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Abstract
Objective

Plants are very efficient in producing valuable pharmaceutical proteins. Human epidermal growth
factor (hEGF) has numerous effects on various cellular systems, including wound healing,
organogenesis, and so on. The present study was carried out with the aim of constructing
monocotyledonous-specific vectors for hegf insertion and mass-production in a self-pollinated
crop, barley, afterwards. This crop plant, with high protein yield and very low cross-pollination,

is an ideal host for the production of epidermal growth factor.
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Materials and methods
The hegf sequence was optimized by COOL software, based on the codon preference of the host

plant, and synthesized with a specific promoter, D-hordein. The encoding sequence of signal

peptide targeting protein storage organelles in barley seeds was included at the beginning of the

encoding area. The synthesized gene cassette was isolated from the cloning vector

pUC57Hvorhegf by Sacl and Hindlll and cloned in pBI121. To insert the gene cassette of interest
into pGH215, due to the lack of similar restriction sites in pUC57Hvorhegf and pGH215, the
intermediate vector, pB1121¢%12 was applied. After digesting pUC57Hvorhegf and pB11216us-12
by Sacl and Kpnl, the sequence of interest was incorporated into pBI121%%22, Finally, the
recombinant pB1121¢%12 and pGH215 were digested with Kpnl and Sall, and the gene cassette
was cloned at the right border of T-DNA, behind the NOS terminator.

Results
Cloning accuracy and constructing pBl121Hvorhegf and pGH215Hvorhegf vectors bearing
kanamycin and hygromycin, respectively, suitable for monocotyledons-crop transformation was

confirmed by colony PCR, digestion pattern, and sequencing with forward and reverse primers.

Conclusions

The modified recombinant expression vector pGH215 with the gene of interest carrying the
hygromycin gene cassette, giving a high level of ability to select transformed explants, can be
used to transfer desired genes in monocotyledons and express those genes in protein storage
organelles.
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I | | 1 I | |
1 100 200 300 400 500 500

Alignment Scores <40 E40-50 [@50-80 QES0-200 == 200
Max | Total Query E Per. Acc

Descripti Baci
SRl Score Score Cover value | Ident | Len Accession
v
Hordeum vulgare BAC 184G9, complete sequece 850 850 T2% 00 97.77% 120562 AY268139.1
H.vulgare Hor3 gene 845 845 T2% 00 9757% 1859 XB84368.1

Hordeum vulgare subsp. vulgare cultivar Alger D hordein precursor (Hord) gene, promoter and partial cds  83% 839 72% 00 9736% 498 JN662933.1

Hordeum vulgare D-hordein (D-Hrd) gene, promater region and 5 UTR 693 693 62% 0.0 9582% 1736 KM3874201
Hordeum vulgare subsp. vulgare mRNA for predicted protein,_complete cds, clone: NIASHv3018N16 169 169 17%  1e-40 91.74% 2382 AK3730421
Hordeum vulgare Hor3 mRNA for D hordein, complete cds 121 121 13%  4e-26 8947% 2296 D82941.1

031> oL Nucleotide BLAST 1381045 U 9o 0L 0535 b 00— ju—w hegf Jlgi 25>y .Y JS—i
NCBI

Figure 1. Alignment of the synthesized hegf with barley genome via Nucleotide Blast tool of
NCBI
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Figure 2. Flowchart of cloning; A. Insertion of hegf into pBI1121 containing kanamycin

resistance cassette, B. Insertion of hegf into pGH215 containing hygromycin resistance

cassette with the help of pB112162
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Figure 3. Schematic diagram of constructing pBl121Hvorhegf vector using pUC57Hvorhegf
and pBI1121; both vectors were digested with Hindll1 and Sacl, and gus gene was replaced
by the gene cassette of Hvorhegf, resulting in pBI1121Hvorhegf vector
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Table 1. The sequences of M13 forward and reverse primers

S5l Sl g judlaxi GCuwyd  wgd sbod
Primer Primer Sequence #nt %GC Tm
M13F 5'CAGGAAACAGCTATGACCATGATTACG3! 27 44 59
M13R 5' GTAAAACGACGGCCAGTGAATT3 22 45 58
Sfil Sall Hindll Sfil Kpnl

eHpdsss > hpe Bk ow

E pGH215
12.4 kb

pVS1 ORI

Jately Jold o 4y Cowly jpo a1 JBU ol gljal POH215 J3U g yugas oo £ JSud
@ Coglie UL 35S sl Gl by saadpbly Gfp S 815 of s b

! 35S db‘sb b.\.&:ulﬁb 9 wlog,iy‘h

Figure 4. Schematic representation of pGH215; The vector components from right border
to left border are composed of polyubiquitin promoter, gfp reporter gene, nopaline synthase
terminator, 35S terminator, resistance gene to hygromycin and 2x 35S promoter,

respectively
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i ailw o2 05l 43 HVOrhegf (55 Cuw 5 0und i 2 Kpnl g Sacl sl 351 L pBI121°U1
3U 5 JBU opl (e odwi bl pBI121%"2Hvorhegf o5l g 48,5 ,1,3 pBI12157%2 J3U &l wis
9 U ol e S g @85 8 .

9 OSSR (23Rl SIS 3590 (I Gl g 00l o Sall o Kpnl gl 55T L pGH215
i PBU cuiyg b gl Lo NOS i yL L 51 Jad g 00— 0fp (45 Jles
9 Cymesbog S JSOUS aalg (T-DNA Caw 1y 30 43 HvOrhegf G5 cuw 5 51,15 pGH215Hvorhegf

QL Jg3 (51)15 9 (93,9283 y& (polaid! iyl J S Cod g2 ol 0 oyl 12 0 d}l“’%
doi DAL (i g 1 (510 5D Soli] gty

Figure 5. Schematic diagram of constructing pGH215Hvorhegf; The pUC57Hvorhegf and
pB1121%12 were first digested with Sacl and Kpnl, Hvorhegf gene cassette was cloned into
multi cloning site, and pBI1121¢?Hvorheg was constructed. This vector and pGH215 were
then digested with Kpnl and Sall and the cassette of interest was located instead of removed
ubiquitin and gfp, behind the NOS terminator. Consequently, the final vector,
pGH215Hvorhegf, with Hvorhegf gene, harboring hygromycin and located at the right
border of T-DNA, was constructed. This construct, having signal peptide targeting protein
storage organelles, was optimized to express in barley seeds under ubiquitin control
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Table 2. The sequences of Hvorhegf forward and reverse primers

S5 ST Iy udlami GC uawoyd  wgd sled

Primer Primer Sequence #nt %GC Tm
Hvorhegf F 5TGTACATGCACACACCATCGT3 21 48 59
Hvorhegf R 5'CCAGCAATGGCTAACAGACACT 21 52 57

g Jloyl g 0jle (b 51w iyl Wl Jolpe g pBI121 JBU 45 Hvorhegf o5 cuwlS (g lwailumen
5 oh polaBl iy Jold i JIgad il PUCST (glo diluan JB6 )5 joio il it (gl jlais)se
O g 92 obS 5da 3 ol sl Sladl ooyl a5 Jole (1 0 disge 195 5 B9 sl > Saluil sty sleial,
Sl BB )3 o5l ol gilwailinen (ol oais )] Laosly) 5,8 456 1y Jlainyge adlad jiw (gw)d e 93 51 JIy
Jb o) > 9US o5 3 CaMV 35S o b jsShe o5l o5l 9 SAcl o HINAI clag 51 bw g wuan L pBI121
Sacl g Hindlll (lags 51 L pBI121 Sl o PUCS7HVOrhegf (ojluwailien J86 93 yo jolato cpiy 08,5 & )jguo
b BU 9> ol pmiad b (5 JSi) 00,8 sl 1) (g5bcds YVED 9 VWAAY 55 ¢ YEFD 9 £V lalad (ol gy g S0 pad
Hvorhegf 5 cwls 9 pBI121 5l ((c5beais YYEO axkad) QUS (5 b ol jos CAMV 35S 5 i o555 (sl il
0829083 o Jol 0ud jis adad sy alsye )05 L PUCSTHVOThegF U 5l (sl #V- askad)
VVED dskad 1y 55uls e Jla 3T STy b (ojbcadn BV Sladl oopinl b ) Jols 0l aiggy 008 o) g3 5 (ssi csloial,
Hindlll + BamHI + o5l oSy 5l ool pa 2 (665 baw 55 (gjlo dilawan 256 (lp s PBI121 15 g5bis
Aol ilodiluad gy (5bcds ATY 5 VWYF Sladad sinlie g puid &Y guame 989 55Ul s g o edliw] ECORI
Y JS) a5
55wl (Sl dilunar 156 1yl ow o (F9S baw o5 pBI121HVOrhegf J5U ;3 (g 5lw diluned a0l
o dol S L g B8 Sygo b )5 cuw 5 Bk 9 0 o JIg &S MI3 S5l o] 1S5 PCR Lo 5 ¢jlai g0
ol A S 3 (A JSa ) ad agl (gl dlan (s )3 g 0ad sdmliie S g9 sibcdn WA adad M3 (o 552

ol 0ad 0autS pgad 4 )] slial b ol o pBI121HVOrhegf ous as L
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Figure 6. DNA fragments resulted in the digestion of pBI1121 and pUC57Hvorhegf vectors;
1. Digestion of pB1121 vector with Hindlll 2. DNA Ladder Mix, Thermo Fisher Scientific

3. Digestion of pUC57Hvorhegf with HindlIl + Sacl 4. Digestion of pB1121 with Hindl11 +

Sacl
1 2

1 kb pBI121-Hvorhegr
DNA ladder Hindlll+BamHIll+EcoRl

10000 bp

1000 bp

F9990 (59, .Y o 3T puid (59U 51 ealiiw! b BI121 JBU 15 55 cuwlS 2,0 awl Y JSS
HindI1l + BamHI sl 331 L pBI121Hvorhegf gwaa .¥ Thermo Fisher Scientific <y 1kb

+ EcoRlI
Figure 7. Confirmation of gene cassette insertion in pB1121 vector using digestion pattern;
1. 1kb DNA Ladder, Thermo Fisher Scientific 2. Digestion of pBl121Hvorhegf with Hindl11

+ BamHI + EcoRI
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Figure 8. Cloning confirmation in pBl121Hvorhegf vector by colony PCR; 1. 1kb DNA

Ladder, Thermo Fisher Scientific, 2 and 3 Expected PCR products, 989bp, amplified by
M13 primers in recombinant pBl121Hvorhegf clones 4. Negative control

ly cwlio Joxo gy il aw 1yl AU Jalpe g pPGH215 JBU 45 Hvorhegf &5 cuw S (5w dilunos

Sl (F 9 pota b gl (3ol 5 (S g pote 9 O o Bl 408 PCH2LS )5 jlaidjge 55 culs 25
Payb s cw 8 Kpnl )l s Sall sl s o5l pUCS7HVOrhegf owas 86,5 .05 4,5 s s> hegf ous
JB6 51 a9 p3Y plply 8L 35 Cas S a0 <l Y PUCSTHVOThEGE )5 ] (glo ilan (o2 45 590
B 51 pskate s 98 a8l Jaidyee 55 cu S oloml 4 SAIL JIgs ¢ les gjbo ailuaosd I L g 00 o0lis | Lo lgis
03958 1 cslesl o SAll o Ly olls ¢ 3L ol )3 st dalad (gjlo ailuaod b a3kt |PBI121U2 Loy lgas
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Figure 9. Schematic diagram of pBl121Hvorhegf vector; The components of the construct
from the right border to the left borer are composed of nopaline synthase promoter, nptl|
gene, nopaline synthase terminator, D-hordein promoter, signal peptide, hegf gene, and

nopaline synthase terminator, respectively

o g J86 ) dabad (gjls s e (gl PBI121672 faws lgus JBU 13 Jaid 90 (55 Cow 15 (g5l dilin o
Sy 3 Jo b lidad (g5l s 5l s 9 i n SACH o KPNI slagy 51 L pBI1216%12 . pUC57Hvorhegf (sls 3L
3V JS3) 48 jlodiluen pBI1216%712 155 &1 45 ¢ lis pPUCS7HvOrhegf 56 ;1 VY askd oo ) 5,61 J3
3 6ibeds YV YYAAY aalad 45 g PUCST7HVOrhegf 86 5 (gjbcis YEAS 5 SVY dxkad 93 ( 5L 93 oyl vt doeis
b ¢ (6 jlwtilan 56 g g 0ly5 oanliie LB 5 (g5, 5 ycSasS askd a5 355 0 ooy pBI121612 a1
VAN dabad aJg5 g ool | X509y 48,5 ,1,3 5 il Cow 1S Gyl g3 3 a5 M1 i o,y ola )55l 51w o ol
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Figure 10. Digestion products of pUC57Hvorhegf and pB1121¢%2 on 1% agarose gel; 1.
1kb DNA Ladder, Thermo Fisher Scientific 2. Digestion products of pUC57Hvorhegf with
Kpnl and Sacl 3. Digestion products of pB1121°*2with Kpnl and Sacl

s PGH215 (ol J5b o o8 1] aw b Sl po 9 PGH215 55 JBU ,a Hvorhegf o5 g5 aibmon
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5 s5bcain ATF 5 QAP cladakad SMAl 4 (s5bcais YIVA o VOVY askad o3 XDl + Kpnl «g5beais Y00 g AVFA
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Figure 11. Confirming the insertion of the synthetic fragment in the pB1121612
intermediate vector by colony PCR; 1. 1kb DNA Ladder, Thermo Fisher Scientific 2.

pBl1121G-12 as control positive 3. Control negative 4 and 5 Recombinant colonies received
the ligation reaction products. As can be seen, the band of interest is precisely 651
nucleotides larger than the empty vector

The components of the construct from right border to left borer are composed of nopaline
synthase promoter, nptll gene, nopaline synthase terminator, D-hordein promoter, signal

peptide, hegf gene, and nopaline synthase terminator, respectively
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Figure 12. Digestion products of pGH215 and pBI1121%*?Hvorhegf vectors; 1. 1kb DNA
Ladder, Thermo Fisher Scientific 2. Digestion of pGH215 with Kpnl and Sall 3. Digestion

of pB1121¢*2-Hvorhegf with Kpnl and Sall

b g5 (55l Slunod 156 e 3] ow (o SIS Law o5 PGH215HVOrhegf J3U 3 (g5lw diluod sl
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5 0529283 ki (w0 ba B pty JyS cod Sl epagl by Jole oad aige ) il aile an adllan ol )
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Figure 13. Confirmation of gene cassette insertion in pGH215Hvorhegf vector with
digestion pattern; 1. 1kb DNA Ladder, Thermo Fisher Scientific 2. Digestion of pGH215-

Hvorhegf vector with Xbal + BsrGl 3. Digestion of pBI1121%*2Hvorhegf vector with
Kpnl+Xbal 4. Digestion of pBI1121¢*2Hvorhegf vector with Smal 5. Digestion of pB1121¢

12Hvorhegf with EcoRlI
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Figure 14. Confirmation of insertion of pGH215Hvorhegf vector by colony PCR with
specific primers; 1. 1kb DNA Ladder, Thermo Fisher Scientific 2. Positive control,

pBl121Hvorhegf, 3 to 7 PCR amplification products in recombinant clones 8. Negative
control
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Hvorhegf (rs)

pPGH215Hvorhegf
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Figure 15. The pGH215Hvorhegf construction structure; This construct from right border
to the border is composed of hegf gene, signal peptide, D-hordein promoter, and nopaline
synthase terminator followed by the hygromycin resistance expression cassette with double

35S promoter and 35S terminator
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