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Figure 1- Symptoms of melon leaves infected with SQMV
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Figure 2- Results of RT-PCR using SqMV specific primer pairs (S1-F & S1-R). 1: Extraction dsRNA method; 2: Extraction
using Triazol method; 3: Extraction using Qiagen kit method 4: Extraction using Dena Zist kit and 5: Extraction using
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Introduction: Squash mosaic virus (SqMV) is a member of the genus Comovirus in the family Comoviridae.
It is a seedborne and beetle-transmitted virus infecting most plants in the genera Cucurbita and Cucumis. Like
other comoviruses, SQMV has a bipartite positive-strand RNA genome consisting of RNAL and RNA2, which are
separately encapsidated in isometric particles of 28 nm in diameter. The genomes contain a poly (A) tail at the 3-
terminus and the genome-linked viral protein (VPg) attached to the 5end. ELISA has been used widely in plant
virus diagnosis but it has relatively low sensitivity which is not suitable for detection of trace amounts of the
virus in single viruliferous aphid vectors and mix infection. By contrast, PCR is an effective and efficient tool for
in vitro amplification of DNA templates and has been extensively used for the diagnosis of viral and subviral
pathogens with DNA and/or RNA genomes. The polymerase chain reaction (PCR) and reverse transcription-
PCR (RT-PCR) are powerful tools for highly sensitive detection of plant viruses with DNA and RNA. The first
step in a successful PCR test is to have an extraction method and the major problem in RNA extraction is
contamination by polyphenols and polysaccharides. So, in this study, we investigated the effectiveness of various
extraction methods in identifying the Squash mosaic virus.

Materials and Methods:

Plant material and virus isolates RT-PCR and sequencing

Twenty-five samples of Melon from Khorasan Razavi and Jonubi provinces under the cultivation of Melon
have been collected in spring and summer of 2017. The samples had typical virus types, severe mosaic spasms,
complexity and deformity, and entered the process of extraction of the genome of the dandruff as a positive
example. The leaves samples were used for different RNA extraction methods using Chang et al. method, Dena
Zist and Qiagen Kit, Triasol and dsRNA cellulose method and were used directly or stored at minus 70 0C.

Two specific RT-PCR was set up for amplifying an amplicon of 1900 and 1300 bp in order to detect infected
samples, as this region is conserved among all SqMV isolates, and determine the best method for extraction virus
RNA. The SgMV partial coat protein gene and partial genome of RNAL has been sequenced to confirm the
results. Here, we employed the Chang et al. procedure which is based on CTAB buffer. We also followed the
manufacturer's protocol to extract the genome by Dena Zist and Qiagen Kit. Triasol is a mono-phasic solution of
phenol and guanidine isothiocyanate. It is a ready-to-use reagent for the isolation of total RNA from cells and
tissues. After addition of Triasol and chloroform, phase separation is created by centrifugation. RNA is present
in the aqueous phase and can be recovered by precipitation with isopropanol or ethanol. The extraction protocol
used for DSRNA is a modification of the non-phenol batch protocol reported by Morris et al. (1983) and was
compared with two other dsSRNA extraction protocols.

Results and Discussion: The destruction of the nucleic acid during the process of extracting from the plant
tissue and the presence of inhibitory substances are the major problems in purifying the genome of the viral
viruses. In order to effectively detect Squash mosaic virus from melon tissue at the contaminated fields, four
RNA extraction methods were compared and then the nucleic acid extraction method was optimized. The quality
of the nucleic acid was extracted by polymerase chain assay with reverse transcription and using two pairs of
different primers. Among the methods of extraction, there were significant differences in the way that some of
the methods were not able to detect the virus from the plant tissue. Among the investigated methods, the method
of extracting dsRNA with cellulose resulted in the highest and most excellent nucleic acid due to the exclusive
purification of the viral genomic from the plant tissue, making it possible to detect the virus in most of the
samples. We concluded that the modified dsRNA extraction protocol is efficient, fast, economic, versatile, and
requires small amounts of tissue. The protocol was successfully used to extract dsSRNAs from the plants infected
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with acute and persistent viruses such as SQMV in Melon samples.
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Figure 2- (A-E) Inoculation steps of one year old seedlings of Siavaraze variety
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Figure 3- (A-F) Steps of fungicide treatment
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Figure 4- Maintenance of seedlings treated with fungicide in greenhouses
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Figure 5- (A) symptoms of gummosis as gum secretion in the crown area, (b) how to mark the wound area, (c) disinfection
of the infected site on the tree trunk
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Figure 6- Colonies of Phytophthora parasitica and P. citrophthora and their sporangium
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Figure 7- The effect of different doses of fungicides added to the culture medium X2 and X1 (Petri dish containing fungicides)
and control (Petri dish without fungicide)
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Table 1- Growth rate of P.parasitica and P. citrophthora in laboratory conditions with recommended doses by the
company

(o ko) &) amnd &Sy (Slad 2l ljwe
The radial growth of fung-likeus colonies (mm)

Slow Celw ¥E el A celo VY celwdTl celw IV celw ¥ celw )T celw i
(Treatment) (24 Hour) (48 Hour) (72 Hour) (96 Hour) (120 Hour) (144 Hour) (166 Hour) (196 Hour)
Al (15 g/l) . . . . . . . .

A2 (20 g/l) . . . . . . . .
A3 (25 g/l) . . . . . . . .
A4 (30 g/l) . . . . . . . .
A5 (35 g/l) . . . . . . . .
O (100 g/l) . . . . . . . .
B*(50 g/l) . . . . . . . .
Control 9.17 18.21 20.75 26.77 34.76 38.11 41.36 42.12

(O 55 : 228 o) aalS slive pr eiuo 35yl ST 9 B i iz )6 ol aalS’ sluo ys e93,2) )y (2S5 OB o5 %
*0 and B: Copper oxychloride and Bordeaux mixture, respectively

wasis (O Jeaz) P. citrophthora z )8 a.is b ala)l) yo
Ao, i e ;o Laslend s (64l S BT A5 0l
Oy G 45 000 s 1 Slie dslio ol 5 0,5 092
s WO lis @ (AL wals )l 4 by o 035 mhaw
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e o o) gl lie (S L S 09 (PIVY)
SIS (6550 (93,2 5 e 49 AS (SD) @) sla 258
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(3bol) 12l Jlos 4 bgrpo 085 o (0 45 A el
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P VO (Byan 55 9 DOV lje 4 ol 1) S5 50 2,5 YO (B pae
o5 o (i S b & 20 VP i 4 Of 1) Gy
Sy 65 (90 9 e 09 (o81) @l SIS E)B & Cuns
(¥ Jg)



108 LS o j9uS o2 )8 dnd (g ylom J 55 50 goldT (iS 7,6 1)l byl

ol Lo 1 oyl puls 43 S guid (dlgginr 35 31 23 oy 35 L P citrophthora g P.parasitica swiy ¢ljue —Y Jgia

Table 2- The growth rate of P. parasitica and P. citrophthora in laboratory conditions at doses lower than the
recommended doses by the company

(o sue) 5B i (IS (Sland iy 350
The radial growth of fungus-like colonies (mm)

slowd Celw Ve celw A celw VY celw it wl’;;‘“ “ﬁ; £ wl‘:{g:}“ ul’i’g;“

(Treatment) (24 Hour) (48 Hour) (72 Hour) (96 Hour) H(our) I—(|our) H(our) H(our)
Al (12.5 g/l) . . . . . . )
A2 (10 g/) . . . . . . .
A3 (7.5 g/l) . . . . . . .
A4 (5 gll) . . . . . . .
A5 (35 g/l) . . . . . . .
0" (100 g/l) . . . . . . .
B*(50 g/1) . . . . . . .

Control 7.06 14.23 20.75 31.76 34.21 37.17 39.59

(0 551556 Jy) 4slS' slios 2 o y55lS 1 5 BiiS g8 Jg) anlS’ (slias 0 15,) gy 3528 O,B 5
*0 and B: Copper oxychloride and Bordeaux mixture, respectively

P. 4ig5 &1 039l 5 )9k JUo (59, w85 dxwgi 5| S pS ol 2 axllhs 3590 IS E B Cilities SIS 1 (il g 41525 T g
GBS Lyl o Cod parasitica

Table 3- Analysis of variance of the effect of different concentrations of the studied fungicides on prevention of wound
development on Siavaraze seedlings infected by P. parasitica under greenhouse conditions

O pdS 2alio &3l 4y Olag o puibo
SOV DF MS
(Fungicide doses) ,:Sz,5 s 7 19.642
o] sl 16 5.125
(Error)
K
23
(Total)

Sl oy (1)
Coefficient of variation , CV = 23.70%

Gl Hlo gme BB Mo > gy plaws )
There is significant differences at a=5%.

d90 0l 1) S p S VO (Bpae o Lol g O 1) Sy 08
b ) )8 o)lel 09,5 S 3 ) oS L duglis o &S
(A Jg)
(A Jsi2) (Brmas slLa S8 il 48 4 a2 L
b P93 Cagh ) gpe Yo Blo s p 03 o (s
i i B3] o im0 i £l Ll 53 (sl )
OsSlee dgliie gl 313 3929 o> S a3 Livjles
(=bbe) 20l Jlog 4 bgyo o35 o oo 35 s
0381y Lialajl (b )3 By YIS )B lojleg (w3 5 039
D 05,5 o La i Sz 8 dan 5 Coisly D55y (gl sxe BV
Lol il a9 p S ¥ e o b T o Jy 25555

£l slagiale 1

a2 )l Jols mli o) EL lulyd 3 (o) @b
sla i Sz L awslio o bl (iSz,8 calie (gbajd wills
Sad ) S8 L dlew Cagi 93 A5V Jgl> (b &)
Alee ) zd & el g sk

(V Jgiz) B sl ise)8 (uib)ly ajos & 29 b
b Jgl Cagi )3 gape ya Bl G o35 v Glise
Ot ol me BB &Sm0 (LS EL lulyd 5 (Jlag Jead)
Aot 5 lee dlie jl g 25l 3929 o) &y w3 )les
035: (bliol) A8l Jlos & bgypo o35 o (s 45 395 0
Yo e 3L gl (lalass 4 bigpye 5 o35 o (255



VAR Laagli oY ojled FF alo o((55,0las @lus 5 psle) LS clblis 4 pis VP

Lo Sl b aulio )3 ool (2157,6 ciliso (glajd i)y
P ASHB L (bl S 93 W 9 ) Jslas (b,
A3bie 25 08 & smb o ke cla b

€l 65 La S )8 plo & G o3 daw ol e
(Ve o) ol
42525 | Jool @l 5 p ) £l balyd 0 oy @O

g adllae 3,90 (gl 4iS7 B cilide sedilé piT cox P. parasitica aigS 4 03¢l 5 9l JWd 53 3§ daw il duglio —€ Jous
S Loyl
Table 4- Mean comparison of wound area in Siavaraze seedlings infected by P. parasitica affected by different concentrations
of the studied fungicides under greenhouse conditions

e (2200 yio i) o3 5 banw
Treatment Wound surface (centimeter square)
<! )“"J S5y P)s VO (Bpan i L 9"L~“-J‘ 11.74 ab
(Aliado 15g/L)
ol i S EANT gl 974 ab
(Aliado 20g/L)
ol S .P)fvau-;")“-" 5L gl 760b
(Aliado 25g/L)
ol S » P)fv'ua)‘” P 9)@1 8.88 ab
(Aliado 30g/L)
U")‘*J“g")j P/S\‘a SErae 53149'3[:]] 557 b
(Aliado 35g/L)
) K P)f\'_' Brae 13k e y9)8 (S 10.02 ab
(Aliado 100g/L)
ol S £ B (Brae 3L g3y 8.97 ab
(Aliado 50g/L)
() sl 1421a
(Control)

it 5385 b s gine YS! glyls (P<O.05) S's5 ygosl o ekilodd ooly lis cilisen Gigys b 4 ol jlag™
*Mean compare with Tuki test at a=5%. a with maximum of wound and b with minimum of wound

P. g5 a3 039)1 5 j9buw J (595 5§ anwsi 5l (S5 gl 2 adlllao 3,90 G ISE B Cliseo LIS I (il jly 525 -0 Jgor
&S byl i cxd citrophthora
Table 5- Analysis of variance of the effect of different concentrations of the studied fungicides on prevention of wound
development on Siavaraze seedlings infected by P. parasitica under greenhouse conditions

Olpdd ilie (5331 a2 Ol yo (5o
SOV dF MS
A sl 39.670
(Fungiside doses)
pibef] sl 16 2571
(Error)
S 23
(Total)

st s (7)

Coefficient of variation , CV =16.98 %

] I ime OME] o )> gy o 50 8
#There is significant differences at a=5%.
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Table 6- Mean comparison of wound area in Siavaraze seedlings infected by P. parasitica affected by different concentrations
of the studied fungicides under greenhouse conditions

Sl (2200 yio i) o8 5 . puieny
Treatment Wound development (centimeter square)
Ol i 6 g3 5 VO B 33 b gl 11.76 b
(Aliado 15g/L)
R AR I 9.18 be
(Aliado 20g/L) ’
S ) Ko 2 SV B pas 35 L goll 778 be
(Aliado 25g/L) '
‘?’] S 2 p Y Bpae 3 L 9"L~“-J" 6.22 ¢
(Aliado 30g/L)
Ol S 3 pSY0 (e 5o L ol 547 ¢
(Aliado 35g/L)
i S Ve (e 3 b e g8 (ouS] 919 be
(Aliado 100g/L)
Ol S 3 p 500 hpas oL 9oy 8.87 be
(Aliado 50g/L)
(oberl) 2l 17.05a
(Control)

055 e 05 L C g o35 e ot A S ogesl Sl oalisel L 7D Jloi s 53 (5 Sikhe duylie®
*Mean comparison with Tuki test at a=5%. a and ¢ with maximum and minimum wound area, respectively.

Cunligensd,! Jgl o U olo (35958 il 31 ¢yl Juad) ((omiloww) (53001 S5 )l S Jgf Cugd 13 085 haww (olme nil g 42525 -V Jgoa
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Table 7- Analysis of variance of the wound area in the first time painting (spring season) under orchard conditions (Jiroft)

Oy ol @il as Slasye 5:S5ke

SOV dF MS

Ssby 2 0.044
Block

Sz sl 7 0.299
(Fungiside doses)

s 14 0.075
(Error)

Js 23 Slyeds oo (£)
(Total) Coefficient of variation , CV

=16.98%

] I ime OMB] o )> gy gy
*There is significant differences at a=5%.
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Table 8- Mean Comparison of wound area in the first time painting under orchard conditions (Jiroft)

slos (@ Fo o) ob § b iy
Treatment Wound development (centimeter square)
‘T’T):ﬁj‘—gﬁf)bf)f\au'é)‘mpl‘fplﬁﬂ 1.32 ab
(Aliado 15g/L) '
U])“J“g"ﬁ P Ve Span )ulfplﬁﬂ 1.36 ab
(Aliado 20g/L)
(Aliado 250/L) Ul 2 6 p3 2,5 Y0 byae o b gl 1.10b
UI)“‘J&)‘)F;V'@)‘A‘)‘) l’9°U] 0.99b
(Aliado 30g/L) '
) S0 5 YD (a5 gl 1.24 2b
(Aliado 35g/L) '
Ol Ko 5 Ve (e 3 b o yg)lS (S 116 b
(Aliado 100g/L)
U]fJ“g")J PO Byae pl g3 1.15b
(Aliado 50g/L)
(5L aal 220a
(Control)

o o (2965 LD 5 035 s (2300 b .S (ignil kil L 70 Jlaiol s 53 (:0bon ™
*Mean comparison with Tuki test at a=5%. a and b with maximum and minimum wound area, respectively.
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Solisine M 030l Slojl (b )3 (Brae (iS5 slojlog
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Table 9- Analysis of variance of wound area in the second time painting under orchard conditions (Jiroft)

Oldd @ilie g3y Ol ye iSke
sov dF MS
S 2 0.099
(block)
Heb s 0.478
(Fungiside doses)
- 14 0.082
(Error)
Js Sty (1)
(Total) Coefficient of variation , CV =21.94

CV=21.94%

D) 2 Vi s j3 o gixe A b

**There is significant differences at a=1%
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Table 10- Mean Comparison of wound area in the second time painting under orchard conditions (Jiroft)

)M

Treatment

(&2yo yio o) od 5 C pabiy

Wound development (centimeter square)

ol ) S0 510 (a5 gl
(Aliado 15g/L)

) o 3 p S Yo s o L ol
(Aliado 20g/L)

) S 3 25 YO (dyae 5o L g3l
(Aliado 25g/L)

) S0 S Yo (e 5o b gl
(Aliado 30g/L)

Sl S 2 p S YO (Bpas 3 b gl
(Aliado 35g/L)

Ol K4 5 Ve (e o b o yg)lS (S
(Aliado 100g/L)
) o 3 p5 00 pas oL 9oy
(Aliado 50g/L)

(cs3l) ol
(Control)

1.30b

0.92b

1.10b

0.92b

1.32b

1.33b

1.33b

2.19a

w55 o 2965 b Dy 03 oo (e S8 gl 3 eslizl LV Jlozs) s )3 S0k i
*Mean comparison with Tuki test at a=1%. a and b with maximum and minimum wound area, respectively.

(p5e) EL sl 13 (g Jead) (55201 y Jgl Cugi 53 o8 rdanw ()l il ylg 41325 = V) Jog
Table 11- Analysis of variance of wound area in the first time painting (spring season) under orchard conditions (Jahrom)

Olpeds ilie g3l Ol yo (55l
SOV dF MS
Sk 2 0.478
(block)
ST s 0.482
(Fungiside doses)
- 14 1.085
(Error)
(Total) Coefficient of variation , CV =31.69%

D15 393 40 oy 4l3 Jixe BN
*There is significant differences at a=5%
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Table 12— Mean comparison of wound area in the first time painting under orchard conditions (Jahrom)

sos (&0 o W) o8 5 8 it
Treatment Wound development (centimeter square
STl K53 )5 10 Lhpas o b ol 316 b
(Aliado 15g/L) '
STl K3 05 Ve e 33 L goli 334b
(Aliado 20g/L) '
32 S 3 25 YO (e o L ol 259 b
(Aliado 25g/L)
) S 3 p S ¥ e o L ol 239
(Aliado 30g/L)
) S 3 25 Y0 dpae o L ol 316 b
(Aliado 35g/L)
Ol K4 5 Ve (o o b o yg)lS (uS] 269b
(Aliado 100g/L)
) S pS 0 bpas L gy 287b
(Aliado 50g/L)
(k) sal 6.07a
(Control)

o35 rdaw S LD g o35 daw cpyisie b Sy gesl 5l ookl b 70 Jlexsl pdaw 13 5x0ke dunlie™
*Mean comparison with Tuki test at a=5%. a and b with maximum and minimum wound area, respectively.

Aol 1) 5l g (ole cutigud)l Jol do B ole (3598 bl ) sl
£S5 V0) (odlaisdy (Byan 3 JBlis b (olo a0 Jol o U o2 003
D355 (50 dxo 5905 S)lew Son 3l 5 pSdey yslaie 4 () 5

Logas 98 0L o i olio 5 IS s (ool
3995 olew Jole el (sl adlll Ll & 9> (slaglin]
S5y ©LS o (i3> dBgb jlow sl dels Jlo Jobo )3 LS e

Cugs 5350 9l 1S B b (2 (5S035e) (55 9o 5 (S Al
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Table 13- Analysis of variance of wound area in the second time painting under orchard conditions (Jahrom)

Olds @lo (g3l ax Ol o (il
SOV dF MS
Sk 2 0.228
(block)
ST o> 7 0.426
(Fungiside doses)
- 14 0.355
(Error)
(Total) Coefficient of variation , CV =21.49 %

... NS
)l D939 (£l gixe AV
ns: There is no significant differences.
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Table 14- Mean Comparison of wound area in the second time painting under orchard conditions (Jahrom)

e ) G iy
Treatment (po oo siilw)

Wound development
(centimeter square)

Ol i 6 325 V0 (Bpae d b ol 131a
(Aliado 15g/L)

Ol K a8 Y bpas 3 b ol 1.243a
(Aliado 20g/L)

I S 2 p S YO LByae o b ool 1.277a
(Aliado 25g/L)

Ol ) K a8 Y byae 3 b gl 1.210a
(Aliado 30g/L)

Ol S p SO Bpas o b U 1.427a
(Aliado 35g/L)

T e 8 Ve e 3 b e s 1360
(Aliado 100g/L)

Oy K p S0 Bme pl g3y 1.327 a
(Aliado 50g/L)

(oslel) aals 2.343a

(Control)

S o9ejl 5l oslizel b 70 Jleisl pdaw )3 (pSike dunlie®
*Mean comparison with Tuki test at a=5%.
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Introduction: Effect of Aliado fungicide (Masio, Spain) with active ingredient of Mancoezbe 40%,
chlorothalonil 20% and simoxanil 5% as a 65% WP formulation for control of citrus gummosis disease in
laboratory, greenhouse and orchard conditions was compared with common fungicides (copper oxychloride and
Bordeaux mixture in ratios of 100 and 50 g/l respectively). The growth of Phytophthora parasitica and P.
citrophthora was controlled in the culture media containing the recommended doses of 15, 20, 25, 30 and 35 g/l.
Results of greenhouse experiment with one-year-old sweet orange seedlings of Siavaraze (a local variety)
indicated that Aliado is effective on prevention of the wound development at the doses of 25 and 35 g/l for P.
parasitica and 20 and 35 g/l for P. citrophthora. The best result was obtained with painting of 15 grams per liter
of the fungicide twice a year (spring and autumn) in the field assessment.

Materials and Methods: In this study, P. parasitica and P. citrophthora were isolated from the infected soil.
The fungi were stored after purification and cultivation in the test tube for the next steps. To evaluate the effect
of Aliado in laboratory conditions, different doses of the fungicide containing 0, 15, 20, 25, 30 and 35 grams per
liter were added to the CMA medium and distributed in petri dishes. Then, 5 mm discs were prepared from the
7-day-old pragmatic margin of the fungus-like and placed in the center of Petri dishes. After maintaining them at
24 °C for 4 days, the radial growth of mycelium was measured. In order to investigate the effect of the fungicide
in greenhouse condition, seeds of Siavaraze local sweet orange as a sensitive variety was prepared and treated
with 0.5 percent sodium hypochlorite solution and cultivated in a soil composition disinfected with water vapor
in a controlled greenhouse of Citrus and subtropical Fruit Research center. Evaluation of the effect of fungicides
was carried out after seedlings reached about 20 centimeters. For staining treatments, 24 one year old seedlings
of Siavaraze were used. First, at 15 cm above the surface of the soil, a part of the bark was removed from the
trunk and discs of the same size from the fungi-like colonies were placed instead. In the control plants, the
culture medium without mycelium was placed on the surface of the wood. To evaluate the treated seedlings,
about 40 days after application of the fungicides, the size of the new wound was calculated. To study the effect
of Aliado in orchard condition, 24 trees of 12 years old with Bakraee and Lime rootstocks infected with trunk
gummosis in Kerman (Jiroft) and Fars (Jahrom) provinces were used in a randomized complete block design
with 8 treatments in 3 replications. The wound of the trunk marked and bark of the infected area was gently
scratched and painted by a brush with the same treatments and doses of the laboratory test. Six months after
application, the size of the new wound was recorded. The analysis of variance and the mean comparison were
performed based on MSTATC statistical program and the Tukey's test.

Results and Discussion: Laboratory studies showed that Aliado fungicide completely prevented the growth
of fungi-like in the recomended doses of the company. Under greenhouse conditions, painting of Aliado with 25
and 35 grams per liter for P. parasitica and 20 and 35 grams per liter for P. citrophthora have been effective in
stopping the development of stem wounds. This research was also conducted in field conditions in the orchards
with gummosis symptoms in Kerman and Fars provinces. In the orchard condition, two times application of all
treatments containing Aliado fungicide (even a dose of at least 15 g/l) was effective. The results of the
experiment are in agreement with those of the world's researchers, which have reported the use of fungicide as
an effective method for controlling phytophthora fungus-like of gummosis. Therefore, in citrus cultivation areas
of the country, especially the southern provinces, where the climatic conditions are favorable for the activity of
the fungi-like, treatment of the crowns of citrus trees with Aliado in the spring and the autumn with the
minimum proposed dose of the fungicide is recommended. Observations showed that all treatments of Aliado are
effective by drying the gum in controlling disease progression through disinfection. In some treatments, the
emergence of gum in the new places was observed with a little distance from the previous wounds. It can be
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because the effect of fungicide has decreased after a few months. In climatic conditions of the southern regions
of the country the fungi-like are active throughout the year. So the use of fungicide in spring and autumn is
recommended. The use of Aliet fungicide in two doses of 160 and 200 g in 100 liters of water had a protective

effect less than one year.

Keywords: Aliado ctl, Citrus, Gummosis, phytophthora
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Figure 1- Symptoms with samples collected from the field, A: Purple, stubburn and wilting of the plant, B: Plant wilting due

to root rot fungi, C: Yellowing and stubburn with the appearance of aerial tubers, D: Aerial tubers, E: Stem curly top growth
and bud swelling at the base of the petioles, F: Stubburn, purple leaves and plant decay
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Figure 2— A: Canker on the underground stem, B: Symptoms of root rot associated with the appearance of aerial glands at
the base of the plant, C: Wilting, yellowing and necrotic of leaves, which is mainly caused by fungal agents that cause rot
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Figure 3- Symptoms caused by phytoplasma agents, A: Stubburn, plant curly top, purple leaves and the appearance of aerial

tubers in the upper parts of the plant, B: Aerial tubers, C: The buds at the base of the petiole grow and turn purple, D: Aerial
tubers growth associated with root rot, E: Wrinkles and purple leaves, F: Stubburn, bud swelling and phyllody
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Figure 4- A: Hair growth and root mass in potato plant of Raja cultivar infected with phytoplasma, B: dwarf (right)
compared to healthy plant (left)
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Figure 5 - Symptoms of phytoplasma infection in some weeds on the margins of potato fields, A: Stubburn and phyllody in

Sheng (Tragopogon graminifolius), B: phyllody and deformed leaves and dwarfism in elephant ear weeds (Conringia
orientalis)
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Figure 6- Duplicated piece to size 1.8 kb In some samples of potato using primers P1/P7(left) and duplicated piece 1.2 kb In

the nested stage with primers R16F2n/R16R2 usage PCR linel, kb DNA Ladder, line 2-10, Potato samples with purple top
symptoms
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Figure 7- RFLP pattern of kb 1/2 amplified with R16F2n / R16R2 primers after cutting with restriction enzymes Rsal, Hpall,
Haelll < Hhal «Msel Alul and Kpnl Sample Selected Potatoes. Sample 1-3 belonging to Hamedan province with symptoms

of purple top and airial tuber(Stolbur group-Celery yellows,16SrXI11-A). Examples 5, 9, and 13 have symptoms stulborn and

airial tuber without purple top symptoms and Samples 11 and 14 of Potato have dwarf symptoms and stulborn along with
hairy and rooted belong to Chaharmahal and Bakhtiari province (Aster yellows group, 16Srl1-B) and samples 4, 6,7, 8, 10,12

and 15 with wilting symptoms of purple top and stulborn at the base of the petioles) Stolbur group-Celery yellows,16SrXI |-
A (M=100bp DNA ladder, Fermentas

G 9 4259 Sladiged plowdigid 095 wlis S92y ai8 S
Sl e Alg e iy oS A e (LS (e
)'l S salis 3939 dguh LGS0 (o jmws ‘_SLQLMMJM
S99 Jlanl ol cale GlalS )3 (63)5 9 (S pj) ale>
=l e galawdygid b lagye olewdignd Jole
Sl ol e 4 8lg oo lalS ) s o (L ) lalS
&yt OLAESS 48 K9 Cgmire (o jum (Slalowdbgid
o (Solawdlygd dx 5155 plosil dlej (pl 55 Sl o

@ Blte (15 (Sp Ayl 5 (S3yek 2lgn 038 SIS (Slgé
Gkl ;1 16SrXIl 16SrVI A6Srll 16Srl. 16Srl laeg,S
5 16Sr11-A 16Sr1-B sLasg S 4 laie (slawlgisd 3939 o
ges 5 16STII-A 05,5 35 Luslé (sloslinl (sladiges & 1m3 o
M8 33 09)5 99 )3 e 9 )k 5 Joresler sl sl



WAy Laagli oY ojled FF alo o((55slaS gylus g pale) (LS clilis 4,85 \VA

- s pLEy1 5 o lam o) sl ot JSts Lyl 3 oS
aibaie )3 Lagl o) YLy (Sogll 985 295 oanlite igejies
@ Wy 35 WA Jlo )3 )l g Jleeee gliwl 3 o2g
lo—oMigid 09,5 (39 LSy 4 g5 b a3l 03 > (e
M2l oo Sy ol cul duwy oo HaS &) w9y 9 (o
Sl pitg > (e 4 09 Cguie (unjnw sl lodes
o Ngd Al donigy )l5e i cunlio dlold 4 o jaw £)l30
s SaghS W B g 039 YL S 505 €8 o g Cpplee )08 S
JSis g Slog )l sladilis alis pe,y Je ais e8> slg
ol bwgs g)lon ol csimeicus Elje 3 (2lon Slaoss
248 295 e Sl LogiS 93, )18 9 PLRV ( plasdbgid

208 ol (ilon Jole Sl o oo

Hr 0 g B Jitie s bwgi il e 3)lge el 5
39 g (B) cowl o oaysy Jlan! s slewMigid (slaeg,S
Ol il 425 poi) 0af b (olewdligid (slaog)S (S Jlanl
Ored A e Gl ) (e 6y slrodg ) (5 lew
aagi L) Ld 3 1503 slaog)S 4 (slate (plawdgind Lelgs 3925
) dienj ol 53 ahai B 4 da i po il (i o Clb)lg 4
2 9 S205 by bise (alowMbgid Jelge 25l oo (59955
2 iy ©ligind plol (V) 3k oo JUil Wiy 350 lo)l
9 sl lie (alulid 5 plawdlgd Jalse (8L L J5U 4
Ol ey o S5 @ 5y98 ilo Cupe 3 Jelgs ol ST
St sl s 4 ol S plee 5 (S Ly )3 S 5
G g b (V) Canl o Wid bl 3 30 (g5lew cpl slo i)
315 392y Jinl cul Gl 3 (mjias W5 Bble (g0 Suid

Kpnl Rsal
P 5 F—¢

Hpall Haelll

M1 2 3 4 s 6 7 8 1 2 3 4 s g 7 8

Hpall (Rsal 6ai83g35w s w2 31U by 5 s RI6F2N/R1I6R2 (5l poul s b 0awh yuiS5 V/Y kbankd RFLP 5451 -A JSu
SHRy9Sele LAl gl axigs « £-) Aigod . e jmw £yl dnils a5 9 dle Kpnl 5 Alul «Msel «Hhal Haelll
Sz sl gly1s (S ydan g8 T diged g 539k (sl glyld (K s8an S 0 digedc (Stolbur group-Celery yellows,16SrXI1-A)

Aster yellows group- ) (sdskd 9 Sl slaailid sl,15 i ¥ aiges «(Stolbur group-Celery yellows,16SrX11-A) &y JSd & 9
Clover proliferation group-Clover ) § y51, 9 (§39kd (sWailis gl)1d Jad g5 ;2 bl A diged o (Clover phyllody, 16Sr1-C
M=100 bp DNA ladder, Fermentas .(proliferation, 16SrVI-A

Figure 8- RFLP pattern of kb 1/2 amplified with R16F2n / R16R2 primers after cutting with restriction enzymes Rsal, Hpall,
Haelll « Hhal <Msel < Alul and Kpnl Sample Selected Weeds and alfalfa on the margins of potato fields. Example 1-4, alfalfa

with symptoms of witches broom and stulborn(Stolbur group-Celery yellows,16SrX11-A) sample 5 tomatoes with phyllody
symptoms and sample 6 tomatoes with leaf roll (Stolbur group-Celery yellows,16SrXI1-A), Sample 7 Sheng with witches
broom and phyllody (Aster yellows group- Clover phyllody, 16Srl-C) and sample 8 Earphone weeds have phyllody and
stulborn (Clover proliferation group-Clover proliferation, 16SrVI-A) M=100 bp DNA ladder, Fermentas.
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Introduction: Several pathogens, including fungal, viral, and prokaryotic agents, can cause disease in
potatoes. Purple top disease associates with the formation of air glands, stubborn, leaf rolling, in potato fields is
visible and several pathogens has reported reported to be the cause of this disease. Potato leaf roll virus, purple
top wilt Phytoplasma and Rhizoctonia solani fungi are the most important agents. Plants in response to pathogen
infection, show a wide range of symptoms. Symptoms of purple or purple leaves usually indicate contamination
of the host plant with phytoplasmic agents.

Materials and Methods: Symptoms of purple top wilt, stubborn, yellowing and leaf rolling, witches broom,
big bud and formation of aerial tubers were observed in potato fields of Chaharmal Va Bakhtiari, Hamedan and
Fars provinces during 2006-2011. Some samples also showed symptoms of root rot and stem canker, Wilting
accompanied by stubborn, color change of the yellow leaves or purple, leaf rolling and formation of aerial tubers
at the base of the plant near the surface of the soil or in the lateral buds of the base of the petioles and of course,
it was different in different cultivars. Symptoms of disease in the Marfona variety, mostly include the formation
of aerial tubers and yellow leaves, and in the most of plants stolon canker was also seen. In Agria, Diamont,
Maradona, Sante, Raja, Navita, and Kozima varieties, symptoms of purple top accompanied formation of aerial
tubers in some plants were stubborn the witches broom and wilt. In some other cultivars, symptoms of witches
broom, rosette and hairy of the roots were observed. Symptoms of disease also weeds in the margins of potato
fields. Symptoms of witches broom, phyllody, stubborn and rosette in Dandelion (Taraxacum officinalis),
Salsify (Tragopogon graminifolius), Black night shade (Solanum nigrum), Wild raddish (Raphanus
raphanistrum), hare's ear mustard (Conringia orientalis) and witches broom and stubborn in alfalfa were
observed. Scales of symptoms varied in different regions depending on the region and sampling time. Symptoms
of purple top and formation of aerial tubers at the end of the season. Yellowing symptoms and the formation of
aerial tubers in the Navita cultivar in the late growing season has reached to 40% in some areas.

Results and Discussion: 460 samples tested by ELISA against PLRV, PCR (using P1/P7 followed
R16F2n/R16R2 universal primers) for presence of phytoplasma and cultured on PDA for isolation of fungi
caused root rot and canker. Investigation showed presence of phytoplasmas, fungi and PLRV with abundance of
136, 245 and 61(28.7, 53.25 and 13.2 %) respectively. Most of the symptoms caused by phytoplasmas and
Rhizoctonia have a symptom of purple top and aerial tubers. Association of PLRV in some cases produced
symptoms of leaf roll and purpling. Aerial tuber formation and purple top symptoms in different potato cultivars
were seen in various ratio, while fungal and phytoplasmas agent were main casual agents in Marfona and Navita
cultivars, respectively. From the samples of potato with roots and stems of rot and canker symptoms, fungi
Rhizoctonia solani, Fusarium solani, F.oxysporom and Colletotrichum sp. isolated that 32.9% of the infection
was related to Rhizoctonia and 20.3% was related to other fungi. Inoculation of these fungi in greenhouse
conditions caused potato plants to cause plant death and drying out, and no symptoms of purple top or aerial
tuber formation were observed. It seems that occurrence of such symptoms is possible only in farm conditions.
Plants that showed purple top, stubborn, and rolling of the end leaves were infected with PLRV, the symptoms of
the virus are varied in many varieties. In some plants, disease is accompanied by yellowing and degeneration and
in some leaf roll and purple top were observed. In no case, the symptoms of the aerial tuber formation in plants
that were infected with the virus were not observed. In transfer with dodder and grafting to tomatoes and
potatoes, samples with stem canker and root rot did not cause any symptoms in healthy plants. But those
examples were no symptoms of purple top and aerial tuber in the plant that did not show any symptoms of stolon
and rooting of root canker and in the ELISA test, they did not respond positively to PLRV, tomatoes and
potatoes were transplanted in greenhouse conditions with dodder and grafting. Potato plants have shown graft
symptoms of yellow, stubborn, leaf roll and purple top in greenhouse conditions, but the formation of the aerial
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tuber was not observed in greenhouse conditions. After dormancy the tubers from plants with symptoms of
purple top showed only a small number of these tuber showing symptoms of hairy sprouting. This condition can
only be infected in some tubers from an infected plant due to the occurrence of these symptoms but the selection
of plants in terms of symptoms and the uncertainty of infection with phytoplasma can be a reason. These two
pathogen group caused purple top and aerial tuber formation in other potato cultivars in different region with
various ratio. The PCR products of R16F2n/R16R2 from phytoplasma detected in potato, alfalfa and weeds
samples were used in restriction fragment length polymorphism, RFLP, by digestion with Alul, Haelll, Hhal,
Rsal, Kpnl, Msel and Hae 111 restriction enzymes. Results indicated presences of two distinct phytoplasma group
in potato samples (16Srl-B and 16SrXII-A) and 16SrXII-A phytoplasma from Alfalfa samples, 16SrI-C from
salsify (Tragopogon graminifolius) and 16SrVI-A from here's ear cabbage (Conringia orientalis). Contamination
of different agents were seen also in some samples. This is the first report of presence of phytoplasma group
16Sr1-B and 16SrXII-A in potato in Iran.

Conclusions: Despite the similarities between the symptoms of purple top and the formation of air glands in
potato fields, the disease is caused by phytoplasmic agents, PLRV, and rhizoctonia fungi, in its management, the
cause of the disease should be identified.

Keywords: PCR, Phytoplasma, PLRV, Purple top, RFLP
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Figure 1- The polymorphism of the HYCSG marker in three varieties Vada, L94, Yousef and RIL-27 line (R- Resistance S-
Susceptible M- Marker size 1Kb of Fermentas Company)
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Figure 4- Amplicated bands in parents and F2 population by mlo-6 and mlo-10 marker on agarose gel 2% M- - Marker size
1Kb of fermentas company (The presence of resistance allele mlo in plant samples with numbers 95, 96, 87, 80, 86, 82, 88, 83
and absence of resistance allele in plant samples with numbers 92, 84, 89, 93)
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Figure 6- The process of spreading symptoms of leaf stripe disease on one of the F2 population
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Table 2- The result of phenotypic evaluation for response to powdery mildew and leaf stripe and genotyping evaluation for
the presence of Rdgla and mlo-11 alleles
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index) name F) index)
1 0 R 70 0 R
2 0 R 71 0 R
3 0 R 72 0 R
4 0 R 73 0 R
5 0 R 74 0 R
6 1 R 75 0 R
7 1 R 76 0 R
8 1 R 7 0 S
9 0 R 78 0 S
10 1 R 79 1 R
11 0 R 80 0 R
12 0 R 81 0 R
13 1 R 82 0 R
14 0 R 83 0 R
15 0 R 84 1 S
16 0 R 85 1 R
17 0 R 86 0 R
18 0 R 87 0 R
19 0 R 88 0 R
20 0 R 89 1 S
21 1 R 90 0 S
22 0 R 91 1 R
23 0 R 92 1 S
24 1 R 93 1 S
25 0 R 94 0 R
26 1 R 95 0 R
27 1 R 96 1 R
28 0 R
29 0 R
30 0 R
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Introduction: Powdery mildew and Leaf stripe diseases are the most important of barley fungus diseases in
Iran. Identification of new genetic resources and breeding for resistance is one of the most economical and
adaptive methods for controlling these diseases. Therefore, the aim of this study was an identification effective
molecular marker for detection Rdgla and mlo resistance alleles for Marker Assisted Selection against two
diseases Leaf stripe and powdery mildew.

Materials and Methods: This study was conducted on F, population derived from crosses the RIL-27 that
has Rdgla, mlo-11 resistance alleles and Yousef which has susceptible alleles (rdgla, MLO). The RIL27 line is
one of the lines of the recombinant inbred line population that derived from a cross between the VADA cultivar
and the L94 Ethiopian line. 60 samples of F, population were divided into two populations of 30 for genotyping
and phenotyping against two diseases. We used HVCSG and mlo-6 and mlo-10 markers for the presence
detection Rdgla and mlo-11 respectively. Also Manchuria cultivar, which is susceptible to powdery mildew was
used to produce inoculum powdery mildew. Genomic DNA of the plants was extracted from non-infected leaves
in a two-leaf stage by using the CTAB method. Then, the quantity and quality of extracting DNA were studied
by using (Thermoscientific (USA)) and Agarose gel (1%). The HVCSG, mlo-6 and mlo-10 markers amplified
fragments 705, 440 and 380 base pairs respectively. Phenotyping evaluation against P.graminea was performed
by using the sandwich method and for phenotyping evaluation against B. graminis was done using Aghnoum and
et al method. And then the percentage of infect plants were counted.

Results and Discussion: In this study at first, HYCSG marker was used to distinguish Rdgla resistance
allele in parents and F, population. This marker amplified the 705 base pair band that the result obtained was
corresponding to what Biselli and et al showed in 2010. Biselli et al. Developed the HVCSG molecular marker
to identify the Rdgla resistance allele in the RIL population from the VADA x L94 crosses by rice EST
sequence and they said, this marker amplifies the region from 4500 to 5025 sequences encoding the Shalcone
synthase gene. But in this study, the results of using this marker in the F, population are completely inconsistent
with what Biselli and et al have stated. The results show that the HVCSG marker has a low efficiency. Second to
check and confirm the presence of mlo-11 allele of mlo-6 and mlo-10 markers were used. The size of amplified
regions (440 of the mlo-11 gene and 380 base pairs of the MLO gene) was corresponding to the results of
Reinstadlr and et al. showed that these markers amplified 380 and 440 base pair fragments. After of inoculation
test and the appearance of the symptoms of the diseases the percentage of infect plant for phenotyping against
leaf stripe disease was counted. The Yousef cultivar, which was infected with P. graminea as a susceptible
parent, showed success in the inoculation test. In other samples, 24 days after planting, symptoms of leaf stripe
disease appeared in the five leaf stage. First, on the infected leaves, a yellow strip appeared, and most of the
leaves that were later formed showed signs of the disease. Then the yellow strips on the leaves infected joined
each other and caused the death of the leaf. Two resistant parents, RIL27 and VADA showed very low
symptoms of leaf stripe disease. The results of inoculation test in this study was corresponding with studies from
Arru and et al (2002) and Biselli and et al (2010). Arru et al showed that VADA was showing very little about
7% of the symptoms disease due to the presence of the resistance gene. Biselli and et al (2010) also reported that
the percentage of infections in VADA parent is 2%. For phenotyping evaluation against powdery mildew disease
after infecting the seedlings with B. graminis fungus, in the Yousef parent, symptoms were observed as white
fluffy dots on the leaf surface. In the VADA variety, there were necrotic points. L94 and RIL-27, which had mlo-
11 resistance gene, did not show any symptoms of the disease. L94 is a native Ethiopian cultivar that allele
carries mlo resistance, so it is resistant to powdery mildew. The F, population showed different signs based on
the presence and absence of allele resistance. The samples with resistance allele, there were appeared mildew
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cholestasis and necrosis symptoms, and those that did not have resistance alleles were appeared necrotic and
fluffy symptoms. In mlo-11 resistance alleles, the necrotic symptoms can be due to the presence of the Ml (La)
resistance gene and also the pleiotropy effects of the molecular gene. Xintian et al reported that the mlo genes
were not without pleiotropic effects, and necrotic symptoms on leaves of plants with mlo-11 resistance gene
could be due to the effect Overlapping of the mlo gene with other QTLs. Conventional plant breeding methods
are based on phenotypic selection of superior genotypes in segregation generation. Phenotyping methods are
often costly and time-consuming for specific traits, but Marker Assisted Selection (MAS) is one of the methods
developed to prevent of common problems in conventional plant breeding techniques. In some studies, the
researchers pointed to use of molecular markers for facilitating of plant breeding programs.

Conclusion: Molecular markers are used as a new tool for increasing the efficiency of breeding programs to
identify genetic resources. In addition, shortening the duration of breeding programs and the selection of
recessive alleles, the molecular markers helps to facilitate the pyramiding of resistance genes to provide a broad
and durable resistance. In general, the development of efficient molecular markers and the identification of
different genetic resources against plant diseases and the pyramiding of resistance resources are preventing of the
increasing use of chemical pesticides and fertilizers to control the pathogen.
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