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Abstract

Poplar leaf spot disease, caused by Sphaerulina frondicola (syn: Septoria populi), is one of the important and serious
diseases of populus trees, which causes significant loss on this host. Considering the importance of this disease, in the
present study, the genetic diversity of 138 S. frondicola isolates obtained from populus trees in different regions of East
and West Azarbaijan Provinces was analysed using RAPD and ISSR molecular markers. The results indicated
considerable genetic variation amongst the studied populations. The mean genetic diversity for all of the populations
using data from all primers was 0.199 at the probability level of 0.001. The lowest genetic differentiation was observed
between Hurand and Kaleyber populations (0.352) with the highest gene flow (54.956) and the highest genetic
differentiation was observed between Khoy and Bostanabad populations (0.516) with the lowest gene flow (0.468) which
is consistent with geographical distance. Based on Nei's genetic distance, the Bostanabad population showed the highest
genetic distance from the other six populations. Haplotype analysis clustered the isolates from a single tree or even single
spot in different groups, suggesting the existence of high genetic diversity in a small scale. Overall, the existence of
different haplotypes and distribution of genetic diversity in a small scale observed in this study, suggests occurrence of
regular sexual cycle in S. frondicola populations and highlights the role of airborne ascospores as primary inoculum
source in disease cycle.
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Table 1. List of the sampling areas and number of Sphaerulina frondicola isolates.

Number of isolates Sampling area

Number of isolates Sampling area

14 Mianeh

8 Bostanabad
4 Marand
17 Khoy

41 Ahar
11 Hurand
24 Kaleybar
19 Jolfa
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Table 2. List and sequence of the primers used for the evaluation of genetic diversity among Sphaerulina frondicola

isolates.
Number of groups Number of
with similarity amplified Sequence Primer
coefficient of 70% fragments

o 19 5 _CAGCACCCAC-3 OPA 13
13 15 5 -GTTTCGCTCC-3 OPB 01
19 23 5 -CTGCTGGGAC-3 OPB 10
20 24 5 _GACAGACAGACAGACA-3 SATL
18 21 SAT2

5 -GTGGTGGTGGTGGTG-3
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Figure 1. Gel electrophoresis of PCR products using Sphaerulina frondicola specific primers (Spnf /Spnr). Amplification
of a 439 bp specicfic fragment in isolates collected from different regions (columns 1- 19), column 20 (negative control).
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Figure 2. DNA fingerprinting profiles of Sphaerulina frondicola isolates using RAPD and ISSR primers. a. AST1, b.
SAT2, c. OPBO01, d. OPB10, e. OPAL3.
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method and DICE coefficient for Sphaerulina frondicola isolates at the similarity level of 0.70.

~|_—{

_{

b1 116

T T T T T T T T T
02 o 038 o4l (] @s1 035 o T

£
Corfharent

T T T 216 |17
o3 o7 o34 o8 054

SUPGMA s, Lol ! 5 NTSYS 38l o5 5l eslizs | , OPBOL 5 OPAL3 (OPB10 53T aws (sloesls 51 o b ol S50 F S5

~IV+ calus xhw L Sphaerulina frondicola sleaslos sl DICE (5

Figure 4. Dendrogram generated from the data of three primers OPB01, OPB10 and OPA13 using NTSYS software
based on UPGMA method and DICE coefficient for Sphaerulina frondicola isolates at the similarity level of 0.70.
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Figure 5. Dendrogram generated from the data of five primers SAT1, SAT2, OPB01, OPB10 and OPA13 using NTSYS
software based on UPGMA method and DICE coefficient for Sphaerulina frondicola isolates at the similarity level of
0.70.

Sphaerulina slaala> 1, OPA13,OPB10 .OPBO1 SAT2 SATI ,aly i sloosls 5l eolatul b oads sloul gaieg )5 .Y Jgaa

Qoo Ve el oo o wlel . frondicola

Table 3. Grouping created by using the data of five primers SAT1, SAT2, OPB01, OPB10 and OPA13 for Sphaerulina
frondicola isolates based on 70% similarity coefficient.

region Isolate code Number Group
of isolate number
Khoy (5), Ahar, Sep51, Sepl2, Sep50, Sep54, Sep53, Seps2 7 1
Mianeh Sep39
Jolfa (3), Mianeh Sep29, Sep30, Sep31, Sep40 4 2
Kaleybar Sep23 1 3
Khoy, Meshgin Sep49, Sep55 2 4
Shahr
Mianeh (2), Sep25,Sep38, Sep37 3 5
Kaleybar
Mianeh Sep4l 1 6
Jolfa Sep32 1 7
Jolfa Sep34 1 8
Jolfa Sep35, Sep36 2 9
Jolfa Sep33 1 10
Hurand Sepl9 1 11
Kaleybar Sep28 1 12
Ahar (8), Kaleybar Sep5, Sep6, Sep22, Sep9, Sep26, Sep8, Sepd 10 13
Sepll, SeplO, Sepl
Ahar Sep3, Sep7 2 14
Hurand Sepl8 1 15
Hurand, Kaleybar Sepl7, Sep24 2 16
Kaleybar (2), Ahar Sep20, Sep21, Sep2 3 17
Hurand Sepl5 3 18
Marand (2), Sep43, Sep42, Sepd5, Sepa7, Sepd4, Sep46 6 19
Bostanabad (4)
Hurand Sepl4 1 20
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Table 4. Estimated genetic diversity of each populations of Sphaerulina frondicola.

Sphaerulina frondicola slacases 3l plaS o s S5 05 .F Jooo

Total Bostanabad Ahar  Hurand Jolfa Kaleybar Mianeh Khoy Primer
0.219 0.193 0.233 0.253 0.243 0.201 0.207 0.201 SAT1
0.214 0.083 0.236 0.312 0.241 0.271 0.198 0.156 SAT2
0.142 0.200 0.084 0.128 0.119 0.146 0.171 0.144 OPBO01
0.221 0.223 0.190 0.313 0.220 0.221 0.243 0.138 OPB10
0.177 0.059 0.164 0.219 0.206 0.271 0.177 0.146 OPA13
0.199 0.153 0.189 0.251 0.212 0.224 0.202 0.159 Mean

Sphaerulina frondicola sloccres b5 ples O Jooz
Table 5. Genetic differentiation of Sphaerulina frondicola populations.

Khoy Mianeh Kaleybar Jolfa Hurand Ahar Bostanabad

0 0.008 0.001 0.001 0.004 0.001 0.001 Khoy
0.178 0 0.007 0.002 0.007 0.002 0.01 Mianeh
0.277 0.177 - 0.001 0.352 0.038 0.005 Kaleybar
0.285 0.159 0.169 0 0.001 0.001 0.002 Jolfa
0.287 0.175 0.009 0.15 0 0.006 0.011 Hurand
0.323 0.269 0.06 0.285 0.115 0 0.004 Ahar
0.516 0.429 0.326 0.405 0.227 0.403 0 Bostanabad

&5 pled Hlade g 33,1 wlel, Sphaerulina frondicola slecases o 55 L, F J9oa
Table 6. Gene flow between Sphaerulina frondicola populations based on the value and amount of gene differentiation.

Khoy Mianeh Kaleybar Jolfa Hurand Ahar Bostanabad
0 Khoy

2.313 0 Mianeh
1.308 2.318 0 Kaleybar
1.435 2.649 2.466 0 Jolfa

1.24 2.353 54.956 2.825 0 Hurand
1.046 1.362 7.875 1.257 3.846 0 Ahar
0.468 0.665 1.032 0.734 1.698 0.742 0 Bostanabad
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Sphaerulina frondicola slaccaes 51 S o gl 0o dwle slacwishla ¥ Jaus
Table 7. Calculated haplotype for each population of Sphaerulina frondicola.

Number of specific haplotype Nur?;g?cr)t%e Number of isolate Population
7 6 6 Khoy
5 5 5 Mianeh
8 8 8 Kaleybar
8 8 8 Jolfa
5 5 5 Hurand
12 12 12 Ahar
4 4 4 Bostanabad
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Figure 6. Dendrogram generated by Pop Gen software for populations of Sphaerulina frondicola. POP1 (Khoy
population), POP2 (Mianeh population), POP3 (Kaleybar population), POP4 (Jolfa population), POP5
(Hurand population), POP6 (Ahar population) and POP7 (Bostanabad population).
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