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Abstract

Pathogens causing white blister rusts (Albuginales, Oomycota) comprise three genera namely Albugo,
Pustula and Wilsoniana, infecting species of Brassicaceae, Caryophyllales and Asteridae, respectively. The
current study contributes with new information on order Albuginales in Iran. An extensive survey for
sampling white blister rust specimens was performed during the 2017-2020 growing seasons in some regions
in Eastern and Northern Iran. Based on morphological and molecular (Cox2 and ITS) data Albugo lepidii on
Lepidium sativum, A. koreana on Camelina transcaspica, Albugo arenosa on Strigosella africana, A.
candida on various hosts, A. occidentalis on spinach and Wilsoniana portulacae on Portulaca sp. were
identified. Our results, represent the first morphologically and molecularly verified report of A. candida on
Goldbachia laevigata, Raphanus sativus, Eruca sativa from Iran and on Sinapis arvensis, Savignya
parviflora, Isatis leuconeura and Sisymbrium altissimum worldwide. Sisymbrium septulatum is reported as a
new host for A. candida. White blister rust caused by A. candida is reported for the first time on a member of
the genus Savignya in Iran. Albugo lepidii and A. koreana are new records for Iranian mycobiota. Detailed
descriptions and illustrations along with phylogenetic placement are provided for Wilsoniana portulacae and
Albugo occidentalis.
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Fig 1. White blister rust symptoms on hosts: a. Erysimum crassicaule, b. Sisymbrium septulatum, c. Lepidium
sativum, d. Portulaca sp., e. Savignya parviflora, f. Camelina transcaspica
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Table 1. White blister rust species, specimens information and GenBank accession numbers for sequences

obtained in this study

Species Host Herbarium Origin GenBank accession
number no. cox2/ITS
Albugo arenosa Strigosella brevipes FR0046021 Iran, Nehbandan JN849501  JN849485
Strigosella africana FR0046011 Spain JNB849488  IN849472
S. africana FR00460197 Iran, Birjand JNB849492 -
IRAN18012F Iran, Mashhad MW928684 -
Albugo candida Raphanus sativus, SMK 10614 Korea AY927059 AY929841
SMK19419 Korea AY913801 -
Goldbachia laevigata IRAN17933F Iran, Asadieh MW820925 MW845812
IRAN17963F Iran, Birjand MW820926 -
Sinapis arvensis IRAN17991F Iran, Gorgan MW820923 MW830377
Sisymbrium septulatum IRAN17968F Iran, Khosf MW820928 MW836779
Savignya parviflora IRAN17970F Iran, Sistan MW820929 MW836778
Sisymbrium altissimum IRAN17985F Iran, Yush MW928686 MW925125
Arabis alpina BP 54584 Romania GU292086 GUZ292130
Raphanus sativus SMK10614 Korea AY927059 AY929841
Raphanus sativus IRAN17941F Iran, Neyshabur MW820931 MW836754
Brassica juncea SMK15570 Korea AY927046 AY929826
Isatis leuconeura IRAN18004F Iran, Birjand MW928685 MW=845820
Capsella bursa-pastoris ~ HOH-HUH505 Germany GU292089 GU292132
GLMF081434 ? KJ654156 -
Capsella sp. - USA AY286229 -
Eruca vesicaria G725 Montenegro MH234579 -
Sisymbrium luteum SMK19086 Korea AY913808 AY929844
Isatis emarginata FR0046090 Iran, Nehbandan MF580756 MF580755
Eruca sativa IRAN17980F Iran, Chenaran ~ MW820927 MW845814
Erophila verna BP74487 Romania EU340140 -
Eruca sativa BP1184870 Pakistan DQ418514 DQ418503
Erophila verna BP199990 Romania KP684901 -
Armoracia rusticana VPRI30454 Australia GU292084 GU292126
Rapistrum rugosum DAR 53178 Australia GU292101 GU292141
Erysimum crassicaule IRAN17928F Iran, Ferdows MW820924 -
Rorippa palustris KRAMF-000130 Poland HQ377364 HQ377371
Albugo koreana Camelina sativa HMUT2527 China MW147150 MW135444
Camelina transcaspica IRAN17983F Iran, Siahkal MW820932 MW845815
Capsella bursa-pastoris ~ SMK13752 Korea AY927048 AY929829
bursa-pastoris SMK 21090 Korea DQ643940 DQ643912
BP1 8712867 Korea AY927049 -
Albugo sp. Erysimum cheiranthoides BP 74486 Romania GU292096 GU292137
Alyssum caliacrae BP1199995 Romania HQ377356 HQ377366
Alyssum montanum KRAM-F-000149 Poland HQ377357 -
Barbarea vulgaris BP1184667 USA HQ377358 HQ377367
BPI1184670 Ireland HQ377359 -
BP1748543 Germany HQ377360 HQ377368
Lepidium apetalum SMK13747 Korea AY927054 -
Albugo leimonios Cardamine pratensis G00110295 Switzerland GU292123 GU292158
Cardamine pratensis KR 12323 Germany GU292124 GU292159
Albugo hohenheimia Cardamine hirsuta DAR 30279 Tasmania GU292115 GU292151
- Germany GU292119 -
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Table 1. Continued

aalsl N JJ.\;-

Species Host Herbarium Origin GenBank accession
number no. cox2/1TS
Albugo lepidii Lepidium sativum HOH-HUH965 Germany GU292105 GU292145
Lepidium sativum IRAN17938F Iran, Neyshabur MW820933 MW845816
Lepidium sativum KNUH260 Turkey MKO067066 MKO067078
Lepidium sativum IRAN17964F Iran, Tabas MW820935 MW845817
Lepidium affine HMUT 4175 China MG010813 MG010815
Lepidium affine HMUT2901 China MG010812 MG010814
Lepidium sp. TN8622 USA GU292120 -
Lepidium sp. BP74488 UK FJ468366 -
Lepidium latifolium NV-Reno Romania KMO085008 -
Albugo occidentalis Spinacia oleracea KUSF30037 Turkey MF991149 MF991148
S. oleracea Ao_001 Greece KC676795 -
IRAN17992F Iran, Gorgan MW820936 MW845818
Wilsoniana portulacae  Portulaca sp. IRAN17926F Iran, Tabas MW820937 MW845819
Portulaca sp. IRAN18018F Iran, Zabol MW820938 -
Portulaca oleracea AR164 Costa Rica EU826105 -
SMK18991 ? AY913806 DQ643921
Wilsoniana bliti Amaranthus viridis DAR76991 Australia GU292161 -
Phytopythium vexans  Vitis vinifera STE-U6729 New Zealand GU133486 GU133593

Sequences with numbers in bold were generated in current study. T type specimens.
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Fig 2. Comparison of sporangia in white blister rust taxa in current study: a. Primary and secondary sporangia
of Albugo occidentalis, b. Primary-b1. secondary sporangia of Albugo lepidii, c. primary- cl. secondary sporangia
of Wilsoniana portulacae, d. Sporogenous hyphae and primary sporangia- d1. secondary sporangia of Albugo
koreana (Bar = 25 pm).
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Fig 3. Oospore characterisitcs of white blister rust taxa in current study: a. Wilsoniana portulacae, b. Albugo

occidentalis, ¢. A. lepidii, d. A. arenosa, e. A. candida, f.
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Phytopythium vexans STE-U6729

A
0.1

b bty deitw K akise3 COX2 5 ITS G5 55

SN S5 g e Gleiies ai oy JlSS Pl S50 8 S
(STE-U6729 «l4>) Phytopythium vexans b

Fig. 4. Phylogeny (ME and ML) based on concatenated sequences of cox2 and ITS for white blister rust

specimens rooted with Phytopythium vexans (STE-U

36

6729).
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Fig. 5. Cox2-based ME/ML phylogeny of white blister rust specimens rooted with Phytopythium vexans (STE-
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Table 2. Morphological comparison of Albugo candida specimens

Species Host Reference Primary sporangia Secondary sporangia Ooospore
(m) (um) (Lm)
Albugo Capsella bursa- Thines et al. - - (42.5-)47.9-57.6(—
candida pastoris 2009 62.5) (av. 51.8)
C. bursa-pastoris Mirzaee and 12-14 11-19 -
Sajedi 2015
Eruca sp. Thines et al. - - (37.5-)43.8-52.1(—
2009 57.5) (av. 48)
Erysimum This study (12-)13.9-16.7(-17.5) (14-)14.4-17.2(-17.5) (40-)43.3-54.7(-57.5)
crassicaule (av. 15.3) (av. 15.8) (av. 48.9)
Goldbachia This study (12.5-)13.9-17.5(-20) (12.5-)14-17.8(-20) -
laevigata (av. 15.7) (av. 15.9)
Savignya This study (12.5-)13.3-16.9(-19) (12.5-)14-17.2(-20) -
parviflora (av. 15.1) (av. 15.6)
Raphanus This study (12.5-)14.6-18.4(-20) (16-)17.1-20.9(-22.5) -
sativus (av. 16.5) (av. 19)

Sinapis arvensis  This study (12.5-)14.2-17 A(- (12.5-)13.7-18.7(- (37.5-)42.8-50.2(-

17.5) (av. 15.8) 22.5) (av. 16.2) 52.5) (av. 46.5)

Isatis leuconeura This study (11-)14.2-12.8(-17.5) (12.5-)14.1-17(-17.5) r

(av. 14.5) (av. 15.6)
Sisymbrium This study (12.5-)14.7-17.7(- (12.5-)13.8-18.2(- -
altissimum 17.5) (av. 16.2) 21.5) (av. 15.9)
Eruca sativa This study (12.5-)14.8-18.8(- (12.5-)14.7-18.7(-20) (42.5-)43.6-52(-55)

21.5) (av. 16.8) (av. 16.7) (av. 47.8)

r: rarely found
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