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AFoll A B2l U. maydisol| A ulo]#l& - dsRNAE 7} Q= A series®} SH seriesS Zgs}o] S54:424)]
A A9H oS matingA]H A5, A23, A211, A310, SH614, SH24¢] 67) Zeld F=E Za)atsich AZS wuls
TFolA wlol2]L dsRNAE Wl E43e] £ Zah, matingd W3 FFeA Bolx A& H, M, L strand®]
dsRNA o¥i}g 25 7123 Q13 #3537 8% molecular exclusion 34N Ro|z] ¢Foket. Tufd] 671e] FollA

vl g Eedigich ¥eld ulolelaz e dsRNAE

R

hings |

A7} F#37F matingA] dsRNA A= 53 A

2& encapsidation& HA¥e}tA] d=chs AL oIt} Toxin test Zz}, SH614= SHY, SH10, SH11 F3o)) of
A, A3103} SH249] 252 SHIL F5ol 8l Soly s dAhe ¥lr). o] matingo) u}E dsRNAS] )
Zo] toxin genee] WHo| F2 wlAA] RETF= AE ARH,
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Ustilago maydis= basidiomycetesel] <8h= FF 24 smut
fungio] 43} com smut(neoplastic tumor)Z -FH3lch. o]

213 AW& chlorosis, stunting, tumor®] ¥EjT 242522
Adull, 71, 4, 282 $FelA] F2 AAZLS). U may-

disollA] nlolg]29] A= 7t HelFE9 mating A4S
AFete 2F 29 I3k AAeAl date] FawmiA
A= AeH(19). U. maydis7} A EA WA segmented ds-
RNAE genome® 2 7}X| 3 9l31(14,25) strain7ke] A=A
Al s vebdicke 72 o|n] R o (9,15) oleld
killing &4to] A EAYS) cytoplasmic viruse] Zxje} 73l
dsel Azkav] A gkl a4y A h25). U. may-
dis n}o]2]2~2] dsRNAY Z7|ell we} heavy(H) strand, me-
dium(M) strand, light(L) strand 2 3% 1 F7]&= 6.2-42
Kb(H), 1.4-0.92 Kb(M), 0.34-0.36 Kb(L)e|ch(4, 8). o] = ds-
RNA % H strand= Ble]2] 29| capsid protein®} RNA-poly-
meraseS, M strand= killer toxing, L strand= 22714
A odedx 9JA A2 olvl immunity proteing coding
gl F2E3 It 16,17,18). A A EAFs U

maydis & <F 5% AE7} vlolglAE v w 9lon o5
% 9 10% AX7} toxin proteing En)slm o]zd &

killer straine]2}7. &}v] toxin proteindl] thako] A=kl &
Abo] el F5E sensitive straino]zhz gheh(7). Al
A=A 9= kKiller strain© 2= Pl, P4, P62} 3E0 2 o]

& 7] ol toxin AL Fulal b Fo| 47
& olalsta AHALe 4419 toxin S el ojaf H3o]

slgol B Hek(12).
U. maydis7} 7B 2 9l wlole) 2k ok F3o] Hlole]
228} SR 22 ghdde] glo] Agid ez A

*To whom correspondence should be addressed

105

Z 7} olck 2 zldg Aol 5 71x] ohE mating
types 7H3 FAP} S55oll4 mating® W dojulbE cy-
toplasmic fusionel] 2]dte] 7ted= 4= glc} z=jEE 7}y

B F E79 wlelg]AE 7MAl EA7} matingsle] smut
& FAE o vlo]g|2e] dsRNAZE & AlZuolA 2z
e 4 oA "o} ofw dsRNAZR] A=zl ul 27 Af(mole-
cular exclusion)e] dojulb= 7oz ¥ = gIvh(13,24). U.
maydis®] dsRNAZF] exclusion 7]2be] Wax= A&HA type
killer straing] P1, P4, P6ol] thaj4] H-EA o2 odelx g}
Aga #5¢ P1, P4 T2l P6 TFE QYUHOZ cell
fusionA| & W P1xP4 Z3F5+ oHdd Felz Azt
o P13} P49] A& Yepyl=u) e PIxP6 2359}
P4X P6ol|l A<= P62] A nto 2 vjehl= 2 P6 dsRNA7} Pl
3} P42] dsRNAZS exclusionA] 7] Ao ¥ 7% 9lch24).
o]z 2] Aol 2Jslw P13} P6= thE strainel] sl ZEA
22 exclusion e}l g ovb(14) A 4eixd 9= kil-
ler straino| 4= P62 dsRNA7Z} 34 exclusion®]= unila-
teral exclusion §AFS- W o{F 7 Qi)

B A A= g4 £eldt U maydiso A} wlo]e]
22 dsRNA2| ¥ & Falely 7k F3olla] H0]E= toxin
protein®] So|AS oI taleic). 7R AznE 2ds}
R HeldEe 12709 H dsRNASH 1-270e] M
dsRNAE 7FA51 9li= A3 4]l P type FFEEH o]5&
A series(26)9} SH series(10)2 F#-3}e] o]520] RxjyEs)
Aol BA4S Hausiglrh. o) 5 MAdn ke )
45 nm?| =715 712 AFAQ U. maydis vlo]eiA g -9l
=HAoh(11).

Aol A Fell 4
ies 55 M2 2gslo
2 matingA|A &

Fel= A series 752} SH ser-

ERE F, 5aold A
il 7] dsRNA 474

54 4ze
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2 gxs} wlelel no) AMx2F {3 oI35 2elaled strain
7+e] molecular exclusion AR IS} toxin tHl A 9]
NEE Fabste] xpadabeloy doid 4 ol

viral dsRNA2] )23t 74 & od:,L-}cg\,},

U. maydis

R

ABTEF 3 HHFEA

U. maydis A series 117} strain} SH series 147} straing-
Ag-sle] Thgat AlRFhe) HelZ ghEo) S s
AAsRIet. kel U. maydis strain®] wjek-e Ustilago may-
dis complete(UMC) 8l %] (23)e]] #]Z3}o] 25°C Aledufef7] o
4] 120 tpm o2 484]7F wfoksleict. wpole el B2l ¢
s AEA E5% w3 5% SL fermentorol 73%‘-6}04
25°Coll4] agitation rate 150 rpm, aeration ratc 3 L/min %71
o= 2417} wiefEksiTh

AER 2
T7hell A Fokabe 44 MSk(sweet comn)yE 4°Col|4]
247k x1£x134d T F}Esle] 24l o) 4] xHH}}z‘s}oﬂL‘Jr wl|oF

9 % Fiell A 77h 500 plE Aste] T £ F 5 ml R4
7] ”04 102 7} xﬂu}m 2zo)l 27| E—&H 23-
gauge®] A1) RS o]8-3te] ql¢] z4o) mating-& A 4|8}

sAch22). Marmg/] 7tz HFAEE neoplastic  tumorol] 4]
spores T AElZ FH&| UMC wz]e] #Es}e] ol

Skl 22

ANgA BEZ WelE U maydis T+ T34 Fe
+ Seroussi2] Hohﬂ(Z Y /\}ﬁ_g]_o:h;} 20 mie] A A Ao
A 25°C, 72417 Aleulof }xﬂ 2 13,000 rpmel| 4 2027F

A4l Helste] 2Rk Al EE 2xSSCof A "ERE &, 8%
b FiEe| ilff& 5 (00 pmell A 2027k 943}

13,

o A x5 Sghalodct. FeF2] 0.5 mm glass bead2} 50 ul
phenol/50 pl chroloform, 20 pie] H EF9E 3elsle]
27} bead beaterZ 2|3 = 1 00() pmell 4] 487+ 214
Halsle] &2 alALS FEaledr). 2=5% A4S cold ethanol
AR G
218l 1 mg/ml 52 DNase®} 40 mM MgSO.& #e|&}o]
37°Col|4] 2087} wkg-A]9]2 phenol/chroloformg-  #] 2|3t
2] cold ethanol & &= A] 7}

3:8.

Hio|3A 22|
70 ml"} Huf x| ol] 25°Col| 2] 4847} #lebuljokal wnl e
S UMC #i#| 317} 5oi9ls= fermentoro] 452 3}
°‘1 25 Coll+] 72417F wiekstadet. whekgl AlEE 6,000 rpm
o4 1037h QA Releto] Sstatodeh peb AES 01
M sodium phosphate buffer(pH 7.0)2 #F & etslelctl. Bead-
beaterel] 0.5 mm glass bead& 2/3 A9 JEA] FT5
Ho] 4°C cold chamberel}4] 25%- Fob 155 Zol AlZE
3] Aesich Webs eod 142 ol wiksiol
upoled ~ olxpE AlE AHEEy) ghAls] Eefdk F 5000
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rpmel| 4] 15%7} wskeh. o] Abgl
o] 0.15M NaCl3}t 6% polyethvleneglycol(PEG)—« o] &-3}e]
4°CoAA 2417k o)Ak AN F, AHES Bol o} B
gl shgollof] 2 e 7] 15,000 rpmef|A] 158-7F LA
wefste] Az sl ES AR vle|2)a /AL B
AUw Aedg wokel uleja]n gixbi= 40,000 pmell A 24]
7+ Fat Z:IL—-’%“ AdRelet & s Heln AHES
0.1 M sodium phosphate buffer2 & ets} s ufo]z] ~2] Zx)
o 9 FEg odohis] 9lal
=1shgte.

ulole] A glzbE t] & =4=8elsly] 93l sucrose density
gradient(10-50%)0] 4 4-8}3. 0|5 SW-55 rotor(Beckman.
USAYE o] 5t] 40000 pmelA] 242k 2314 &14-2)3}
vk x4 YARE] 3 density gradient fractionator(ISCO,
Inc., USAYE o]&3le] nlo]eixn ¥-3& wgky, F39 so-
dium phosphate bufferE njele]~ H33 &3 & 40,000
pmell A 2217 Zaid 1Rl ste] wlolH AE AAAIA
Fe] ot

FoiAl B st AFER S

LA = BN

U.V-spectrophotometor =

Double-stranded RNA 22| 3! &AM

Sucrose density gradients £3) 5F-el% wloleix 20
ulE #al k2] phenols} chroloformg- 2]l 3027k
A zambsisict. AEEE 913,000 pmell4] 1087 94
Hojalo] dsRNAE ZFZ3leiv}. %23 dsRNAE cold ethanol
2 AL AZ F, 13,000 ipmol A 1587 QAR s}ed
AdEE o2 7 TE 58N (pH 7.0)o) d=tsle] -207C
of 2¥kslsict.

Total dSRNA % ulo]g] 2ol 4] #-2]&t dsRNA A B2 5%
polyacrylamide gelell TBE $h&8-2l(1x: 10.8 g/L Tris base,
5.5 g/L boric acid, 4 ml/L 0.5M EDTA, pH 8.0)& A}-8-3}¢
80 volt® 947k H7Hsksirt. DsRNAS] #aj3F &A1& ¢lgh
size marker 2% 1 kb DNA ladder(BioRad Co., USA)YE A}
Lol A7) & ethidium-bromide 10 ple} A 3z =%
ol o 2087 dAskr 33k SRR AT B 24
A]7 dsRNA band= &qlaleir}.

Toxin SHHAl =H|

N ul) 2] 30 mlel] F& A E8he] 25°CoAA 48*]# 21 e}
pfofala uljofol 8- =¥ Sorval SS34 tubeol| @57 8,000
rpmellA] 1087 Al $-e]dt & opA] EEE tubeo] 16 ml
o] ApTelg Lé" cold acetone 24 ml% o] 2k AedchE]
Z acetone =X 60%). E3F A 8= 4°CollA] 244]7F B3
& 21H-o] *“7]“—— S E}O‘_sl-ﬁ 15.000 pmoll4] 1087}k
A4l E-elsted *Ji;“i% w7 A ELS [ mle) 20 mM so-
dium phosphate buffer(pH 7.0)2 &&A]7l 5 - 20°Cel] ®
Fsleict.

Filter disk £4

UMC 82|l AH-3 370e] 55 25°Cell 4] 48417 47
afeFgh ¥ 100 pls Tt 3}] 4ml soft agar(UMC+
0.7% agaryell a1 3k 4lel b ghifalel] Hof T 7
27 &ko] soft agar lawnS WEQe} 7 #3o) Ful€
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lawn #]oll 6712) A3 F52 toxin protein A| &5 Al
filter disk& &7 25°CellA 36A|7F ullokslo] AAbdA 2+

$1o] AR5 Fslgict. ola] UMC Aol AR 7
FE toxing Eulghchi elx gle mating o] FF
of &l =5 AAAHNE dov|= dF2 AAACH10).

2

TEE v 2e

SeFAE FEHA 4 Ax Foll oyl ARE R
ol 15 A7} A b matingAlZ - FF-E Aol 5
1% olastol 24 & 918 Ao Az AR
thFig. 1A). 7FdA71#] 102 A =7} A4 neoplastic tu-
mor7} HA = A& gl sldchFig. 1B). Matingo] ot
FFro| smut fungi®) M) tumorE FAsmZ 3
% neoplastic tumor2HE] EALE Helsle] wnjdle] A=
55 5 sk AAE wmorg 3T A A
Hel JFe = N or o) AA HE 5 3007)2)
3%l #gstAdct. 015 F 67 FFelA wely dFE &
FEelste] chgat o] wwsldct. AdxASe] wuly
T8 A45, A2XA3L A23, A2XA11S A211, SH6XSH
14 SH614, SH2 X SH4-& SH24 12] 3 A3X A10-2 A310.

Ho ¢

Double-stranded RNA £

F2)&t W3] U maydis F55°] 7FA 1 9= dsRNA
Z A7) elA] Seroussio] HM(21)& o) g-sloich. &
23k dsRNAS| HZ oFHS Zxlslr) allA 2 l‘*&% '
2lste] 5% PAGEE A|#Jslsict. RE wul3 7504 mat-
mg A ofA3 T4 #alEl= H, M 28|37 S dsSRNAE-
S5 Fen slon 59 GRNAS) Aol 292 3
oQls]%] 9gtrh(Fig. 2). & o] 5 bandSL 2xSSCE| ZA
slol4] RNaseAr} DNaseZ x]z}d}o] & °§ g HbA] o=
A2 HWol U. maydis virus®] 3=l dsRNAY-L &9l
atoict.

Hlo|2{A 22|

F R wleleizt g Al ZWolA EAfsls wuld
Foll 4] dsRNAE©]| mixed encapsidationo] doju}=r}e =
Atslz] $13ted =4 Fel®l 6709 FFoll4] sucrose density
gradient(10-50%)% o]-&3lo] nlolg| Ag 44 Helslgich

Fig. 1. Healthy com seedling, 7 days after germination(A) and
smut bearing plant, 10 days after infection of U. maydis(B).

Ustilago maydis®] Mating I} o] w2 Virus F-3z1e] Holo| gt A+ 107

10 11 12 13 14 1516 17 1

M1234567889

Fig. 2. Double-stranded RNA patterns of U. maydis virus from
parental strains and progeny strains analyzed on 5% PAGE. M:
Molecular weight marker, 1: A4, 2:A5, 3: A45, 4: A2, 5: All, 6:
A211, 7: SH2, 8: SH4, 9: SH24, 10: SH6, 11: SH14, 12: SH614,
13: A2, 14: A3, 15: A23, 16: A3, 17: Al0, 18: A310.

olE o719 F38 T 25 sucrose density fractionator

oA A& U. maydis vlo]2] 2] peak7} vjepdS <)
3ldch(11). Sucrose density gradlentoﬂ o3 He|® dlo]g)
22 §JAFE-S U.V scanningel] 4] A3 213l ulo]e] A profile
2ok

E2|= HIO|HAZEE dsRNA 2A
6712] ey FFolA =4 Felgk vlo]e!AE phenol/
chroloform © 2 #]2]s}o] F=%3} dsSRNAS 5% PAGE]| 9)
& #Aste] B A3} A Ze4] A F dsRNAQ] FHefs}
o & $-A}3F A& H el P- “type By orAlS walr).
Ads ZFY AFelx] Felg upelg| AR YE] dSRNAZ
BAE A3l Ad FFolA] BedFT )= dsRNA FHee} =
A& dlalelr}. wal, SH24 238 5ol 4+= SH4

m]o

M 12345 6

Fig. 3. Double-stranded RNA patterns of progeny strains of U.
maydis virus particles analyzed on 5% PAGE. 1: A310, 2: A45,
3: SH24, 4: A211, 5: SH614, 6: A23.
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Table 1. Toxin sensitivity of three progeny strains and their
parental strains on the three sensitive strains. Fiter disk soaked
with toxin sample were placed on the lawn of test organism. The
presence of clear zone after 2 days of incubation was killer(®))
and no sign of growth inhibition was resistant strain(R)

Killer

— A3 Al0 A310 SH2 SH4 SH24 SH6 SH14 SH614
Test strains

SH9 R R R R R R R ® ®
SHI0O R R R R ® ® R ® &
SH11 R R ® R ® ® R ® &®

°] dsRNA einto], SH614 23+s) F3of4]+= SHI4 dsRNA
geio] e e shelshich A1 AN0 239
Frol s A2XAIL 4k} A3XALD iaswm w4
Solnl Aste} Eg SasjariFig 3. o oz ¢
259 wlolel o 2 Aol EAe ) plamid
likedh AJefl 2 Ealst dsSRNAY= encapsidationo] 8ouiz]
o4 AoR gelE gl

Toxin test

Toxin®| A% 8- 2 2t 652 289 F7 Fol
3520 ) toxing ¥H]sled SHY, SH10, SH11 ol
el toxin A4S vrehlgic). o]& SH614 73+ FRi=
SH9, SH10. SHI1el| s =% #AlS welv, A310, SH
24+= SHI1 3ol tialjAlnt Eo)x] %"/‘g}% HelcK(Table 1).

SH4, SH14, 5+ toxin &Ao] gl FF2 Axd
=9l SH24, SH6149}2] toxin AFZ8AS A}k Ay 2z
& e toxin®l FHAde] r] Zrl= 218 galabg] on
SH242] 3242 SH4o|| 4] SH614 F3F2] toxin 4& SH
Mol fehElol &2 salshele). ojeiat sk T 250
Hlol2] A7} matingol] 9]8led 7+ A Euo] ZEAsle]

toxin gene] loll dkg v| x| ¢ Ao Azl

&

K

kol 4 Heldh U maydist FoljA] wlolels 2o
viral dsRNAE 7}#| 57 9l 1170 strain®] U. maydis A ser-
ies(26)2} 147) strain®] U. maydis SH series(10y5 Z3}a}o]
Sopell WA AR 602 e FE welakc
At A el 42| matingo] doid BE oF 6% R o
#4 ol=d|(3) 970e) AEE tumord] HAL E 30079
Z3h AR w0 3% slldEs AR olugh dAke 7

+F7F mating type FAA7F AR g8 o7 AL A
A Yoo GEIeK1,2), o1 F oA FFbo) el
9, 2elg FFRYE U maydis vlole]/22] dsRNA +
Eoh volel 2 k] A o1 toxing] Fol4 & 2k
et

AeA w2 Sl Felx] Folgk wlelz]s dsRNA
Gelz dobusl sl 2aike Holsel HldEe 4

Alghede}. 1 A3 Aol P typeﬁ] dsRNA ]S 7}#]
3L glgo] Fholwgl o v] dsRNAS| H-FEokA- U maydis2]
matingell sl A7) SIelE o »«04‘1 AEA A=A
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v S AR Bolx] gkt o] AR A U, maydis
ulo]2] 2] dsRNAE U. maydis®] mating®] 01011,}: HAY
ol A WEhA] o= wl%- obA ¢l dsRNAR FAEH
P-type 75-7+2] molecular exclusion &Aba} 7H& Arj= o}
ERR] o188 Rlalgdn). Bel¥l W2 HE] sucrose den-
sity gradientZ o] g3 ulolz] ~2 Heajslict. e/le] #5
ol 4] A A3l ulo]a] 2 fractionation peakS #elshe]
25} UV scanning profileo]| 4] 2 A3 & q) e & nofpq]
t}. 225l wlole] o] dsRNAS PAGES o] &3] 24
2 A3} A4S FFolAE A7) 7FAl L 9)i= dsRNAWGF vle}
Y, SH24 3ol 4= SH4 dsRNAube], §H614 TFol| 4
= SHI14 dsRNATF vebyitl. A4S #5504 A4 F3, SH
240f| 3= SH4 5, SH614ell4]+= SH14 757} encapsidation
slo] 9la wbHe] A5, SH2, SH6 #3-= plasmid Ale]2]
dsRNARMS: 2qsle @724 238 Tl vjolz

2 ¥2] A Sl encapsidation®] o] Q)= 52 dsRNA“"
o] BelElgicky Az & 4 9o} 1wk o w

o

+ encapsidation®] o] ] A310, A211f|4+= 3 f’ﬂ’ﬂ'ﬂ]/\i
HolE dsRNA Fzofbsl Boldl 258 Hor) oL
olebie U. maydis®] matingo] <Jolxt u) wlo)e]s~7ke] ds-
RNA #)x3HS £3F A 2% encapsidation-& HFAIE}A| k1
Y ol iz Ad) vlolelne) Aoz EAeh 5
= 71-& A Absko)

Toxin test 23} SH614 3= SHY, SH10, SH11 |
3l toxing Hv|sled AR As) A7k A310, SH24
T SHIL 7ol diaAut A3 & AL };L?jEI—(Table
). o] Z3A toxin A8 Hul: ]"\’I’ Tl SH14,
SH42| EAzt o3l 7ok A310 #3= A39} A10 T
7b toxin BAdo] gle 7o g okex] 9l=d(26) A3x AL
£ Tl A]es toxin 4o Vel w3k, A4 e
SHY, SH10, SH11 +=of] thaA] toxin A% v gjc)i
B E A E=d(10) Adx AS 52| toxin B4 o Hof|x] o]
gl o] thaiA] s AL wolx] 9kelr). Toxin FAIS-
Holil 9li 3709 #F1= 3] M strand & 7}A| i 99}
el toxin B4 Bolx] ok 37) ] Tl = M
strand7} vhehbs RS Beld 4 olodn) A 23 F
Foll A % toxin ZAJ ﬂ]r M strand$}+= HAEE A7} o)k
2 4 9lrh. 28} toxin UlﬂE_ 52 #Alal dsSRNAS| &
Fi= AfEel A A S = AR A=A o)
ik 23 el EH?SH’W *HH Al A5+ toxin 4 (A
24 (A4xAS) @AF} SHY,
IR

A L

3xA10) 2 AmEl= toxin
SH10, SH11 #5-2] 238 #3o) o3} vzt
o 243k Aot g est glow gzsch

U. maydis2| matingol] th&h 03—?“ A 7}R) go] A7}
=3 9lev mating geneol] thaF ol F-x ubs}z|ut u].o]g-]
25 x3ely gl FFEb mdtmg«] Aztg AXE S
w3y ella] upele] 2~ fAiabe] weld a4l &S °3_
TFElol glA] ¢drh B A Antg U maydise AE
753l oz} wpolel At viral dSRNAS E3shs A2
w7h A% /PSL Aoz MR ekl B el
23 F55 Folsto] dsRNA Fxopt-s AR, tox-
in &Aw0] AL Y F3h F3o oigt €Ak o &
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S 534 55 A2 U maydis2] matingoll W U. may-
dis velz] 8] BEAE B AAF] A& 4 L& Zlolt}
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ABSTRACT : Genomic Variation and Toxin Specificity of Ustilago maydis Viruses from Progeny Strains as
a Result of Artificial Mating

In Sik Kang and Se Won Yie* (Division of Biological Sciences, Kang Won National University,
Chun Cheon 200-701, Korea)

Ustilago maydis strains (A-series and SH-series) containing virus or viral dsRNAs were artificially mated in
corn seedling to generate 6 progeny strains, designated A23, A4S, A211, A310, SH24 and SH610. The dsRNA
patterns of progeny strains were identical to those of the parental strains and there was no molecular exclusion
mechanism among dsRNAs of parental strains. Virus particles were purified from 6 progeny strains and viral
dsRNAs were analyzed on 5% PAGE. There was no mixed encapsidation between virus or dsRNAs of parental
strains. Progeny strain SH614 produced toxin which inhibits the growth of SH9, SH10 and SH11. Likewise, tox-
ins from A310 and SH24 inhibited growth of the SH11 strains. These resuits indicate that the presence of dif-
ferent types of dsSRNA does not interfere the expression of toxin gene.





