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Recent Advances of the Diversity, Evolution, and
Systematics of White Blister Rusts (Albuginales; Oomycetes)

Young-Joon Choi*

Department of Biology, College of Natural Sciences, Kunsan National University, Gunsan 54150, Korea

ABSTRACT : The Albuginales (OQomycetes) consist of obligate biotrophic pathogens, none of which is culturable on artificial
media. This group causes white blister rust disease in diverse angiosperm plants, including many economically important crops
such as sunflower, horseradish, rape, radish, spinach, and wasabi. Recent advances in molecular phylogenetic tools and findings
of new morphological characters have advanced our knowledge on their diversity, evolution, and systematics. This review
introduces the white blister rusts and discusses recent innovations resulting from studies on Albuginales.
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Bl (chitin) | A9 Y- 7-2] A|EH-S AEZ 2 (cellulose)$}
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res) s /93t 7P Io} (indirect germination)dHct. A}
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2 A7} Y= FAYIE (Papaverales), 3+ (Piperales),
W23} (Orchidaceae)d A= 7125 AT} 3, 22-24]. S=7}
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Fig. 1. Symptoms and morphological characteristics of two Albugo species, Albugo candida on Wasabia japonica (A, F) and
Albugo koreana on Capsella bursa-pastoris (B, C~E, G). A~B, White blister rust symptoms developed above and under the
leaves; C, Gouped sporangiophores with sporangia; D, Sporangiophore; E, Sporangia in chain; F~G, Oospores (scale bar = 20

pm).
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02 =R ERAAE & FEolA AHES ]
oF & I g7} Stk

& (species)2| 7l

=7ee] el oM 7P EAR =S F
(species)®] 7Hdoltt. =70l A 8= T4
21712e] Fej7} vlad dseslar, 17348217132 FEF

WAl High Qo] B3] wiigol] olEe] TNES
TR FNEC el FA] dPdFS Bttt ol &
=7 T = de] LAEst WA U= e
2 AL [41], ATk} o159 715917 FE] At
3l =mo] Z17] wj&-o]t}[49]. de Bary [50]7} AISHeF 332
2 Z7Wd (broad species concept)= ©]Fl| Yerkes2} Shaw
(517} AABIHe™, 1 3 oF 50137 =g aake] A4
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AR 7158 F 50709 F = HoZ 9F 1508 oS
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Fig. 2. Simplified minimum evolution tree of Albuginaceae using cox2 mtDNA sequences. Bootstrap values higher than 60% are
shown above the branches (1,000 replicates). The scale bar equals the number of nucleotide substitutions per site. Two species
of Pythium are used as outgroup.
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9] 5%l %= H|X]A] 5-$}[47]. GenBank H|o]E{H]|o]2~0]]
A 01§75 BETET BE A7INEL TEshel
ABSA 242 5 A3, oF 25%0] AA7A LelA]
A gke Fo 2 BRIk, 2). o2k B/ L
o chepgel Akt A7Isle] SeAIE wakar ic.

X|2[x xto|oj |t BCid
Z2)2] A2 (geographic isolation or allopatric speciation)
o W& Fisle FsMESIA de] ezl & oy
o] 8 7% F sholtt. A=y lEeM e & deA
UA] GOl = Bkl Wol S=rhelTS tisEAQl o
E T Aot Albugo candida= B2 ARSI} AT
ola} Wyol(Capsella bursa-pastoris)s HHsh= x4
Htolnt. Hol gkl EAlskE Wolo] S=srteHe
o] 4, 5], ofxzg)7}, LAleol Foll EANSh= A. can-
dida®} “3olete] Baixl o, Sk Yol 7wl
3l 21F A. koreana”t =QE AT 5]. TS ZTHA|S: (Draba)
N BATH= =7 E Folrlole) e A
Atolol] M= thE Fo] AT AL Bl H 6], o] A2 A
g4 A7}t A=y HollM 23 frdhe T
23 8215 Tl 3 7FsAdol =rhe 2l 5eeh, o
o= o] ol gk F/HH A7t Dasitt. ZHEA
% o]k A H3 Afolo| mE FESh= S=rFEd et
WA A= Ye =TTl E A5 dH AT
Constantinescu [56]< " 2)E- (Cucurbitaceae)] =i+
o] Bwuu} Gw|o)| M= Plasmopara australisoll 2]l ot
AR, gArjo} Bgie} Folrolol| M= P orientialis©]
9 ANTYS ¥HIT}. o]ojA] F<=0]ZF} (Geraniaceae)oll
A ks Y] Fol I Bl AR =
Th= Zlo] 933 aL(57, 58], Aol Alo| =14 (Salvia)oll 4]
ARG ol e 1 7FAlEe] X|2)E 71 wet
350] EAFITR= Zlo] BsRTH59].

E=7iREael TIspXEt

A7 & gde folA A =2 7155
ol/gell oJjt FE3tet A2 Aol o7tk o)A FE
3} (allopatric speciation)ol] 7|¥Fgk}. TlEo] 5 714 %18}
AFo| o F712 BTt HA, Thines 5 [7]2
N71UE HAshs F A=7FRE (A. candida, A. lai-
bachii)®] EANE FRNSIIL, o1& TAF TES} (sym-
patric speciation)®] 3t o2 A|A|SI T, wEA]} Z18} 2k
2 B=7FHTe] 715243 (host jumping or host-shift)
sEoltt. ol Hdde] o] 7FAEd AT eR
HAES A AR 7IFE e S Ide 8 T
3H, A2 o7} T} (Fabaceae)E HESh= A. maug-
iniio]ch. ARSI} T E-S AF e 02 vl AT,
ol5S Hshs Axrbede A o= wile- 7P
THeo]. HZoll v o878 Gl =8 wellM

_1

&z FAH [61], V57T E Hold 7193 E 5Y
S 7HAAL 8-S AR, o)E o] FEFHOE HYUA
A effector F-AAES W2 A2 & Ju= S
aIHE w62, 63], oI5 FHA}F AMEE AES TS o
A E2] WoAAE WEA S5 8-S ATRS AN
o] =7, 64].

oi=9| Bl |1S=x

SEyetela HAs7EHTEe thH R ofe] AEo
S FARE 2] Wl /715 23l g Bl
A B o] WA 7I=ko] EAS Wes), Bl &
SH2] 5ol o) A7) Bl e, A Sl Bk
gelghe 7158 v Bt & Agelxde Uil
A 7159 =Tt 259 RS AElskl
TH(Table 1). ¥=r2] S=7FFRTe] gfde 2l5olA 7]
=5 F oY oF 20% Fxo 13 HATE AU, &
O] AEEL TR A2 B 9 AT o
7ol ZA 719315 ellE 501, F=e] AlEE o=
Y| (Capsella bursa-pastoris)2] J=7FFHET Albugo kor-
eana [5]2} EHA| (Draba nemorosa)s 73Ash= Albugo
voglmayrii [6]7} AF 02 71F¥ AL, FTHRE ] (Lepid-
ium virginicum)E TFHSh= Albugo lepidii= SHE F2
2 ZRIFAT}H5]. 2= Albugo candida®l 23] Y
+ 3=7FFHo] Al (Brassica napus ssp. oleifera)S} Ak
H| (Wasabia japonica)IX BIEAT}H 66, 67]. BlF-<} F-2]
=7 EHToZ BE Albugo macrosporac SA| A.
candida®] "5 (synonym) .2 IFHIT}H[5]. ZH|FA|
&, B=vhetol 7P e TS THe S8kt
Ao M= of27HA] =] Hart glov, FH=el dE
I FIolMs Ax7EFEo] 715H 0] oug S]]
A Bl ol59 B vhs Aol =tk & 4 it

AEHge] BT 2=
ol ol B2 SXAEE0IM AxrEe o
o7, AR Tad 71T ERE sjulel], ohat
Bl 2k, A, 5, v, AlEA] S0l vt HZell AR
Wi BRehE o s 783 FEH SAEC] AEEA,
A=7PEdRel g, sk, AlsERel tigh A+l
Z Aol AU} & =2 qllell @ 4 =7
TH= 2fskar He] A7l tiste] arzaeint.
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Table 1. List of Albuginaceae and their host plants reported in Korea

Albuginaceae Host plants References
Albugo achyranthis Achyranthes japonica [65]
Albugo candida Brassica campestris [65]
Brassica juncea [68]
Brassica napus spp. oleifera [66]
Raphanus sativus [65]
Wasabia japonica [67]
Albugo koreana Capsella bursa-pastoris [5, 69]
Albugo lepidii Lepidium virginicum [5, 53]
Albugo voglmayrii Draba nemorosa (6]
Albugo ipomoeae-panduratae Pharbitis nil [70]
Albugo macrospora’ Brassica campestris [65]
Raphanus sativus [65]
Wilsoniana bliti (as Albugo bliti) Amaranthus mangostanus [71]
Achyranthes japonica’ [65]
Wilsoniana portulacae (as Albugo portulacae) Portulaca oleracea [65]

“This species is considered a synonym of A. candida.
*This host plant is known to be infected only with A. achyranthis, so this report is questionable.
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