rciad proces
Organisms transport bropdotange afestbséttLabesaswabtber
organic or i norgani c acr ok%9ap)lda sl ma e m(e lthimb labemaed, tidetlr i)t h e
extracellular environment pt alnkeht | aR802a) source of nutri
Mi cronutrients such as heavlyheme®ORT spr @ti ¢ihres @sesemui &ai
no@ssentivdalt)al arfer vari ousnayphyeniviol ovgfiocuarl bamd ogi cal pr
bi ol ogical processes i n apslsanmid atiuacim Kot mabkhl DR fogfiyd d
bi osynthesi s, nitrogen asxa00m@)( at) ohopnprhep etstysittamesgna tsag |
respi ¢or ofsGsueeyr i not , TIR® 0 820aQv8y)( i i i ) gl ut d Zhiestm,ea 12,0 &dh)s p «
met al s poll ution i s one (o0fv) theaviye greef(tCaalga e DT hat d fo
i ndustrializatiuen,nowhiocnh yp staodtelsutn®Pnd pr ot ei ns are cl as:c
health but also to envirobmameead . oHowerwd ro,geay¢ e stsh ea nppamtt
of heavy met al upt ake chameby caend-uy @k b v asidld woeet eb vy
inhibiting protein bindingl .a00TWiet-fiyRaThoid wle oy mad handicnldd o
through binding wi t h suldadiyd riyil g h &l Ge pPv<sedonfy e rr o tKé iPiP R
di sturbance triamnspett{at aonl IPsryps-regn) rmatdi f s and consi de
oxidativeWdlalkiagms er., TzhOel lejfeotrrea,pept i de ( Koeh p earl2tOa0p2eptt O sdaeve:
plants have evolved varioals. mege#hini s mydh heakyt mesgal m
ion toxicity tolerancée€ lLatndnemat alt(l sas@sairaetl §0Otg, &aBBA R)Mms
al. 20189)n past few decadesThemoHATecudmframbil ¢l opggyot ei ns |
techniques have enabl edchianact Arealt ie dBir gassitssi @wmd B agtd e
characterizati on of di f feale.n200MBeettada WOD®BN s ARrBt0e9t)i lhanv eg e
fami(IWielsl&iMdarhd er., 2001) been involved i n BoagtsalalP®@®B) xi
I n plants, di fferent subettrdat egef phd anitalt ii o i ted B Nosppnodrettveer| s
| ocalikzasma nmembr ane and (a3 teaechesys d2c0iOadt)etdr owietnh( Wi & h $ ponis t
active transportation of asnudcrhislel,e apmapRtgiddg s,t(hBroagise atl ma
and nmekoeH saRPOO0ORBhe peptide 2tOrOa3mam@tr t,earl 20 @ e syYBSLami |l y i
proteins that transport reomtsiidees ednt o fciedndt isosn $§ ou me ¢
amino acids flesips odreias bresiy@Glogduneapd0Ot , 4RP@0d)

carboaobkewi BA99The peptideuttapbpoi¥Seérsransporter gene
are divvaridoisntol asses suBhaabypdei wrh ( Ydoi pseéspanci hdydon0 1 1)
transporters (OPT), ni tr aArea btirdaonpssyf dsir [d e P MM R P seamd
AB@ ype trans(pRanetsc Bf0O071,;yaZha&®d 1 5BQrdy za (skdieke al2.004n
et ,alR010he membrane protemaszeOPTZmYcSalnl tdemepsttated &
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transpOueteg al2001;etRod2OOB)IChr omosome | erceagtuiloant,or yci sel e
rice, various YSL (OsYSL2c0n@sYYlelds5, moQ@s ¥SL,183dndaTkekene s
orthologs to ZmYSL1, in thlkanomdhsogmef alcodattiadre ofo OPEANg)
metmilcot i §dKamikreal2004; etApgbm@Ma genomdq Featnflmategeg alLO01bBhe

2009 ; eltnoaulz00 ®;t ,122200 Mpr e OMAPr2,Chr omomme VRAr wgs used to d
some OPT members of rice @©0®s @RTch, pasoQPReTi3n, o0 OPHr4Qg Mo S 0 Mme
Os OPTS5, OsORTT1)YX yhawe talansgemetmaei amd i ED&Hi sequences wer e
b ound( VWarsocnhoentc,ed G0 8 ) genome and submitted to Gene

To understand the potent2i.dHetr paRA®H)i OPTsgeme ef gminley ,s

it is important to identi(fegxoOPT nggmer)f amlomatne mOETs [
tomato genome. In this furndlyer wseub atkittegr dtgpg n MdEddiigs esr \
identification iorf tOdPnia tgoe nkef ﬂf@ain@uiﬁliyﬂ@ .( B ESVEEl yksauni , twels9 9s4e t
chromosome distribution, g'etnlé fsqlrlu@Wiut % Paln'a@ Mestiesr i o tT
analysis, cis regul anorsyi Qberﬁér‘lt)snki?”@@'ﬂ pféhepptoptaor
subcellular location prediWddit §n G eylgR %hS)-ph ge eLr0cDi 0 bP MR !
In addition, the t|ssue/osregqa“nenscp?esc Off | ceaé?f'pq@@s-rsfigo Hpsr‘@j’“
anywdi s under nor mal cond|t|ons meéy sa r\/vdelﬁ‘u%r %%d(ELPe.S}?t |6|S:‘
heavy met al stresses wer P% g’g?ng gg:’r %?/asrr)r/'% 'Spgg(lgn
I P NGNS CIEA M T P
undati ature funglERhEl TRy UhEr R b PIRROSEGy
as other plant species.
: Pl ant rowth condition, mat er
Materimiétdmd met al giheestwmatoTocmv.sel\éidcsrowe

ur,f ac steril.i (?d_and sown

I dentification of OP'Pegeh(Sldgfaalnllel&/nsn i?mﬁ\ ('Iight/dark

sequences of Arabi dlokoeht s aRF o BES ah@MBbY relative hun
200@xtracted from the The||/p{reabr|0dootpSS|s|ear\,feosrmaft||oo\,\|;1er f
|

Resour cel ReTAleR) andweRleeeus @0 085) har vesveeodl df rsoened4d i ng w(h'
gueries i h debaohespwriametteirsss uaegsai wWet et harS@lsted from
genome net wo(rFke rfném 2ieqnaalt0ol 1 e e n, breaker, and tisreaAddr t
The protein sequme cweer e fd dsoantaptloel sgeewer e col l ected from
from SOL genome. The OPT MioXnfad nt h(op pPuagihd 9y). pattern

was retrieved frfietrhalP08n Yad&medstrate the heavy

The candidate OPT genes wérkdrl&ear oM u'I N ntgomiaMl\?I @R My gen
i

s
with a defaul't setting antdg altho éslegdgu%r%éh ® (D @g%ﬁ]o@@ﬁgg
were excluded. The deducet,iHZ fg%ewle ge(fTﬁNr o J‘u
subjected for OPT domaintl;)é(,j{{.]é[jnqlvil@-| It ¢ & v\fpete

0

Ocﬁ

UD(‘D(-D

domai n (sMachhaleudarr,aQ(ana)SimpelaeveS, and roots were harve
Modul ar Architectur  SRdaid drgchh 200 ler ( SSIMARZY) ment . Three
al . 199Bhe OPdmagtemes wer e namepd jacactod ¢ i W@r €s0icxo | sl eeecdtleidn g sa
their order s on t he cfhoromeaomesreaMmeaoverAl | t he
physicochemical propertiesfroofze®PT nprloiteeuing , niit8dCyg diingn:
i soelectric point (pl), tfheertreandn@ye¢sdge of hydropat
( GRAVY) , mol ecul ar wei ght (kDa) of each OPT protein

; M q ¢id Xgtdactionsy c DNAZ
\(Ng: gt haasrusdselsnszgeo%g)equence a%é%uagiﬂloy svi&srsldafly ét he exOdressi
' genes, tot al RNA was extract ¢

nea ent foﬁsldvmisrtgumam\

Mul ti ple sequence @Ihygogle.llmryez(%ﬁ as ing
The multiple sequence aIi Jalovlv qﬁg %Pe'gs%%n §/ 2
were perfor med u5|ng(SCiIeuvs%tragTI nbeghaorpesqgsra%fdwcb c DINMG WR IS
et ,al201Ewal uate t he classscl fElpg-rat'lgg eonft QA T with g DN/
proteins in tomato, a phyj,@FgAe,\p)etdmRt(ﬁpQéerfvbey%ecalﬁ)rnlessﬁ"rn(ugch
using OPT protein seQkKemceys f4PPTAF RREIEASPPH EsReadn CF
al. 2@0had) ricd Vgsnoameeh2908) me PCR Det ectRADN SkSsAt)e m T(hB I
MEGAX pr Ouomeatr , al2.0Ma8) usegdgpetcoi fic pri mer paedsi nusEablfe
construct an unroot e@dSaietiTohedloWB®ojl ¥icilyP 56 W4 )as house
and Nei ,tr a8 i th bootstgamwe. SEtme 8 Bodl OWads wused to ca
repl i catTeasy /Thdomeé o n (JTT)exmadkelsii waakn dand Sc hnlihtet gheema,t 2
pairwise deletion option.wasegarned using MeV 4.9 softw
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gPCR primers wused

Gene na Pri mer

forward

Pri mer reverse

nunn

NOLOLLLOLOLOLOLOLOO!

OPT1 ACCCTTACATCCCCGCGTTCC
OPT2 TGCGGATGAGAGCCCGAGCA
OPT3 ACCGTCCCCATCACCGACGA
OPT4 TGGTGCTGTTGCGTCTGGGT
OPT5 AGTCCTACCAGCCTTCACGGC
OPT6 ACGATTTTCGCGAACTCCGGC
OPT7 GAGGGCACGAGTTGGGCGTT
OPT8 AGTTCAGCGATTCCGAGCCTC
YSL1 TCAACATGGCAACAGCGTGGT
YSL2 CCTTGGACTTGCCCCGGTGA
YSL3 CAGCAGCCATGTGGTGGCCT
YSL4 TCCATCGCGCTCCTCCTTGGT
YSL5 ACTGGGCAGCAGCTGTGGGA
YSL6 GGTGCATTGCTACCGGTGCCT
YSL7 GCTCCGTCCAACCACCACCG
SI' YSL8 CTTATGGAGTTGGCTTTGCTG

S1 UBI CACCAAGCCAAAGAAGATCA

TGGTGCCGGGTATGACCC™
GGACGAGCACCAACTGGC.
GGCCTAACGGAACCACCG!
GGTGCGCACAGAAGGCCC.
CCTCTGCAGGGGATGCAC!
AAGCCCGGCCCATCCAAA!
AAACAGTTCCAGCGCCCG

GCCCCCACCACGAAAGCT

GGGCCATCGCGCCTCCTA¢
CGCTCCAAGAAGCACGGG

AGCCCCTTTAGGCCCGAA!
CTGCCTCACCCCTGCTGC
GCCCAGCAATCACACCAC!
GTTGCTGGTGGCATTCCC!
GTCCCAGAAACCATGCCC!
TTCCCAAATACACAAACC(
TCAGCATTAGGGCACTCC®

Resul ts

Il dentification
removi ng

candi dat es
wer e named
chr omosomes

including

of
redundant

OPT genes
according

and

SI OPT

DI.GRP4 (angi ng Fér NPT Psgufrhily, dIROPT8, SIOPT4, SIOPT5 and
St ORTIDSITGBT G For - Y $bPTS Have five intron and six exons but the length of
OP Tr g esleisg h tnl ¥t fifsd dkdnaBIORTBESIGRT 4 and third (SIOPT5, SIOPT6)

Sy ¥B L3I oS .YBL s ndridentical. In addition, a 98bp exon was found in
mo |l ec ul arpoth WE and YSL sufakily Inkmbeks Gexcept SIOPT2,
y varYielsa of r ddmpit/4iysied SIY$LS (Fig. 3c).

Chromosome location and gene configurationTomato

OPT genes were distributed on five chromosomes (Fig.
S| OPBy gz €& PT Buffainily Bidgle0SIOBTE HeReMSIOPTL,
S e g U e rsPTY, SIOPT® wasddedlizd dh eflomosome 2t & &nd
inot aMmsIdPI2 dhe ICGPTEWIscalizBEon hfdrhosding B € S
t 0t U SIOPTA BIOPTS 0ahd SIOPT@ Was AoRafized bro N
cl a-6amf | ghebfosbriet £ Sirhild9, forS ¥ clade, SIYSLS,
and pBlyY ®lg e®gLe, ard $IvIL8 wab &chéréd®m dhromosome 5, 8,
Vahd 9! redpécivBly. MGrdbsel, threeASIYSBsT(SIYSLLT h e
o fSlY) P TSIy SL8)NafidS twor SIV&ss. (SIVSLL, BIySLy) Tabl
predicti onyerAdtdited Gnictromdsdme 2 dhd 3 dcordifdl§ (Fig.
t 9a). ToXdbthi® Mdte ifoMiatioh AbBLE SIGPT Hendniico N S
O Brdaniz&i6n0 et halleS assésse@ gene exon and intron
o f bouAdarie W8 ha¥ee fbund tha mostoof SI@PTEegkrles S
ha¥ed Sinfilat lingdrexo eptimBlaries NMg. 3cP n YSLY t 0 s O
t he JuPfdmByc gehed SIYSVBESIYBIG! and(SkyBLe kontdinf
8 bverdxoB2and S infrons but the length of second to
OPTwi th pliSIORdh o®IL.IBRT &(T Rigkth exon was identical.

Similarly, for SIYSL3 and

C

PT

hi g kiysi2, Bxprdléngtl® i @dedn@ and® Bfth Wak §dBritidald € S

Analysis of conserved motifs and cisegulatory

s e gnute nacred afd Myglinamie gelengents in putative SIOPT genesTo investigate the

t o m&IOPT pteidT architectwen lter dnotifs hire thep pegtidee n ¢ e

( Ps@guencesownere predictéd rusinig MENEnsgarcHées? 5 wasa n d

w h i abderved shat sdma matifs thightyicaenserved amdef@undu r e
i n Y&l in sdedfid elade df ®@PT quoteins.sForuad wmstance,h e

and sequence similarity
characteristic features
lsildwcwcel ul ar
proteins were performed
candidate thenecsandAldlat e
|l ocalized in membranes
as endoplasmic reticul um,
(Tabl e 2). Mor eover,
sufbami |l y protei nsSirGmhTgtd
(S|

tomato genome encodes
(0. SHOPTE O

 engt h

family, the

pl val ues r a

Simi lKxrYHL ot ei ns
hydrophobicit

(SI' YSL2ndSODY®BP2Bo (SA.Y5E.13 (
Mul tiple

sequence alignment of
of peptide transporter
KI PPR motifs (Fig. 1)
PT dammily but absent
dendraang o f tomato OPT

cl ades;
t hat vali dated
protein. To furt

OPT genes i

phyl ogenetic

@mm*

u
[
e

n tomato

p r o matifi 3n motif 8,iandi nebE @ werenconéinett P¥ sub

-t Ami IPyT @ mfda nYiS Ly s(uRaimily.but,2neofif8 and motif 10 was specific to YSL
t he mu | t i mlade. Hgwevert reotifrl, matif 2, gotide madtif 6,0ahd OP T

her val i danbté7 veere commbnyin both sfandliesi (Eig. ). Sos e c t i

ce and Arabi dopsi s
our phyl ogenet idaabase.l We sfaurfdi ltoamerespansiveo fegulatooyma t o

pported
OoP genes

(Fig.

2b) .

gteend meehain Wew tdmatey GPT igeneserespondgd to a stress, a
relationshi p lkio 5UTR semuences wa RuSed ppedia presennesof wi t h
O P T varpus stitessdlated regulaoty sequencesnp Rlanti CAREN

ne t i c indepemdencSd [kd tawelamentP dnd &£GTCA/TGACEotf, associated with

T h elenpehty, ARRE,eERIE, TGAemdant; BAGCbaxnTCA 1T | e d

1
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abscisic acid, gibberellin, a&in, salicylic acid, and methyl S| YSL5 o ff arn@iLl ysuabnd S| OPT1 an
jasmonate responses were identified in SIOPTSPT $almi |y showed high expres

Moreover, stressesponsive  regulatory elementst i ssues but S| VYSL1, sSSildPTwBasan
associated with defensedtress and loviemperature | i mi ted to fl owers only. Mo r e
responses (T@ch repeats and LTR) were also identifiedhave more transcript abundanc
in the promoter segunces (Fig. 4). parts (Fig. 5).

I't was also noticed that so

Ti ssue/organ specific expsgeecdciifoinc psrtoafdgd i mfg forf ui 3l OdPelv e
gengége: investigate biologi val yigolkpeedefofSleQPT eisrsitommat dor
pl ant growth and devel opmBdwtSL2we SIhayle5,peanfdor3InedSLaB st

ti ssue/organ specific exprassmiaodonranaglegeins firomi vabiuodous St
parts ineFfedingtdgtst fruitr@ansdhiepte xlpgweslss onhn ten day
profile of the SIOPT gene&d YSL@niafnidcaB8t O T arixdsolh ame a ¢
di fferent pl ant parts buexpnreseixpmes$somnn-8owm/ DI IeaFkTedy, i t
SI OPT7 and SI YSL6 detecteavhile, woppolss ¢rvdad etnfdast wseornee
genes showed more expressf{bBing. ob) exgheseed iinmdi s1me csiufgg
pl grmatrt t han ot her whil e, goetnheesr smaeyx pprleasys piinv oalall peorltes i
plant with varying expresdgievmrs opfmemtexampl e, SI YSL4 an
a
90 100 110 120 130

sivsie - - TKKLGF[VS VPHETIR QN TMEQ|T C[S] Y[STALGG[ELGS Y[L|LGMDKK|TYE

sivsr3 - -MSQLGE|SVEPITEKQIYN TVEROT C[V YGLIAF SGIEF GS Y|LILIAMDEKTYN

sivsr4 - - LDEKSGVILKQPIRTRQIYN TVERO|T C[V SIGIIAFSGEFGSY|LFIGMSIE|VIIAK

sivsz2 - - LERKSGVILKOPIATROIYN TIVRERO|T C|V| SIGIIAFSGEF GSY|LFIAMSIE|VAAK

SIVSLS = = = = = . . . PEITIRQIAN T[VEYQ|T C|V| SIGIIAFSS[ETASYMLIGMS[P|Y|IAE

SI¥SLI - - IDKEGMLKQPIATROIAN TVEJO|T C|T SICIAFSSETASYMLIGMS|P[Y[IAS

S/YSL7 - RWGSFS|ILINP GPIIN| I KIHH VIVERT|. .|V CIGVISIGG[EDAYS|I|GA I TV]M. .

siopT9 FQSREFSLINP GPINMKIYHV|LEYT|. .|T AGFAFGN[ESAYAV|GTIVN|TI|T|. .

SIOPT4 « JSWEFSFNPGPIINVKIHHV|LEYS|. .|T AGSAFGN[EPAYAVIGIIVD|I|T. .

Sioprs FQLSEFSLINPGPISMKIHHV|LEYS|. . |I AGAIGFGS[EGAYAI|T|II ID|I|I|. .

SIOPT3 . JYSWAFTLINP GRIGN I KIHHV|LpsT|. .|I AGAl. . . .[(TVYATH|ILS|AV. .

SIOPT7 . SKWEFEFSLINP GPpIgNVKIHHV|LEYT|. .|I SIGA|. . . . [®TVYAIHVVTAV. .

SloPT . SKWEFTLINP GPIgNVEKIHHV|LET|. .|I SIGA|. . . .[e(NPYA|IHVVSAV|. .

Siorr2 .RKFEFTMNP GRPIPINVEKIHHV|LE§T|. . |1 SIGA|. . . .[gNPYA[TIH|IVSAV|. .

NPG motif

b 470 480 490 500 510

SIYSL6 IKSVVNT@CILMQDFKTGHLTLTSPKT S[e]JA T[eMyA T GCV|I|GPLCFHF|F

SIYSL3  MMSI|WVISITAADLMQOPEFIATEY LT LIS|SIAK|S SEILV[egyAMGC I TIAPLTE|W

SIYSL4  MMNV|V|TTA|SDLITOWEIATEYMT LIASP R[S S[e]M [ [ey AMGCV|I|SPCVE(W

SIYSL2 MMNI|VISITASDLITOPERAT[EYMT LIA[SP R[S S[e]T T[eMyAMGCLITI|SPCVE(W

SIYSLS  MMCIVIDITAISGLMGWEEAT[EY LT L|S|S[P R[S SL T[eMyAMGCIIITPLVE|S

SIYSL1 MMSILDTASGLMGHEI4T[EY LT LIT|SPRS S[O]L T[egyAMGCV|IITPLVEW

SIYSL7  GRTS|T|VHALSEFILAPLEL[EH Y M K|I|P[P R[C AGT|INLR VAW

SIOPT9  GYMSIMT|QAISELSPFIMALIEGH YM K|I|P|P R[S AGT|VNL|T VAW

SIOPT4 A YMSMIS|QAV S FIL OFIAL[EH Y M K|V|P|P R[S GG T|T|NM|GV AW

SIOPTS  GY I SM[S|QAVSF|LQPFIAL[EH YM K|T|PP R[S AST|I|INMATA[W

SIOPT3  GYISMAQALTEVYPEIML[EH YM K|I|P[P RA SII|I|IYT|IITAW

SIOPT7  GY I SMT|QAI TF|LOPFIYL[gH YM K|T|P|P R|T AGFV[YLIGT AW

SIOPTI G Y T SMEK|Q|GIL TF|LOPLEYL[EH Y M K|T|P|P RIA SAFAHL[GTAW

SIOPT2 Gy I SMEK|QIGLTFLOBLEIL[EH YM K|[I|P[P RIA SALVHLGTAW

KIPPR motif

Fig. 1. Mul tiple sequence alignment of tomato @PTideneff &mi l
family members.



| DENTI FI CATI ON OF OPT GENE

Sub-cellular Localization
as:11,vacu:2,E.R.:1
as:13,vacu:l

Exon #

End

41,608,636 41,613,932

Chromosome
Start
9,297,101

Position |

GRAVY

pl

Table 2. Characteristics of tomato OPT gene family

MW

aa

Gene locus ID | Genename

as:9,E.R.:3,nucl:1,vacu:1
as:11,E.R.:2,vacu:l
as:9,vacu:3,golg:2

as:13,vacu:l
as:13,vacu:l

p
p
p
p
p
p
p
p

7
6
6
6
6
6
7
6

9,302,965
5,473,409
2,273,350

46,163,596 46,167,478

59,232,077 59,235,653
59,239,550 59,242,872
59,248,010 59,253,947
62,776,752 62,780,190

5,469,691
2,271,065

2
3
3
4
4
4
8
11
2

0.428
0.419
0.433
0.515
0.463
0.353
0.471
0.425

7.85
8.23
8.75
8.72
8.86
8.58
6.68
9.2
8.

82.79
84.42
83.81
82.72
84.07
85.39
84.45
84.05

733
751

39

38
746
756
750
756

OPT1
OPT2
OPT5
OPT6
OPT7

S
S
S
S
S
S

yc02g08374(
yc03g03346(
yc03g08270(
yc04g07675(
yc04g07676(
yc04g07678(

So
So
So
So
So
So
So
So

Awejgns 14

a5 by
359 - 2
%Ug(\j..o
Tg>.. 3O
S 505
- - 0O T
058 s .
S5 0O ST
NN ™ -
RSB IY a)
e TESui g
WD -a
UWsg oo >
RS A
Nnuunnaon
T @ @ @©C © ©

as:9,vacu:2,golg:2,E.R.:1

p

3

0.438

71.98 52

76.17

653

p
p
p
p
p
p

6
7
6
7
3
7

MNGDON®
A0 NS
S o5 0O
W IOWwd
DS PO
OY QM
SO gOaN
< < < © ©
NI 0O
Q0 oN®
0 © [y © N0
WN N0
S®oFoN~ O
SN v Mx
SO gOaN
TIPS o000

2
2
3
3
5
8

0.447
0.551
0.428
0.5
0.54
0.467

8.88
5.82
9.44
9.22

97
9.24
8.55

7.

73.53
76.78
72.52
64.19
73.26
66.84

694
674
696
658
580

3

p

3

62,259,536 62,261,473

9

0.425

606

So

So
So
So
So
So
So

Ajwergns ISA

So

aa; amino acid, MW; molecular weight, pl; isoelectric point, GRAVY; the grand average of hydrogsgibygtively

FAMI LY I N TOMATO 16
Heavy met al s i nduced express
geniems t oTmatwnveil the biologic
genes against various met al
expression profiles were inve
(shoot and root) under vari o
cal ci um, cadmi um, inrdo np, o sli & audm
(Fd g6 and 8) . For calcium tre:
SI OPTs was induced both in r
significant expression in roo
SI YSLS3, SI YSLG®6, and SI YSL7Y
temporally bUutY,SL8l WRils5 ugpmrdk g |
root SI OPT4 and SI OPT5, and S
SI YSL1, SI YSLG®6, and SI YSLS8
compari son, SI OPT2 induced i
shoot . Mor eover, SI YSL6 was s
shoot . The S5O0PTa@nd S$EIOBPTEG6
upregul ated both in root and
in shoot (Fig. 6a).

Under cadm |um stress, S| OPT
SI OPT7, SI OPTS8, SI YSL1, and
12h interval in shoot whi | e
SI OPT4T7 SW®® downregul ated at
treat ment . I n root, SI OPT4,

and SIYSL3 has high expressi
SI YSLS8 and SI OPT3 was supr e

treat ment . By comparing, SI O
S| OPT8,, SANBLSI YSL2 were supr
24h interval but wupregul ated

SI'YSL7 and SI YSL8 opposite tr

in root and shoot tissues aft

Number of genes were induc:
bot h in root and shoot ti ssu
S| OPT 4, SI OPTS, SI OPTE®6, S| OP

and SI' YSL8 was upregul ated b
However, S| OPT8 was supressed
in root . Similar trenpsesiotbser
for SI'YSL3 and SIYSL1 (Fig. 7
treat ment , SI OPT3, S| OPT 4, S|
S| OPTS8, SI YSL1, SI YSI 3, and
6h after treat ment in shoot
tissues. SIYSL]1l, SS¥YSB563, SSYSBS
SI' YSL8 suppressed at 24h inte
|l evel s were found in root tis
Mor eover, SI OPT5 and SI OPT6 i
but supressed in root tissues
wer ecdetd in both root and sho

For magnesium induced expr e:
S| OPTS3, SI OPTA4, and SI OPT5 wa
6h after treat ment but at 24
SI OPT7, SI OPT8, SIYSL1, SI'YSL

wasprwiegul ated in shoot at 24h
SI'YsLe, SIYSL7, and SIYSL8 we
across all interval s. For SIY
both i n root and shoot ti ssu

expression pattienrsnt waost aosbssieurnv
expression of S| OPT ¢demesl.y Al

wer e i nduced in shoof amitl y241I
induced in root tissues at sa
in root SI OPT5S, SI OPT6, S| OP
upregul at eéd dawnrmédgubduted in
internal after treatment (Fi
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Fig. 2. Phyl ogeny of OPT gene family. An unrooted neighbour
Ar abi dopesti.salR@d®b)i ce genoene ,a(l\2a0s0DBonowealsosconstructed using MI
OsOPT with black circle, AtOPT with red circle, tomata SI YSL
Red arc r epfremémdg sblPalc ks uadbr ¢ c o ffraems d oyn dbif n OPtTo g¥eSle sfuabmi | y.

Di scussion kDa amageve&RAVY ranges from
sharing high similarly with r

The OPT transporter proté@ians tmleay g oitrep mrst aanrte r il ¢eh
active transport of iooksamged ot heb| enixyronutrients f
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physiochemical features, ¢tostSai®rseRpdsi fafindimi@Xypodasosde 08
heavy metal induced expregsign pBpajletrnke rice, Arabido
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ality, yield( Senydedhujrg B 0 h@BHyrliotgievneet i ¢ cl ades may exhil
l ue. OPT genes havefrbmemulitdiepntei faedesany. The
aracterized i n various ipleant $si eddpeagme® ScHhanrcacutdeirnigz ed i
ascoertelad20AMByd b i d(okposhit s, a Cageta,cal00dger nii M¢arttizoon d@OBY o
02)t u(rPreitp, al2.0 1 8vn(ekautmeatr , adevel o B¢ mteey, al2008and nitro
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Fig. 3. Physical l ocati on, exon/intron di sgeinleutfisomi,| ya nnde m
(a) Chromosome |l ocation map of tomato OPT genes. The scale of
and exon configuration. The identical exon for mathiootnt oonf i S|
corresponding to gene size in kb. (c) Prediction of motmberve
of each motif indicated proportionally. Each color of box 1is



