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Table 1: Primers' sequences

Sikeleb
name sequences

Skl Jlg

primer sequences

ZF(Forward) AGAGAGAGAGGAAAGCTAGC
ZR(reverse) CAATAAGTTGAACACCACCG
GACCACGCGTATCGATGTCGACTTTTTTTTTTTTTTTTV

Oligo dT anchor
primer

PCR anchor primer

GACCACGCGTATCGATGTCGAC
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Table 2: Characteristic of cyclotide-like gene in Fig 6

Identity with Identity E value Length Name Plant Source EST
b Slasy Sy Bp ot ols P associated number
(L céaz)ojlnil

NM001151219 88% le-155 485 Zm cycl Zea mays Current study -
BT009169 88% 8e-148 467 Zm cyc2 Z. mays Current study -
BT009169 87% le-142 464 Zm cyc3 Z. mays Current study -
BT009169 95% 4e-142 463 Zm cyc4 Z. mays Current study -
BT009169 95% 2e-143 513 Zm cych Z. mays Current study -
BT009169 75% 5e-30 425 Zm cyc6 Z. mays Current study -
CF015733 74% 106e-37 470 Zm cyc7 Z. mays Current study -
EU975452 83% 2e-44 413 Zm cyc8 Z. mays Current study -
BT009169 92% 5e-25 412 Zm cyc9 Z. mays Current study -

383 S1 Sorghum bicolor PGI BE125990

562 H1 Hordeum vulgare PGI AL450615

474 Z1 Z.mays PGI CF060985

502 Z2 Z. mays PGI CF014141

505 Z3 Z. mays PGI CK369406

526 Z4 Z. mays PGI BM379838

518 Z5 Z. mays PGI CF630454

538 Z6 Z. mays PGI CF013901

392 z7 Z. mays PGI CNO070702

496 Z8 Z. mays PGI B1674581

571 Z9 Z. mays PGI BMO080572

601 Z10 Z. mays PGI CK368015

429 w1l Triticum aestivum PGI CA617438

907 W2 T. aestivum PGI CK154330

889 W3 T. aestivum PGI CK154890

596 W4 T. aestivum PGI CA595705

466 W5 T. aestivum PGI BE591233
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Fig 3: PCR amplification with Zf and Zr primer of extracted plasmid
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Fig4: alignment of protein sequences in current study with maize cyclotide-like EST in ESTdatabase

CLUSTAL 2.1 multiple sequence alignment

Zm cyc ¥ LASMESGSKKAAAGVIAVLLLOIMVAPTTATSRLLOQADTSPLEGLDI IAREFGHPDGTI 60
TCa=TAYA LASMESGSKKAAAGVIALLLLOIMVAPTTATSRLLOQADTSPLFGLDIIAREFGHPDGTI €0
Zm cyc 3 LASMESGSKKAAAGVIALLLLOIMVAPTTATSRLLOQQADTSPLFGLDIIAREFGHPDGTI €0
Zmcycy LASMESGSKKAAAGVIALLLLOIMVAPTTATSRLLQQADTSPLFGLDIIAREFGHPDGTI €0
Zmcycy LASMESGSKKAAAGVIALLLLOIMVAPTTATSRLLOQADTSPLFGLDI TAREFGHPDGTT 60
Zm cyc b LASMESGSKKAAAGVIALLLLOIMVAPTTATHRLLOFADTS PMFGLDI IAREFGHPDGAL 59

*FFEFT XX I I XTI X FT XTI X F AT FFT AT I I XA I XTI T oA FFE FFFE X oA FT X EITEF LT XX F T I F K - %

Zmcyc¥ VCSESCVFLPCVSSVEGCRCENKVCVHD €8
TC&- ¥V A VCSESCVFLPCVSSVEGCRCENKVCVHD €8
Zmcyc) VCSESCVFLPCVSSVFGCRCENKVCVHD 88
Zm cycy VCSESCVFLPCVSSVEGCRCENKVCVHD 88
Zm cycy VCSESCVFLPCVSSVEGCRCENKVCVHD 88
Zm cyca SCEETICELIPCVS SAWGCRCENQMCVE] 86

* Fek s eakEFEE cFxkEFIFEEE oo F Kk

03l oLy ;o g ge WLelSGluacs slapiign 31 (SO L Jsl aiws odel oty ubglSile slapssy s e 0 S
(ESTdatabase)
Fig5: First class of Z. mays new cyclotide-like protein alignment with one putative cyclotide-like EST in ESTdatabase
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AT R AR A CAA GO GCRCCCCEIGCICITCECELIGCTIGCITICICCAGCTIGATSETA 289
AT GG AGCAAGARAGEOCGCACCCGEIGIGCIICECGEIGCIGCITCICCAGCIGATGETA 288
25T mmmmsc‘;ccm CIGCITGECGCIGCTIGCITCICCAGCIGATSETA 207
AT A AR A CAR A GCE OO E A C CCECICIGCITCECECIGCOIGIITICICAGCTIGATEESTA 185
AT GCCAG R AGAA GEOCGCASCCCEICIR I I GECECIGCIGCITCICCAGCOIGATGETA 355

AL AL AALAR LA ALILE AL ARIARALAAL ALAARALA Asrrrsclrrirsrssrsrrcscasaca

a a a

A aszssasaszaca

Zm cyc 2 CCACCEACERACEECGACCICOCGCTIIGCIGCAGCAGCCGGATACCICCOCCCITETIIIGCES 349
Zm cyc 4 CCACCEACCRCGECGACS T COCGCIIGCIGCAGCAGECGEGATACCICCCOOCITEITICES 349
Zm cyc 1 CCACCEACGRCEECGACETCCCGCITGCIGCACGCAGEOGEATACCICCCCCITGITIGETC 267
Zm cyc 3 A CCEACCRCEECGACEICCOCGCIIGCIGCAGCAGECEEATACCICCOCOCITETIIIEGES 245
Zm cyc S CCECCEACGRCGEOGATEEC CCIGCAGERNGCCGGATACCICCCOCCEIGTTIGGT 912
22 Assasissirsassas Sasda 4 2aazaa siasizszisssses Ssszaecaa
Zm cyc 2 I GGAC AT AT CCCGAGEGAGI T IGECCAI CCAGATGEARCTATCOSICIGIAGSIGAATCC 208
Zm cyc 4 I GEACATCATCCCCAGGCACI TIGECCATCCACATCEAACTATCOEICIGTAGIGAATCC 208
Zm cyc 1 I GeAC AT AT O GAGGGAGI T IGECCAT CCACATGEAACCATCETCIGTAGIGAATCC 327
Zm cyc 3 CIGEAC AT AT CCCCAGEGAGI T IGECCAT CCACATGEAACCATOSICIGIAGIGAATCC 305
Zm cyc 5 I G GACATCATCECGAGEGAGI T I GECCAT CCAGATGEABCOTAT Srcaalcc 272
A A S AS A A AASAAA A AASAAAAASALAAAARAASASALA AALdA4A AseA sassa 4
Zm cyc 2 TCEIGICIICCIACCCIGCGITICETCAGTICITIGEITECCGRATGCCARRACARACTTICS 2698
Zm cyc 4 TeIGICIICCIACCCIGCGITICGICAGTICITIGEITECCGATGCCARRACARACTTICT 469
Zm cyc 1 TG GICITCOC I ACCCIGCGITICGICAGTICITIGEITGCCGATGCOEARARCARAGTTIIGC 387
Zm cyc 3 TETCGIC I T CC I ACCR I GCGITICGICAGICI I IGGITCCCGRTCCEARRACAZACT G“ 3€s
Zm cyc S TCIETCETCATACCCIGCGITICGTICA rmmc.z.a.‘r saz
422 24 A2 AdAE ARAALAAAiAsii A4 ALsAiasrcissicasaaa 2 2sa
Zm cyc 2 GIGCACGACIGAAGARACCTICEI—— ——TCAGT——————— —CITEGATCITICICTE Siz
Zmcyc 4 CrGCACGACIGARMGARACCITCI —— ———LCAGI———————— —CITTGATCITICICE 5312
Zm cyc 1 GrGCACGACTGARGAR A CTTCT —— ———TCAGI———————— —CTTTGATCITICECT €20
Zm cyc 3 ST GCACGACTGARMEARRCCTITCT —— ———TCAGI ———————— —CTETGATCITTCICT 408
Zmoyo 3 == CATSTSOSTGCTATACES sss
aza 2a 2aaa 2 aza a a a2 & aaa =
Zm cyc 2 CICGICAT ———— IIGCGIGIGARGAEACCASCICCATC————TITGIAACEARTITE S€0
Zm cyc 4 CECGICAT ————TITICGCGIGIGAAGAACCAGCTCCATC ————TITGIAACEAATITE S€0
Zm cyc 1 CICGICAT —— —ITGCGIGIGAACA ACCAGCICCATC————TITGLAACGAATITG 478
Zm cyc 3 CICGICAT ————ITICGCGIGICAAGABACCAGETCCATC ————TTICGIAACEAATITE 457
Zm cyc 5 B CE BSOS T TR CCTI I GAACA ACCACCICCATCEEMBET ITCIARACRRATITE €442

Aszaas s2azarszas Asssasras azaszaza

Zm cyc 2 I TG AGR A A A CA A CGACGCIGEIGITICAXTITAITCIGTATGEGTGRITTITAATAATA €20
Zm cyc 4 I T GCECAGRR A A A CE A A CACECITGEIGIICAXTTTAITCIGTATGCTERTITIAATAATA €20
Zm cyc 1 I T CAG A AR CAR A GCGACECIGCIGIICAARCITAITCIGIATGETGATITAATRATE S38
Zm cyc 3 eI TG AER A A CAR A CGACE I IGCIICARTITATTGIGTATGGTGATTIAATAATA S517
Zm cyc S5 I TGCECAGR A A A GCARAGCACECIGEIGCIICAXCITATITCIGCTATGCTERTITITAATRATE 704
R i e e S R s A S 2 i i
Zm cyc 2 AT ATAT A A T2 A A CCCCAT ACCGITCGGRATIGCIGICIGCA— AR AR AR 2RI —— €E€S
Zmcyc 4 AT AT AT R AT A R A CCCGAT A CCITGCEAT EICICTIGT —ARR B IREZAIEDM——— €E€8B
Zm cyc 1 AT AT AT A AT A A A CCECAT ACCGITGEAT GIGIGIGT —— S88
Zm cyc 3 A AT AT A AT A A G CAT ACGCITGCEGAT CICTICIGCA—— — SE€8
Zmcyc S AT ATA T 2 A T2 2 A CECGAT ACGITGERATEIET 759
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Cloning and Characterization of Cyclotide-like Genes in Zea mays

Torkaman®, S., Bahramnejad®*, B. and Koodary®, N.

Abstract

Cyclotides-like proteins are a family of small disulfide-rich and plant-derived peptides
made up of ~30 amino acids. They contain a unique structural motif that consists of a head-to-
tail cyclic backbone and knotted arrangement of three disulfide bonds, together referred to as the
cyclic cystine knot (CCK). The cyclotides are antimicrobial circular peptides that have a variety
of biological activities such as anti-HIV, anti-tumor, cytotoxic, hemolytic activity and etc. In
current study, we have cloned new members of the cyclotide-like gene family from Zea Mays
leaf cDNA using 3'RACE-PCR and specefic primers based on sequences found in a continuous
region of homology present in EST database. Clones were randomly picked and sequenced. Nine
cyclotide-like genes were identified. Phylogenetic analysis divided them in two separate classes;
first class with length 300-500nt showed similarity with classical cyclotide-like genes in
databases. In contrast the other class was very different with length 90-500nt and showed
variations in number of disulfide bands. The cloning of these genes in maize showed that they
are very diverse and may have important role in plant response to different stresses.

Keywords: Cyclotide-like genes, Maize, 3’ RACE-PCR
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