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The involvement of MSD1 metalloprotein in the mechanism of
resistance to salinity by interaction with SOS3
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Figure 1. The schematic mechanism of Y east two hybrid test.

)bAD'Y} BD'XN&L& U’":Jjﬂ :}Lduﬁﬁ)‘fuuﬂﬁg))]@d}bj;bﬂm MJ{;.:AJ;)JMQ}Q;A)S})L» —\J.g.:/

Gt g 55,8 Soge SIS 05 msiss B osde ADY L s RNA POl 1T 5T (3l Jleb cimasn 5 555505 S35 (rolan]
(Activation ;| .., RNA V"Uj Sk dled U AD us dal = H g A BB CiS lases 53 jases Ly Cmge dazed 3 S 358 A 55 db g e

GAL GAL4 05 55505, GAT TATA (05 55 b5 LY 5 X (DNA Binding Domain) 5 45, 4 ok s Jlail a0 :BD [Domain)

(10mM TrispH LIACTE (X1) 5L L L G s b il hio
et 3 NE NN gt 1.5, 1mM EDTA, 0.1IM LiAc)
S eslial s LBL L Ansls gl s oedd e L
LSSDNA )5 Soe O LIACTE (X1) il il Son To i3 §
Chle b U s S Vol S e Sa S ) 2kl
PEG 50% 3L yls,See YO (ids S 5 p 5550 S
A ble 53 e Jhe s See 00 5 A3 Ledd o xl
WS Y e 5 ams T s el o A bl a5l 3
Lol (ssiand 5l s OIS 3 Sl a5 Y
2 O35 Sl S s ey sl s 555
JU gl SHb) Ol 5 BL wly slulal be 55
S 2 035 Syl ks &ose 53 L (SD-W) (pGBTI
(PGADTI0 5 sl Sibo ey L) SD-WL Lams

2y el

opditoms K158 05 H sl Ka 1S 05 A s

L gy 9 olge

¥ h=e ;5 AH109 4 ;.. Saccharomyces cerevisiae

e Sl

e Jal 35,05 Yeast Extract Peptone Dextrose (Y PD)
L GAL4-BD 4> « | SOS3 05 s> pGBTI J5L L
S Clontech s ,&  J,l> Sed S,
Wk g 5l e U pl sl .(Pazhouhandeh et al. 2006)
ODei=0.5 Jsa= 5 YPD 3 mle S L jesie anold
3 eldl GUL glos 55 ai3s 55 553 O v L adds N0 5 ety Sla

Tl s el 2 e 53 CoaS s S 53 e Sl sk

- \Ya¥ uL».m.o) 9,.4‘-1 1Y o lowis [ 0590 /w) sl.ng'lg S (W0



Q‘)&Aﬁ)@:&bﬁ

MSDL 4459 5 o s

sobantl gl SHET 5l eslinal L ooyl oL sL gl

F: S “ ES SeD
R i85, Skl 5 TACCACTACAATGGATG

PGADT10

EERRCL b S &0 (GTTGAAGTGAACTTGCGGGGT
“o e Sl sy e Sk s 4 U g, 4 SSLT
W55k ce YO sl Jsb 4 il J 6 s 5 Ll
J5 oy WslS 5l edel cowdy cDNA (iladas FS S o
LS Seoa Gl el 5 s bl 56T
Sl ol e (IBMP) alS JsSdpe S35 s
3 APE 15l o5 5l sslind b Juols bt 4 Jlal a3
(http://www.arabidopsis.org/blast) TAIR  sledbl oL

23S B s s

5 MSDL 03 S cDNA (55w aloor 5 (55l

SOS3 (o e Al 5 2i s Sl i 5okl
© 5 5w CDNA (e sal,T oS RNA (g5, 5l MSDL L
F: sobaz|
Sl ACCCGGGAATGGCGATTCGTTGTGTAGC

sl Sl S

R: P Smal e ol
AAGAATTCTCAGTTGTTTTCCTTCTCATAAAC

33 &3k wloes gl PCR a1 ECORI & cole (g5l
Fio olanl gl S5kl S o 5 pGEX-2TK 5t
Sl AAGAATTCATGGCGATTCGTTGTGTAGC
R: P EcoRl =3 ol
AACCCGGGTCAGTTGTTTTCCTTCTCATAAAC

53 &ilw Glean (5l PCR Sty Smal 3, cole sl
bgipn o5p Sl 3l eslisal b 5 Ad bl pPGBKT7 3L
oS S a4l JIg Como 5 S35 s bagsledloan
Sl s 5L cux #9458 U,k 4 (At3G10920) MSD1 o
Sl G IS L ol S 5

:GST-Pull Down | SOS3-MSD1 (gl s Jolas oy
oo N Y2HS STl eds 3L gl iSSle b 6l 5
S PGEX2TK-MSDL .S 55 5L 1% eslizwl Pull-Down
Glutathione S .55 b 0558 oy yea MSDL 55 O )

Roseta « s E. coli (s SL 4 555« AJs Transferases

Ul pde 5l Olaabl shaie 4 s ) 10 gl 50551 51 S
S b syl O3ds s Soledld 5> SOS3 (55
CiS3L e ese ol a5 el Sl ey 5 0T S SOl
SD-AHW 5 SD-HW sl baos 555 » O35 sla S
Cope (ese 3 sl 5 a8 slgs AH)

A CES L LSS Ol g 4 s IS 4w 08 S

SV Jels) el e pIS S i ede DNA - 2 Sl
iS5 il mle SD-WL Las 2 s V0 55 (S0 58
2 W e LSS ) s A e 4 LD b
Sl o b (SIESS 3Kl s YoYA (gles 5 4ids
oo ¥ Co b 55k Sl 4235 0 jesee SIDNA £l sl
YOr Lo sk A w550 CS baee 5 plil a3 s
EDTA 10mM TrisHCI pH 8) DNA | s 3l 2l S
ol sl (Tritonx100 /.Y 5 SDS 1% NaCl 100mM 1mM
o3 s Sen YO sl S g e VO Slacss 4
S SNm p apAs M JE m s S YO 5 Al s sl
W33 0 e o pladl ol ST, k33 ¥ e 4 5 G
a0 sl 5 plxil adds 5o 53 Ve o b G il
Y 5l eslinad UDNA ase pey il JUisl e slacs 55
Coge Vs Foagipel bl e ) 5N BB
BYREETIAL CRKIRCIVNvR VRS SV PR WP TR V- B IV PRGOS
035 i 5 IV LBIL Jools g it 5 aids
Lo J el leie OF a5 S ¥o s DNA e

.(Pazhouhandeh et al. 2006)

Jiss e oS 51 (sl DNA wg SL sl 5
SIS YO b &gl s g5 2SN g5 5l eolinad Lol sl 5
« (Eppendorf) ;51,5 e oKis 5o b Jo 0 Sols
Jl pPGADTI10 3L oS g (TOPL0 4 5w EcOlT (5 SU
Voo sl LuriaBertani (LB) sel> laes (655 5 LS e3ls
FU sl SO bl A e eSS

L5 S (PGADTI0

PGADTI0- odal Cowds LBl Cugp uni 5 o)z
- 5l Al gbde Dl v sl PCR GAtCDNA

VAP (limmo) 9 5l 1Y o bl ¥ 0590 / (s § (Sl § Sl (koo -



MSDL 459 5 llio -

Q\)lﬁm)@aﬁwlf

D R RO RTINS YT SR O

yls

CONA 3l )3 SOS3 iy Jose Sopd A2
J56 L pGBTY-SOS3 (gsl> ases S O T puapm sobesl
Jis olS CDNA L cilises olakss gsl= pGADTIO
SD-AHWL Laes s35 » b 2S5 b (o500l 5 g sibelf
Lo pl 3 MOS0 S pese sl IS L as S
O 2 o Ak ey s ol aa S S UG, oS
Bad A Jel bedeendly ol 51 e pd Ol la S
2 ol s ki W 5 K518 slel Ol el el
o3lo 53 opl Hplm pde 3 Sl LISl g el s
CiS e ol (555 50 S Sl Ll Al SAS b o
E. 5L 55 5 odd gl sl b 2IS (0l DNA 5 sl ooy
or Sl s ilulaer 5 iS5 pGADTI0 (slelst ccoli
S S5 55 s 4 PCR STy L3l cpl 3 3 50 sl
ell Ly o PGADTIO 3L 55 05 5555 Joee S 50 4
S edalie 58U Y 8T U5 sy e s
ol e sl O Dl oS 5l DL PCR Jgeame 5585 251
PGADTI0 5L jlex (% [S2) Wl edd JLLe 048 Jlex
53 S e S RNase [l 51 s S8 5 Jeol
-l s L s U olantl gle SHLT L g o
e a5 56 51 Olabl 5 s 5 ey Jol la
sl U http://www.arabidopsis.org/blast <ol s il
Q5w ks Jg b (F ISE ¥ ojled) s 51 S JIs s
(Manganese SuperOxide Dismutase 1: At3g10920) MSD1
55 SOD1 s MNSODL (slsls w0 &5 ol (F [S5) 5 S Clillas

505 5k i A%4 hls OF olipd IS 4>U 5 355 e sl
sdaline ¥ ISE )5 a5 ) shailea 5l Q}ﬂl@j;})ﬁ\u&i
WA 5 e el LS S eel ceny OIS s5d s
Ll B s s 51 s ol 1, 05 laal 5l as s s
S s 4 G SlS POQ A5 IS 8 s e (PAP U5 4IS 5)

A QM@LBﬁ@ucﬂng;.cLﬂAj\ﬂdj:Sl{ij
Lol s s i Wl V5 Le ) chle LIPTG L sl
50mM TrissHCI pH  (sol= 3L 53 5t ole 5 O sl o
sb) 7.5, 10mM MgCl2, 100mM NaCl, 0.2% Triton X100
3 glAs (Pazhouhandeh et al., 2006 s ods S5 IS5 5
S50 3 35 SOS3 s n s S S Silie SLS G g
L il e T7 505, J S Cow oS pGBKT7-SOS3 5L
3,08 L 5 (Promega, USA) Ol jer ez 5 5 (pow 5555 &S
S A g OS5 Gilee FS STl e
GST-MSDL L _Jis GST « j,lie g5l sle s 4 SOS3
3g e S ol Stlo ams ¥ s ot S e 4 L )
Olale & g, Jaul i Slas 3 K3 b G s s S LS
100mM  (gsl= PBS 3L L LU aw sicad da s, oAl azsldS
S| Kl 53 80 3 0 5 Sl ey Wil 5 plosil NaC
/Y chle L SDS-PAGE Jj sla Sals 4 4ids 0 e 4
25 5 Sl sl oS U el K55l ey IS S
ol ks O (a5 4 SIS slpl sk 45 Ad ol

.J‘ib;ﬁ&&:}tjj‘)oﬁj‘mj&iu‘j\f

ol 5l Gda Ugx SOS3 g Ogewl SISl iabed
S 53 SOSB ¢l S5 S G058 Uy Gl
35758 s ek el )l by s ey sn s
Sl 2l 1y K318 05 (55 035 Jlad ool SOS3
3 PGBTO-SOS3 3L (g5l jases (slba 0,15 4 5l L LS
510kl (Y IS2) SD-AHW . sl las (g5 Ll S
S W) el ey SOSBtis, 03 eSIsl pde
A 5 pdiees Sl H PGBTY sl SoLe 0y 5
Sl yasme SIS oS das e 0l IS cpl (el Sl
J3 035 L, SD-W J xS oiS lass 5 pGBT9-SOS3
0 5306 SD-AHW bl CoiS Jases 5 ain 55 51 o 2>
S S desls Sl las cpl o A Gl p 5 Lass LS
s ol Sl g SE O s a5
L) SD-AHWL Lo 555 2 eeesdol)] CDNA SOL s
Lol 4w U306 &S (PGADTL0 bl Sole copnsd 05 SOLES

- \Ya¥ ul...m.o)g).wli 1Y o lowis [ 0590 /w) w'gg&;j (W0



Qb&aﬁ)@} a| ..MSD1 9 il SI2
SD-W wD-HW sD-AHW
Positive Control
pGBT9- SOS3

Autoactive case

Negative Conirol

pds SiLi SD-AHW Laoms (535 » BD-SOS3 (55l 5 b a5 (5 ose sl Jsboo Ly ps .0yl 5581 51 s Y JS3

&Ga,ﬁm.@\ c.Lié)bﬂﬂf.aj A.ZM}J‘)\U,«,.!SD-AHW%Nj)})@)\ﬂSD-HW.]a.:mg‘)j)é..w)‘wSD-W.]a.:N
UT);'.:JJJK.:A\" J}-‘)Mdﬂ J\.Al}'.b.:?:ﬁ)‘ ‘M@J&M@E&d)ﬂlﬁ“‘)‘”}‘j@)&\. QJSA:;:J;H.XSJA:MLJ.A

Figure 2. The Autoactivation test.
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Figure 4. The Alignment of the CDS of MSD1 sequence (At3g10920) with obtained sequence.
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Figure 5. The confirmation of MSD1-SOS3 interaction by Y2HT.
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Figure 6. The confirmation of MSD1-SOS3 interaction by GST-Pull Down.
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ABSTRACT

mong the various stresses, salinity is a great threat to plants and the study of the
mechanism of salt tolerance in plants is important. In one of the salt tolerance

pathways in the model plant Arabidopsis, Salt Overly Sensitive 3 (SOS3)

protein, which is a sensor of calcium ions and the initiator of a salt tolerance
pathway, activates various processes in order to tolerate salinity by the formation of an
SOS3-SOS2 complex. On the other hand, superoxide radicals that are produced in
response to various stresses such as salinity are harmful to the cell and must be
eliminated. How to remove superoxide radicals and protect cells from oxidative damage
in salt-tolerant plants is not clear. In this study, the SOS3 protein interactions in
Arabidopsis cDNA library were investigated using the Yeast Two Hybrid System
(Y2HS), and double transformation of Saccharomyces cerevisae AH109 strain with
pGBT9-SOS3 and pGADT10-AtcDNA. DNA extraction was performed on four selected
yeast colonies on SD-AHWL and pGADT10-AtcDNA vectors were amplified in E. coli,
sequenced and compared to the Arabidopsis data bank. One of the most important
interactions was found on Manganese Superoxide Dismutase 1 (MSD1). MSD1
neutralizes superoxide radicals to protect plants from oxidative damage caused by
stresses. The interaction and the recruitment of MSD1 by SOS3 in the salinity resistance
pathway should save the plant from oxidative trauma. Afterward, the interaction of
SOS3-MSD1 was confirmed by isolation of complete MSD1 cDNA and cloning in yeast
two hybrid vectors. In parallel, using a GST-Pull Down assay, it was shown that the
SOS3 protein produced in bacterium from pGEX2TK-SOS3 vector directly interacted
with the radio-labeled MSD1 produced from pGBKT7-MSD1. This is the first report of
the interaction of salinity tolerance pathway (SOS3) with the elimination pathway of
harmful superoxide ions (MSD1) that shows interaction between these molecular
mechanisms.

Key Words

Y east two hybrid system, SOS3, salinity, Manganese superoxide dismutase, GST-Pull
Down
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Figure 2- Callus induction one month after the culture
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Figure 5- Histochemical GUS expression in transgenic plant
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Figure 4- Regeneration of transgenic bulb
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without DNA (H,0), 3. Transgenic plant (bulb), 4. Transgenic plant (embryo), 5. Untransformed plant (bulb), 6. DNA marker,

7. Untransformed plant (embryo).
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Figure 8- PCR analysis of transgenic plants with virG specific primers, 1. Transgenic plant (bulb), 2. Transgenic plant

(embryo), 3. Positive PCR control, 4. Untransformed plant, 5. Negative PCR control without DNA (H,0),

6. DNA marker.
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Optimizing tissue culture and GUS gene transfor mation to shallots
using Agrobacterium

Abolfazl Hajiheidar', Masoud Tohidfar®*, Seied Mehdi Miri*

1.M.Sc, Assistant Professor, Department of Horticulture, Karaj Branch, Islamic Azad University, Karaj,
Iran.
2. Department of Biotechnology, Faculty of New Technologies and Energy Engineering, Shahid Beheshti

University, Tehran, Iran

* Corresponding Author, Email M_Tohidfar@sbu.ac.ir

ABSTRACT

hallot (Allium stipitatum) is an edible vegetable that has important

pharmacological properties. Therefore, optimization of an efficient in vitro

regeneration and transformation system for shallot breeding through genetic

engineering would be useful. Embryo, root and bulb explants of shalot were
cultured in vitro on MS basal medium supplemented with different concentrations of
growth regulators (NAA, 2,4-D and BA) for calus induction and plantlet regeneration.
Explants were transformed using Agrobacterium tumefaciens strain LBA4404 and
pBI121 plasmid carrying the gus reporter gene. The results indicated that bulb had a
higher efficiency of callus induction and plantlet regeneration (100%) compared to
embryo and root explants. The highest percentage of regeneration (100 %) was observed
on MS medium supplemented with 5 mg.I™* BA and 1 mg.I™* NAA for bulb explants.
Polymerase chain reaction (PCR) analysis of gus-positive transformants confirmed
genetic transformation of the cultures. Furthermore, the lack of Agrobacterium-related
infection was confirmed using virG-specific markers. In this study, the efficiency of
transformation was 10 and 6.6% in embryo and bulb, respectively.
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Figure 1- Different steps of root induction by Agrobacterium rhizogenes. (A) Hairy roots appeared on explants co-cultivated

with Agrobacterium rhizogenes A4 strain, (B) Hairy root growth on medium, (C) Absence of hairy root on explants not
infected with Agrobacterium rhizogenes A4 strain.
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Figure 2- Mean comparison of hairy root induced on different explants, treatments that have at least one common letter
are not significantly different from each other.
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Figure 3- Comparison of mean of induced roots weight on different explants, treatments that have at least one common |etter
are not significantly different from each other.
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Figure 4- 500 bp fragment amplified using PCR with rolB primers on DNA of induced hairy roots of aecost plant. M
indicating DNA size marker, lines 1-9 are root samples from different explants, P.C positive control (Plasmid from

Agrobacterium rhizogenes A4 strain), H,0 water negative control, N.C negative control (PCR product of DNA from un-
infected explants with Agrobacterium rhizogenes A4 strain).
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Table 1- Analysis of variance of explants type on root induction.
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Table 2- Analysis of variance of explants type on induced root weight.
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ABSTRACT

lecost (Tanacetum balsamita L.), belongs to the Asteraseae family, is a
pharmacologically important species rich in important secondary metabolites

including flavones, sesguiterpene lactones, phenylpropane compounds and

derivatives, tannins and essentia oils. Alecost has been used both fresh or dried
as flavouring or food additive. Additionally, it has medicinal properties and is applied in
aromatic products. In addition to traditional farming, in vitro hairy root culture has been
found to be suitable for the production of secondary metabolites. Therefore, in order to
establish a protocol for hairy root culture of alecost, root induction by co-cultivation with
Agrobacterium rhizogenes (strain A4) was assessed in this study. Different explants
(cotyledon, young leaf, stem and root) showed different responses to hairy root induction
by Agrobacterium rhizogenes. Moreover, the frequencies of hairy root induction for
different types of explants were considerably different. The induced roots were shown to
be transformed by PCR using primers specific for rolB. This is the first report of hairy
root induction in aecost and the results may be useful in genetic manipulation of
Tanacetum balsamita and use of hairy root culture to produce high-value secondary
metabolites.

Key Words

Agrobacterium rhizogenes, Hairy root, Medicinal plant, Secondary metabolites,
Tanacetum balsamita
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Figure 1. Manual anion exchange chromatography of Xcc crude protein extract with DEAE sephacel resin (50 ml) in Econo-Column. After
equilibration of mentioned column with 20 mM tris buffer pH8, protein extract (50 ml with 2 mg/ml concentration, pH8) was applied on
column, bonded proteins eluted with 350, 500, and 1000mMNaCl concentrations in tris buffer, gathered in 14 ml fractions and elicitor
activity of them was estimated with ethylene production bioassay. frow: gathered fractions from column before sodium chloride solution

application, crude ex: crude protein extract.
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Figure 2. Anion exchange chromatography of semi purified sample by FPLC. Semi-purified protein solution was diayzed
against Tris buffer with pH8 and applied on Hitrap Q FF 5 ml column and bounded proteins were eluted by applying gradient
concentration of NaCl in 15 min with 1 ml per minute. Eluted proteins were gathered in 1 ml fractions and their dicitor activity

estimated by ethylene production bioassay.
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Table 1. Results from tandem mass spectrometry analysis and identified proteins

Protein Descriptions Intensity Sequence pl Mol. Weight
Coverage [kDa]

1 ssh single-stranded DNA binding protein 185300000 54.4 5.48 19.096
2 conserved hypothetical protein 20404000 33.8 7.82 17.855
3 conserved hypothetical protein 21690000 31.9 7.91 27.393
4 conserved hypothetical protein 16636000 31.8 9.51 17.113
5 mdh malate dehydrogenase 1081500000 31.7 5.52 34.935
6 groEL 60kDa chaperonin 135710000 28.2 5.01 57.184
7 groEL 60 kDa chaperonin 32560000 26.2 5.05 57.166
8 pdxHpyridoxamine 5-phosphate oxidase 55075000 21.6 6.44 22.2

9 osm Cosmotically inducible protein 7476200 19.4 5.6 15.371
10 purEphosphoribosylaminoimidazole carboxylase catalytic =~ 2048100 144 6.39 17.097

subunit

11 sodMsuperoxidase dismutase 2555000 14.3 5.46 22.717
12 cspA major cold shock protein 2875600 141 8.12 7.9449
13 kdsA 2-dehydro-3-deoxyphosphooctonate aldolase 2216200 13.8 5.87 29.755
14 PqqC protein 16708000 13.6 6.67 28.234
15 conserved hypothetical protein 14219000 12.7 5.34 43.848
16 conserved hypothetical protein 7481800 12.6 9.15 21.417
17 pcnB polynucleotide adenyltransferase 19147000 12.3 8.89 51.034
18 eda KDPG and KHG aldolase 6572900 11 6.32 22.774
19 pnp polynucleotide phosphorylase 43356000 10.8 5.46 75.434
20 atoBacetoacetyl-CoA thiolase 22552000 10 6.08 39.847
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21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58

59
60
61
62

csrA carbon storage regulator

gvpU gas vesicle protein

conserved hypothetical protein

gltA citrate synthase

tolBTolB protein

pykA pyruvate kinase

gumLGumL protein

conserved hypothetical protein

acdA acyl-CoA dehydrogenase
phdBdihydrolipoamideacetyltranferase
dnaKDnaK protein

hydrolase

crt 3-hydroxybutyryl-CoA dehydratase
rpoB RNA polymerase beta subunit
tufA elongation factor Tu

fadE9 acyl-CoA dehydrogenase

rpoB RNA polymerase beta subunit
tolBTolB protein

rplT 50S ribosomal protein L20

crt 3-hydroxybutyryl-CoA dehydratase
nerA GTN reductase

rpfNRpfN protein

ggt gamma-glutamyltranspeptidase
alcohol dehydrogenase

DNA-binding related protein
purAadenylosuccinatesynthetas
odhAoxoglutarate dehydrogenase

zwf glucose-6-phosphate 1-dehydrogenase
CoA tranferase

pepAaminopeptidase A/l

bioA adenosylmethionine-8-amino-7-oxononanoate

aminotransferase

accC biotin carboxylase subunit of acetyl CoA carboxylase
ligl DNA ligase

conserved hypothetical protein

pgi glucose-6-phosphate isomerase

folPdihydropteroate synthase

aceE pyruvate dehydrogenase

bioA adenosylmethionine-8-amino-7- oxononanoate

aminotransferase

prc tail-specific protease
conserved hypothetical protein
deoD purine nucleoside phosphorylase

rneribonuclease E

7686100
3833900
2669100
7706800
2754500
26389000
1595800
1305400
1091300
27981000
12167000
4487200
2429200
30576000
5226600
2609000
1102300
3303900
1289700
17537000
16462000
1742100
16491000
9970800
1499800
4962500
12898000
36378000
1689800
4634000
3183200

1119500
4924800
2950800
2789200
1319600
2808400
6634100

1268300
6544800
2781500
1069300

10 6.25 7.5655
10 485 14.139
9.9 5.44 17.434
9.8 5.98 47.832
9.8 9.2 47.034
9.6 5.45 52.21

95 6.38 29.376
9.4 7.79 23.73

9 5.89 41.503
8.9 5.07 59.791
8.9 4.99 68.836
8.9 5.17 24.258
8.8 6.44 27.648
8.7 5.46 154.2

8.1 5.45 43185
8.1 5.96 42.356
8.1 535 154.9

7.7 9.3 47.056
7.6 11.74 13.373
7.3 5.99 27.588
6.8 5.35 39.407
6.3 6.07 4113

6.1 6.48 62.711
6 6.3 34.912
6 572 20.37

5.8 5.56 46.163
5.7 5.97 104.42
55 9.01 70.995
5 559 55.008
4.7 5.18 51.181
4.4 6.01 51.508
4.4 6.95 49.435
42 557 90.483
41 5.88 24.068
4 575 54.176
4 5.86 31.861
35 577 99.758
34 6.11 51.303
34 5.64 79.988
33 6.92 29.45

3.2 5.79 26.216
3.2 559 128.31
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Proteome analysis of Xanthomonas citri subsp. citri protein extract with
elicitor activity on Arabidopsisthaliana
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ABSTRACT

xtensive research is currently going on in different research centers of the world

to find new elicitors from microorganisms and their related receptors from

different plants. Comprehensive knowledge about these elicitors and their cognate

receptors could be used for development of transgenic plants displaying resistant
against plant pathogens. As a crude protein extract of Xanthomonas citri subsp. citri
(Xce) has strong dlicitor activity on Arabidopsis, in this study protein extracts of this
bacterium were prepared and fractionated and a semi-purified sample displaying elicitor
activity was analyzed by LC-MS/MS. About 60 different proteins were detected in the
analyzed sample. Among the detected proteins, only three were similar to the €licitor
activity observed in a protein extract of Xcc bacterium: cspA (cold shock protein A),
csrA (carbon storage regulator protein A) and an unknown conserved hypothetical
protein from the DUF1456 protein family. This protein is soluble in water and it has no
bacterium membrane-targeting sequence as determined by PSORTB and SOSUI
analysis, suggesing with high probability that it is a cytoplasmic protein.
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Fig 1- Grapfruit inoculation by grafting with citrus
greening agent in greenhouse
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Fig 2- NBS552 amplification from infected grapefruit
plant cDNA (wells 1-4 at left of marker), healthy one

(wells 1-4 at right of marker) and M: DNA 100 bp size
marker (Fermentase).

s

Poncirus trifoliata (AF5a06028.1), Gossypium raimondii (KU317325.1), Vaccinium macrocarpon (KF386162.1), Daucuscarota L PGEM-T .5, ;s

$4ab 5 5l eslaial UNCBI s 5 5 50 (AJ300556.1 ), Geranium maderense (KP940515.1), Rhazya stricta (KJ485850.1), Helianthus annuusand Oenothera

T-Coffe

Fig 3- A: ORF sequence include of 171 bp, B: Physical map of NBS552 Gene with other genome regions after annotation and C: Comparative alignment of
cloned gene into the vector pGEM-T with Poncirus trifoliata (AF5a206028.1), Gossypium raimondii (KU317325.1), Vaccinium macrocarpon (KF386162.1),
Daucus carota (AJ300556.1), Geranium maderense (KP940515.1), Rhazya stricta (KJ485850.1), Helianthus annuusand Oenothera sequence in the NCBI

using T-Coffe.
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Fig 5- Up: Phylogenetic tree of cloning sequence with different similar genes in NCBI database using MEGA4 software,

Down: Structure of second protein structure of NBS552 gene isolated from Iranian grapefruit using PSlpred
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I solation, cloning and bioinformatic study of a resistance gene against
an Asian strain of citrus greening librobacter in grapefruit plant
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ABSTRACT

itrus greening disease is the most important bacterial diseases of citrus and is

present in the southern region of Iran. Due to the nature of the pathogen, disease

control is difficult. cDNA-AFLP analysis shows that the expression pattern of

NBS-LRR (Nucleotide Binding Site- Leucine-Rich Repeats) genes was
upregulated in grapefruit plant interacting with Candidatus Leiberibacter aciaticus. In
this study we have isolated the NBH52 gene from grapefruit by PCR and clone it by
ligation of this product to pGEM-T vector transformed E. coli bacteria. Sequencing
analysis reveaed an open reading frame for a gene of 171 bp that encodes a protein of 57
amino acids. Results of bicinformatic analysis showed that this gene contains regions
that are conserved in different plant species. The NBS552 protein is associated with
membranes and its extracellular secretion islow. The aim of this study was isolation and
cloning of NBS52 genes from the grapefruit genome and characterization of the genes
in view of their potential for practical usein plants.

Key Words

Grapefruit,C itrus Greening, Gene NBSb52, Resistance
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Figure 1- GFLV inoculation on transgenic N. benthamiana and treated with pTRV. a) GFLV-F13 inoculation. b) GFLV-GHu
inoculation. c) Transgenic N. benthamiana and treated with pTRV without GFLV inoculation as control.
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Figure 2- RT-PCR analysis of treated transgenic plants with pTRV and inoculated by GFLV specific primers. 1-1kb DNA
ladder. 2- 3- GFLV-F13 Inoculation. 4- 5- GFLV-GHu Inoculation. 6- Treated plant with TRV and without GFLV inoculation

as negative control.
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Figure 3- Agroinfiltration with the constructs including GFLV genes on treated transgenic N. benthamiana with pTRV.
Photographed under UV light. a) Treated 16c with pTRV and without treatment with GFLV genes. b) Treated with p24 as
positive control. ¢) GFLV-(1E)™. d) GFLV-(2B)“F. e) The 16¢ plant without any treatment. €) The treated wild type plant

with pTRV as control (The same with WT plant without treatment).
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Figure 4- The evaluation of the fluorescence level in the treated 16¢ plants with pTRV and subsequently GFLV genes. The
same letters within a graph represent no significant difference in fluorescence (P<0.05). @) 3 days post Agroinfiltration with
GLRaV-2 -p24 and GFIV constructs. b) 4 days post Agroinfiltration with GLRaV-2 -p24 and GFIV constructs.
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ABSTRACT

uppressor proteins of RNA Silencing have been well described in most genera of

plant viruses. The methodogy for identifying gene silencing suppressor activity of

a protein in a plant system has proven to be an important tool. Grapevine fanleaf

virus (GFLV) is one of the most common vira diseases in grapevines worldwide
and can cause up to 80% crop losses. GFLV is a bipartite member of the Nepovirus
subgroup A in the family Secoviridae and has a single-stranded positive-sense RNA
genome. A vira suppressor of RNA silencing (VSR) in Nepoviruses has not yet been
described and our knowledge of symptom determinant genes in nepeoviruses is very
limited. In this study, a transgenic GFP gene was silenced in transgenic Nicotiana
benthamiana line 16¢, and then the ability of GFLV polymerase and movement proteins
to suppress gene silencing was evaluated. The efficiency of these two proteins was
compared with positive and negative controls. The results showed that neither protein
had the ability to suppress gene silencing. However, these proteins are involved in
symptom production and systemic infection. This study demonstrates a model method
for evaluation of suppressor activity of RNA Silencing.
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GFLV, RNA Silencing, Suppressor of Gene Silencing
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Chart 1- Percent of researchers' activity in different area of
biotechnology in the province
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Table 1- Active cities, fields of biotechnology activity and the number of active researchers in the cities
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Figure 1. Distribution of active knowledge-based

companiesin the field of biotechnology in East Azerbaijan
Province (Yellow dots), Distribution of biotechnology
researchersin the cities of the province (Green dots).
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Chart 4. Research activities in various area of microbial
biotechnology in the province
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Chart 5. Research activities in various area of medical
biotechnology in the province
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pharmaceutical biotechnology and food industry in the
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ABSTRACT

iotechnology is one of the most important scientific strategies in today's world

and involves application of various techniques in direct or indirect usage of

living organisms or their byproducts in natural or modified forms for different

fields. Significant advances of biotechnology in recent decades, especialy after
the acquisition of new methods of genetic engineering for gene isolation, their
modification and transferring from one species to another have made biotechnology one
of the most productive present and future technologies. Iran with a wide variety of
climate and the variety of living organisms is the most suitable region for access to
technol ogies derived from biological sources. It is evident that management and planning
in biotechnology, asin al fields, requires a good understanding of the researchers in that
field, In this study we attempted to identify researchers, institutes, universities and
companies operating in various fields of biotechnology along with their research areas so
as to identify strengths and weaknesses of biotechnology to help making targeted
decision in the province and the country. The results of this study showed that more than
40% of the provincial biotechnological activities are related to agriculture, about 25%
are related to animal science and 35% to other sectors. The main activities in the
agricultural biotechnology are related to study of different growth conditions of plants.
Study on medicinal plants, plant tissue culture and production of transformed plants are
other activities in this section. Factors affecting the growth of livestock, animal health
and livestock products are main activities related to animal biotechnology as well as
cloning of useful genes and control of pathogenic microorganisms in microbia
biotechnology. Review, treatment, and diagnosis of genetic diseases through
biotechnology in the medical field and, finally, production of pharmaceutical products
and the use of biotechnology in the food industry are also activities which are carried out
by researchers in various fields of biotechnology in East Azerbaijan Province. Based on
these results, activities related to environmental biotechnology and especially industrial
biotechnology are under-represented in East Azerbaijan Province and serious attention
should be paid to this section.
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Figure 2. The average length and number of roots in N. tabacum and V. officinalis after inoculating with A. rhizogenese A985, A847 and
A826. A985 contains rolA, B and C genes (served as positive control), A847 contains rolB gene and A826 contain no gene (served as
negative control). Dissimilar letters indicate significantly (0/05= p) based on Duncan test.

N rabacum V officinalis

ADEL  ABAT AS8S AB4T

1 2 3 4 5 6 7
gl RNA 5 DNA (55, » RT-PCR 5 PCR Sls amgs ¥ JS3
Sl OB 05 olastl sla sl 3l eslinal b Ul slaais, 5l o
¥ sl 5 ol el MRNA (55 5l el s CDNA axdad 55 Y )

g s Shlei L (295 DNA (5, 51 T0IB 05 51 (pend 2SSV B

iy pgal S Cwend QTC:EJ.TQ,.@_?.:;U.:..‘\ S50 680 5 oS

RGP

Figure 3- PCR and RT-PCR analysis on DNA and RNA
extracted from induced roots using rolB gene specific primers.
Line 1 and 2 corresponds to the results of RT-PCR and Line 4-7
corresponds to the genomic DNA amplification.
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ABSTRACT

grobacterium rhizogenese can induce hary root phenotype in many

dicotyledonous plants via the transfer of rol genes into the plant genome. The

characteristics of induced roots such as a rapid growth, high stability of genetic

material, ease of conservation and their ability to grow in a hormone-free
medium have led to their use in the production of secondary metabolites. In the present
study, we have investigated the effect of rol genes, particularly the rolB gene, on root
induction of three medicinal plants valeriana officinalis, Echinacea angustifolia and
Foeniculum vulgare. Leaf explants and wounded parts of stems were inoculated with
bacterial suspension and the presence of bacterial DNA as well as its expression in
induced roots was demonstrated using PCR and RT-PCR techniques with rolB specific
primers. The results showed that maximum rooting occurred with Valeriana officinalis
leaf explants cultured in MS medium and the wounded parts of stems did not show
rooting at inoculated areas.

Key Words

Agrobacterium rhizogenese, hairy root, rol genes, RT-PCR



Genetic Engineering and Biosafety Journal

Vol4, Number2
Fall 2015 and Winter 2016

Bi-seasonal

English Abstracts

8 Articles



Genetic Engineering and Biosafety Journal
Vol4, Number2, Fall 2015 and Winter 2016, Bi-seasonal

Theinvolvement of MSD1 metalloprotein in the mechanism of
resistance to salinity by interaction with SOS3

Mina K hajehdehi*, Maghsoud Pazhouhandeh?’, Fatemeh Mahmoudi Kurdi*

1. Department of Cellular and Molecular Biology, Azarbaijan Shahid Madani University, Km 35 Tabriz-
Azarshahr Road, Iran

2. Department of Agricultural Biotechnology, Azarbaijan Shahid Madani University, Km 35 Tabriz-
Azarshahr Road, Iran.

* Corresponding Author, Email: pazhouhandeh@gmail.com

ABSTRACT

mong the various stresses, salinity is a great threat to plants and the study of the
mechanism of salt tolerance in plants is important. In one of the salt tolerance

pathways in the model plant Arabidopsis, Salt Overly Sensitive 3 (SOS3)

protein, which is a sensor of calcium ions and the initiator of a salt tolerance
pathway, activates various processes in order to tolerate salinity by the formation of an
SOS3-SOS2 complex. On the other hand, superoxide radicals that are produced in
response to various stresses such as salinity are harmful to the cell and must be
eliminated. How to remove superoxide radicals and protect cells from oxidative damage
in salt-tolerant plants is not clear. In this study, the SOS3 protein interactions in
Arabidopsis cDNA library were investigated using the Yeast Two Hybrid System
(Y2HS), and double transformation of Saccharomyces cerevisae AH109 strain with
pGBT9-SOS3 and pGADT10-AtcDNA. DNA extraction was performed on four selected
yeast colonies on SD-AHWL and pGADT10-AtcDNA vectors were amplified in E. coli,
sequenced and compared to the Arabidopsis data bank. One of the most important
interactions was found on Manganese Superoxide Dismutase 1 (MSD1). MSD1
neutralizes superoxide radicals to protect plants from oxidative damage caused by
stresses. The interaction and the recruitment of MSD1 by SOS3 in the salinity resistance
pathway should save the plant from oxidative trauma. Afterward, the interaction of
SOS3-MSD1 was confirmed by isolation of complete MSD1 cDNA and cloning in yeast
two hybrid vectors. In parallel, using a GST-Pull Down assay, it was shown that the
SOS3 protein produced in bacterium from pGEX2TK-SOS3 vector directly interacted
with the radio-labeled MSD1 produced from pGBKT7-MSD1. This is the first report of
the interaction of salinity tolerance pathway (SOS3) with the elimination pathway of
harmful superoxide ions (MSD1) that shows interaction between these molecular
mechanisms.

Key Words

Y east two hybrid system, SOS3, salinity, Manganese superoxide dismutase, GST-Pull
Down
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ABSTRACT

hallot (Allium stipitatum) is an edible vegetable that has important

pharmacological properties. Therefore, optimization of an efficient in vitro

regeneration and transformation system for shallot breeding through genetic

engineering would be useful. Embryo, root and bulb explants of shalot were
cultured in vitro on MS basal medium supplemented with different concentrations of
growth regulators (NAA, 2,4-D and BA) for calus induction and plantlet regeneration.
Explants were transformed using Agrobacterium tumefaciens strain LBA4404 and
pBI121 plasmid carrying the gus reporter gene. The results indicated that bulb had a
higher efficiency of callus induction and plantlet regeneration (100%) compared to
embryo and root explants. The highest percentage of regeneration (100 %) was observed
on MS medium supplemented with 5 mg.I™* BA and 1 mg.I™* NAA for bulb explants.
Polymerase chain reaction (PCR) analysis of gus-positive transformants confirmed
genetic transformation of the cultures. Furthermore, the lack of Agrobacterium-related
infection was confirmed using virG-specific markers. In this study, the efficiency of
transformation was 10 and 6.6% in embryo and bulb, respectively.
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ABSTRACT

lecost (Tanacetum balsamita L.), belongs to the Asteraseae family, is a
pharmacologically important species rich in important secondary metabolites

including flavones, sesguiterpene lactones, phenylpropane compounds and

derivatives, tannins and essentia oils. Alecost has been used both fresh or dried
as flavouring or food additive. Additionally, it has medicinal properties and is applied in
aromatic products. In addition to traditional farming, in vitro hairy root culture has been
found to be suitable for the production of secondary metabolites. Therefore, in order to
establish a protocol for hairy root culture of alecost, root induction by co-cultivation with
Agrobacterium rhizogenes (strain A4) was assessed in this study. Different explants
(cotyledon, young leaf, stem and root) showed different responses to hairy root induction
by Agrobacterium rhizogenes. Moreover, the frequencies of hairy root induction for
different types of explants were considerably different. The induced roots were shown to
be transformed by PCR using primers specific for rolB. This is the first report of hairy
root induction in aecost and the results may be useful in genetic manipulation of
Tanacetum balsamita and use of hairy root culture to produce high-value secondary
metabolites.
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ABSTRACT

xtensive research is currently going on in different research centers of the world

to find new elicitors from microorganisms and their related receptors from

different plants. Comprehensive knowledge about these elicitors and their cognate

receptors could be used for development of transgenic plants displaying resistant
against plant pathogens. As a crude protein extract of Xanthomonas citri subsp. citri
(Xce) has strong dlicitor activity on Arabidopsis, in this study protein extracts of this
bacterium were prepared and fractionated and a semi-purified sample displaying elicitor
activity was analyzed by LC-MS/MS. About 60 different proteins were detected in the
analyzed sample. Among the detected proteins, only three were similar to the €licitor
activity observed in a protein extract of Xcc bacterium: cspA (cold shock protein A),
csrA (carbon storage regulator protein A) and an unknown conserved hypothetical
protein from the DUF1456 protein family. This protein is soluble in water and it has no
bacterium membrane-targeting sequence as determined by PSORTB and SOSUI
analysis, suggesing with high probability that it is a cytoplasmic protein.
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ABSTRACT

itrus greening disease is the most important bacterial diseases of citrus and is

present in the southern region of Iran. Due to the nature of the pathogen, disease

control is difficult. cDNA-AFLP analysis shows that the expression pattern of

NBS-LRR (Nucleotide Binding Site- Leucine-Rich Repeats) genes was
upregulated in grapefruit plant interacting with Candidatus Leiberibacter aciaticus. In
this study we have isolated the NBSH52 gene from grapefruit by PCR and clone it by
ligation of this product to pGEM-T vector transformed E. coli bacteria. Sequencing
analysis reveaed an open reading frame for a gene of 171 bp that encodes a protein of 57
amino acids. Results of bioinformatic analysis showed that this gene contains regions
that are conserved in different plant species. The NBS552 protein is associated with
membranes and its extracellular secretion islow. The aim of this study was isolation and
cloning of NBS52 genes from the grapefruit genome and characterization of the genes
in view of their potential for practical usein plants.
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ABSTRACT

uppressor proteins of RNA Silencing have been well described in most genera of

plant viruses. The methodogy for identifying gene silencing suppressor activity of

a protein in a plant system has proven to be an important tool. Grapevine fanleaf

virus (GFLV) is one of the most common vira diseases in grapevines worldwide
and can cause up to 80% crop losses. GFLV is a bipartite member of the Nepovirus
subgroup A in the family Secoviridae and has a single-stranded positive-sense RNA
genome. A vira suppressor of RNA silencing (VSR) in Nepoviruses has not yet been
described and our knowledge of symptom determinant genes in nepeoviruses is very
limited. In this study, a transgenic GFP gene was silenced in transgenic Nicotiana
benthamiana line 16¢, and then the ability of GFLV polymerase and movement proteins
to suppress gene silencing was evaluated. The efficiency of these two proteins was
compared with positive and negative controls. The results showed that neither protein
had the ability to suppress gene silencing. However, these proteins are involved in
symptom production and systemic infection. This study demonstrates a model method
for evaluation of suppressor activity of RNA Silencing.
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ABSTRACT

iotechnology is one of the most important scientific strategies in today's world

and involves application of various techniques in direct or indirect usage of

living organisms or their byproducts in natural or modified forms for different

fields. Significant advances of biotechnology in recent decades, especialy after
the acquisition of new methods of genetic engineering for gene isolation, their
modification and transferring from one species to another have made biotechnology one
of the most productive present and future technologies. Iran with a wide variety of
climate and the variety of living organisms is the most suitable region for access to
technol ogies derived from biological sources. It is evident that management and planning
in biotechnology, asin al fields, requires a good understanding of the researchers in that
field, In this study we attempted to identify researchers, institutes, universities and
companies operating in various fields of biotechnology along with their research areas so
as to identify strengths and weaknesses of biotechnology to help making targeted
decision in the province and the country. The results of this study showed that more than
40% of the provincial biotechnological activities are related to agriculture, about 25%
are related to animal science and 35% to other sectors. The main activities in the
agricultural biotechnology are related to study of different growth conditions of plants.
Study on medicinal plants, plant tissue culture and production of transformed plants are
other activities in this section. Factors affecting the growth of livestock, animal health
and livestock products are main activities related to animal biotechnology as well as
cloning of useful genes and control of pathogenic microorganisms in microbia
biotechnology. Review, treatment, and diagnosis of genetic diseases through
biotechnology in the medical field and, finally, production of pharmaceutical products
and the use of biotechnology in the food industry are also activities which are carried out
by researchers in various fields of biotechnology in East Azerbaijan Province. Based on
these results, activities related to environmental biotechnology and especially industrial
biotechnology are under-represented in East Azerbaijan Province and serious attention
should be paid to this section.
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ABSTRACT

grobacterium rhizogenese can induce hary root phenotype in many

dicotyledonous plants via the transfer of rol genes into the plant genome. The

characteristics of induced roots such as a rapid growth, high stability of genetic

material, ease of conservation and their ability to grow in a hormone-free
medium have led to their use in the production of secondary metabolites. In the present
study, we have investigated the effect of rol genes, particularly the rolB gene, on root
induction of three medicinal plants valeriana officinalis, Echinacea angustifolia and
Foeniculum vulgare. Leaf explants and wounded parts of stems were inoculated with
bacterial suspension and the presence of bacterial DNA as well as its expression in
induced roots was demonstrated using PCR and RT-PCR techniques with rolB specific
primers. The results showed that maximum rooting occurred with Valeriana officinalis
leaf explants cultured in MS medium and the wounded parts of stems did not show
rooting at inoculated areas.
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