oS (854 S5 s aloms
ISC 9 LS":"A)}J_LS‘“L"

A &
e - 8

C.',:u"di 3™ A;Lw.«hjej elﬁ,.} ulg)‘gh.w JL—»‘ 3" dﬁ)&:}ﬁ .\.J‘S)JJSG PRUINLY 6“‘93 Sl dugs
PCAMBIAL304 5> 5 55 ramyBD o e85 sla JIg J 25
Y* \
s ol ¢ (gl e
‘-)\j:’.\ ‘U‘i)f; u(a)) LS“:“? rLal L5U“°J‘ e °L<;;;l; ;‘_5:.._...]4 CLA_} 6))[.;5 oAl cé}ﬂ}x}f ajji ngJZSJ 6}>L.Iu|b‘
‘-}\j'.’.\ u‘ijj'a c(b)) LS":Q’? rLﬁl LsLL‘J\ O omb ;‘_5:.:..]4 CLA B} 6J‘9LLS em\l %gjjlj&.?ﬁ 5_5; c‘)t.:.':u.l;

VWAVN /YR 150 6 ATV VY sl s gl

s AS>

.

5 b o3 xS glas S L 5L b 8 2 SO (BFGF) SLdl (5L (aedls b s, 551
" s S e Sl 3 S S S A LSBT S Sl b sl Sliie
ol OF 3 LS il 3 sdows ot 3 5 VU A 5 4 a0 e oS ol ol e 5K b il i gla
ol 3O ol S 55 S S Sl wush oS 5 el el (6 ol Sl ciS e
33 BFGF SLsl w5486 51 slotd (3l angr 45ens VU Ol 6l 2 ol Sl o3l O ags Gaions
0 iSAS Il skite cpl gl sl o35 FAMY3D 05 oadits Jal e J 28 Sl 5 olS J ke iS
25 Gl g g5 oLS 55 0L sl GC (glimn 5 (5508 3 )8 sba e ls bl DFGF 256
0Y/10 31 GC (glyumn 5 +/AY a4 +/V 31 53508 (5,85l L li (g3l ange ol 3 JU A s 4l
S ol e asdad 55 (B s éﬁramy3D 05 ommﬁjéug\j bl Wl s 53 00/80 4 s s
ramy3D 5 oS b5 sla JI5 (g5l o 4 o3l aelsl 5o U (55l dlaes S5 55 DNA
J—obi= ;3 BFGF (golls (55l wg 0tiSUS” JI5 255 e s PCAMBIAL304 AL sl BB s
05 YL Ol Ol @ 0155 0 RAMY3D Lo s slay o oz 51LAS3UTR 5 Lial,y iz, JIs
S oLl Lo @ 5 sl (s s S e 5 035 U]
S e e e REMY3D DFGF i, 5Tt g S SledS

Email: raminh_2001@yahoo.com CANYVIAE e s e ety 1 e ol 3



JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

.; Delrieu, 2000; Liu & Zhu, 19981997
A, oS e 83 Sleys ol pesdle
ey 53 Sl 3 LS lls BFGF Ll
5SL ol ol gLl sl glad sl coiS
593,55 68 e ol sl b5 1 A
S s ssde @l pla Sl s ol Glil o
CiS be LS 5 gAS 5 Cgr
3o St Gl (o ol glad s
.(Chenetal., 2012)
Sty Slens glas )8 s a5 L
eV Sl OF 4 5L DFGF w81 saae
52 e VAVA L 55 5L sl 6l 5816
Gospodarowicz et al., ) s 5,155 5LS sae
e VAAE Jlu s o gl Lol 5 (1978
Ol .(Bohlen et al., 1984) =i , i, oLl
SUl e o sl glacil s~k BFGF
Gib ol 3 s ) A oS (5 et v
Ak OF 4 03330555 LSl e el W5 ol
4w dsb y3 5, ol 5l (Gasparian et al., 2009)
0SB ol Ol sl Slsl b sla a0 az3dS aas
e Dby e 53 S S5 D el A
< S Escherichia coli ¢ SL_ o5 >ean
¢~ Pichia pastoris .. Bacillus subtilis

Ly Olals ;i (Bombyx mori L.) —

Y

(FGFS) oy pud i) sLs, 551

o dipd Joate Slagntis 5l Sz el 5l
3,5 5 ol Blad an aS oo o ols
(An et al, 2013) kv wlis sy K585
(bFGF) Lt sl s o s, 5580
o=l s sleds S esl sl e (S50
= S Sl S35 S Ghls A, S
s Ol Liie L slad sl 5l 215l (6,
Jolo (a0 55105 5) s £33 551 5 (2035 52)
Sl s ,e Il L ad
bl e .(Gospodarowicz et al., 1986)
Syl p oS o 1) ege B A, 5 5SB
5 S s 5 GiemsD =l S
3 0= el el d s 5o (Ol Y Sl
Fernig & Gallagher, ) 4=S o | 405 |25
s ol S s Ay 5 gSB ol (1994
Tl b e Sl ke glad g Dl
5 Slo amale glad g JLL Ll slad hos Lo
LS e Ll S (28 ae lad
bFGF .., , zsUs .(Bikfalvi et al.,, 1997)
Wl s gadaze Slays slas 8 6l
(P92 5 3 slaslan Oleys (o Ll
ol 3 S s 5 e slad sk 3L
Bikfalvi et al., ) <ol ool (soley 5155 520

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



atlo Juo ol Jobo &8 5 oL sSL
o e J= ol U L(Hellwig et al., 2004) .|
01 025 W O3 on ) Gl s ) o
(S ol il lame 31 a3 Gl JL
o5 A g 56 Sl gl 5B gl T O
S St 53wl L alie ;S 55
Xuetal, 2011) 55l o ool 3 (ol o g o
DLl Sl i Sl sliial S5 a3
S ool sl o S S s g S
A S A b (s S5 3 228 fa)
S5 o=l ol Ramy3D s o slaal,
S b S5 5 s SOl Rl )
(Huang et al., 2015) &S o |ogos
S olw aug Gios ) 5l Bua
&l DFGF sl wd, |, 4SL (CDS) eSS
Sl sl dlaan bl 55 5 i elS 3 Ol
05 ks Gl st J 8 s el g
sl 035 26ss JBUSS s e LS ramy3D
288 ol VL Ol sl p3Y ey o b onl
218 @ olS ke O il s 23S 5 A3,
bl e sl eslinal b jskie ol (gl 03 S o0
CDS JI55 (53l aige s plBl Slo s 50 5
5395 3,8 slaaxls bl BFGF | oS
s Sl JI5 A 5 oS GC (sl
RS oS 055 3l Izme axkad 5 55 ramy3D
o el olg 5o s S ol dlees

Yl

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

5 (Oryza sativa) & — 5 (Glycine  max)
(Nicotiana ¢35 5 oLS Cdls IS o man
An et al, ) c—ul a4 &, 50 tabacum)

; Ding et al., 2006; Ke et al., 1992; 2013
Kwong et al., 2013; Mu et al., 2008; Wang

—~2l=Jl= ;s .(etal., 2015; Wu et al., 2001
S S e 02 5 Sl ) se 4 DFGF oS
E. slag,sU ol el s Sby gl s 5o
e 3 P.pastoris .. B. subtilis ; coli
Wang et ) s55 . a5 ol i Jho cliS
5> SL_SIbFGF jesU s 0 Jg (al, 2015
Osman (g3date OMSin Lol S5 (sla s
s Lol 055451 JSis (il A 55 Ol
Ol 5 535550 man 5 oz (S0
; Kwong et al., An et al., 2013) &l of ,an
I o i)y 586 ol Cad a5 (2013
ol b esli sl S 614K 05 0 VU Sl S
St romen 5 Gl Slal gl 1) Sl
el sl al o S gl b
3D Pl Ll 0 sds s sla Iy
DS Sl R 588 50 2 oL (ramy3D)
2S5 S M ey 53 el 4B S
Xuetal, 2011) ool Olals Joo cis
o=l O eslenl Ly S 5 (S 5 Ol
oS sl il s 228 55 SL s
e o) 45 @IS sl 5 LG s

oo Sl L iB) LB ot 4 |

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



PGH 5L )5 5 5= w (o) Generay Biotech
Ol e ool ol g 3L (g3l lucen
A3 6,ld&eL pGH-bFGF

& ok 5 255 DNA £ sl

oo 3 esliul L g5 olS 0505 DNA
(Doyle, 1987) u_s £l 5l S, 5 CTAB
58T U5 55 edd ol 5l DNA (g gimme J lons
Lle 0 ol sloes Sl ealazal b g 55585 217
52 Sl Sls 5 oaas 3 5 dd el K
SCIL S J RSV SRV RUNIC SRS

0 odS @ b5 La g (3l lan
ramy3D
05 0diS o b gla JIss > ol 5o
055 3l e ankad 55 LB 3 o LS ramy3D
andad Ol g Coed) Ul ank LA 5SS oS -y
ediSUS JIs5 3 S'UTR (5505, Jols (PRO
(TER axkd Ol e o) p g3 ankd 5 Laial) Az
syl L) ramy3D O 55t 5 5 3IUTR  Juls
D33l g S5l eslizal b sy (M24287.1 i
—=1,b NCBI «,__.. 4 Primer-Blast
SPRO ashs 55 2T (¢l ol gl asl
i O () Jsas) Co pd oy TER
5l 4 o5« BamHI 5 HIinDHI slags 351
L;um_ﬂ = $LadlSe 5 PRO ankss glesl
asbd ol gl 5 luul 4 5 ECORI 5 Sacl

¢

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Sl ol SO I s el s Slakad (g5l
i pCAMBIAL304 LS Lbss 5L 5o

- TRIre
bFGF , 55U CDS JI 5y 5 s5luaig
S34S 5 LS esls LKL 4wl e Ly
Jsa— > (http://lwww.kazusa.or.jp/codon)
Sl s Sl s ol e S 5 )8
oslai L) BFGF jL_.il us, ,4SLs CDS
NCBI a‘__<il.3: 5L (AAAS2448.1 o s
A sl s (https://lwww.ncbi.nlm.nih.gov)
<ol o 5l Gene Designer 2.0 53l o
S A ) DNA2.0

https://www.atum.bio/resources/genedesigne
Gene 1581 p 5 5l eslil Ly dl 55 Lls (r

ool — bFGF , 2sLs CDS  JI &5 [Designer
(Codon Adaptation jsus s ,8 5l sla exls
Cj_: oLaf BE) QL:.: LS‘)-’ GC Ls‘j;""’ 9 |ndeX)
U VUBVRPVIYYS WitJy-5| BV IS VP TRR | P S Ve g W Lo
;1 GenScript s, OptimumGene v:wj_iﬂ
RNA cJ_L;S )‘J\_.{L_"L LSLA;.L::}A ))-».ﬁ.?' j_ja.z
sla Jiss smRNA + 5C k=l 55 (ARE)
'dl_{ﬂ u‘)‘ P CJJ,?)‘JB W Bs .))j.ﬂ Ls‘)‘)i;
‘o m Sacl s BamHI sl s 5 ol
ssbes el il g JIss sl s Il
C)J ‘LS"L?’ S é)l...u V.AJ...» J}-bﬂ BE) oslaiul
CS s g ed gl i s asus

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



3l lonn ol e 53 53 O 55 ol
2a el 340 PTGLOT Ll (MCS)
53081 J5 55 s 3T s STy Jpmamen L
Sy 53 A ey OF e 5 55585 2S00 )
Sy50 53 3 PTG-PRO ot arg fol= PRO aakss
&Kl pTG-TER ol ags Jol> TER aalas

A

b g Jls sl LS ol U e
ramy3D odS
Sladls ol oa o a el ad ol
5 Ay asbd O e s ramy3D suis vAhM
PCAMBIAL304 LS _Gss J56 s of 7
ECORI (slans 551 51 ol b glata ol (sl A
PTG-TER | > 3l TER «_k3 Sacl 4
L odd odny » pTG-PRO s> 55 5 g5kl
70> PRO walas s (1l 55 a5l 3 Oles
sla Jss slad gl ol ags askad s S
SUTR sy Jolc ramy3D cis o LS
G5las 5 5 3UTR (Ll Ay odiSuS JIys
o) Gy 3L 5 EXPCAS ank Ol ye s
A (6,1 3Kl PTG-EXPCAS 0l sis oo sk

0

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

b sla el s Ll 255 6= b 5L TER
SPCR _z:Sls 5l eslanal Ly . aiuis Lol el
bp Jsb L) PRO asks  _olawt! sla ol
S5 (A0Y bp Jsb L) TER aaki 5 (V2 +A
1 S el 5 e b PCR STy s
Q0°C slaos ;3 aids 0 e plos a5 K
Glos 3ty Lls K o ol a2 YY
asls ST o), Y°C sles s 4SBT0 40°C
slos 55 4ids ) (TER ashi sl 5 0A°C 5 PRO
VY°C sles 53 456 0 3 PRO asks ¢l VY°C
Vo Sdas gles a2 G5 TER asdad (6l 5
ST 53 ek ISS Sladas VYOC (gles 3 4ids
> T4 DNA Ligase o 51 5l eslieul Ly PCR
eSS 5) PTGLO-T s gl ailan fol>
slad o g L =5 (sl Vivantis
S 3 eslial L Wl (g3le ol 5 5 dates
(Chung et al., 1989) s, L =<ITSS
LS55 Aoy sl slaislS ¢ S5
BTN USSR EC U] W JCH 5 PR
Alkaline Lysis %, 5| 5 bl diw gla IS
Bimboim & ) 1 eslinal dadly ol Szl 51 5
alad -5 s 5L (Doly, 1979
+S BamHI vw'J L ks zl sl gladandly

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

L5|J—.’ C;JJ ﬁ‘ﬁ: :pPRO.C TER K) PRO @53: J::SS L5|ﬁ d&\-ﬁ-’;"-‘ dl.hﬁ‘ﬁ: J‘j—\ d}.\:-
J_;.Q' ‘_g‘J_: Cd ﬁ‘j: PTER.C PRO axks ,;Ss ‘5‘}\ d..f&S/J.: J"i‘}.’, PPRO.r (PRO axks J.;:.Q'
ol a.l,...is s u':'ﬁ 6\.&&}51 J‘j ﬁ} TER asks x;&: 6‘,3 C;..ifﬁ J°'.’.‘J‘.’. pTERr TER asks

Table 1- The sequences of specific primers for amplification of PRO and TER fragments.
pPRO.c: forward primer for PRO fragment amplification, pPRO.r: reverse primer for
PRO fragment amplification, pTER.c: forward primer for TER fragment amplification,
pPpTER.r: reverse primer for TER fragment amplification. The sequences of restriction
enzymes are underlined.

Name ¢l Sequence  JIg
HinDIII + pPRO.c AAGCTTAGGTGTGCGCAATCAGGAA
BamHI + pPRO.r GGATCCTGCTTGACCCGAGTTACAGG
Sacl + pTER.c GAGCTCTAGCGGGCTCAAGCCCTA
EcoRI + pTER.r GAATTCGTCCATTACATGTGCCGAGGCT
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Figure 1- Schematic picture of the prepared expression cassette in the binary vector,
pCAMBIA1304. Ramy3D P: ramy3D’'s promoter and 5’ UTR, Ramy3D SP: Ramy3D’s
signal peptide coding sequence, hbFGF: human basic Fibroblastic Growth Factor coding
sequence, Ramy3D T: ramy3D’s 3’ UTR and terminator.
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Figure 2- a: Codon usage distribution along bFGF coding sequence before (right) and after
(left) codon optimizing process prepared by OptimumGene software from GenScript.
Horizontal axis is showing codon position and vertical axis shows relative frequency of each
codon in rice. Codon Adaptation Index has been shown below the chart. Transgene with
CAI higher than 0.8 has a high expression level. b: codon frequency histogram in 10 codon
usage bins. Right histogram is showing bFGF sequence before optimization and left
histogram shows optimized sequence. In the horizontal axis 100 shows the highest codon
usage for a specific codon in a defined (rice) organism.
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Figure 3- a: Gel electrophoresis picture of rice genomic DNA. Lane 1: Genomic DNA. b:
Gel electrophoresis picture of PRO fragment PCR product. Lane 1: PRO fragment PCR
product. c: Gel electrophoresis picture of TER fragment PCR product. Lane 1: TER
fragment PCR product. d: Gel electrophoresis picture of pTG-PRO digested with BamHlI.
Lane 1: pTG-PRO digestion product with BamHI. e: Gel electrophoresis picture of pTG-
TER digested with BamHI. Lane 1: pTG-TER digestion product with BamHlI. In all figures
M refers to size marker.
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Figure 4- PTG19-T cloning vector map. Transgenic bacteria are screened by ampicillin
resistance and white-blue test.
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Figure 5- a: Schematic picture of recombinant pTG-PRO vector. The direction of PRO
fragment insertion has been shown. b: electrophoresis picture of pTG-EXPCAS digestion
with EcoRI and HinDIII on agarose gel. M: size marker. Lane 1: product of pTG-EXPCAS

digestion with EcoRI and HinDII1.
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Figure 6- PCAMBIA1304 binary vector map.
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Figure 7- a: Electrophoresis picture of pPCAM-EXPCAS digestion with EcoRI, HinDIIl and
BamHI. M: size marker. Lane 1: pCAM-EXPCAS digestion product with EcoRIl and
HinDIII. Lane 2: pCAM-EXPCAS digestion product with EcoRI, HinDIIl and BamHI. b:
Schematic picture of pPCAM-EXPCAS vector.
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Figure 8- Electrophoresis picture of pPCAM-EXPCAS-bFGF digestion with EcoRI, HinDIIlI,
BamHI and Sacl. M: size marker. Lane 1: pCAM-EXPCAS-bFGF digestion product with
EcoRIl, HinDIIl, BamHI and Sacl. Lane 2: undigested pCAM-EXPCAS-bFGF.
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Optimization of human basic Fibroblastic Growth Factor coding sequence for expression in
rice (Oryza sativa L.) and cloning under ramy3D gene regulating sequences in the binary
vector pP CAMBIA1304

Bastimi M.}, Hoseini R.**

'Department of Biotechnology, Faculty of Agriculture and Natural Resources, Imam Khomeini
International University, Qazvin, Iran.

Abstract

Human basic Fibroblastic Growth Factor (hbFGF) is a valuable protein with a wide variety
of clinical and research applications. Currently, recombinant production of this growth factor in
conventional platforms of microbial and insect cells is accompanied by several problems causing
high cost production that limited its applications. Rice cell suspension culture is an efficient, safe
and low cost platform for recombinant protein production. In this study we prepared a suitable
construct for high level expression of an optimized version of bFGF coding sequence under
control of ramy3D gene expression sequences in rice cell suspension culture. The codon usage
and GC content of bFGF coding sequence was optimized for expression in rice and then
synthesized. Following optimization, the Codon Adaptation Index and GC content were upgraded
from 0.76 to 0.82 and from 52.65% to 55.45%, respectively. The ramy3D regulating sequences
were amplified from genomic DNA in two separate fragments and then cloned. The ramy3D
regulating fragments were assembled in the binary vector pPCAMBIA1304. Then the bFGF
optimized CDS was inserted in the construct between signal peptide CDS and 3'UTR. Ramy3D
expression system has several advantages including high level expression of transgene,
inducibility and simple protein purification through protein secretion into the medium.
Keywords: bFGF growth factor, Ramy3D, rice, recombinant protein.
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