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Genetic diversity of Fusarium species, causal agents of wheat root and
crown rots using molecular markers and pathogenicity tests
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Abstract

During 2009-10, wheat fields in eight provinces of Iran including Tehran, Esfahan, Ardabil, Golestan,
Mazandaran, Markazi, Qazvin and Zanjan were surveyed and samples were collected from plants showing
crown rot disease symptoms. Fusarium species were identified based on morphological features and
molecular markers (SCAR). Twelve Fusarium species including F. culmorum, F. pseudograminearum, F.
equiseti, F. nygamai, F. proliferatum, F. oxysporum, F. solani, F. pseudonygamai, F. sambucinum, F.
acuminatum, F. lateritium and F. verticillioides were identified. F. culmorum was the dominant species and
had the highest (32%) frequency, followed by F. pseudograminearum (18%). Genetic diversity of 64
representative isolates of F. culmorum was studied using eight Simple Sequence Repeat (SSR) markers.
There was a high level (0.81) of genetic diversity within the total population, where 89% of the variability
was distributed within populations and 11% among populations. Number of alleles was between 7 to 22. In
addition, there was significant difference among isolates in their aggressiveness. Isolates with a high level of
aggressiveness from different geographical areas can be used for screening resistance to F. culmorum.
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Table 1. Characteristics of SCAR primers used for molecular diagnosis of Fusarium culmorum and Fusarium
pseudograminearum
Species Primer Sequence Annealing Reference
temp.
Fusarium culmorum Fc OIF  5'-atg gtg aac tcg teg tgg ¢ 66.8 (Nicholson et al., 1998)
Fc OIR  5'-ccc ttc tta cge caa tct cg 64.7

Fusarium pseudograminearum  Fpl-1

5'-cgg ggt agt ttc aca ttt ccg 67.2

(Aoki and O'Donnell 1999)

Fpl-2  5'-gag aat gtg atg acg aca ata 57.5
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Fig. 1. Morphological characteristics of Fusarium culmorum. a. Colony color on PDA after two weeks, b.

Macroconidia on monophialides, c. Macroconidia
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Fig. 2. Amplification of 570 bp DNA fragment using specific primers for diagnosing Fusarium culmorum. Left to
right: lane 1: 100 bp DNA ladder and lane 2-13: isolates of Fusarium culmorum

o s (Y ISK8) w35 5T0bp o511 4 DNA - aslas
Cla F Ll 28| Gble 4 ax 5 b s baglis ol
F. o8 s Glame glaas sad Olasiin A0 S
eS8 il ble 5l e L;J}Ttp,-culmorum

C,»w‘ ol G‘)JY d)J}- B ‘)j»is 6@6)[5

3,5 ke oLl sl 5 anls ann 5 oLl w3l
Voo LS5 Sle i S s e Jld 550 (55
YO-YA (& sk a5 Jsho (8,0 ool Y-V 6Ll
(V JS2) g 25 Sea YVO (250 4 5 05 S
Sl (SO5ds,5e paseld 5l Olbl sk o
25 ol s sl 5l eslinad b oS F. culmorum

F. culmorum 4y 5lste glaaslis olad 55 LAS

Ol ! dud,tsr.xf Cilises bl 51 edd 5,00 oo Fusarium culmorum & 8 « 3l s o Slaseis ¥ i

Table 2. Characteristics of Fusarium culmorum isolates collected from different wheat growing areas of Iran

No Isolate code Date of sampling Collector Sampling location

1 22 Mazandaran (1) - M. Razavi Sari

2 A2 (2) 06/2009 E. Sari Markazi-Arak-Komijan road
3 M2 (2) 06/2009 M. Razavi Ardabil-Parsabad Moghan
4 M31 06/2009 M. Razavi Ardabil-Parsabad Moghan
5 Al (2) 06/2009 E. Sari Markazi-Arak-Tafresh road
6 22 Mazandaran (2) 06/2009 M. Razavi Mazandaran-

7 15 (3) 06/2009 M. Razavi Ghazvin-Abyek road

8 31 Mazandaran (1) 2009 M. Razavi -

9 11 Gorgan 2009 M. Razavi Golestan-Kordkoy

10 A1(3) 2009 E. Sari Markazi-Arak-Tafresh road
11 14(1) 2009 M. Razavi Ghazvin-Choobin dar

12 V5(2) 06/2009 M. Razavi Tehran-Varamin

13 14(2) 06/2009 M. Razavi Ghazvin-Choobin dar

14 Z1(2) 06/2009 M. Razavi Zanjan

15 15 Mazandaran 2009 M. Razavi Mazandaran

16 MLI1(3) 06/2009 M. Razavi Alborz-Karaj-Malard
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Table 2. Continued.

Al J}b 40!l

No Isolate code Date of sampling Collector Sampling location

17 S10(2)a 06/2009 E. Sari Esfahan-Ziyar

18 S10(4) 06/2009 E. Sari Esfahan-Ziyar

19 21 Mazandaran (1) 2009 M. Razavi Mazandarn-

20 Al4) 06/2009 E. Sari Markazi-Arak-Tafresh road
21 11(4) 06/2009 E. Sari Ghazvin-Abyek road

22 S18(1) 06/2009 E. Sari Esfahan- Zayanderood river bank
23 22 Mazandaran (3) 06/2009 M. Razavi Mazandaran

24 M2(4) 06/2009 M. Razavi Ardabil-Moghan Parsabad
25 ML3(4) 06/2009 M. Razavi Alborz-Malard-Karaj

26 31 Mazandaran (2) 2009 M. Razavi Mazandaran

27 V2(3) 2009 M. Razavi Tehran-Varamin-Pishva

28 Vi(4) 06/2009 M. Razavi Tehran-Varamin

29 16(1)b 06/2009 M. Razavi Ghazvin-Choobindar

30 S9(4) 06/2009 E. Sari Esfahan

31 S7(7) 06/2009 E. Sari Esfahan-Ziyar

32 S10(2) 06/2009 E. Sari Esfahan-Qome road

33 V5(1)a 06/2009 M. Razavi Tehran-Varamin

34 V5(1)b 06/2009 M. Razavi Tehran-Varamin

35 V5(3) 06/2009 M. Razavi Tehran-Varamin

36 21 Mazandaran (2) 06/2009 M. Razavi Mazandaran

37 M2(1) 06/2010 M. Razavi Ardabil-Parsabad Moghan
38 15(2) 06/2010 M. Razavi Ghazvin-Choobindar

39 S9(3) 06/2009 E. Sari Esfahan-Zayanderood river bank
40 Z1(2) 06/2009 E. Sari Zanjan-Aladeh

41 38 Mazandaran 06/2009 M. Razavi Mazandaran

42 S18(4) 06/2009 E. Sari Esfahan- Qome road

43 S10(4) 06/2009 E. Sari Esfahan-Ziyar

44 S5(2) 06/2009 E. Sari Esfahan-Ziyar

45 Vo(4) 05/2010 M. Razavi Tehran-Varamin-Pishva

46 VI(2) 06/2009 M. Razavi Tehran-Varamin

47 I1(1) 06/2010 M. Razavi Ghazvin-Choobindar

48 S19(4) 06/2009 E. Sari Esfahan-Qome Road

49 S12(1) 06/2009 E. Sari Esfahan-Qome Road

50 3 Mazandaran 2009 M. Razavi Mazandaran

51 A9(1) 06/2009 E. Sari Markazi-Arak Komijan road
52 6 Mazandaran 2009 M. Razavi Mazandaran

53 16(1)a 06/2010 M. Razavi Ghazvin-Choobindar

54 S12(4) 06/2009 E. Sari Esfahan-Zayanderood river bank
55 M2(4) 06/2010 M. Razavi Ardabil-Parsabad Moghan
56 V3(2) 06/2009 M. Razavi Tehran-Varamin

57 11 Golestan 06/2009 M. Razavi Golestan-Gorgan

58 16(4) 06/2010 M. Razavi Ghazvin-Choobindar

59 M2(4-1) 06/2010 M. Razavi Ardabil-Parsabad Moghan
60 ML2(4) 06/2009 M. Razavi Alborz-Karaj-Malard

61 14(2) 06/2010 M. Razavi Ghazvin Choobindar

62 Se6(1) 06/2009 E. Sari Esfahan-Ziyar

63 Al(1) 06/2009 E. Sari Markazi-Arak- Tafresh road
64 ML2 06/2009 M. Razavi Alborz-Karaj-Malard
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Table 3. Annealing temperature, molecular weight of amplified alleles, numbers of amplified alleles, and number

of isolates with null alleles in six SSR loci

SSR loci Annealing temperature ~ Range of fragment size No. of alleles No. of isolates with
(°0) (bp) amplified null alleles
F1-R1 51 172-205 bp 7 0
F4-R4 53 122-156 bp 9 2
F6-R6 51 107-224 bp 16 4
F7-R7 52 206-236 bp 7 4
F10-R10 55 81-253 bp 22 2
F11-R11 52 238-408 bp 14 3

oylsabe 3y ol $5 O i3 s Fusarium culmorum slbalis e glgmas m g S50 s M & ol § J g

Table 4. Mean of allelic diversity within and between populations of Fusarium culmorum at six SSR loci

SSR locus Hs DST GST HT

F1-R1 0.641 0.100 0.135 (13.5%) 0.74
F4-R4 0.650 0.110 0.145 (14.5%) 0.76
F6-R6 0.810 0.095 0.105 (10.5%) 0.90
F7-R7 0.610 0.055 0.083 (8.3%) 0.66
F10-R10 0.840 0.086 0.092 (9.2%) 0.93
F11-R11 0.789 0.075 0.086 (8.6%) 0.86
Average 0.72 0.09 0.11 (11%) 0.81

Hs: Mean of allelic diversity within populations; Dgr:Mean of allelic diversity among populations; Ggr: Proportion of
allelic diversity among populations to total allelic diversity of the population; Hy: Total allelic diversity of the

population
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Table 5. Comparison of means of aggressiveness of Fusarium culmorum isolates on the susceptible cultivar
Bolani based on Duncan’s Multiple range test at 5% probability level in greenhouse conditions in 2011

Mean of
aggressiveness of
isolates on Bolani

cultivar (0-6 scale)

Isolate code Isolate code

aggressiveness of
isolates on Bolani
cultivar (0-6 scale)

Mean of Mean of
aggressiveness of
i1solates on

Bolani cultivar

Isolate code

(0-6 scale)
17 6a 60 4.75 bedef 59 3 jkl
48 6a 8 4.75 bedef 29 2.75 klm
63 6a 64 4.75 bedef 12 2.75 klm
45 6a 38 4.5 cdefg 25 2.75 klm
52 5.75 ab 46 4.5 cdefg 11 2.75 klm
44 5.75 ab 62 4.5 cdefg 36 2.50 Imn
5 5.75 ab 1 4.25 efgh 14 2.50 lmn
13 5.75 ab 40 4.25 efgh 20 2.25 mno
22 5.5 abc 27 4 fghi 10 2.25 mno
30 5.5 abc 7 4 fghi 15 2 no
35 5.25 abced 55 4 fghi 51 2 no
2 5.25 abed 4 4 fghi 23 1.750
34 5.25 abed 54 3.75 ghij 24 1.25p
47 5 abcde 3 3.50 hijk 21 Ip
31 5 abcde 43 3.50 hijk 16 Ip
56 5 abcde 37 3.50 hijk 29 Ip
9 5 abcde 42 3.50 hijk 32 Ip
6 5 abcde 61 3.50 hijk 18 0.5q
33 5 abcde 50 3.50 hijk 49 Or
57 5 abcde 19 3.50 hijk 65 Or
53 5 abcde 28 3.25 4k
41 5 abcde 58 3.25ijk

*There is no significant difference between means having the same letters
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Fig. 3. Different alleles of F6-R6 SSR locus among Fusarium culmorum isolates. Left to right, lane 1: 50 bp DNA
ladder, lanes 2-15: Fusarium culmorum isolates number 49-63.
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