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5- Brassica napus L. var oleifera, rapeseed, Colza
6- Blackleg
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7- Westar, Quinta, Glacier
8- Polymerase Chain Reaction
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1- Cotyledon

2- Virulent and avirulent

3- Tox0 ,Tox+

4- HV, WV

5- Aggressive, non aggressive
6- Pathogenicity groups=PGS
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4- Potato Dextrose Broth (PDB)
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1- Quarter Potato dextrose agar (QPDA)
2- Distilled Water agar (DWA)
3- Chloramphenicol
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4- Sucrose casein salt

Ogriw Jmalo dxyly jload St (cogslucce (slaodgs ad 031>
b DNA gl 5l 505 diaas o9y slatio O b g 03> jgue
L LadigaDNA ¢y a5 bl (V) gmneli 5 6990 Lbs)
053 9, (Merck; Germany) s> < 5,61 J5 5l oslazul
L Blad Wb S jguan g ) pBI0 Rad ¢S yi a8l 5,584 xS
N5 L Fealie 5 wsllao DNA ailis Y JoSJse 5

1 s3-taieay {PCR) jlya s (Slo s (iSTy b,
1035,5 oolizl w8 ol ST 51 ainye0 2B &5 oy
w2l L (6 5dg)See Yo STy ) DNA a5 (1 Jpa2) (1Y)
—idg,Sue 93 : JoLus (Genet Bio; Corea) Taq polymerase
Ly ANTP ,Yge Lo ¥/0 cdalé |, MgCI2 PCR Buffer10X
Y. LmacF/LmacR ,S;Lel pmoly- )Yy o Lo +/Yebile
il el 93 oo T 2y SoVFIY g o555 DNA p S5t
o[5> ;> (Bioscience Jena) ;1o bS5 p sl asly o g
ol Coastec ¢85 LTD Jao b 5 yaiis] €5 15 S Loge 5
Sae 440 “C adgl (il atipuly Jgl dls e 5yl aslp sub
lod )3 (gl did yuly g 4 a3 20 pod Al yo 40 g ad B> ¥
55l Jlasl ads yo o] Sl 4 g 4l Yo ae 420 °C
o 4 VY “Cslod )3 b als yo g a4l Yo o 4 VY “Clslod
Sygo VY TCclod ;0 didd Vo o 4 ol a8 > S5 g 4y )
52509750 5 Jitio 10> ¥ 5,81 J5 59) 2 PCR Jpame .55
sl "ol J5 ol 53 J5 bales ad plosl g Ve e el 5y b
0l )18 UV 55 SaS (650 e

3 Sl s ITS-TRNA g5 4l 1 Jlgi mnd
5 LmacF cla S5lel 5l oslsal L oy oy 2iSTy
o 5l Jools laab 5,9 89 58Il 51 s 30,5 2S5 LmacR
on yelaie 4 L. maculans 45 5IITS2 6l TS1 5.8S rRNA
Aol jolaie 4y 9 .03 )5 oyl s> o SBioNeEr 8y 4 Jlgs
U § duaw Lo “;{_Sl.f 05 Y50 saalas L L. maculans

robaidl ST 5l a3l U (2l g lon 09,5 (o2lwliad
sladla oo oea 5 2lis)bon 09) oy yolate 4 od
(B 5A 09,5 sLaySilel ) Jpio) s polais] ST 51 S lows
losliiwl L (Lla 9 Sy ctBlio) )6 sladylis s 050 oolaiu]
O Ll Caud 3 o5 1) )50 Vo (iSTy )3 )l e
ki 25 Oygods lsin Sloj Al A o e A 5D

1- Eppendorf; Germany

2- Gel Document

3-NCBI  (National center  for
Information)

Biotechnology
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Table 1- Primers used for PCR assay to confirm the identity of Leptosphaeria species and their pathogenicity type
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Skl Sy & (34 cda)
Primer Sequence Source Expected fragment size
(bp)
Leptosphaeria maculans
(Lmac)
L. biglobosa (Lbig) ‘ )
LmacF 5-CTTGCCCACCAATTGGATCCCCTA-3 334bp
LmacR 5-GCAAAATGTGCTGCGCTCCAGG-3 Liu et al(17) o), Ken 5 5
LbigF 5-ATCAGGGGATTGGTGCGCTCCAGG-3 444hp
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APH12 (group B) 5-CCCAGTGCAGCTTCCAG-3 2000bp

5-CATAGCAAGTGTGCATCG-3

F: gpia R . F: forward, R: reverse, bp: base pair
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Table 2- Morphological and molecular characteristics of L. maculans isolates of North Iran
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form time Growth rate on PDA liquid culture
3Ll sgete — 5,5 = b
1 MA1 - % WAl + +
Mamodabag Lol 9128 !
Al sgea — 8,5 Bl
2 MA2 Gorgan- stem 1.66 Jk| + +
4/3/1
Mahmodabad Sa4/3f 6
3Ll Sgete — 5,5 =
3 MA3 R » 1.83 hijkl nt nt
Mahmadbag  Leaf 93128 J !
3Ll dgeme — 45,5 ol
4 MAd M;?;gggba ] stem 94/3/1 1.9 fghijl 4 " "
L pile = 55 P
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L pile = 55 "
6 HA1B Gorgan- R d 94/3/1 2.5 abcdefghijk nt + +
Hashemabad esidue
7 A3 S92 S 93/12/3 3.00a . .
Kordkoy Leaf 2
Ad &53,5 Fm . 4
8 Kordkoy stem 94/2/26 2.3 abed : :
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3 Am Kordkoy Leaf 94/11/3 2.8 abe 6 : :
S5 Sy ;
10 AK1A Kordkoy L eaf 94/1/10 2.5 abcdefghi 5 + +
AK1B S35 b .
1 Kordkoy Stem 94/2/26 283 abc 5 i :
MAD1 S35 S .
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-)l‘-l)“'“> -695.))5 a5l
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_ A e Sy N
43 HajlA 1.77 ijkl
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_ A e sl N
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bl e Sy
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A e sl
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JL{I s Sy B
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O OB oLl e Bl ;
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J-R RN L
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W5 ,
53 GOL1 Gonbad S 2.66 abcde
Leaf 94/1/4 )
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56 X (sl Leafs,, 293ab
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58 shi . ’ 3.00a
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BN Stemasl
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59 Dale ~ 2.76 abc
Minodasht 94/2/16
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60 B1 N 3.00a + +
Minodasht Stem 94/2/3 5
S Sy ;
61 EM1 2.5 abcdefghi
Galikesh Leaf 94/2/26 g 4 * *
SIS ol
62 EM2 2.8 abc + +
Galikesh Stem 94/2/26 3
S Ll .
63 Gal6 1.91 efghijkl + +
Galikesh Residue 93/3/12 gn nt
SSJE Lbls "
64 Gal8 2.26 abcdefghijk + +
Galikesh Residue 93/3/12 g 6
ohﬁ—d@@ L
65 Gal9 Galikesh- i 2.66 abcde 5 + +
93/3/12
Talostan Residue
o855 - s I
66  Tanl Galikesh- Leafs,,  94/2/25 2.5 abcdefghijk * *
Tangeh 3
S - 188 &l 94/2/25
67 Tan2 Galikesh- S 1.6kl + +
Tangeh tem 6
] Leafs,, -
68 Dah1l Kalaleh- 04/1/14 2.18 deefghUk 5 + +
Dahaneh
any —dMS Bl
69 Dah2 Kalaleh- Stem 94/3/10 2.9ab M + +
dahaneh
Pish3A oSy —
70 ; Kai‘;mﬁ% S 2.1 cdefghijk . N
A 94/1/14 ' 4
Pishkamar Leaf
71 Pish3B e L 2.26 abcdefghijk : :
IS Kalaleh- .20 abcaergni)
nt
Pishkamar Stem 9413110
72 FATDE Sy 94/1/14 2.2 bedefghijk nt + +
Kalaleh- Feragi Leaf

203 A o )3 55 ze BMBT (gl gty 53 S yiidie gy baliel (0 K, 53 9 Ve "C lod 0 PDA S oo 3 ()05 9, Vil day ogeduse 235 (@
9 75,00)5 O SBSS) St p)lazg pow 09,5 ¥ 5 ¥ s iuSBm); o8 S LSt - i) S pie =1 F B) gy dp 5 4SS, g (€ il o
o551 g (LmacF/ LmacR) olais! $5lel s b (j2iSTg(d andb o obow b olgad o dbj 4105, JuSts b (claalie 4 bgpe b g g 09,5 —F ¢ O ¢ ologed
Nt onss Gilejl 45,87 J5 g9y odnlie JB b i DA+ a5 3590 3L 03180 5 (A 09,5) e s 55T i b STy 5L i ¥YE ass g0 2L
a) Mycelial growth rate was measured for 7 days at 22°C in dark, b) Means within the same column followed by the same letter are
not significantly different according to Least Significant Difference, c) pigment formation and a score of 6 groups according to Voigt
et al (26) 1. for no pigmentation, 2. for low pigment formation, 3, 4. for inter-mediate pigmentation, culture fluids between yellow
and brown and 5, 6. for high pigmentation, culture fluids between brown and black (d) Fragment with the specific primer pair
(LmacF/ LmacR) expected size (334 bp) visible on agarose gel (+), Fragment with group A specific primer pair expected size (580
bp) visible on agarose gel+, nt = not tested.
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Table 3- Variance analysis of mycelial growth isolates of L. maculans (stem, leaves and residual)

Oyt 2ol Sla o gg02x0 SUM d"'}i ay® Olayyo (ke E. Value
Source of variation square Freedom degree Average square
4l1» Isolate 39/521 72 0/549 4/351"
s Erorr 18/041 143 0/126
Js Total 57/561 215

(significantly differents) x5V gaw j3 ;g 45 smetitsit
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Figure 1- Morphological characteristics of Leptosphaeria maculans a,b) colony of fungus, Pycnidia and Single cell conidia out
of pycnidia. c¢,d) Pseudothecia and ascospores of Leptosphaeria maculans. e, f) Groupl Haj1A isolates without pigmentation,

Group 6 Bim isolate by high rate formination of pigments range in Potato Dextrose Broth at 18°C in the dark. g) using the
specific primer pair Lm (LmacF/ LmacR) and Lb (LbigF/ LbigR) L. maculans (334bp) but no L. biglobosa appeared (444

bp).h) PCR amplified fragments of canola seed samples using the specific primer pair A (highly virulent) and B (WV), HV
(580 bp) but no WV (1900 bp) (right); M-100 bp DNA ladder.
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Table 4- Phenotype interaction of rapeseed cultivars on the fungal isolates of L. maculans.

. ol ny w . . 3, Comlua
ool S o8y 895 52 @l M T Su:i’e cbility of
(Scale) Description of causes symptoms by isolates on rapeseed differential cultivars cSItiv ar y

- f9L°A
No darkening around the wounds ’
Resistant
. i S50, o yools e 055 oo BB (05 59,5
Limited blackening around the wound, a faint chlorotic halo may be present
3 (o skl B 1/8 3935 53 Jlab) SS9 15" dlla ol pon (05 59,S5 (sl Cunglie
Dark necrotic lesions, a chlorotic halo 1/5-3 mm in diameter may be present Intermediate
5 Jagly asls glly o deo O B Y dgds j0 b5
Lesions 3-5 mm in diameter
7 S 09 0 gl 4l b (g ySE 8L pa e B LY o3 ol

Lesions 3-5 mm in diameter, sharply delimited by a nondarkened margin

Susceptible

9 ol 9y pasetie WopgaiSin b sia oo B 51 (i a5
Lesions more than 5 mm in diameter, accompanied by profuse sporulation

BI85 4 (595 2 Wl (igid STy olesl L macUlans g8 sarlan ol low o oS =0 Jgo
Table 5- Determination of pathogenicity group isolates of Leptosphaeria on the basis of phenotypic reaction on differential

cultivars
i lon 09,5 =T Pt Ly
Pathogenicity group Quinta Glacier Westar
PG-2 (1)(tawls)3-6 (R)(pstis) 0-2 (S)(bes) 79
PG-3 (1')(lawlga>) 3-6 (S)(wls) 7-9 (S)(ws) 7-9
PGT (S)(wles) 7-9 (1) (lawlga>) 3-6 (S)(wus) 7-9
PG-4 (S)(wles) 7-9 (S)(wles) 7-9 (S)(wles) 7-9

R= Resistance, I= Intermediate, S= susceptible
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Table 1- Cotyledon reaction of differential cultivars with selected Leptosphaeria maculans isolates and detection of
pathogenicity groups.
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1 o G2B | s s PGT

Gorgan
2 o G3 R | s PG-2
Gorgan
3 ol Ash1A s s s PG-4
Gorgan- Toshan
4 b pile —ol5 5 HALA | s s PGT
Gorgan- Hashemabad
5 e A4 S | S PG-3
Kordkuy
6 S5 AK1A S S S PG-4
Kordkuy
7 S35 AK1B S S S PG-4
Kordkuy
8 S5 MAD1 R | S PG-2
Kordkuy
9 P K1 s s s PG-4
Bandargaz
10 Ul e Haj1A S S S PG-4
Aliabad
sl —ads
11 Dal2 | S S PGT
Daland- Azadshahr
5]
12 A Bim1 s s s PG-4
Azadshahr
13 5 Goll | s s PGT
Gonbad
14 S Gals s s s PG-4
Galikesh
15 S Gal9 | s s PGT
Galikesh
16 e Tan2 s s s PG-4
Galikesh- Tangeh
17 Sy~ Pish3A R | s PG-2
Kalaleh- Pishkamar
18 B985 ol site GlolA s s s PG-4
Mazandaran- Galogah
19 Mazandaran- Galogahsl5sls — -/ ,5l Glo2A S | S PG-3

Wlodds asuie (V) 930,89 o8 hey AL+ g 430 (wlel 3 (S17-9) Lules 4 (11 4-6) Lawlgas (R 0-3) polie lgic & o 28Ty
Reactions are classified as Resistant (R:0-3), Intermediate (1:4-6) and Susceptible (S:7-9) according to phenotype scale of 0-9 (Chen
and Fernando 2006).
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Figure 2- Interaction phenotypes on cotyledons of Brassica napus observed 12 days after inoculation with different isolates of
Leptosphaeria maculans. a) PG-2 isolate on Glacie cultivar (necrotic, nonsporulating lesion), b) PG-3 isolate on Quinta
cultivar (medium size lesions, nonsporulating), c) PG-4 isolate on Westar cultivar (large, sporulating lesions), d) PGT isolate
on Glacier cultivar (medium size lesions, nonsporulating) shown by arrows.
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