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INDUCTION OF RESISTANCE TO BARLEY YELLOW DWARF VIRUS
(PAV) IN BREAD WHEAT USING POST-TRANSCRIPTIONAL GENE
SILENCING (PTGS)
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Fig. 1. Schematic demonstration of pStarling (A) and pWBVec8 (B). Cloning sites for sense (BamHI/Ascl) and antisense

(Kpnl/Spel) insertions into pStarling constructs, excision site (Notl) from this vector and insertion into pWBVec8

binary vector are shown. RB, nos3’, HPT ORF, CaMV35S and LB arrows indicate right border, nos3' terminator,
hygromycin phosphotransferase (hpt) gene, CaM V35S promoter and left border, respectively (Wang et al. 1998).
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Table 1. Primersused in thisresearch

Sl et s sl Jlast gles Skl Gl
Primer name Restriction Enzyme" T.(C) Primer sequence (5' a3')
BYDV StarlingF Kpnl and BamH | 60 ggtaccggatccctttgggeacatggetgac
BYDV StarlingR Spel and Ascl 60 tcactagtggegegcectetggegttgtecttcg
hptF - 62 ctattcctttgecctcggacgagt
hptR - 62 tcacgttgcaagacctgectga

Ta: Annealing temperature
1: Redtriction enzyme sites are shown by bold or under lined-italic nucleotides.
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Fig. 2. pTZ400BYDV clone containing 400 bp PCR product of BYDV-PAV polymerase gene with appropriate restriction
sitesat both endstofacilitate making sense, antisense and ihp-loop constructs.
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Fig. 3. Schematic representation of sense (pWBV ec8:S5)(A), antisense (pWBVec8:AS)(B) and intron hair pin-loop

(PWBVec8:S+tAS)(C) constructs. Sense, antisense and ihp-loop fragments are driven by Ubiquitin
promoter, upstream of Ubiquitin intron and terminated by tmL . Hygromycin transferase ORF (HPT ORF)
is driven under CaMV35S promoter and terminated by nos3'. Left and right borders, insertion sites of

sense, antisense and ihp-loop segments and Notl cloning sitein pWBVec8 are demonstrated
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Table2. Media used in tissue culture and transformation via Agrobacterium

S 5

Composition

.- S . ‘éL;

Culture medium

M S™+Saccharose(30g/L)+casein(200 mg/L)+myo-inositol (100 mg/L)+NAA?(0.009

mg/L)+BAP*(1 mg/L)

Preculture

M S+Saccharose(30g/L ) +casein(200 mg/L)+myo-inositol (100 mg/L)+NAA(0.009

mg/L)+BAP(1 mg/L)+Acetosyringone(40 mg/L)

M S+Saccharose(30g/L ) +casein(200 mg/L)+myo-inositol (100 mg/L)+NAA(0.009

mg/L)+BAP(1 mg/L)+Cefotaxime(400 mg/L)

M S+Saccharose(30g/L ) +casein(200 mg/L)+myo-inositol (100 mg/L)+NAA(0.009

plys cuiS

Co-cultivation

Col il cus

Rest culture

il 5 Sl oS

mg/L)+BAP(1 mg/L)+Hygromycin (25, 30 or 35 mg/L)+Cefotaxime(400 mg/L)

Selection and regeneration

culture

b ads,

MSL/2X+NAA(0.18 mg/L)+BAP(1 mg/L)+CuSo4(2mg/L)+Cefotaxime(400 mg/L)

Root induction

1. MS, Murashige and Skoog medium (1962)
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2. NAA, Naphthalene acetic acid 3: BAP, Benzylaminopurine
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Fig. 4. PCR product (~ 400 bp) using BYDV StarlingF/R primers. Lanes 1, 2 and 3 are from sense, antisense and

ihp-loop constructs, respectively.
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.(Wu et al. 2003 Patnaik and Khurana 2001 and Jones et al. 2005 )
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Table 3. Survival of wheat embryos and plants transformed with sense, antisense or ihp-loop constructs in
various stages of development

sl laswe 3 sl BrRIReY BrRFIReY 53 sl CiS s sldas
Lo 3 sl
o 3 s —alsy CuiS CiS oo CuiS e CiS s ol SRV
. ol o s
Sy e &b ol sl R sl - No. in No. of o
Success . ) ) ) No.in co- br Treatment
. No. No. in root No. in No. in No. in regeneration Itivati emboryos
rate (%) in induction slection selection selection medium culivation
ol medium medium3  medium2  medium1 medium
S Bl o3l
020 6l
ihp-loop
construct
6.15 8 17 33 40 47 130 130 130 Experiment 1
1 2 5 16 32 64 200 200 200 Experiment 2
18.1 20 47 63 DU DU 110 110 110 Experiment 3
7.27 8 10 19 27 DU 110 110 110 Experiment 4
29 9 13 23 DU DU 310 310 310 Experiment 5
18 54 81 99 DU DU 300 300 300 Experiment 6
273 82 102 152 DU DU 241 300 300 Experiment 7
183 275 405 99 111 1401 1460 1460 Total
11.53 Average
e 3l
10.96 34 48 100 DU DU 300 310 310 Sense
construct
e dﬂ ol
9.35 29 42 67 -DU DU 310 310 310 Antisense
construct

DU: These mediawere not used
* 25, 30 and 35 mg/L hygromycin for selection media 1, 2 and 3 respectively

Sl Gy, K Ad) el 5 edd Cu,l 5 gbadigain, O4S 3,5 (FOMO/L) peesles Kp ol CiS b 1A 0SS

S s e sbaady ) |05 B s gd e ey S hases ol s (35)
Fig. 5. Hygromycin selection medium (35mg/L). A: Declining non-transformed explants compared to a vigorous
transformed explants (arrow) B: Hairy root formation of explantsin soil.
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.(Patnaik et al. 2006 , Bhallaet al. 2006)
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o3l b (C) (slalais (5,138450 5 (B 5 A) 510 S (sl iy 2815 a0 g0 51 oalital b To pliS a5 gy ()l 5 s F JSS
Lo S5LT 51 eslial Ly (550 i Foo 5 AV Slalad 25 ol Cou )l sla g 5 631 51 ok g Sl |01 (63 )
ACand) 3l 535 oY p 5 53 0315 sy I OLSB 5 A b e 53 o 5 4 BYDVStarlingF/R 5 hptF/R
e.k..f._s'c._ﬁqd‘jr.uf‘,%j‘\.}bﬁf gr.:sji"\e"‘,\ 6\.&&‘)35-&5 C.:'u'ﬂjs 6\.&45‘,.14.1.}:‘,5,0 “‘—\0‘, \o d\d\h&‘)
L ol cu,l 5 oS # Sal, PWBVECBSFAS L sds csu,l 5 0lalS 4 by 0 4 50 sl Sal, B cuand el
S5 AN SV YO slasal, . auil s PWBVECBIAS b ol il 5 oS 4 b g e Vo Kal, 5 pWBVec8:S
PROS &iluad doasdy 5 0k Sy )l 5 oLS PWBVECB: SHAS (pWBVecB:AS (pWBVECB'S (slas jlus oDy ol 4 by
9 pWBVGOBZS’FASW)\g’ 6“6‘ ol LR .b‘,g}a S a eﬁb s 23 ok DR 6\.&& C Cnnd PE -L\:'L"-;A 1189
ol 2l 5 Y 1 O (3 3 0315 alelid KL K sl adly o ot iyl g
Fig. 6. Test of transformation of T, wheat lines using PCR (A and B) and dot blot K/éassa ys with extracted DNASs.
Amplification of 927 and 400 bp segments in PCR usmg hptF/ eéA) and BYDVSarlingF/R (B) primers reveal
succ&ssful transformation (A: lanes 8, 10 and 13-15 for transformed explants, 1 and 2 water and nontransfor med
Alvand, B: wheat ex i)lantstransformed with pWBVec8: S (lane 6), Q/WBVeoS AS (lane 10 and WBVec8: StAS (lanes
5and 9). Lanes 1, 2, 3, 4, 7 and 12 are loaded with water, ec8:S pWBVec8:AS, pWBVec8:S+tAS , negative

control (non manlpulated ‘Alvand DNA) and pRos-1189 purifi ed plasmid, respectively. In C, rectangled and circled

dots show pWBVec8:S+AS plasmid and non-transformed wheat, respectively. Chromatic dots indicate transgene
detection in transformed lines.
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Table 4. Transformation rates of constructs based on EL1SA, PCR and dot blot assays.

sFl g A 5o Gl abi 8 oS 0 gasl ey sl o3 03050 5 Sbes
Transformation rate®(%) Dot blot assay PCR assay ELISA assay Treatment
Ol glols (6 e Sl o3l
ihp-loop construct

15 497130° 49130 29130 Experiment 1

0.5 1/200 2/200 1/200 Experiment 2

45 3/110 4/110 5/110 Experiment 3

0.9 1/110 1/110 1/110 Experiment 4
0 0/310 0/310 0/310 Experiment 5
1 4/300 4/300 3/300 Experiment 6
4 13/300 13/300 12/300 Experiment 7

18 1.8/100 2/100 1.8/100 Average

13 3/310 4/310 4/310 e el

Sense construct
Tl
0 0/310 0/310 0/310 Antisense
construct

a Nol. of g;ants with virus content equal to 50% or lower than that of corresponding paositive control (non transformed
Alvan

b: Total explantsin each experiment (Table 3)

c: No. of plants amplifying 927bp band using hptF/R primersin PCR

d: No. of plants with positive hybridization results using hpt probe

e Transformation rates based on ELISA values

= S Q|.L_l§ LAfedd ‘;2)4.;‘.» BYDV-PAV \.3 Ly |hp'|00p e)'L.» \.3 (gr.?) [Ny (g’.’,\m‘)) s g’.}.‘;al)lJS 6‘.&45}3 v J.i.’;

a3 e BLE 31 Wl 5 a4 ol 5 YL aslis j5 0, 65,59 NS
Fig. 7. Transformed (right) and nontransformed (left) wheat lines with ihp-loop construct, inoculated with
BlYDV-PAV showing dwarfing and yellowing in nontransformed compared to vigorous transformed
plants.
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(Smith et al. 2000) of,(Kan 5 Covael Lalllas
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;3 (Wesley et al. 2001 and Smith e al. 2000)
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