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SUMMARY

The primary goal of this project was to address different ciﬁestions regarding the taxonomy
and phylogeny of fungal isolates representing Fusarium subglutinans sensu lato, using protein-
coding DNA sequences. In the introductory chapter, a review on the value of these sequences was
presented. Special reference was made to the different evolutionary forces acting upon these
sequences. The implication of these forces for the interpretation and inference of phylogenies was
also considered.

F. subglutinans f. sp. pini is an important fungal disease in timber industries worldwide.
The histone H3 PCR-RFLP technique, reported in chapter two, has allowed rapid identification of
this fungus and the technique has subsequently been used to diagnose numerous outbreaks of F.
subglutinans f. sp. pini. Histone H3 PCR-RFLPs also represents the first DNA-based method for
identifying a fungal pathogen of importance to the South African forestry industry.

Identification of Fusarium isolates of opposite mating type, plays an integral part in
applying the biological species concept and identifying new mating populations. These studies are
greatly simplified by using the PCR-based technique developed in chapter three. This PCR-based
method for determining whether isolates have MAT-1 or MAT-2 idiomorphs at their mating type
loci, reduces the number of crosses necessary for these studies by more than 50%.

Mango is an important fruit crop in many parts of the world, where mango trees are
threatened by the disease known as mango malformation. The study presented in chapter four
showed that this disease is associated with two distinct F. subglutinans sensu lato species in South
Africa. One of these constitutes a previously undescribed lineage. The second species was shown
to be conspecific with the Fusarium species, known to cause mango malformation.

Currently, eight biological species are found in the G. fujikuroi complex, three of which
display morphological characters typical of F. subglutinans. The possibility of a fourth mating
population displaying these characters was investigated in chapter five. However, phylogenetic
analyses using calmodulin and B-tubulin genes, showed that this fourth mating population forms
part of the existing G. fujikuroi mating population E (F. subglutinans sensu stricto).

For classifying Fusarium spp. in the G. fujikuroi complex, the most accurate identifications
are made using the phylogenetic species concept. This is especially true for species that are able to
sexually interact across species boundaries. For example, the phylogenetic study presented in
chapter six showed that one of the biological species of G. fujikuroi (mating population E) can be
subdivided into two phylogenetic species.

Differentiating the different lineages representing F. subglutinans sensu lato is difficult
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using conventional morphology-based classification systems. In the final chapter of this thesis, five
morphological characters are identified for discriminating between the different species
representing F. subglutinans sensu lato. A DNA-based identification system for these fungi is also
presented in the form of restriction enzyme maps.

The fungi representing F. subglutinans sensu lato are economically important, because they
are not only responsible for diseases on important crops, but also produce mycotoxins, thus posing a
threat to human and animal health. These fungi have, therefore, been the focus of numerous
studies, many of which dealt with their taxonomy. It is my hope that the research presented in this
thesis will contribute significantly towards a better understanding of the biology and taxonomy of

F. subglutinans sensu lato and the G. fujikuroi complex.
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OPSOMMING

Die hoofdoel van hierdie projek was om die taksonomie err filogenie van verskeie Fusarium
subglutinans sensu lato isolate te bestudeer. Dit is gedoen deur gebruik te maak van die basis-paar-
opeenvolgings van gene wat proteiene enkodeer. Die inleidende hoofstuk van hierdie tesis is dus 'n
literatuur studie, wat die gebruik van hierdie gene in die taksonomie en filogenie van fungi hersien.
Hier is veral klem gelé op die evolusionére kragte wat bygedra het tot die vorming van hierdie gene,
asook die evolusionére kragte wat tans daarop inwerk. Hoe hierdie kragte die interpretasie en
generasie van filogeni& beinvloed, is ook bespreek. ‘

Bosboubedrywe wéreldwyd word ernstig bedreig deur die patogeen F. subglutinans f. sp.
pini. Hierdie fungus veroorsaak die sogenaamde sickte 'pitch canker' op volwasse Pinus spp. asook
verrotting van die wortels van denne saailinge. Hierdie patogeen kan egter vinnig en effektief
geidentifiseer word deur gebruik te maak van die histoon /3 PCR-RFLP tegniek, wat in die tweede
hoofstuk van hierdie tesis ontwikkel is. Sedertdien is verskeie uitbrake van 'pitch canker' korrek
gediagnoseer en maatreéls betyds daargestel om die siekte te beheer. Verder verteenwoordig die
histoon H3 PCR-RFLP tegniek, die eerste DNA-gebaseerde metode om 'n belangrike swamagtige
patogeen te identifiseer in die Suid Afrikaanse bosboubedryf.

Die identifisering van isolate met teenoorgestelde geslagstipes, speel 'n belangrike rol tydens
die toepassing van die biologiese spesickonsep, asook by die identifikasie van nuwe biologiese
spesies. Hierdie studies kan egter baie vereenvoudig word deur gebruik te maak van die PCR-
gebaseerde tegniek wat in hoofstuk drie ontwikkel is. Met hierdie tegniek kan die geslagstipes van
isolate bepaal word sonder om kruisings te doen. Hierdie tegniek verminder sodoende die
hoeveelheid kruisings wat gewoonlik gedoen word met meer as 50%.

Mango is 'n belangrike vrugtegewas en mangobome word bedreig deur die sogenaamde
siekte 'mango malformation’. In hoofstuk vyf word daar gewys dat hierdie siekte in Suid Afrika,
geassosieerd is met twee F. subglutinans sensu lato spesies. Een van hierdie spesies
verteenwoordig 'n nuwe, voorheen onbeskryfde spesie. Die tweede een behoort aan dieseldfde
Fusarium spesie as die wat die sickte 'mango malformation' veroorsaak.

Tans is daar agt biologiese spesies in die G. fujikuroi kompleks, waarvan drie
gekarakteriseer word deur morfologies eienskappe, tipies aan F.subglutinans. Die moontlikheid
van die bestaan van 'n vierde biologiese spesie met hierdie eienskappe, is in hoofstuk vyf
ondersoek. Filogenetiese analises met kalmodulien en B-tubulien DNA basis-opeenvolgings, het
egter gewys dat hierdie vierde biologiese spesie in der waarheid deel is van die bestaande biologiese
spesie E (F. subglutinans sensu stricto).

Vir die klassifikasie van spesies in die G. fujikuroi kompleks word die akkuraatste
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identifikasies verkry, wanneer die filogenetiese spesickonsep gebruik word. Dit is veral waar,
wanneer verskillende spesies oor die 'spesiegrens' geslagtelik met mekaar kan reageer. So,
byvoorbeeld verteenwoordig die biologiese spesie E eintlik twee® diskrete filogenetiese spesies en
nie net een monofiletiese eenheid nie. Hierdie werk is omvat in die sesde hoofstuk van hierdie
tesis.

Onderskeiding tussen F. subglutinans sensu lato spesies, met behulp van konvensionele
morfologiese karakters, is moeilik. In die laaste hoofstuk van hierdie tesis word vyf
onderskeidende morfologiese karakters beskryf. Addisioneel, is 'n DNA-gebaseerde identifikasie
sisteem vir die fungi wat F. subglutinans sensu lato verteenwoordig, ook ontwikkel.

Die meeste fungi wat F. subglutinans sensu lato verteenwoordig is ekonomies belangrik.
Hulle is verantwoordelik vir siektes op belangrike gewasse, maar kan ook toksiese sekondére
metaboliete produseer en sodoende mense en diere benadeel. Hierdie is dus 'n goed bestudeerde
groep fungi, waar aspekte aangaande hul filogenie en taksonomie baie aandag geniet het. Ek hoop
dat die navorsing voorgelé in hierdie tesis sal bydra to ons kennis van die biologie en taksonomie

van F. subglutinans sensu lato en die G. fujikuroi spesie kompleks.
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APPENDIX 1

Aligned histone H3 DNA sequences for selected Fusarium strains in the Gibberella
Sfujikuroi complex. These sequences were used to differentiate the pitch canker fungus, F.
subglutinans f. sp. pini [G. fujikuroi mating population H (MP-H)], from other fungi in this
complex (Steenkamp et al. 1999, Appl. Environ. Microbiol. 65:3401-3406; Chapter 2 of this thesis).
Nucleotides similar to those of F. oxysporum are indicated as dots, whereas nucleotide deletions are

indicated by vertical lines (-).

Histone H3

10 20 30 40 50 60
F,oxysporum(MRC6212) GGTGGCAAGE CCCCTCGCAA GCAGCTCGCT TCCAAGGCCG GTAAGTCTTC ~=—=—-— ACCGC
Host = Pineapple
F.subglutinans (MRC6783) ..... e araeaeas eh eearaean e T it ey T
F.subglutinans (MRCE784) ...ttt tieinnsnne sannocenne oomnsnnn T et ia e —m === .
F.5ubglutinanS{MRCBT785) .i.vrieeee v etenvenne svennssene vaseanns T o tneecevnae ———==, ..,
F.subglutinans (MRCE782) .. iscr tetennnncs commoannce snaennna P i PP
MP-E; Host = Maize
F,subglutinans (MRCL077) ceiuivennner consenene e maeererree saeaas Tl e A... —————
F.subglutinans (MRC1084) . ... eeir toruinnonns smavennese onmesans Te vuinns Bo.e ~————.u..
F.subglutinans (MRCT56) . ..iininirne voconssnns sansancees snmanens T, cunnn. B.., ===== it
F.subglutinans (MRCE37) .. iiivener comenvnccn emsecanass sonasnnn T. vene- AL, ——===, . ...
F.subglutinans (MRC714) ....vvu.vnn. et eeeaaee eeean Ceeee erearean Te vneenn Bo.. ———==.....
F.subglutinans (MRCE20) ...ttt titmscnnee vannsieane onsun oo T e A.v. ——===, ...
Fosubglutinans(MRCLIL15) i it irierr teecrnseee censnnnnnn svavnans T. v A... —===— ...
F.subglutinans (MRC6512) .......... Ceeeeaan fh e st ereeeeas T v Avee —====_ ...
F.subglutinans (MRCOA83) .. ivernes teowennnas mannnnnnns sunnaonse Te vnnnnn Ac.w mmmm— .
MP-H; Host = Pine
F.subglutinans (MRCGB209) vuitennree anscoacuse snvsasonse srensuns T et veeeouas mm—m PP
F.subglutinans (MRC6211) ..vieeieine necnnnnnne smnnsanonn oananonn To ineneannnn =L,
F.subglutinans (MRCTA40) v inueer teenannocs soonaasans sonuvoes T et ancen. mmm———L,
F.subglutinans{(MRCB213) .. iine tonennnnne wmnnesance sannsane T itmansnn e mm———,
F.s5ubglutinans (MRCO228) ... vene wueroannae maoonsoane sennnenn T et e e mans ==——— ..
F.subglutinans (MRC7439) . it e iner tanveocnne easvnnones venanans B e et i mamaa L,
F.subglutinans(MRC7438) ..... Cheee eeaeasraes seamwienes eaeaeaan A
F.subglutinans (MRCT4A37) .. viuinnie cronnnsnns f et se s e T iintvnanas mmm—m
Host = mango
F.subglutinans (MRCT7038) ....viinn tevuenunnan nmunnneas Covennnnns B it a e mm————
F.subglutinanS (MRC7T037) tuvuccnsne veonenrses vasunennse C oiiinnnnn P e an e, m—————L,
F.subglutinans{MRCT7034) .. uiueinne cnceansane aennnanns C irnennnn T i ee s mm—— ceea
F.subglutinans (MRC2730) . .cuueenee convueenne snennnnas C einnnsen B v ee e e
F.subglutinans (MRCT035) v eir e secmevenas sareenann C oinininns T ittt e ey mm———_ ..
F.subglutinans(MRC3479) ... r s tovvniaane vavenanns Covnninnnn A et P
F.subglutinans (MRC3477) curt e mueoavenen nanneeans Coiiiennns T it T
F.subglutinans(MRC3478) . iuerteeas soenernnene snsnnnnes Covinnnnnn T e eeonse ™,
MP-B; Host = Sugarcane
F.subglutinans (MRCE525) it irens tewnwncnne emenen G..C ..Tv.... o i ev s aean mmm——l .
F.subglutinansS{MRC6524) v vrenivne avevromenn sanens G..C ..T..... T i e etmenaas ==
MP-G
F.onygamal (MRCT548) it iiiine meeeeecnuse snancoaass vennens T e i { ST
F.onygamai (MRC7549) i ierneenn seneennnns e ae et aaaasaas D -—=TC.....
MP-F
F.thapsinum(MRCE537)  t.iniiiiann sassnnacee eanecunnas AL T tiviennnnn —=TCuu...
F.thapsinum(MRCE536) . iin it tiitninnes saunnnuenns P - O R —=TC.
MP-~A
Fomoniliforme(MRCBLISS) it nnrenen ttveeeonne saeennnene snmesnse ) e TCL e
Fomoniliforme(MRCG19L) ci it it es cinincanes smcaannnas anssanse B —em=TCL oL
MP-D
F.proliferatum(MRCE569) ......uvee cenenannes e Toeos LTl T e et e e m—m————
F.proliferatum(MRCE568) . .vievenne tunnennnns e Tool, Tl R e PP
MP-C
F.proliferatum(MRCGE571) ..t iiin tiimiiaane vveennnn- C..Touu. N - mCL L CL
F.proliferatum(MRE6570) .. .iiernnt cirnencnne snnennnns C ..T..... Te e a - —=—=C...C,
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F.oxysporum (MRC6212)
Host = Pineapple
F.subglutinans (MRC6783)
F.subglutinans (MRC6784)
F.subglutinans (MRC6785)
F.subglutinans (MRC6782)
MP~E; Host = Maize
F.subglutinans (MRC1077)
F.subglutinans (MRC1084)
F.subglutinans (MRC756)
F.subglutinans (MRC837)
F.subglutinans (MRC714)
F.subglutinans (MRC620)
F.subglutinans (MRC115)
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)
MP-H; Host = Pine
F,subglutinans (MRC6209)
F.subglutinans (MRC6211)
F.subglutinans (MRC7440)
F.subglutinans (MRC6213)
F.subglutinans (MRC6228)
F.subglutinans (MRC7439)
F.subglutinans (MRC7438}
F.subglutinans (MRC7437)
Host = mango
F.subglutinans (MRC7038)
F.subglutinans (MRC7037)
F.subglutinans (MRC7034)
F.subglutinans (MRC2730)
F.subglutinans (MRC7035)
F.subglutinans (MRC3479)
F.subglutinans (MRC3477)
F.subglutinans (MRC3478)
MP-B; Host = Sugarcane
F.subglutinans (MRC6525)
F.subglutinans (MRC6524)
MP-G

F.nygamai(MRC7548)
F.nygamai(MRC7549)

MP-§

F. thapsinum(MRC6537)
F.thapsinum(MRC6536)
MP-A

F.moniliforme (MRC6155)
F.moniliforme (MRC6191)
MP-D
F.proliferatum(MRC6569)
F.proliferatum(MRC6568)
Mp-C
F.proliferatum(MRC6571)
F.proliferatum(MRC6570)
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F.oxysporum (MRC6212)
Host = Pineapple
F.subglutinans (MRC6783}
F.subglutinans (MRC6784)
F.subglutinans (MRC6785)
F.subglutinans (MRC6782)
MP-E; Host = Maize

P, subglutinans (MRC1077)
F.subglutinans (MRC1084)
F.subglutinans (MRC756)
F.subglutinans (MRC837)
F.subglutinans (MRC714)
F.subglutinans (MRC620)
F.subglutinans (MRC115}
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)
MP~H; Host = Pine
.subglutinans (MRC6209)
. Subglutinans (MRC6211)
.subglutinans (MRC7440)
.subglutinans (MRC6213)
.subglutinans (MRC6228)
.subglutinans (MRC7439)
F,subglutinans (MRC7438)
F.subglutinans (MRC7437)
Host = mango
F.subglutinans (MRC7038)
F.subglutinans (MRC7037)
F.subglutinans (MRC7034)
F.subglutinans (MRC2730)
F.subglutinans (MRC7035)
F.subglutinans (MRC3479)
F.subglutinans (MRC3477}
F.subglutinans (MRC3478)
MP-B; Host = Sugarcane
F.subglutinans (MRC6525)
F.subglutinans (MRC6524)
MP-G

F.nygamal (MRC7548)
F.nygamai(MRC7549)

MPF
F.thapsinum(MRC6537)}

F. thapsinum(MRC6536)
MP-A
F.moniliforme(MRC6155)
F.moniliforme(MRC6191)
MP-D
F.proliferatum(MRC6569)
F.proliferatum{MRC6568)
MPC
F.proliferatum(MRC6571)
F.proliferatum(MRCE570)
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130 140 150 160
CA-TCATCAC CAACAGCCCG CAAGTCCGCC CCCTCTACCG GAGGTGTCAA GARAGCCTCAC
B N Ter vevemennns JALLCL
B Tor e ALLCL..
I G e, Ter venennnnns WALLC .
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D ALLCLL.
B ALLCoL.
B WAL LC.
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T G s e A.Coll
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B AL LC.
D N . A..C....
D e A..C....
B ALLC
T e it e et amaeaaaees ..A..C.
e e s e e LALLC
e .JALLCLL.
T e A..C....
D ALLC..
B WALLC
B ALLC
D s et iiiiiae draeeeaans e
e
B
e
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D i e e eeeate rea e
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T C..
B C....
e T e st
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B T it iaene e c..
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F.oxysporum (MRC6212)
Host = Pineapple
P.subglutinans (MRC6783)
F.subglutinans (MRC6784)
F.subglutinans (MRC6785)
F.subglutinans(MRC6782)
MP-E; Host = Maize
F.subglutinans (MRC1077)
F.subglutinans (MRC1084)
F.subglutinans{MRC756)
F.subglutinans (MRC837)
F,subglutinans (MRC714}
F.subglutinans (MRC620)
F.subglutinans(MRC115)
F,subglutinans (MRC6512)
F.subglutinans (MRC6483)
MP-H; Host = Pine

F. subglutinans (MRC6209)
F.subglutinans (MRC6211}
F.subglutinans(MRC7440)
F.subglutinans (MRC6213)
F.subglutinans (MRC6228)
F.subglutinans (MRC7439)
F,subglutinans (MRC7438)
F.subglutinans (MRC7437)
Host = mango
F.subglutinans (MRC7038)
F.subglutinans (MRC7037)
F.subglutinans (MRC7034)
F.subglutinans {(MRC2730)
F.subglutinans (MRC7035)
F.subglutinans (MRC3479)
F.subglutinans (MRC3477)
F.subglutinans (MRC3478)
MP-B; Host = Sugarcane
F.subglutinans (MRC6525)
F.subglutinans (MRC6524)
MP-G

F.nygamai (MRC7548)
F.nygamai (MRC7549)

MP-F
F.thapsinum{MRC6537)
F.thapsinum(MRC6536)
MP-A
F.moniliforme(MRC6155)
F.moniliforme (MRC6191)
MPD
F.proliferatum(MRC6569)
F.proliferatum(MRC6568)
MpP-C
FP.proliferatum(MRC6571)
F.proliferatum(MRC6570)
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F.oxysporum (MRC6212)
Host = Pineapple
F.subglutinans (MRC6783)
F.subglutinans (MRC6784)
F.subglutinans (MRC6785)
F.subglutinans (MRC6782)
MP-E; Host = Maize
F.subglutinans (MRC1077)
F.subglutinans (MRC1084)
F.subglutinans(MRC756)
F.subglutinans (MRC837}
F.subglutinans (MRC714)
F.subglutinans (MRC620)
F.subglutinans(MRC115)
F.subglutinans (MRC6512)
F.subglutinans {MRC6483)
MP-H; Host = Pine
F.subglutinans{(MRC6209)
F.subglutinans (MRC6211)
F.subglutinans (MRC7440)
F.subglutinans (MRC6213)
F.subglutinans (MRC6228)
F.subglutinans (MRC7439)
F.subglutinans (MRC7438)
F.subglutinans (MRC7437)
Host = mango
F.subglutinans (MRC7038}
F,subglutinans (MRC7037)
F,subglutinans (MRC7034)
F.subglutinans {MRC2730)
F.subglutinans (MRC7035)
F.subglutinans {MRC3479)
F.subglutinans (MRC3477)
F.subglutinans(MRC3478)
MP-B; Host = Sugarcane
F.subglutinans (MRC6525)
F.subglutinans (MRC6524)
MP-G

F.nygamai(MRC7548)
F.nygamai(MRC7549)
MP-F

F. thapsinum{(MRC6537)
F.thapsinum{MRC6536)
MP-A

F.moniliforme (MRC6155)
F.moniliforme(MRC6191)
MP-D
F.proliferatum(MRC6569)
F.proliferatum(MRC6568)
MP-C
F.proliferatum(MRC6571)
F.proliferatum(MRC6570)

&
UNIVERSITEIT VAN PRETORIA

@, UNIVERSITY OF PRETORIA
Quef’ YUNIBESITHI YA PRETORIA
250 260 270 280

CTCCTCATCC GAAAGCTCCC CTTCCAGCGT CTGGTGAGCA

290

300

CCAC-—--CAA TATACATCAA

................................... Avvee Towom==.TG . =.ev e
................................ AL T == T6 e e
................................... Av... T...-——.TG .~..vsnven
................................... Ao Tooom——.TG =i evnnns
............................. C ... AL O i L € I 02
............................. C .....A,. ve e TG C e e
............................. C .....A.. ceem= TG C—. v nins
............................. C .....A.. === TG C—i e e e
............................. C .....A.. e TG C—....v.n.
............................. C .....A. ... —== TG C—uiieunnn
............................. O i A C I C
............................. C .....A.. o= TG C~. i v h o
............................. C.o.vlBAlvee et o= TG Cuvvvrnn
.......... L o e T L€ 2 62
............................. C.v...A ... Ti.vm—=.TG C—-. N
............................. C..vB. . Towim— TG C-innvnvnn
............................. C v Bl i Tosom=— TG C—uui vt v v
............................. C v lBies s Tosom=TG C~innnenn.
............................. C.....A ... T...—=TGC~..v.vn.
............................. C ... Al 0 Tos i m= TG C~v e v va
............................. C.....A.... T...—=.TG C~........
.......... Nheeanee aaccsaue cee AL T TG .-A...C.—
.............................. DAL Tol == TG .—-A...C,~—~
................................... A.... T..,.——=.TG6 .-A...C.——
........ e eeeaeaienen maeeseascs sa.. A0 ToL - TG .-A...C.-~
................................... A,.... T...———.TG .-A...C.—
................................... A.... T...——.TG .-A...C.—
................................... A.... T...—.T7G .~A...C.—
................................... A.... T...~~~. TG .~A...C.—~
............................ C .....A.... TT..-TT,~~ C~....CT~~
............................. cC .....A.. TT..~TT.~- C~....CT~~
................................... A...GT...——. TG C~......G.
................................... A...GT...m-——. TG C~......G.
................................... A...G . ATA~~=— C—.o.uiian
................................... A...G ....ATA-~~ C—. .. nv
........ T i eteetivnen caveasanss oses Al G (L = TG C~-.T......
........ B D . G - TG C~.T......
................................... A.... T..,-—=.7G C~.....T-C
..................... e r e AL, T...———.TG C~.....T-C
................................... Acces Tiom—= TG C~.....T-C
................................... A.. T...——. 76 C~.....T-C



F.oxysporum (MRC6212)
Host = Pineapple
F.subglutinans (MRC6783)
F.subglutinans (MRC6784)
F.subglutinans {MRC6785)
F.subglutinans{MRC6782)
MP-E; Host = Maize
F.subglutinans{(MRC1077)
F.subglutinans (MRC1084)
F, subglutinans {MRC756}
F.subglutinans(MRC837)
F.subglutinans(MRC714)
F.subglutinans (MRC620)
F.subglutinans (MRC115)
F.subglutinans (MRC6512)
F. subglutinans (MRC6483)
MP-H; Host = Pine
F.subglutinans (MRC6209)
F.subglutinans (MRC6211)
F.subglutinans (MRC7440)
F.subglutinans (MRC6213)
F.subglutinans (MRC6228)
F.subglutinans (MRC7439)
F.subglutinans (MRC7438)
F.subglutinans{(MRC7437)
Host = mango
F.subglutinans (MRC7038}
F, subglutinans (MRC7037)
F.subglutinans (MRC7034)
F.subglutinans {MRC2730)
F.subglutinans{MRC7035}
F.subglutinans(MRC3479)
F.subglutinans (MRC3477)
F.subglutinans (MRC3478)
MP-B; Host = Sugarcane
F.subglutinans (MRC6525)
F.subglutinans (MRC6524)
MP-G

F.nygamai(MRC7548)
F.nygamai(MRC7549)
MP-F
F.thapsinum(MRC6537)

F. thapsinum(MRC6536)
MP-A
F.moniliforme(MRC6155}
F.moniliforme (MRC6191)
MP-D
F.proliferatum(MRC6569)
F.proliferatum(MRC6568)
MP-C
F.proliferatum(MRC6571)
F.proliferatum(MRC6570)
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310 320 330 340 350
~~TCBACA~C TTGACAT-AT ACTAACATGA GACAAACAGG TTCGTGAGAT TGCCCAGGAC
~=C..C-.G. Cuunnn ~Civ wenn T..TC vennnennns C..Cuut
-—C..C~.G. C.vn.. “Con vvenn T..TC ..0vevvns. C..Cov.n
—C..C~.G. C.o.... ~Cur aenn Te.TC teivennnns Co.Cuvnnn
-—C..C~.G. C..... “Che e TeeTC vvinennnnn CeoCuvunn
——C.6C~.G. C.uu.. B S TT veenennnn CouChuvnnn
-—C.GC~.G. C..... “Can eeereaen TT iievernnne Ce.Cuivnn
“=C.GC~.G. Coveev=Cuir vrnnnnnn TT vvrivenennn .C.uCuunnn
~=C,6C~.G. Cuuun. “Chv vnnnaean TT veevennenn C..Cunn
-=C..C~.G. Curun. “Cuis v sy .C..C.....
-0, GC~.G. Cuouun O TT v oevennnsn C..Cuvvn
-—C..C~.G. Counn. e Tl vt eeennns .C..C..
-—C..C~.G. C.u v N T TT iieiiennnn Co.Cuvnnn
-—C..C~.G. C.unn. “Ciw mnvnaenn TT veeeennnnn LC..Coun.
-~C..C~.G., C..... ~-C. ereean TT v evenvnnns LC.o.Cuunn
—C..C-.G. Cuuun. S TT veeeenens . CoChenn
~=CeuC=.Gr Cuovvee=Cuii ernvunn. TT vivveennnn C..Conut
m—C O Gy Cannn “Cae varaaan TT veeeevenns I o o S
~C, . C~.G. Curnn o TT vevenn. vee CiuCuvnnn
~~C, . C~.G. Cuvnne “Che vrenanan 5 Co.Cuunn
-=C..C~.G. Cuvnns N o 1 C..C..uu.
- C, . C-.G. Cunnn B o TT iveirnnnnn C.uCuvn
GG...CT-G. .C....~C.C ........ TC i vennnns I o J
GG...CT-G. .C....~C.C v'vvunn. TC vevnennan Crvinnnns
GG...CT-G. .C...-C.C wiiiin.. TC vereeeann. Cuovnnnnnn
GG...CT-G. .C. “Col vvenann TC v eevnnnn Civinnnn
GG...CT-G. .Covea=C.C wrvervnnn. TC veevvenenn Cuvnnnnns
GG...CT-G. .C....-C.C ..u.n... TC weevwennns I o
GG...CT~G. .C....C.C vvvrunn. TC veeennnnn Cinneenn
GG...CT-G. .C..v.=C.C .inunn.. TC vieinenean N
GCC..C~.AT ..... G-Cuev vevvnnnn TC vvevennnns Covennnnn
GCC..C~.AT G-C.h e TC L. PR o S
R o= ¢ JU ST CTC tvrvnnnnnn I o,
—— e GG e e ST CTC v ivnennn N o
I S ¢ S, “Can eraeaan TC ..Teivnn.. vt A..
= GGy s “Cot nierineen TC . Teeinnnn o A..
-~C..C~.6. C..... “Cir i CTT .GT....... B o T
-——C..C~.G. C..... e TN CTT .GT....... N o
G-...C.mG. .....G~Cit i TC I
G-...C.=G. ..... G-Chiv vrrvenns TC G e
G-...C.-G. C cmCht hiienas TC ...G.euvn.. Chovennnns
G=...C.mG. CovvumeCuv innnennn TC ...Guuunn. I o
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370 380 3590 400 410 420
F.oxysporum {(MRC6212) TTCAAGTCTG ATCTCCGCTT CCAGTCTTCT GCCATCGGTG CTCTCCAGGAR GTICCGTTGAG
Host = Pineapple

F.subglutinans(MRCB783) .. etenen trneennone venecannn C vt i LT CL
F.subglutinans(MRC6784) .......... e eaens xasanaaes LR R ...T..C.
P subglutinans (MRCE785) .. ieer tevnrenens vaceneeen C ..... S ..L.TL L CL
F.subglutinans(MRCE7B2)] wevenneree civoecnons sosonnans C v Tevns v ieinnn. T..C..
MP~E; Host = Maize

F.subglutinans(MRC1077} .vieeene... B C iitiennses srmnarnees Tevnnnn
F.subglutinans (MRC1084) .......... D C ovennnnnn ch e LT
F.subglutinans(MRC756) .......... I o R ces T
F.subglutinans (MRC837) ...eevueen cC it e e C ovvinnennne senraneaan N
F.subglutinans(MRC714) .......... e hveeier xe e e C ovinnnn Bee e raaes P
F.subglutinans (MRC620) .......... B C oiinivaeie emaaaaaas R
F.subglutinans (MRC115) 1. ieiiien tiieenonus sonnsnnes C oiinvieens saseaann ceoTon
F.subglutinans(MRCE512) .uvrveeeer tinninenne nonansnns C ottt iiiiane e e Tunn.
F.subglutinans (MRCOAB3) .. iiutuveer snnnunsnne covasennn C itetiinenn s I
MpP-H; Host = Pine

F,subglutinans (MRC6209) ....veeeCh iinniiennr snnennnen C it ee e T..C..
F.subglutinans (MRC6211) ........ Ce iiitie e e meai e C oiivtnnnnns cnioarnnnn ...T..C..
F.subglutinans (MRC7440) ........ O N e e C ottt tens vt ...T..C..
F.subglutinans{MRC6213) ........ Ci tvnscnnans senaenens C oiiiieianre e ...T..C..
F.subglutinans (MRC6228) ........ Co ieviinnnnn e e C it tennene temeaaaa I I o
F.subglutinans (MRC7439) ........ C it iinnnane ceneanann C iiiivennne arrenanaan ...T..C..
F,subglutinans (MRC7438) ........ Co tiiiiennne ereaeeaan C oeriiieiins vaanaeas LTl Cll
F.subglutinans (MRC7437) ........ G vt iaaes e C i i .WToCln
Host = mango

F.subglutinans (MRC7TO038) .. iirnner tvnunnnone svoaansnce sonnse O
F,subglutinans (MRC7037}) ....uvucns e s ereeces sesasaseene sasas R
F.subglutinans(MRCT034) .. i enrn einrnneens wsssnnsnse sacnn T ics ensmnssnar wmmrassnan
F.subglutinans(MRC2730) .t urnnen tevtonsnes snsnsannse saeus O e
F.subglutinans(MRC7035) .. vnt e tinvnnnnne svonmnnens snuns P PN
F.subglutinans(MRC3479) vt innar teneannnes enmneonnae sauns o
F.subglutinanS{MRC3477) v eeneer oennonnons noncrasene soans o
F.subglutinans(MRC3478) . cuinee o it eeaneen ausaanenee aness T e e eereasae st aneaas
MP-B; Host = Sugarcane

F,subglutinans (MRCB525) tuveeereen crueinsasas svmsennnos sonasacean e e ticaee i C...
F.subglutinans (MRCH524) v useeneen vtamcnaeone ansescanose coemansacs samocnsone sesenn Cov
MP-G

F.nygamai{MRCTB48) ittt tiienronuans sennnnasoe sosennsnsn sorsevennnn snnons C...
F.onygamai (MRCT7549) it i it it iiiss samsseanas sesnesnons evsnunrnns aveesn C...
MP~F

P.thapsinum(MRCE537) v i ceaece tonoannnns senen- Cine ieeaennens PR - C.
F.thapsinum(MRCE536) 4 e iveenvre tvnnnnconn vonens Croee teenananan DO - S C...
MP--3,

Fomoniliforme(MRCELIEE) tiierteine teiriranes marennanee sovans e e eeseemeene saeean C...
Fomoniliforme (MRCELOL) .t it eron tanennenre saconensse saoanonnsa seunnssoran sonnes C...
MP-D

F.proliferatum(MRC6569) .......... et re e e eaasaens C it titiane areiarares eaeaans C...
F.proliferatum(MRCE568) . .vuvvun e toneanencs sncsnsans C it i i e e C...
MP-C

F.proliferatum(MRCEDTL) .ottt i iiaes s saanann C et ittt e e raeean Co.o
F.proliferatum(MRCE570) . uver e vaneecnnes snnsonaes C ottt it it te eemiaaaaae saeas C..
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430 440 450 460 470 477
F.oxysporum (MRC6212) TCCTACCTCG TCTCCCTCTT CGAGGACACC AACCTCTGCG CCATCCATGC CAAGCGT
Host = Pineapple

F.subglutinans(MRCE7B3) . .iuierrir temcnaerse oonean T ee tvevmeaans sevannn Cov venennn
F.subglutinans(MRC6784) ......vvis tiinninnne snasnn T v e® et iiins cenaas Cov vnnnnnn
F.subglutinans (MRCE785) .. iven vevnnoueann snuens N Cov vinnnen
F.subglutinans(MRCE7B2) .. iiiiirer vievennene vanwan T e e iieier o b Cov vinnnnn
MP-~E; Host = Maize

F.subglutinans{MRCL077) v rernne vemernnnnan T.eu... N T ieinenn Cov vinnnnn
F.subglutinans(MRC1084) ....c.iiuiee cuvonnennn T..... Teve vvanvaes Th veevnnn Cov vvnennn
F.subglutinans{MRC756) .......... e e T..... A T vivenns Cov venenns
F.subglutinans(MRCB37) ...c.eevrer voeunnuwnnns T.ouus Teve tnnnenns T. tivennn Coe tennnn
F.subglutinans{MRC714) .......... e T.o... Teve venvones Te tinenns Cuov vvvnnnn
F,.subglutinans (MRC620) .......vie canucnnnns Toenee e veenenas Te vvnenn Cov vivnnnn
F.subglutinans {MRC115) .......... et tiaaaas Teveon B Te iieens Cov tvneenn
F.subglutinans (MRC6512) ....veiieen veeenncnnn Teoun. T ve e Ty iienn Con e
F.subglutinans (MRC6483) .v.eiunene comnnnnn e Too.. Teeve meennans T veenann Cov vviannn
MP-H; Host = Pine

F.subglutinans(MRC6E209) ..T...veer svenncncre sonenn Tive vewenann T vvveans Cov tiviann
F.subglutinans(MRCE211) ..l ereerr cimceeenes cnnann b T tenaans Cov viennnn
F.subglutinans (MRC7440) . .T. e uuen vevrercnnn nmeann Peee meeoanan T ieenans Cov vnnennn
F.subglutinans{(MRC6213) ..l et un tecrrennen vavenn T cmiaenns T, veven.. Cov vinnnnn
F.oubglutinans (MRC6228) .l itune 2eeennnnnn snaens B Te weennnn Civ vinennn
F.subglutinans (MRC7439) .0 crer cimaannas waunnn i Te evvennn Cow vvvennn
F.subglutinans(MRC7438) ..Tuuueucs cvusenesns saannn Tevr sennenns T vnnnnn Cov vnnnnen
F,subglutinans(MRC7437) ..l eeeers consnnenae sacans I Te eevannn [
Host = mango

F.subglutinans(MRC7038) ..A. ...t cuivenmeanen et itesne sreancanen IR R C.oe Tovnnn.
F.subglutinans(MRCT037) . Buivirne tanenncnns Tt nsomne sannnonnns I Coe T
F.subglutinans{MRCT7034) +.Buieirvs wwnneersens T B (R Cow Tuvuuns
F.subglutinans {MRC2730) ..A...... e easaaen T e v inee enaens seee JTenn.. Coe Tovu..
F.subglutinans(MRC7035) «.B.uieecer cnvannnnsa i Te. .. C.. T......
F.subglutinans(MRC3479) . Bu.cscnn camusuasvcs B U N Coe Tovennn
F.subglutinans (MRC3477) +.B.ecieer counsncens b B PR Coe Tovnnnn
F.subglutinans (MRC3478) .. R..c.iir veannonnns T it iene tieeaneans I C.. To.uvt
MP~-B; Host = Sugarcane

F,5ubglutinans (MRC6B525) vv.vcennre tetnsaasnn sunven T ree cennnnansn ennenne Cor vennnnn
F.subglutinans (MRC6524) ......c.... Creeaeenen DO Cuonw vnennnn
MP-G

F.nygamai(MRC7548) D Cov vnnnnnn
F.nygamai(MRC7549) R Y Cov veinnnn
MP-F

F. thapsinum(MRC6537) DR T et e i iaes ensaascane anmuean Cov tinnnns
F.thapsinum(MRC6536) DR N T oo tensonne senmsonnans vumnena Cuov tvnnnne
MP-A

Pomoniliforme(MRCO155) v uT.uneuen secvsnunne ansssvencs nenanunene sosnnnnnns Gevirnnn
Fomoniliforme(MRCE10L) .l e s e e ieeesee sooscenenne sneonvenne sennnsan PR ¢
MP-D

F.proliferatum(MRC6569) ..... ettt eeeeena e T Aci e LTl Ty vi e i Cu i
FP.proliferatum(MRC6568) ......ccev vurvnen vees TUACa s LTl Te oinnnn Cov vnevnnn
MP-C

F.proliferatum(MRC6571) ...uuune ve se e sue s N i
F.proliferatum(MRC6570) ..vvveenns vuennnaras i B
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APPENDIX 2

Aligned DNA sequence for the MAT-2 high-mobility-group (HMG) domain and 3'-
idiomorph flank, as well as the MAT-1 a-domain. These sequences were obtained for the MAT-1
and MAT-2 mating tester strains for each of the eight Gibberella fujikuroi mating populations (MP-
A to MP-H). These sequences were used to construct specific primer sets to identify the mating
types of individuals in the G. fujikuroi complex (Steenkamp et al. 2000, Appl. Environ. Microbiol.
66:4378-4382; Chapter 3 of this thesis). Nucleotides similar to those of MP-A are indicated as dots,

whereas nucleotide deletions are indicated by vertical lines (-).

Partial MAT-1 a-domain

10 20 30 40 50 60
MP-A GAAGACCAAC TCAAACCTCA TGGCGCTCTG GGTACTGCGG ATTCGAAGGC TAAGCGCCCT
= B o N o
MP=C e e G et e e Geve eeeienn
=2 o v eeiiennnnn
MP=E e e U - U o DA Gave e
= PR
1% =
MP=H e e e BBl cCiiii i e
F.oxysporum ceeG.G..A ... Coo vveu.C.u A ..., CTeve e Goeve teeiana

70 80 90 100 110 120
MP-A CTTAACGCCT TCATGGCCTT TCGCAGTAAG TGTGAGT-C- ----CTTTT- -ACCTATGGC
MP=B e e i e A.A——.A TT-——...== Cuerruu. A..
MP=C e e e e Av==A TTem= s em =eeennnn.
MP=D et e e e .T...A.==A TT-=...== =.e.euCuu..
= ...A.A.~-A ———— .. ... T - e A.
MP=F et e et e A, Tm= ~——=..... - -.T..G...T
= c A.T—= —===..... — e
= N ...AGA.--A ————..... T - ... A.
F.OXYSDOLUM oottt tme eeeeeeeeee eeeaaenns A..A.A——.A TTTG..... T Com—.....

130 140 150 160 170 180
MP-A ACCTATTGAC CAGATCTAGC CTACTATCTG AAGCTATTCC CCGACACCCA GCAGAAGAAT
MP-B B e Bttt et e SR
MP-C R
MP-D P
MP-E e RN o AP
MP~F e e e T e e e e e
MP=G e e e PP
MP-H .. G e e e e e e e e
F.oxysporum JR Ter vunn. [
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MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum

MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.,oxysporum

MP-A
MP-B
MpP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum

=
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190 200 210 220
GCCTCCGGTT TCCTGACTCA GCTCTGGGGC GGCGACCCTC
................. Cat i e,
................. Car ittt g,
................. Cat eeeeeae e,
................. Cae ettt
................. Cat ettt e
................. Gt teiieeae e,
................. Cae et e,
................. Car ittt e,
250 260 270 280
ATTGCTAAAG TCTATTCCTT TCTCCGCGAT CAACTCGGCA
..... et ettt ettt e e,
..... Cet et ettt tae e e,
.......... N o U
.................... Caeeeeeeee e,
.................... R
310 320 330 335

GCATTCCTTG GTATCGCTTG CCCTTTGATG AACAT

230 240
ACCGAAACAA ATGGGCCCTG

....................

.
................ A..
290 300
AGAGTACCGT TAACTTGTCC
B A...
................ A...
................ A...
Gl Tl iie e
B
..G..C.T.. ciiiiian..
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Partial MAT-2 HMG-domain and 3'-idiomorph flank

MP-A
MP-B
Mp-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum

MP-A
MP~-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum

MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum

MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP~H
F.oxysporum

MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F,oxysporum

10
AACGTCACCA
B

Goonnn e
Geavnnnnn

R

CGG......n
Govnnanns

..........

70
AGTTCATACC

130
TCTGGAACTC

..........

..........

..........

190
AGGCCGAACA

..........

..........

..........

250
GACGCCGTCG

..........

..........

20
TTCGATCAAG
L

..... ceeen
I
Chraa s e
Coveennnns
v e
e e

80
CATTT-ACAA
e Cmall.
N
eesCmenl.
-G....
-..G.
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CCTTCTGAGC
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GTTACACAGC



MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum

MP-A
MP-B
MpP-C
MP-D
MP~E
MP-F
MP-G
MP-H
F.oxysporum

MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum

MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum

MP-A
MP-B
MpP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum
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AGATGACCGC
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----------

370
TT--GTGATT
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CT-CAACAGC
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CTTCTTCATT
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----------
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MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum

MP-A
MP-B
MpP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum

MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP~G
MP-H
F.oxysporum

MP-A
MP-B
MP-C
MP-D
MP-E
MP-F
MP-G
MP-H
F.oxysporum
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APPENDIX 3

<

Aligned histone H3 and B-tubulin DNA sequences for selected Fusarium strains in the

Gibberella fujikuroi complex. These sequences were used to show that mango malformation in

South Africa is associated with two distinct species in the G. fujikuroi complex (Steenkamp et al.

2000, Mol. Plant Pathol. 1:187-193; Chapter 4 of this thesis).

oxysporum are indicated as dots, whereas nucleotide deletions are indicated by vertical lines (-).

Histone H3

F.oxysporum

Host = Pineapple
F.subglutinans (MRC6783)
F.subglutinans (MRC6782)
MP-E; Host = Maize
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)
Mp-H; Host = Pine
F.subglutinans (MRC6213}
F.subglutinans (MRC6228)
Host = Mango (1)
F.subglutinans (MRC7873)
F.subglutinans (MRC7605)
F,subglutinans (MRC7875)
F.subglutinans{MRC7876)
F.subglutinans (MRCT7877)
F.subglutinang (MRC2802)
Host = Mango (2)
F.subglutinans (MRC7038)
F.subglutinans (MRCT037)
F.subglutinans (MRC7034)
F.subglutinans (MRC2730}
F.subglutinans (MRC7035)
F.subglutinans{MRC3479)
F.subglutinans (MRC3477)
F.subglutinans (MRC3478)
F.subglutinans (MRC7559)
F.subglutinans (MRC7560)
F.subglutinans (MRC7561)
F.subglutinans (MRC7562)
MP-G

F.nygamai (MRC7548)
F.nygamai (MRC7549)
MP-F
F.thapsinum(MRC6537)

F. thapsinum(MRC6536)
MP-A

F,verticillicides (MRC6155)
F.verticillioides (MRC6191)

MP-B; Host = Sugarcane
F.subglutinans (MRCE525)
F.subglutinans {MRC6524)
MP-D
F.proliferatum(MRC6569)
F.proliferatum{(MRC6568)
MP-C

F.fujikuroi (MRC6571)
F.fujikuroi (MRCE570)

10 20 30 40
GGTGGCAAGG CCCCTCGCAA GCAGCTCGCT TCCAAGGCCG
EEEREEEEE veseesae wwoean evsus sasavasoT.
IEEERE ) e ereeveeaas vevaes S e ewean LT,
.............................. veeveseasT.
saervsrEee ceeeersrar seesens wow wmssseaaT.

Creteeases meesceccee saseeves Ve eereanna T.
N W oaer e nens chtea s Cesans T.
........ te 4saaassene seveanssas sraanessTa
Lo s et ureae aeearenses weseasns eh s aaasae T.
....... Wev sevesan P I
Aaasemebes weseas cees sanecusas s hesmeana T.
cedeanacs sreransuee cennna Cees desraaaa T.
I - T o
Ceeraeee tseeaaaaas S U g
e eerasnee sresesaans D &
Peteac e veweeae SRR I IR O T.
......... e U
Ceasastese eessesstrs wasaeasans S O
Ceveesnnnn nasnawseaos P T.
PP S o N <. LT
.................... U P S
........ S O L
.......... e PP
.................... D N
.............................. ST
e tatutaen meassasaca mesecvmaes smaesaea T.
.......... bessenanns seasveeaaas axBAilol, T,
Catase vevavseees sesevesen . WAL LT
...................................... T.
.......... tesemumar aeasessaes soeavanaTl.
......... I ¢ I O R P
.......... craeesrnea caeessG..C L T T
.......... cearaae P R P
.......... U P P
ceesssenas Ve siese wenerreens C ..T.....T.
..... tvass ssvsevenas saenseeesC L TollL T

50

GTAAGTC-TT

60
C~~ACCGCGA

~C...C...
Ce . Cll

Nucleotides similar to those of F.
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70 80 90 100 110 120
F,oxysporum CTTT-ATCTC GACGCGACA~ CACGICTT-G ATAC-ATA~A ABAACGCC-A TAACTAAC-A
Hoat = Pineapple
F.subglutinans (MRC6783) PP o 0 : SN = aGaeiaas -, G.C.—..C~, ... A .~. .Ciuiuss T~
F.subglutinans (MRC6782) e emCLlB it i Ll ¢ A, - GuC.o—. O, vee AL Covennn T
MP-E; Host = Maize
F.subglutinans (MRC6512) PR ¢ - G " Gessre—. G.Cu=..C~. ... A..=— Cuiuiunnn T
F.subglutinans (MRC6483) I S ] ¢ P -. G.C.~..C~. L., AL~ Ciiusa.T-
MP~H; Hoast = Pine
F.subglutinans (MRC6213) v e=CLAl e anaanan viee™ WBiaven.=, GLCL=..C~, L... AL~ Clanann T-
F.subglutinans (MRC6228) veemCLlBLil. siiianeee™ Gooua.. -. G.C.~,.C~, ... A -, Coiu.n.T=
Host = Mango (1)
F.subglutinans (MRC7873) e amClBLG s - .G..... = G.C.~..C~. .....A.. Cavnnnn T~
F.subglutinans (MRC7605) P O T ¢ R ¢ P -. G.C.-..C~. - T o
F.subglutinans (MRC7875) v CAB..G tiii i L T -, G.C.~..C~-., .....A..-. .C..... -
F.subglutinans (MRC7876) vee=CLAL.G vt = BT GCl=alC~. LuLLWBLL-L Clla T
F.subglutinans (MRC7877) o S < e L ¢ U -. G.C.-..C~, .....A..~- Civvnnn T-
F.subglutinans (MRC2802) ...~C.A..G P T C I -, G.C.~..C~. ... A..- Cocunnn T
Host = Mangc (2)
F.subglutinans (MRC7038) CCLlBAiir tesnanna WG GUT-ALLC-. L., LW AT-GG CL.... . T~
F.subglutinans (MRC7037) ..C-C.A... veriies™ Geovu———. G.T-A..C~., .....AT-GG .C I
F.subglutinans (MRC7034) C~C.A.. e - Givewmm=. G.T-A..C~. ..... AT-GG .C...... T-
F.subglutinans (MRC2730) C-C.A... .uvuen vee= WGuoi.=——, G.T-A..C~. .....AT-GG .C..... LT
F.subglutinans (MRC7035) C-CLlArer t i - Bevaoe==—. G.T-A,.C~., .....AT-GG .C...... T
F.subglutinans (MRC3479) LWC-CLALL. aee vewr= B ===, G.T-A..C~, .....AT-GG .C...... T~
F.subglutinans (MRC3477) «WC-CLAL . . s WGl u=m-. G.T~A..C~, .....AT-GG .C,..... T~
F.gubglutinans (MRC3478) LCCLALLL viiiieneem Glow.m——. G.T-ALLC-. ... WAT-GG LCLuvw T
F.subglutinans (MRC7559) LCCCLA L. ot WG . GLT-AL.C-. ... WAT-GG .CL.L.. . T~
* F.subglutinans (MRC7560) CCCLAL L. e - e am==. G.T-A,.C~. ..... AT-GG .C...... T-
F.subglutinans (MRC7561) P O - - G.voom=—. G, T-A..C~-. .....AT-GG .C...... T-
F.subglutinans (MRC7562) T o o - Guieem==. G.T~A..C~. .....AT-GG .C...... T-
MP-G
F.nygamai (MRC7548) veemCLA L L LS C -. G.C.~..C~. ...,G.AT.-. .C...... T
F.nygamai (MRC7549) .~C.A. c e s daeaas “ wBaierase=s G.C.~,.C-, ,..G.AT.~-, C...... T
MP-F
F. thapsinum (MRC6537) va=GLALC, LT = BGesirnea—e GGC.—..C~, .....ATT~. CC..... IT
F.thapsinum(MRC6536) ve e GLAC, L Tewneee™ Guuuwsne -. GGC.,~,.C~. .....ATT-. CC......TT
MP-A
F.verticillioides (MRC6155) s o=C.A.CT (... T.- .G.ov.n. C=. G.T.~..C~. ...G.AT.~G .C...... TT
F.verticillioides{MRC6191) e e=CLACT ... T.~ .G,vusaC-. G.T.-..C~-. ...G.AT.~G .C...... TT
MP-B; Host = Sugarcane
F.subglutinans (MRC6525) LC=CLlBiey ciiinanne™ Gasy.==== G.T.A..CC, ,====ATT-. .C..C-..TG
F.subglutinans (MRC6524) WWC-CLA L. i i - Biisoe=—=—- G.T.A..CC., .----ATT-. .C..C-..TG
MP-D
F.proliferatum(MRC6569) e amCLlBuiy v TG~T .Gueuva==G. G.—=A.-CC. ..... AT-G. CC...... T-
F.proliferatum{MRC6568) P S - TG-T .G .-G, G.—-A.-CC. .« AT-G. CC...... T-
MP-~-C
F.fujikuroi MRC6571) basmClBiis tiieieenam B, G. G.--A.-CC. .....AT-G. CC......T-
F.fujikuroi (MRC6570} P o - Geseo==G. G.-=A.~CC. ,....AT-G. CC...... T~

A-15



F.oxysporum

Host = Pineapple
F.subglutinans (MRC6783)
F.subglutinans (MRC6782)
MP-E; Host = Maize
F,subglutinans (MRC6512)
F.subglutinans (MRC6483)
Mp-H: Bost = Pine
F.subglutinans(MRC6213)
F.subglutinans (MRC6228)
Host = Mango (1)
F.subglutinans(MRC7873)
F.subglutinans (MRC7605)
F.subglutinans (MRC7875)
F.subglutinans (MRC7876)
F.subglutinans (MRC7877)
F.subglutinans (MRC2802)
Host = Mango (2)
F.subglutinans (MRC7038)
F.subglutinans (MRC7037)
F.subglutinans (MRC7034)
F.subglutinans (MRC2730)
F.subglutinans (MRC7035)
F.subglutinans (MRC3479)
F,subglutinans (MRC3477)
F.subglutinans(MRC3478)
F.subglutinans (MRC7559)
F.subglutinans (MRC7560)
F.subglutinans (MRC7561)
F.subglutinans (MRC7562)
MP-G

F.nygamai {MRC7548)
F.nygamai (MRC7549)
MP-F
F.thapsinum(MRC6537}

F. thapsinum (MRC6536)
MP-A

F.verticillioides (MRC6155)
F.verticillioides (MRC6151)

MP-B; Host = Sugarcane
F.subglutinans (MRC6525)
F.subglutinans (MRC6524}
MP-D
F.proliferatum(MRC6569}
F.proliferatum{MRC6568}
MP-C

F.fujikuroi (MRC6571)
F.fujikuroi {MRC6570)

e

i
W UNIVERSITEIT VAN PRETORIA
@), UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

130 140 150

TCATCACCRA

N P see Tonne caaas e A

160

170

180

CAGCCCGCAA GTCCGCCCCC TCTACCGGAG GTGTCAAGAA GCCTCACCGC

censTuann

srreraas A

[ S

[ SN Ve saensaes sacaensne A ..C...u..
Cersasas enenns Peeee eenan AL Caaa..
....... vre weeseasene nessases A L CLLLL L
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P
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ves e
....... 'S
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fa e aeu e
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F.oxysporum

Host = Pineapple
F.subglutinans (MRC6783)
F.subglutinans (MRC6782)
Mp-E; Host = Maize
F.subglutinans (MRC6512)
F.subglutinans (MRC6483}
Mp-H; Host = Pine
F.subglutinans (MRC6213)
F.subglutinans (MRC6228)
Host = Mango (1)
F,subglutinans (MRC7873)
F.subglutinans (MRC7605)
F.subglutinans (MRC7875)
F.subglutinans (MRC7876)
F.subglutinans (MRC7877)
F.subglutinans {(MRC2802)
Host = Mango (2}
F.subglutinans (MRC7038)
F.subglutinans (MRC7037}
F.subglutinans (MRC7034)
F.subglutinans (MRC2730)
F.subglutinans (MRC7035)
F.subglutinans (MRC34793)
F.subglutinans (MRC3477)
F.subglutinans (MRC3478)
F.subglutinans {(MRC7559)
F.subglutinans (MRC7560)
F.subglutinans (MRC7561)
F.subglutinans (MRC7562)
MP-G

F.nygamai (MRC7548}
F.nygamai (MRC7549)
Mp--F
F.thapsinum(MRC6537)

F. thapsinum(MRC6536)
MP-A

F.verticillicides (MRC6155)
F.verticillicides(MRC6191}
MP-B; Host = Sugarcane
F.subglutinans (MRC6525)
F.subglutinans (MRC6524)
MP~-D
F.proliferatum(MRC6569)
F.proliferatum(MRC6568)
MP-C

F.fujikurci (MRC6571)
F.fujikuroi (MRC6570)
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250 260 270
CTCATCCGAA AGCTCCCCTT CCAGCGTCTG
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AT,
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Al .

JGALLLLWT. .
AT
LJALLLWT..
LJALLLLTL
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LJALLLWT. .
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AL LT
.WALLLLTL
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LALLLLT.
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AT
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290
C---CRATAT ACATCAA-TC
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=== TGC~.

e TG -,
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i 1 C
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Bl § Y
Rt ¢ PIE
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== TG -
=TG-
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L~TT.—-C-,

L= TGO~
===, TGC~.

==, TGC-.
=== .TGC-.
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vreeaaa=Co
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ceeen.=Co
PRI SN
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PRI A

IR

ceseae e =CL
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e GGG, .
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N O A CIC
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N
cena Gaml
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F.oxysporum

Host = Pineapple
F.subglutinans (MRC6783}
F.subglutinans (MRC6782)
MP~E; Homt = Maize
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)
Mp~H; Host = Pine
F.subglutinans (MRC6213)
F.subglutinans (MRC6228)
Host = Mango (1)
F.subglutinans (MRC7873)
F.subglutinans (MRC7605)
F.subglutinans (MRC7875)
F.subglutinans (MRC7876)
F.subglutinans (MRC7877)
F.subglutinans {MRC2802)
Hoat = Mango (2)
F.subglutinans (MRC7038)
F.subglutinans (MRC7037)
F.subglutinans{MRC7034)
F.subglutinans (MRC2730)
F.subglutinans (MRC7035)
F.subglutinans (MRC3479)
F,subglutinans (MRC3477)
F.subglutinans (MRC3478}
F.subglutinans (MRC7559)
F.subglutinans {MRC7560)
F,subglutinans (MRC7561)
F.subglutinans (MRC7562}
MP-G

F.nygamai(MRC7548)
F.nygamai (MRC7549)
Mp-F

F. thapsinum(MRC6537)

F. thapsinum(MRC6536)
MP-A

F.verticillioides (MRC6155)
F.verticillioides(MRC6191)

MP~B; Host = Suwyarcane
F.subglutinans (MRC6525)
F.subglutinans (MRC6524)
MP-D
F.proliferatum(MRC6569)
F.proliferatum{MRC6568)
MP-C

F.fujikuroi (MRC6571)
F.fujikuroi (MRC6570)

-
d

S

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

350

Covvnnnnnn
Covnninnnn
Covvnnnnn,
C...... ‘e
Coivinnenas
Cuovennnnne
Covennnnn
Covvnnnns
ceevaaeaas
hanseseaes
Veeeaeaeen
........ P
..... PRI
....... .o
fres v
vevsaesan
PR .
R ETrRY

...A.....T

W’ YUNIBESITHI YA PRETORIA
310 320 330

AACA~-CTTGA CAT-ATACTA ACATGAGACA AACAGGTTCG TGAGATTGCC
L-.G.Couw L -Cllllls T.TCL el v e e Ca
.LC-.G.C... +.~C...... To.TCovvr v ge«s-aC..
LC-.G.Cuw. L.-Clivine Ll TT L ww wien W Cl
LC-.G.Culh L Clila [P A C..
B O B e T A O M o PN
B T T i I S
L-6.C~-. L.~ Cuaia. B O
.C-.6.C.-. ..~C...... e TCLlll il c..
LC=.G.C.-. ..-C...... P O S
LG Ci-y L Cliiine Ll TCLLLL Lel .l WCl
L-.G.C.,-. ..~C...... IC. . ol C.
L= GCi-s Lo Chiais Ll TCLL L il C..
LT=GL . Cow wu~CiCunie wehTChv e ciiienn C..
LT-G..Co ..~C.Clol. e TCL .. P o
LT~6..Co L. -CClul. L W TCL e e C..
LTP-G..C.. ..C.C.... ....TC.... .......C..
LT-G..C.. ..=C.C.... ....TC.... ....... c..
LT-G..Ch L. ClCoiv c 0t TChier e venn C..
LT-G..C.. .. ~C.Cvir .. TCLws wivnvnnn C..
TG ,Coe L. ~C.Coins b JTCLwy wiieven C..
LT-G,.C. u-ClCunty w0t TCouen onen +Ces
LT-6..C.. ..~C.C.... ... TC... ...l Ca
CT-G..C.. ..~C.C.... ....TC.... .......C..
LCT-G..C. L.-ClCllle Ll TCLllL c e cC..
.C-.G. .. s Covnnn e 2 CTC.vev venn...Cu
.C-.G. . co=Caen.. AP 41 1t U o
C~.G.nen. B S ce..TCLLTL Ll ..C..
L-.G...l. ca=Civiene L. TCLLT. ... ..C..
L GClns L Clll L LCTTLGET. e c..
L-.G.C.ov u-Cliivi. LL.CTT.GT. ..vunns c..
.C-.AT,... .G-C...... eTC. e hvea c..
LC~AT.. .. GC.oiv.. . TCovon sneen.. cC..
LomGonves LG-Covnnnn L TCoL.G Ll PR
L.o-Go...s G-Cll P O ¢ N .-
L.-G.Choe . ~Coiies LW TCLLG L.l Cl
L.L.-G.C... .—.Colus 0 TCL.G 4L ...Cl

CAGGACTTCA

P
........ a0
R
....... .
...... R
......... .
ae s e aan
ke e e
R

......... .
PRI I
Phe s e v e ..
R
P R
R I I
R
R



F.oxysporum

Host = Pinsapple
F.subglutinans (MRC6783)
F.subglutinans (MRC6782)
MP-E; Host = Maize
F.subglutinans {MRC6512)
F.subglutinans (MRC6483)
MP-H; Host = Pine
F.subglutinans (MRCE6213)
F.subglutinans (MRC6228}
Host = Mango (1)
F.subglutinans (MRC7873)
F.subglutinans(MRC7605)
F.subglutinans (MRC7875)
F.subglutinans (MRC7876)
F.subglutinans (MRC7877)
F.subglutinans (MRC2802)
Host = Mango (2)
F.subglutinans (MRC7038)
F.subglutinans (MRC7037}
F.subglutinans (MRC7034)
F.subglutinans (MRC2730)
F.subglutinans (MRC7035)
F.subglutinans{MRC3479)
F.subglutinans (MRC3477)
F.subglutinansg (MRC3478)
F.subglutinans (MRC7559)
F.subglutipans (MRC7560)
F.subglutinans (MRC7561)
F.subglutinans (MRC7562)
MP~G

F.nygamai(MRC7548)
F.nygamal{MRC7549}
MP-F
F.thapsinum(MRC6537)

F. thapsinum(MRC6536)
MP~A

F.verticillioides (MRC6155)
F.verticillicides{(MRC6191}

MP~B; Hest = Sugarcane
F.subglutinans {(MRC6525)
F.subglutinans (MRC6524)
MP-D
F.proliferatum{MRC6569}
F.proliferatum(MRCE568)
Mp-C

F.fujikuroi (MRC6571)
F.fujikuroi {(MRC6570)
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F.oxysporum

Host = Pineapple
F.subglutinans (MRC6783)
F.subglutinans (MRC6782)
MP-E; Host = Maize
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)
MP-H; Host = Pine
F.subglutinans (MRC6213)
F.subglutinans{MRC6228)
Host = Mango (1)
F.subglutinans (MRC7873)
F,subglutinans{MRC7605)
F.subglutinans {(MRC7875)
F.zubglutinans {MRC7876)
F.subglutinans (MRC7877)
F.subglutinans (MRC2802)
Host = Mango (2}
F.subglutinans (MRC7038)
F.subglutinans (MRC7037)
F.subglutinans (MRC7034)
F.subglutinans (MRC2730)
F.subglutinans (MRC7035)
F.subglutinans (MRC3479)
F.subglutinans (MRC3477)
F.subglutinans (MRC3478)
F.gsubglutinans (MRC7559)
F.subglutinans (MRC7560)
F.subglutinans (MRC7561)
F.subglutinans (MRC7562)
MP-G

F.nygamai {MRC7548)
F.nygamai (MRC7549)
MP-F
F.thapsinum(MRC6537)
F.thapsinum (MRCE536)
Mp-A

F.verticillioides(MRC6155}
F.overticilliocides (MRC6191)

MP-B; Host = Sugarcane
F.subglutinans (MRC6525)
F.subglutinans (MRC6524)
MP-D
F.proliferatum(MRC6569)
F.proliferatum{(MRC6568)
MP-C

F.fujikurol (MRCE571)
F.fujikuroi {MRC6570)
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Partial 3-tubulin (exons 2 and 3)

10 20 30 . 40 50 60
F.oxysporum CTCCGARAGC TCGCCGTICAA CATGGTGCCT TTCCCTCGTC TACACTTCTT CATGGTTGGC
Host = Pineapple
F,subglutinans £.sp. ananas Cre v e s e ene sesenenann cecets et es sewssmarra asasssenns mececencon
MP-H; Host = Pine
F.subglutinans f£.sp. pini e e svsenacens e s aetes aeeesevers sasssaecee srseeres ..
MP-E; Host = Maize
F.subglutinans ke cawanaaarr seveveecns C e mre e s sasaaaas ceeaaaeean
Host = Mango (1)
F.subglutinans (MRC7877) s m s rs e amerrarses seseseress worsan eex asersraee esasansens
Host = Mango (2)
F.subglutinans (MRC3478) e a s waavaesase seeseuans Cd e e e e eew e aaeas asaeas C...
Fusarium sp.{NRRL25226) P e C recaneres enaeaan et eereaeraen seenan C...
MP-B; Host = Sugarcane
F.subglutinans 0 Liaaeeen P [N Caes i st sanne. savens c...
MP-G
F.nygamai it i e e e eawaataaes wereeas Cre eeresen Sak eaearaarar serenreeen
MP-F
F.thapsinom e e rna teseasasee e asasennr eremaraaea sasaesene
MP-A
F.verticillioides =000 Liuiaieaaae o waaaan Ceee aeaeasaeen aemeaansan [ vee rerecess A
MP-C
F.fujikvroi L. Chas samessasee swesseraee weean P C...
MP-D
F.proliferatum e h s easae aareenve s reseasesas e e e Cene veaaan C...
F.succisae
Fusarium sp.{NRRL25346) e aaaene s e deceasaaee maaseeeaen e e eaeaan
Fusarium sp.(NRRL25807) et rrasraseee e s aenas esmreaanse rraasarecs weveeeanon
Fusarium sp. {NRRL25195) Muesrnnses seasnnonnn Ciaeraetas maaiaaesan weseesesan waseee e
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F.oxysporum TTTGCTCCTC TGACCAGCCG TGGTGCTCAC TCTTTCCGCG CAGTCAGCGT TCCTGAGTTG
Host = Pineapple
F.subglutinans f.sp. ananas = ..... Gt i irennens srernsaens saseeneann P
MP~H; Host = Pine
F.subglutinans f£.sp. pini ..... Coan et viiansmras wrsersense aseaeans N
MP-E; Host = Maize
F.subglutinans ... Canne tiiiiaiann esaaerses aeesvaraes [ APOFEN e weaaea PN
Host = Mangoe (1)
F.subglutinans (MRC7877) ..., Cintr ticsnnannss sansmsvsane cnsssnnnns PR N e e ens
Host = Mango (2)
F.subglutinans (MRC3478) = . ..ccu.... Credeneres masensrane seeaseroean P
Fusarium sp. {(NRRL25226) = ......c.... o esn e sae aemeeaaeas waeeeaan PO
MP-B; Host = Sugarcane
F.aubglutinans = i eemee cerraeeaan e rasaaens maeaaasane R P
MP-G
F.nygamai s s e aaansesas v awssauwrses seesnrvees «Tiaiunn ee waeCuawuns
MP-F
F.thapsinum L i eeees e [P Chr ceee e R PR
MP-A
F.verticillioides i eteeaeas easaanaaen veareanees vemanaarrs s iiiees enenreenn .
MP-C
F.fujikurei  Li... £ P v v vecare wanaraesen [ ce ettt
MP-D
F.proliferatum = e cesee eeseacaann e aaanaas mewraraesa R csees
F.succisae P D .
Fusarium sp.{NRRL25346)  ..... Coiter trvevaveee asereorone sneosnvons R
Fusarium sp.{(NRRL25807)  ..... L e R
Fusarium sp.{NRRL25195) e C tea s saeeee e L Y
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F.oxysporum
Host = Pineapple

F.subglutinans f£.sp. ananas

MP-H; Host = Pine

F.subglutinans f£.sp. pini

MP-E; Host = Maize
F,subglutinans

Host = Mangoc (1)
F,subglutinans (MRC7877)
Host = Mango (2)
F.subglutinans (MRC3478)
Fusarium sp. (NRRL25226)
Mp-B: Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

Mp-F

F.thapsinum

MP-A

F.verticillioides

MP-C

F.fujikuroi

MP-D

FP.proliferatum
F.succisae

Fusarium sp. (NRRLZ25346)
Fusarium sp.{NRRL25807)

Fusarium sp. {(NRRL251895}"

F.oxysporum
Host = Pineapple

F.subglutinans £.sp. ananas

MP-B; Host = Pine

F.subglutinans f.sp. pini

MP-E; Host = Maize
F.subglutinans

Host = Mango (1)
F.subglutinans (MRC7877)
Host = Mango (2)
F.subglutinans (MRC3478)
Fusarium sp. (NRRL25226)
MP-B; Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

Mp-F

P. thapsinum

MP-A

F.verticillioides

MP~C

F.fujikuroi

MP-D

F.proliferatum
F.succlsae

Fusarium sp. (NRRL25346)
Fusarium sp. (NRRL25807)
Fusarium sp. (NRRL25195)
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F.oxysporum

Host = Pineapple
F.subglutinans f.sp. ananas
Mp-H; Host = Pine
F.subglutinans f.sp. pini
Mp~E; Host = Maize
F.subglutinans

Host = Mango (1)
F.subglutinans (MRC7877}
Host = Mango (2)
F.subglutinans (MRC3478)
Fusarium sp. (NRRL25226)
MP-B; Host = Sugarcana
F.subglutinans

MP-G

F.nygamai

MP-F

F.thapsinum

MP-A

F.verticillioides

MP-C

F.fujikuroi

MP-D

F.proliferatum
F.succisae

Fusarium sp.{NRRL25346)
Fusarium sp.{NRRL25807)
Fusarium sp. (NRRL25195)

F.oxysporum

Host = Pineapple
F.subglutinans f.sp.
MP-H; Host = Pine
F.subglutinans f.sp. pini
MP-E; Host = Maize
F.subglutinans

Host = Mango (1)
F.subglutinans (MRC7877)
Host = Mango (2)
F.subglutinans (MRC3478)
Fusarium sp.(NRRL25226)
MP-B; Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

Mp-F

F., thapsinum

Mp-A

F.verticillioides

MP-C

F.fujikuroi

MP-D

F.proliferatum
F.succisae

Fusarium sp. (NRRL25346)
Fusarium sp. (NRRL25807}
Fusarium sp. (NRRL25195)
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Partial B-tubulin (exons 4 and 5)

F,oxysporum
Host = Pineapple

F.subglutinans f£.sp. ananas

MP-H;: Host = Pine

F.subglutinans f.sp. pini

MpP-E; Host = Maize
F.subglutinans

Host = Mango (1)
F.subglutinans (MRC7877)
Host = Mangec (2)
F.subglutinans (MRC3478)
Fusarium sp. (NRRLZ25226)
MP-B; Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

MP~A

F.verticilliocides

MP-F

F.thapsinum

MpP-C

F.fujikoroi

MP-D

F.proliferatum
F.succlsae

Fusarium sp. (NRRL25346)
Fusarium sp.{NRRL25807)
Fusarium sp.{NRRL25195)

F.oxysporum
Host = Pineapple

F.subglutinans f£.sp. ananas

MP-H; Host = Pine

F.subgliutinans f.sp. pini

MP-E; Host = Maize
F.subglutinans

Host = Mango (1)
F.subglutinans (MRC7877)
Host = Mango (2}
F.subglutinans (MRC3478}
Fusarium sp. {NRRL25226)
MP-B; Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

MP-A

F.verticillioides

MP-F

F. thapsinum

MP-C

F, fujikuroi

MPp-D

F.proliferatum
F.succisae

Fusarium sp.{NRRL25346)
Fusarium sp.(NRRLZ5807)
Fusarium sp.(NRRL25195)

UNIVERSITEIT VAN PRETORIA

<> UNIVERSITY OF PRETORIA

Qe

10
GCCCCTGATT

o r e e s

70

R

Accivienss

YUNIBESITHI YA PRETORIA

20 3 ° 40 50
CTA-~--- CC CCGCTGGGCG GTGGCAGCTC AACGACAATG
Vel —— ss aarrrameas sawvasssce easvse P
o —— sesasee tamessssrs cesaaza T.
v ——— . Ceseanes erearaaene Gevann T.
ha o= Ce sevesvsare saues PP ¢ P
TTCTA. . Cesnes sanasrasasa eacaaes
v m——— e eeaeaaan T it et e T..
S e vaaan L T.
80 90 100 110
~GCTAGCAGC TTTACCATAC CTTCTGTCAA GAC-AAGAAG CTAATCAGAT
eeeWATL L s T. ..TG...... P
ven AT Lo Ll veeee T.TG.... e
B < VA TG I
cer BTy i TG. . ... e
. S O
..A.C.., ceerseeans G s e
P - S F €
[ O - P € .
J FUPEN € RN “ sesaesvrnaa
B DY PP N
eWBClol LWALLCLL. IS ¢ e
e D Y T € .
miarserene ....AT... cereeonann ToTGe v vevn ciaennnnnn
~eearae O J € . e
e “ee F TG ves tiiicnnnns
- AT .o e vere TGl L i e

60
CACGATA~~~

v ks e

P

..T. ... GAT
..T....GAT
..T....GAT

120
CTCTTCTCTA

A.T..o....
S N
[ G

.-T.CG...G

A-25



.

F.oxysporum
Host = Pineapple

F.subglutinans f.sp. ananas

MP-H; Host = Pine

F.subglutinans f.sp. pini

MP-E; Host = Maize
F.subglutinans

Host = Mango {l1)
F.subglutinans (MRC7877)
Host = Mango (2}
F.subglutinans (MRC3478)
Fusarium sp. (NRRL25226)
MP-B; Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

MP-A

F.verticillioides

Mp-F

F. thapsinum

MP-C

F.fujikuroi

MP-D

F.proliferatum
F.succisae

Fusarium sp.{NRRL25346)
Fusarium sp. (NRRL25807)
Fusarium sp. (NRRL25195)

F.oxysporum
Host = Pineapple

F.subglutinans f.sp. ananas

MP-H; Host = Pine

F.subglutinans f.sp. pini

MP-E; Host = Maize
F.subglutinans

Host = Mango (1)
F.subglutinans (MRC7877)
Host = Mango (2)
F.subglutinans (MRC3478)
Fusarium sp. (NRRL25226)
MP-B: Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

MP-A

F.verticillioides

MP-F

F.thapsinum

MP-C

F.fujikuroi

MP~D

F.proliferatum
F.succisae

Fusarium sp. (NRRL25346)
Fusarium sp.{NRRL25807)
Fusarium sp.{NRRL25185)
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F.oxysporum

Host = Pineapple
F.subglutinans f.sp. ananas
MP~H; Host = Pine
F.subglutinans f.sp. pini
MP~-E; Host = Maize
F,subglutinans

Host = Mango (1)
F.subglutinans (MRC7877)
Host = Mango (2)
F.subglutinans (MRC3478)
Fusarium sp.{NRRL25226)
MP-B; Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

Me-A

F.verticillioides

MP-F

F, thapsinum

MP-C

F.fujikuroi

MP-D

F.proliferatum
F.succisae

Fusarium sp. (NRRL25346)
Fusarium sp. (NRRL25807)
Fusarium sp. {NRRL25195)

F.oxysporum

Host = Pineapple
F.subglutinans f£.sp. ananas
MP-H; Host = Pine
F.subglutinans f£.sp. pini
MP-E; Hoat = Maize
F.subglutinans

Host = Mango {1)
F.subglutinans (MRC7877)
Host = Mango {(2)
F.subglutinans (MRC3478)
Fusarium sp. (NRRL25226)
MP-B; Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

MP-A

F.verticillioides

Mp-F

F.thapsinum

MP-C

F.fujikuroi

MP-D

F.proliferatum
F.succisae

Fusarium sp, (NRRL25346)
Fusarium sp. (NRRL25807)
Fusarium sp.{NRRL25195}
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F.oxysporum

Host = Pineapple
F,subglutinans f.sp.
MP-H; Host = Pine
F.subglutinans f.sp. pini
MP-E; Host = Maize
F.subglutinans

Host = Mango (1)
F.subglutinans (MRC7877)
Host = Mango (2)
F.subglutinans (MRC3478)
Fusarium sp. (NRRL25226)
MP-B; Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

MP~A

F.verticillicides

MP-F

F.thapsinum

MP-C

F.fujikuroi

MP-D

F.proliferatum
F.succisae

Fusarium sp.{NRRL25346)
Fusarium sp. (NRRL25807)
Fusarium sp. (NRRL25195)

ananas

F.oxysporum

Host = Pineapple
F.subglutinans f.sp. ananas
MP-H; Host = Pine
F.subglutinans f.sp. pini
MP-E; Host = Maize
F,subglutinans

Host = Mango (1)
F.subglutinans (MRC7877}
Host = Mango (2)
F.subglutinans (MRC3478)
Fusarium sp. (NRRL25226)
MP-B; Host = Sugarcane
F.subglutinans

MP-G

F.nygamai

MP-A

F.verticilliocides

MP-F

F.thapsinum

MP-C

F.fujikuroi

MP-D

F.proliferatum
F.succisae

Fusarium sp. (NRRL25346)
Fusarium sp. (NRRL25807)
Fusarium sp. (NRRL25195)

-
d

a

<

370 380
TCCCAAGCTC ACACAACTAG

.......... RN
CE s x A d A m s ar s ee ks

C.... e ererereees
creereeesT Lol Tl
LALCLL e el T....
cetrrerers e T....
Carriiie teenns e
CAlo.... cereesaene
430 440
ATCTTGAGCC TGGTACCATG
e F o P
LGl e

]

eeralineee tivaenen e
ceassesane snevean .
.......... cvreennen
...... “ene sememaesas
....... s eemeeeeans
R PPN ceue
.......... Ceasecanan

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

390

400

GCCTCTGGCA ACAAGTATGT

BRI Y

e e e s

s es e

450
GACGCCGTCC
........ T.

460
GTGCTGETCC
Aol
Al
Al -
WA .
[P o
Al
Al

Y S
WAL

410
TCCCCGAGCC

R

........ ..

EEERERERS
2w v s en
......... .
c e s aaaen . e

470
CTTCGGTCAG

420
GTCCTCGTCG

CTCTT

..T..

A-28


http:Pinea.pp

&

W UNMIVERSITEIT VAN PRETORIA
0 UNIVERSITY OF PRETORIA
'

YUNIBESITHI YA PRETORIA

APPENDIX 4
Aligned calmodulin, B-tubulin and mitochondrial ribosomal small subunit (mtSSU) DNA
sequences for selected Fusarium strains in the Gibberella fujikuroi complex. These sequences were
used to show that F. subglutinans strains from teosinte, are conspecific with G. fujikuroi mating
population E (MP-E) (Chapter 5 of this thesis). Nucleotides similar to those of F. subglutinans

isolate Fst10 are indicated as dots, whereas nucleotide deletions are indicated by vertical lines (-).

Calmodulin

10 20 30 40 50 60
Host = Teosinte
F.subglutinans(Fst10) GAAGCTGTCG CTAACCTCTT TATCCAGGAC AAGGATGGCG ATGGTGAGTG ATGCTCCCCT
F.subglutinans (FST26) .t v et unns sesnnnnese cavessoncs nonavscnes ssovnesene svaesanens

F.subglutinans(FstA0) ..t in feeie et sacroanans aanceenonn cranaaanae e
F.subglutinans{FSt51) . i i iunner tinraaane casarannas cmaeaeanrae aaaas e e
MP-E; Host = Maize

F.subglutinans (MRCT14)]  cevivevors sssannsunnn svenssssan ssseansnns sauvans
F.subglutinaNs (MRCTE6) o iuusneer tomesnensn snannssasne stannssans toansennnn snecunanans
F.subglutinans(MRCLOBA) ... itnene v eesecnoae saarncannse msaonensane saconnoscs osrmneoanan
F.subglutinans (MRCBA83) i uvriueinun susesannae couannssns sosnmssonsn sannsannvss sausounsen
F.subglutinans (MRCE512) . uviveriine tanvianens annsanenns s eaaaas e asascee e
MP-H; Host = Pine '
F.oubglutinans (MRC6213) .. .einiune vuvunaoans B 3
F.subglutinans{MRC7488) .....vveee vuunennnes B € O
F.bactridiOidesS = i iieeene tiiennaete baseataaae et deaaareane aaaeaeaean
Fusarium sp. (NRRLZB622) ...t ittiit susetenunn emmennonse crsosonaee voanermcas sonoecasen
F.anthophilum = === 0000 i iieine serenenonn 5
F.succisae = et eeasaenens O
F.bulbicola = = = i crenenaea B 3
Fusarium sp. (NRRL25623) ......vver coennaeans ...GT..... e s eanseares eaeaaeaens
Fusarium sp. (NRRLZ9123) ..vuvvnere venanaenns B €
Fusarium sp. (NRRL29124) ... ..ceivr tinnunsien B 1
F.guttiforme = = i eeeaeeaens €
F.begoniae it ieieeniann B
F.EuFikuroi{MP=C) teveeiins cenaaaen. o
F.proliferatum{MP-D)  .....iiiier covnarens O
F.sacchari (MP-B} = . i.iiiaiene tivenreaes LT ) N -
P.thapsinum(MP~F} i1 eisience aonssannns B €
F.verticillioldeS(MP-A) ... iieere tnneannnns B
F.nygamai (MP—-G) i iaee e B
F. inflexum = i iiiees s aseeraans B €
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Host = Teosinte
F.subglutinans (Fst10)
F.subglutinans(Fst26)
F.subglutinans (Fst40)
F.subglutinans (Fst51)
MP-E; Host = Maize
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC1084)
F.subglutinans (MRC6483)
F.subglutinans (MRC6512)
MP-H; Host = Pine
F.subglutinans (MRC6213)
F.subglutinans (MRC7488)
F.bactridicides
Fusarium sp. (NRRL25622)
F.anthophilum
F.succisae

F.bulbicola

Fusarium sp. {(NRRL25623)
Fusarium sp. (NRRL29123)
Fusarium sp. (NRRL29124)
F.guttiforme
F.begoniae

F. fujikuroi (MP-C)
F.proliferatum(MP-D)
F.sacchari (MP-B)

F. thapsinum(MP~F)
F.verticillioides(MP-A)
F.nygamai(MP-G)

F. inflexum

Host = Teosinte
F.subglutinans(Fst10)
F.subglutinans(Fst26)
F.subglutinans(Fst40)
F.subglutinans (Fst51)
MP-E; Host = Maize
F.subglutinans (MRC714)
F.subglutinans{MRC756)
F.subglutinans (MRC1084)
F.subglutinans (MRC6483)
F.subglutinans (MRC6512)
MP-H; Host = Pine
F.subglutinans (MRC6213)
F,subglutinans (MRC7488)
F.bactridioides
Fusarium sp. (NRRL25622)
F.anthophilum
F.succisae

F.bulbicola

Fusarium sp. (NRRL25623)
Fusarium sp, (NRRL23123)
Fusarium sp. (NRRL29124)
F.guttiforme
F.begoniae

F, fujikuroi (MP-C)
F.proliferatum(MpP-D)
F.sacchari (MP-B)

F. thapsinum(MP-F)
F.verticillioides(MP~A)
F.nygamal (MP-G)

F, inflexum
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Host = Teosinte
F.subglutinans(Fst10)
F.subglutinans (Fst26)
F.subglutinans(Fst40)
F.subglutinans(Fst5l)
MP-E; Host = Maize
F.subglutinans {(MRC714}
F.,subglutinans (MRC756)
F.subglutinans (MRC1084)

F.subglutinans (MRC6483)

F.subglutinans (MRC6512)
MP-H; Host = Pine
F.subglutinans (MRC6213)
F.subglutinans (MRC7488)
F.bactridicides
Fusarium sp. (NRRL25622)
F.anthophilum
F.succisae

F.bulbicola

Fusarium sp. {NRRL25623)
Fusarium sp.{NRRL29123)
Fusarium sp. (NRRL29124}
F.guttiforme

F.begoniae

F.fujikuroi (MP-C}
F.proliferatum(MP-D)
F.sacchari (MP-B)

F. thapsinum(MP-F)
F.verticillioides(MP-A)
F.nygamai (MP-G)

F. inflexum

Host = Teosinte
F.subglutinans(Fst10)
F.subglutinans (Fst26)
F.subglutinans (Fst40)
F.subglutinans (Fst51)
MP-E; Host = Maize
F.subglutinans{(MRC714)
F.subglutinans (MRC756)
F.subglutinans(MRC1084)
F.subglutinans (MRC6483)
F.subglutinans (MRC6512)
MP-H; Host = Pine
F,subglutinans (MRC6213)
F.subglutinans (MRC7488)
F.bactridioides
Fusarium sp. (NRRL25622)
F.anthophilum
F.succisae

F.bulbicola

Fusarium sp. (NRRL25623)
Fusarium sp. (NRRL29123)
Fusarium sp. {NRRL29124)
F.guttiforme

F.begoniae

F.fujikuroi (MP~C)
F.proliferatum(MP-D)
F.sacchari (MP-B)

F. thapsinum(MP-F)
F.verticillioides (MP-A)
F.nygamai (MP-G)

F. inflexum
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Host = Teosinte
F.subglutinans{Fst10)
F.subglutinans(Fst26)
F.subglutinans (Fst40)
F.subglutinans(Fst51)
MP-E; Host = Maize
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC1084)
F.subglutinans (MRC6483)
F.subglutinans (MRC6512)
MP-H; Host = Pine
F.subglutinans (MRC6213)
F.subglutinans (MRC7488)
F.bactridioides
Fusarium sp. (NRRL25622)
F.anthophilum
F.succisae

F.bulbicola

Fusarium sp. (NRRL25623)
Fusarium sp. (NRRL29123}
Fusarium sp. (NRRL29124)
F.guttiforme
F.begoniae
F.fujikuroi(MP-C)
F.proliferatum(MP-D)
F.sacchari(MP-B)
F.thapsinum(MP-F)
F,verticillioides(MP-A)
F.nygamai (MP-G)

F. inflexum

Host = Teosinte
F.subglutinans (Fst10)
F.subglutinans (Fst26)
F.subglutinans (Fst40)
F,subglutinans(Fst51)
Mp-E; Host = Maize
F.subglutinans (MRC714}
F.subglutinans (MRC756)
F.subglutinans (MRC1084)
F.subglutinans (MRC6483)
F.subglutinans (MRC6512)
MP-H; Host = Pine
F.subglutinans (MRC6213)
F.subglutinans (MRC7488)}
F.bactridioides
Fusarium sp. (NRRL25622)
F.anthophilum
F.succisae

F.bulbicola

Fusarium sp. (NRRL25623)
Fusarium sp. {NRRL29123)
Fusarium sp. (NRRL29124)
F.guttiforme
F.begoniae
F.fujikuroi(Mp-C}
F.proliferatum(MP-D)}
F.sacchari (MP-B)

F. thapsinum(MP-F)
F.verticillioides(MP-A)
F.nygamai (MP-G)

F. inflexum

- oo

310 320
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Partial B-tubulin (exons 2 and 3)

10 20 30 . 40 50 60
Host = Teosinte
F.subglutinans (Fst10) CRAATCGGTG CTGCTTTCTG GCABACCATC TCTGGCGAGC ACGGCCTCGA CAGCAATGGET

F,subglutinans(FSt26)  .uiutiiies tuuanrsoes tasacassss sassanacec annsoensns senenoaans

F.subglutinans {FSTA0) it tirinn wueenocuse tnsassnsne sasanansas oonsmesens arreenaaan
F.subglutinans{Fst51l)  ...cceieins wennenn feae e eaaaaaan eaecaeaaen aeeaaaaeen eesaetaean
MP-E; Host = Maize

F,subglutinans(MRCTI4)} . uuuvevens sanssuncen sooenanses somennnene comanssasnn savunnnans
F.subglutinans (MRCT56) cuuiitnece sosunernee sasessnnne sanmesnnoae savennscns sssvneanon
F.subglutinans(MRC1084) ..... Cier heearesaen eraans b e ee heeearrene sawevecans mereasaen .
F.osubglutinans (MRCG4A83) 1 vt i iiis temneeeaee samecensoe sammnesnes sneeennson cnvenvsons
F.subglutinans (MRCE512) et wun s nemans vunssesson sacnaannns sameassnan masenensan
MP-H; Heost = Pine

F.subglutinans(MRCB213) 4 i ivaese sosaeasone saasnensas sosvasnane sosavansos saveeanans
F.s5ubglutinans{MRCTA88) .. .inuieee seunnoonus cosssnsnnns cososssnce asnssseenane savensannns
F.bactridioides — ..... o tes testeennne saaareanes e ecree eseecanens teneanae
Fusarium sp. (NRRL25622) ..... g N e et s aasaeaare seeseaseee e
F.anthophilum  .(.... O
F.succisae ... Lot te tteusenane scnsasnnoe voeecssnnss seveesaras et e
F.bulbicola ..., P iies tttasssean sesvasns e e Ceh s ase asreceuan .
Fusarium sp. (NRRL25623) ..... P f e tesaas seceseniaa sasensesen srasecen .
Fusarium sp. (NRRL29123) ..... Tever eunen v e e et esieae eraaaeiaae seresEaaae eeeneaeaen
Fusarium sp. (NRRL29124) ..... e it et ieanevss saassannas caeeeaaraa haaeaarae eeeas e
F.guttiforme  ..... Y
F.begoniae ... T P e iy s nesoasnns sunseannnn seveanrsaen
F.fujikuroi(Mp-C)  ..... T et e it tseenss casscerrre wwssesamen creeesaeen weewean e
F.proliferatum{(MP-D)  ..... T ettt et s aseacn aumsscacns onescmnnan sacasenere saaseeaens
F.sacchari(Mp-BY  ..... b e v eeaaeaas st e iaee serersasae aaarserans
F.thapsinum(MP-F)  ..... 2
F.verticillioides(MP-A) ..... T it et eeesvnecans aassontuone sosmananee senonsmone sasnncenns
F.nygamai(Mp-G)  ..... ettt v ecmonenens saenanmsnmen 1eananense sesaoncons sasaananen
F. Inflextm = e e eis semenaaaes emaneacean masennenas e naee easaeeaaaen

70 80 90 100 110 120
Host = Teosinte
F.subglutinans(Fst10) GTCTACAACG GTACCTCCGA GCTCCAGCTC GAGCGTATGA GIGTCTACTT CAACGAGGTA
F.subglutinans(Fst26)  c.eeeerees ennens S hte amemeceeae seamacises saseasaass e aaaaan
F.subglutinansS{Fst40) i .ueiuanne oatuneences tosnensecae sosmunncsns sossvnanse sosaseeans
F.subglutinans (FSE51)] 4t iuneecene tvneronnsse seveconnne sosevsacee avnmensoase savnenonas
MP-E; Host = Maize
F.subglutinans (MRC714) ... .iiiin tveaonnsnn e s i esae eeaasases aree e saaaees e
F.oubglutinans (MRCT56)  cuuerevmee vaeveacenn annronvnas vaasmnnsnes soneennnne sasnennaas
F.subglutinans(MRC1084) ....... e eeeeaas e hmeaena e ceeanan e e
F.subglutinans (MRCBAB3) i uuenrnere toeermnnee sosennunse tasenancee snnsncnoase vavnanenns
F.subglutinans (MRCE512) o uurrecrnn svranvanee sasnsvnnoe ennennanna e m v e semmasseae
MP-H; Host = Pine
F.subglutinans{MRCB213) tuvesnonne taueecaane tanennnnae stsaananes aasonvanans sacancanas
F.subglutinans{(MRCT4AB8) v o rene tuemmacone sassnmance sansanens e eseeaees baeeeeean
F.obactridioides = = = @ . .ieieiie cenraecens e meteae s esnaess emaeeresas weesesanas
Fusarium sp. (NRRL25622) ..... heiie weaneseaae senaa Ceber awessesras weaas Ceree saesaan
Foanthophiltm it ittt it tae eeeeiereeas seaseenran tereaaases aeaeranens
F.succisae et eare sereeeeree eaaeseeaee aeaan e te s eeee e meaaeraaas
F,bulbiccla = . ..iiise... N o e e s tast emeraaaeee aeasaevees araaeesasn
Fusarium sp. (NRRLZ5623) 1 iuivunnnr cttveveenn soovenncne soemenaene sasenensse soonnnanns
Fusarium sp. (NRRLZ2O123) v vuruvree snneennene seneennnes ssosonnnee snsennoons aonsscnons
Fusarium sp. (NRRL2OG124) 4 uuunevesnr vinnmeaoss anmuecnsson saannssssen sasoannane sonanensan
F.guttiforme e Ceeseeaen e b ereeiaee
B o T o (o s B 1= U 2 P
F.fuFikuroi(MP—C) i it iiivean setennarce aaenansann aenn Cunn e eveemeosan teernenas
F.proliferatum(MP-D)] ... i.iitrr tetnrutoer saneannnee sanss Covee einennens e
F.5acChari (MP—=B) ittt evens caeveanenn savensenee casas Conne hhee s nssne tannanenna
F.thapsinum(MP~F) = .ivevruwere connnvanns B ¢ A
F.overticillioides(MP-A) ........ T viienaaens B N L
F.nygamai (MpP-G) s wwaeeaan O 0 o
F. ARFIeXUM it i aereetes meaeeneiee v Cutts et cn e e



Host = Teosinte
F.subglutinans(Fstl10Q)
F.subglutinans(Fst26)
F.subglutinans(Fst40)
F.subglutinans (Fst51)
MP~E; Host = Maize
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC1084)
F.subglutinans {MRC6483)
F.subglutinans (MRC6512)
MP-H; Host = Pine
F.subglutinans (MRC6213)
F.,subglutinans (MRC7488)
F.bactridioides
Fusarium sp. (NRRL25622)
F.anthophilum
F.succisae

F.bulbicola

Fusarium sp. (NRRL25623)
Fusarium sp. (NRRL298123)
Fusarium sp. (NRRL28124)
F.guttiforme
F.begoniae
F.fujikuroi(MP-C)
F.proliferatum(MP-D)
F.sacchari (MP-B)
F.thapsinum(MP-F)
F.verticillioides(MP-A)
F.nygamai (MP-G)

F. inflexum

Host = Teosinte
F.subglutinans(Fst10)
F.subglutinans(Fst26)
F.subglutinans (Fst40)
F.subglutinans (Fst51)
MP-E; Host = Maize
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC1084)
F.subglutinans (MRC§483)
F,subglutinans {(MRC6512)
MP-H; Host = Pine
F.subglutinans (MRC6213)
F.subglutinans (MRC7488)
F.bactridicides
Fusarium sp. {(NRRL25622)
F.anthophilum
F.succisae

F.bulbicola

Fusarium sp. (NRRL25623)
Fusarium sp. (NRRL29123)
Fusarium sp. (NRRL29124)
F.guttiforme

F.,begoniae
F.fujikuroi(MpP-C)
F.proliferatum(MP-D)
F.sacchari{MpP-B)

F. thapsinum(MpP~F)
F.verticillioides(MP-A)
F.nygamai (MP-G)

F, inflexum
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250 260 270 280 230 296
Host = Teosinte
F.subglutinans(Fst10) GGTCCCTTCG GTCAGCTCTT CCGTCCCGAC AACTTCGTTT TCGGTCAGTC CGGTGC
F.s5ubglutinans (FSE26) ot iuurnus taneosacne samnnonsne onneananns e eeChiviie i
F.osubglutinans (FStd0) i it in s teeenocne vmcneanene sateeniene tanecsnsee ananan
F.subglutinans(Fst51) .......... i eeeeere eraeseeran sabiaasess areeareres e
MP-E; Host = Maize
F.subglutinans{MRCTLA) i ie i e s tnteeeannoe wavoeoecne noncenenne sasnnsonns 2unsen
F.subglutinans (MRCT756) i vvruscnne tatoaceses sasensonos cosennnnne sooseennsne sanens
F.subglutinans(MRC1084) .. cuveieve sanncnnnce oavns Cheee teraeceere vaesrrases vaseea
F.subglutinans (MRCBAB3) it itinr teanuneree oosnananos svunnnssoas sesaneoses savene
F,subglutinans (MRCB512) .. .cutints tounmuunee snsnsnoane sananansas sresavaces snonns
MP-H; Host = Pine
FLosubglutinans (MRCE213) vttt rene sereanrans savsesones rensnnnncs vasmvnonne sanens
F.subglutinans (MRCT7A88) vt uveeeeee sovunmnones ousensssne saeessnons sesscncens sasuns
F.bactridioides f e s aasesa sxseseaaas emsesesasa wesesesace saseaseses s e
Fusarium sp. (NRRL25622) .. iereunnr veosranens vonevunnas et eceee eaeeaeeaee eeeae
F.anthophilUM = et can e ceeaaanaee taasanneee meaareenan memean e e
F.succisae  L...... N e e rhs i araese eeseriaves waaane
F.bulbicola ettt etee taseseenes seaeeaes e e et eeaens e eaaen .
Fusarium sp. {NRRL25623) .. cutiiene tevarianne soosennnee sunmnmnnenn e RN
Fusarium sp. (NRRL29123) . .itruenr annrrnnnnn stovnnnenee orens U
Fusarium sp. {NRRL29124) .. .tinirinen tntennnner cusnoncnes aonas T e tee ettt iaee e
F.QuttifOrme = = et th e ieeeeaat caeesanane tetcaaceen teeeereean e
F.begoniae L ....... e s ot te e eraaraaaas aeseseraee arwens
F.fufikuroi (MP-C) i iitiis cetenannes easeaaaaan e e asees e ae e saaeas
F.proliferatuM{MP—D) .. .uiueiern tacnanacce tonsnnnces sosesanacs nameaenane saveen
F.35a0Chari (MP=B) = iiiitrtnee ettmananes satasences setnenians cetesianee sescens
F.thapsinum(MP—F) it ercs cermnnracs mmeccenane weseeaenas R
Foverticillioides (MP=A) ... uneiner tivennmeane corcaneone 1asaneecns sesanceere sumanne
F.nygamai (MP—G) it ieeitas reaanatee cmeitaeare saabtaacaes keenaeeane eaaenn
F. Inflexum i it amerere e emesereeee e e nn nNnnnnNnnnn nnnnnn

s
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10 20 30 40 50 60
Host = Teosinte
F.subglutinans (Fst10) ACGGCTGAAC TGGCAACTTG GAGAACTGGC AAGTCTTCCA GTATGGGGAG CAAAACAGCT
F.subglutinans (FSt26)  «vvviveetn vossceonuen sonsaseces stasassnvns saasaannes snsracenss
F.5ubglutinans {FSTA0) . et unr i e it e aies teaeeacaia e aeaaa seiaecaras seceiaaas
F.subglutinans {FSEDl) v ueuerninr tteceenons sossemaess soansnonrs scenmnanvne sacnennsan
MP~E; Host = Maize .
F.subglutinans (MRCTLA) v v viveeee sanvseeane ensonsonne asseensons nannennsee vaesenennns
F.subglutinans (MRCT56) cuuuuuvoee ssaaenscns srassscass sassvesces anossaeasse
F.subglutinans(MRC1084)........ e ke saaaes e esatres maaaeasess emerasaase seasasenns
F,osubglutinans (MRCEB4AB3) & ot n it iie thaemsass tetsessass snsucnnaes sasusssnna sareacnenn
F.subglutinans(MRCB512) 4 it v eneen wouncnnnns sraarencar seanenans W s assaee mesaacaaans
MP-H; Host = Pine
F.subglutinans (MRCBZL3) o v iiteins e euneausne sesstsnase ensmmnnanse soononnons saseseanns
F.subglutinansS (MRCTABE ) « i v et i e e teenresane seavnenera seenconsnee snsenesnee cosonnnnen
F.bactridicides
Fusarium sp. (NRRLZ5622) o i v er vt v venevenoee smsoasaaae neanunnnce sassnesunee connonnenn
F.anthophilum  .(....... e e e e enea e eseee eaamaeiaea aavsanesie e
F.succisae ... Ceree sasaaaeees wsews et e saseaenraes cumesirere seeasesaane
F.bulbicola = ieiiiveeen PPN e e e W e cenaes seaseantus caeeseeaen
Fusarium sp. {NRRL25623)........ ek h e e st haaeaiaien eaeestense emeeeaeren aaaeaeea e
Fusarium sp. (NRRLZO123) 4 tu e cnunr caesoanons saasssesss sssaseanss sanonnnons sasanannss
Fusarium sp. (NRRL29124) .4 unnnn. [ e eeaaana e seeeraasre creamemere aaean
FoguttifOrme s ee e aeaans eaeeteanne eeeiarraae seencaraee raeaeenea
F.begonida®@ it teeameenet meeeaareee eeneeaeenn et rereaeaans
F.fujikuroi(MP~C) (it iiinens sevavennns e C e e et miaesasana awseeeeens
F.proliferatuM{MP—D) (.t ieens aeaaunense csmssanoss sssensesse sosssanoee sosnonunss
F.8aCCRATI (MP=B) ittt tinne traeanaanae saaneotens sanennnnne caens e e
F.thapSinum(MP—F] ittt it en s temettneee sesntneans wonsacannae saesaaente aneasenans
FuverticillioddesS (MP A @ et it nneee veeeeennne semenacnee snsemnsnns sosnsnonnsn sannees ‘e
Fonygamai(MP—G) i iiiiaas sesessesue aaeesantes saareesaes caesacaann cxsesaanas
D ¥ o ol =< -

70 80 90 100 110 120
Host = Teosinte
F.subglutinans(Fst10) ATGGGTCAAG TCCGATATCT TTAGGAGGCG CGAAGCTCCT CTTATTGTGA GGGCGAGTTT
Fosubglutinans (FSE26) v uuurenn cncecennes ssseennnes sscnsnnnns sanannnssce coveenenas

F.subglutinans(FSta0) . v viurere sevroennne nsenonanne sasnssnence seeneenone tanensanns
F.subglutinans (Fst51) «.vuwevnnn. e e Che e e et e ace seesesieaa
MP-E; Host = Maize :

F.subglutinans {MRCTLA) . i i ineis tumranneen tomanseannn snssmnance snsaoneane crmanannns
F.subglutinansS(MRCT56) v v iuurnns nennacanne samoeannne sosennssnn cosonnnnne sovononnns
F.subglutinans (MRCLOBA ) ot it iniis taerenenne samenonnsse snnnssannasr sosnnoenns svnmeennas
Fsubglutinans(MRCE4AB3) o it ittt ane treieeuser snsecnnoes sotansonss setomennes canoacanes
F.subglutinans (MREBS5L12) < vt iene s tennonuunsn casosennne soosasansn sosomnnnne sosonsvens
MP-H; Host = Pine

F.subglutinans(MRCB213) v i nrer e vrvnonenne seanea——== e T e s ea e sssarese s
F.subglutinans(MRCT7AB8) .ttt it cie mevonnnane sneaee———= e T e i e e tacce smararesea
F.bactridiodde@s = it iiie e eeaaasaaas enteareens eaamaaee aaeeaareas
Fusarium sp. (NRRL25622) oot vvieenn woneuacunoe soavonvene aunnn ies teeeaerene eameeaaaea
F.oanthophilum = i iiine wnseonoons woaseammmm e T i e e eevenena
F.succisae 0 Liiiiee... e e e e e i eesaareas
F.bulbicola . ... oG e e g—— T s cesee werasaree
Fusarium sp. (NRRL25623) .. iive i vinenrnene cacus === e e it e s tes easasaae e
Fusarium sp. (NRRLZ29123) . it ncer snennrasce soaseoa~——— e T T i i et ese e caanas
Fusarium sp. (NRRL29124) .. v nnnnr veennnonee tanmenam=== e T e et s eeanas
F.quttiforme = i eee hiee e e T e e e ST i aee s ssasesvane
F.begoniae .. ..., b e e esas s g e T it s e e eeesaraena
F.fujikuroi(MP-C} = .......... B Be eees e iaes e v saeaanean A
FP.proliferatum(MP-D}  .......... B N A
F.sacchari(MP~B) = v .iuvearons R Be Gunnevvnnn suvnssenss seanonnan A
FothapsSinum{MP—F] ittt tiiens tteanennee eanssonnse sanenannne teaeaatann saeenaaenn
FoverticilliocidesS(MP—B) .. .ueeeeer tuvemeonen eeneea———— e T et wemaeaeenn
F.nygamai (MP=G) it iienens trernrnnee e T
F. inflexum J R T e T et aaeeeanns A
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130 140 150 160 170 180
Host = Teosinte
F.subglutinans(Fsth) TATAACACCA TAGGACTGGC CGTCCCATAT GAARAAGATTA TATTAGAATT GAATGAAGCT

F,subglutinans(FSt26) . .iuueiieee sunesernar sonsvocnne sensnnnenns eaea e e et
F.subglutinans{Fst40) . uuuuuirren tnvencnnen cenmnnenes sun e it ee et e
F.subglutinans(FSE5L) v uverinerre svnenntners sncosrnoss sanensnnn o eaeeas
MP~E; Host = Maize
F.subglutinans (MRCT14A) .. uuieuiin tiittvnens eoensonacn savenonnne susannnsss vonennnans
F.subglutinansS{MRCT56) v ueeeeee wneenannos snersonone seosaanase sossesnses svnnsensans
F.subglutinanS(MRCLI0B4A) «vuvenecnn srnsoenens snceonnnns sasanssses sasacnnons s
F.subglutinansS(MRCB483) . v vnvnver srvnceonne nanes fasbe semesasace weseremass seeeeenies
F.subglutinans (MRCEB512) 4 v vineeie sroemeunss soesennnas aansnssecs asnnsnnsos sossoonnan
MP-H; Host = Pine
F.subglutinans(MRCE2 L3 ) c s i vt ttnmnonsee sassaeeens araeneanne sssessmsos soscsnaans
F.subglutinans(MRCTABB ) v e iiveens snausareae saaecoanone sesnsasooa saansansns sousunnenn
F.bactridioides = .. iiiiie iiaeenas P
Fusarium sp. (NRRL25622) .o v vinneene cruvnnnnas Tl o olle ciseos mscosusnns stasscasace sesweranea
F.anthophilum = i it teretaiaee s eeeereeeae esrecsaens
F.succisae 000 Liii.e... PN N
F.bulbicola
Fusarium sp. (NRRLZ25623) « cciviinee cnncnnnann et e nacran Neerteaeae aeeaceenae seaaeaeaen
Fusarium sp. (HRRL29123) 4 vt iiitnne teoennnnes catasuaone sessmnsnas nsnnnsssne sonsnasans
Fusarium sp. (NRRLZ9124) v v v v v sens srenssnens sosrnecane sannsansene sannnosone aomensnons
F,guttiforme = = e iiier carraeaenn o S .
F.begoniae it aaamaeeean et e i et e R oS
F.fufikuroi (MP-C) = i e iinraan veencensns el i et e taceers eeataee e eraaaaaa
F.proliferatum(MP-D)  ....cc.... e T v .
F.sacchari (Mp-B) e e eiaes eeeeaaaaan T
F.thapsinum(MP~F) . .euiiiines vavnanansn e e it e seeraas seesree e teea e
F.verticillioideS(MP=A)...ccuurrer snnceeana. B
F.nygamai(MP—G) ciiiiarace meeeaeaaaa D
CF. InfleXum et enaaaeaas B o OO
190 200 210 220 230 240

Host = Teosinte

F.subglutinans(Fstl0) TTGTTTATAT ATTGATAATG ACAGTATATA TATCGTGTCT TGACTAATTG CGTGCCAGCA
F.subglutinans (FSt26) v uuuriieee weoanreese snvennens e e teeaaaae saearasaes saasesaens
FosubglutinanS(FSTAD) o uurrinees savevonone sennmnesnse sovanneens sonacnsocs vaoansanes
F.subglutinans{Fst5l) .......... e e e s ataiea s asmeenete ceneaeseny seaeaasan
MP-E; Host = Maize

F.subglutinans(MRCTLA) .t uerore tnmeenaese coseannnene aonemnnans soeseeansn saavescans
F.subglutinansS (MRCT56) . vverveans cevenranne sommensoes ovnumnscoss soveennnen oavennnnes
F.subglutinans (MRCL0B4) o v e unnune trrreerses sonnnneens soeecnanee cvnenn e e
Fosubglutinans(MRCBAB3) o o vcuss e cnseacnsen aamenannes crannmsesne oavonrerns noseneseann
F.osubglut inans (MRCG5L12) v euvetneee nanereenes sassenenane sasennsemens socnecnone ooenonnnss
MP-H; Host = Pine

F.osubglutinans(MRCB213) ¢ iu s ttvn s trevmrnene toatunecen sennmonans sasosannes aseraenns .
F,subglutinans(MRC7488) ...v.e.n.. i e e e seeeerauns ceeseasenn erecaar e wemeserran
0 %= Tot b o Ko s Ko Ko X JX
Fusarium sp. (NRRLZ25622) ¢ vt it unvns aeeenannscn sammrneanee sonsmeannone snmenanese 2naeoneen-s
F.anthophilll = ittt tiiernanae thmaneaaan semamaanan aeameeeaae e
FLoBUCCISAE it iieae taasaesiae eemaresete seeaeicsae seesessece secasenene
F.bulbicola = = = i ieee ceeeiesees aeeaan e e Cee tee v aes eeae e e
Fusarium sp. (NRRL25623).....cv0.n f e heeeaans arecesaeas seseaseses saessarese seens RN
Fusarium sp. (NRRL29123) i tunerns sennennsie snsnoencne ennsnenoen snonvnsnen svannenenn
Fusarium sp. (NRRLZ29L124) . .t it enin s tetemmnans cmasnnenss connmensse sooneonnes ooeanenean
F.guttiforme = ittt a e eatiaaen seatencnaa e ssaaane seasane e e
G o To (oo 1 - T T
Fofudikurod (MP—C) ittt ies serstannae cmeaacannn snsecnanae tomscraces woseananns
F.proliferatum(MP=D) ...t iiinne secvnvante svsssmonnn aoeeas e eseereeeee eaenaraaa
F.88CChari (MP=B) i iiitien tuntnennss ansnecancns ssavasasae taseaavoae sasesresena
F.thapSinUmM{MP=F) ittt e itere tnanmecacnrs semauennns smersmennes seear e e
F.verticillioidesS(MP=A) .. eeenee trennenace ssaneosann suaunn et et e he i
F.onygamai (MP=G) = ittt itt s e eeaiaeas e e ueama e diaeeaaaae uess s e
Fo INFIEXUM ettt saeraaeete meeaesaaee eheaaeaae aaeeanaes aeeaeeanens

A-37


http:F.guttifor.me

Host = Teosinte
F.subglutinans (Fst10)
F.subglutinans{Fst26) .
F.subglutinans(Fst40) .
F.subglutinans(Fst51) .
MP-E; Host = Maize
F.subglutinans (MRC714) .
F.subglutinans (MRC756)

F, subglutinans (MRC1084).
F.subglutinans (MRC6483).
F.subglutinans (MRC6512).
MP~-H; Host = Pine
F.subglutinans (MRC6213).
F.subglutinans(MRC7488).
F.bactridicoides .
Fusarium sp. (NRRL25622).
F.anthophilum .
F.succisae .
F.bulbicola .
Fusarium sp. (NRRL25623).
Fusariom sp. (NRRL29123).
Fusarium sp. (NRRL29124).
F.guttiforme .
F.begoniae .
£, fujikuroi (MP-C) .
F.proliferatum(MpP-D)

F.sacchari (MP-B) .

F. thapsinum(MP~F) .
F.verticillioides(MP-A).

F.nygamai(MP-G) .

F., inflexum .

Host = Teosinte

F.subglutinans(Fstl10)
F.subglutinans(Fst26) .
F.subglutinans (Fst40) .
F.subglutinans(Fst51) .
MP-E; Host = Maize

F.subglutinans(MRC714) .
F.subglutinans (MRC756) .
F.subglutinans(MRC1084).

F.subglutinans (MRC6483)IN....

F,subglutinans (MRC€512) .
MP-H; Host = Pine

F.subglutinans (MRC6213}.
F.subglutinans (MRC7488) .
F.bactridioides .
Fusarium sp. (NRRL25622).
F.anthophilum .
F.succisae .
F.bulbicola .
Fusarium sp. (NRRL25623).

Fusarium sp. (NRRL29123)..
Fusarium sp. (NRRL29124)..

F.guttiforme .
F.begoniae .
F, fujikuroi(MP-C) .
F.proliferatum(MpP~D) .
F.sacchari (MP-B) .
F. thapsinum(MP-F) .
F.verticillioides (MP-A).
F.nygamai(MP-G) .
F. inflexum

250

GTCGCGGTAA

310

GACGGTCAAT

260

TACGTAAGAG

R P
> e s e e e n o ona
D I

e x a2 > .
..... e oen
P Y
s m e n sy aE e
8 ar e s v w e
2 e e s w s .

320

ATAGCTTATA

E IR I I SR PN
I N I R
x v e aue s
..... R
...... *a e

....... PN
N R A
TR
R
“ e e e
“ e s mmee . x
s e e e ann PSS

R
s r A r e s e e
R .
e e ww e e e e

270

ACTAGTGTTA

A e e e e e

..... IR
R
v e ow e e « s
......... "
RN ]

------ «
O I I IR
D IR ERY

330

AAATGTTAGT

e s e e r s
e s e .o ‘o
..... PRI
R R

...... .oy
...... e e
TR
w e we e .
R R |
o s e s e e ..
P I I Y
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280

TTCATCTTAA

..... “e s wn
e % s e s w e

L L S AR

........ -
...... “.oax
R
R
R ‘.
R Y .

340

ACTTGACTAG

v r e s s e
R
P
----- . a
R T

R I I e
..... PR
R
N
v w e e e ..
* e 4 e .. .

290

TTAGGTTTAA

P Y
e s s aaxw e

N R

# e o x e P
P -
+ s e n e Y

350

AGTTTTATGT

..... ‘e v e m
P
I NI

P .
“ e e v s weoxe s
...... e e
...... e
et s b e o4 e

P A
R R
s e v e e .o
R
s s e s e IR
TR
e s e ae s
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AGGGTACCCA
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R
N R
I A R

R
R ..
# 4 4 e o s s
..... a e
....... e
PR )

360

AAGAGGGCAG

...... PR
s e e e w. ...
s xeov e v

ke e e e
..... e e na
A rw e e ey .
® e 4 e aas e .
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.. e s v
...... Y
..... R
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370 380
Host = Tecosinte

390

L
& YUNIBESITHI YA PRETORIA

400

410

420

F.subglutinans(Fst1l0) TACTTGAGGA GGAGAGATGA AATTTCGTGA TACCRAAGGG ACTCGGTRAA GGCGAAGGCA

F.subglutinans(FSt26) ..ueeneree cnencanane sna
F.subglutinans(Fst40) .......... M e eaa
F.subglutinans (FSt51l)  cuveiviies vavenaas e e
MP-E; Host = Maize

F.subglutinans (MRCTL14) .t ienenn secernnnne oo
F.subglutinans{MRCT56) ..uciinwre connnanene sun
F.subglutinans(MRCI0B4) ...t trivanevens oua
F.subglutinans{MRC6483) . cuvivrnee wrveunnonee one
F.subglutinans(MRCEB512) .o ireen vuwnvoanns von
MP-H; Host = Pine

F.subglutinans (MRC6213)......... e e
F.subglutinans{MRCT488) . curiine trcenensen wnn
F.bactridioides. @ = @ iiiiiieis cennnirnne ans
Fusarium sp. (NRRL25622) . ...0venun e ae
F.anthophilum = = ... ciie ciiicraane aee
F.succisae 0 L eeesn. her e e
F.bulbicola it arees areeaae e e
Fusarium sp. (NRRL25623)....... et e e
Fusarium sp. (NRRL29123) . vv s vnner ernnnsanson onn
FPusarium sp. (NRRL29124) o ir et inns wemnnnunes wes
F.guttiforme @ et e e
F.begoniae = i i ieee seeeeaeaen aas
F.fujikuroi(MP-C) = & ..iuiriee snwnnen- N

F.proliferatum(MP-D) .....

F.sacchari{MP-B) = it ireeene saeonennee nen
F.thapsinum(MP-F) = .t .uueeiner vavenonnna »sa
FoverticillioidesS(MP—A) ... veeeere sescennnnn ons
F.nygamai (MP~G) c it iettrae ereanananne ean
F, inflexum i iee aemeaenaee e

430 440
Hogst = Teosinte
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480

F.subglutinans{Fst10) GCCCTCTAGG TAAAAACTGA CGTTGAAGGA CGAAGGCACA GAGAACAAAC AGGATTAGAT

F.subglutinans(Fst26) . ..vuvivee svsansnses san
F.subglutinans(Fstd40) ... .ncnee mecmennnen onn
F.subglutinans (Fst51l) ... .cvuricn tiuvnsnenas son
MP-E; Host = Maize

F.subglutinans{(MRC714) . .uuiiinre voeenannnne oua
F.subglutinans (MRC756) ........ er e e aaea. ce
F.subglutinans (MRC1084} . .crccivees wevanonans =as
F.subglutinans (MRCE483) . v e v sunnaenane aun
F,subglutinans{MRCOB512) civencvnne cecnnnnnce nus
MP~H; Host = Pine

F.subglutinans (MRC6213) . vr vt iinen tnecnncnns oua
F,subglutinans (MRC7T488) . v v wuwnn fae s e
F.bactridioides @ = ieiiiininn cinnianne- ‘e
Fusarium sp. (NRRL25622) . v ieinnes sncernonne ann
F.anthophilum  ........ T it vncnne eun
F.succisae ... TV tnasennone oo
F.bulbicola . ....c.. O
Fusarium sp. (NRRL25623) e v v vvvenns cansnenone oan
Fusarium sp.(NRRL238123} . .00 unrive wreennoees ans
Fusarium sp. (NRRL29124) . i i vrev i enrennnnne ous
F.guttiforme @ = i iiiet deeianaean e
F.begoniae = = i iiih eeeeienaes e
F.fujikuroi(MpP-C) ........ A
F.proliferatum (MP-D}  ........ T i eiieneee aen
F.sacchari{MP-B)  ........ To eiivnanans s
F.thapsinum(MP-F) = ........ T i iiiaen e
F.verticillioides(MP-BA)........ T et ieenane aan
F.nygamai(MP-G) = ........ N
F. inflexum .. ..... )
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430 500 510 520 530 540
Host = Teosinte
F.subglutinans (Fstl10) ACCCAAGTAG TCTTTGCAGT AAATGATGAA TGCCATAGGT TAGATCTGAG TTGG————— T
F.subglutinans (Fst26) ...... Che esaerarena Chemeeaatr seseverers sereeaasoes R
F,subglutinansS{Fst40) .. vvernen semceanesn oossnnsnne nos i b esaaseenss L —
Fl.subglutinans (FSEO1) v i riurcnr tvvreeanne cmmeeasnee ssnscacnne neevennnns ey e .
MP-E; Host = Maize
F.subglutinans (MRCTL4) . vt vr ot i teeevraane snsenecane sasmananns P i
F.subglutinadnsS (MRCT56) & veuretnne seenannanos seasunmenans sarnnosnsn sancanesene newn——=m= .
FL osubglutinans (MRCIOBA ) v ittt it cne tteetanees tamenasaste tonesannmne sanenenene suesmmm=— .
F.subglutinans (MRC6483iN........ s eseean hee eeeeaaaana Ceeerrae eiaeaeaes B it
F o suUbGlutinans (MRCO512) c v v vinnane tuteenoees svensnenss ssnoaseccn sossnnonnen e S mm———
MP~-H; Host = Pine
P subglutinansS {MRCB2I3) o i n vt s vee vesnneenocs sosncsssenn soconsenne saanunes G. .~..~=—A—-.
F.subglutinans (MRCTABB) « vt iiner wieearnsne svennnsscna anssonsans svennees G, .~..———A~-
F.bhactridioides @ = @ .. iiienr cnenoneens e heasess s seeavens sareanse T. e
Fusarium sp. (NRRLZ25622) t v erervne vuonenanss nsuancenes sasensnons saannsonnen oneo—mm== .
F.anthophilum s te e eaa eesasacase susacensva sesessesas eesunasn G. .—..===BA~.
FL8UCCLISAE i iiii et eressaaens meseesraas sasercrsce eaaresen G, .=, ===B~-,
F.,bulbicola e te e ras eseseeanes temarenaas seareseeen veraes e GC L~ m==A—,
Fusarium sp. (NRRL25623) ¢ evuieenee vetennnrae camonnaans e eaaaaean G. .=..-——BA~,
Fusarium sp. (NRRLZ29123) . ittt tien trenansans sasrunncee sasmssoens saenennn G, .=.,=——RA~,
Fusarium sp. (NRRL29124) . i it itnns tiusnanens cnesscanes aasrosasas sonsonss G. .=, —==A~
F.guttiforme = it it i iiaiaeas eeese s saseesaaes aaeraass G. .~.,===A-
F.begoniae i i ase heeneaanie aemaeaenre rernaaen . PR G. .—..-=~A-
FoEudikuroi(MP—C} ittt iinvs cesevnness samensonne cnsnneneen —..G. .- .GC-——.
F.proliferatum(MP-D) ...ttt ene tecercnene veneanconmn coasvenann - .G. .=-..GC-—~
F.5acCharlrl (MP=B) ittt tnten veeenenson nanatsenne semsnnnens o= .G, .=, GC——-
F.thapsinum(MP~F) . iiteane comnanenoce rronannmnn suoonanans Gl = G
FoverticillioidesS(MP—B) ... uuveeee cavnsnnonn ssenncnane sveononann G, o Ge—=T.
F.nygamai (MP=G) = it iineens varterenas cemareccee aemaranan R ¢ R e £
F. AnfleXuUm i eth reeaetaeas aaaaseaces teeeaaaeae aaeas - -~ ,=—-——CAAT.
550 560 570 580 590 600
Host = Teosinte
F.subglutinans(Fst10}) AG-TC-TAGT TGAG--TTAG TTTA-CTAAA CTAAT-GATC TAT--ACA~— AG————— CCA
F.subglutinans(Fst26} .,.-..-.. e, T e e s e —
F.subglutinans(Fst40) ..-..—... R e aece aaeen - .y o e
F.subglutinans(Fst51) T s —_— T e nee eaaes - - — e — .
MP-E; Host = Maize
F.subglutinans (MRC714) S e ™ e e ™ i s —.. = —_— L am———— .
F.subglutinans (MRC756) ..=..~.... e e et s T aeees e - T e —— eee
F.subglutinans (MRC1084)..~..~.... . - e e waaen - — gy e
F.subglutinans (MRC6483)..-..~v... . e C e aaee esaes - e .
F.subglutinans (MRC6512)..-..- R T e e - .= — e e
MP~H; Host = Pine
F.subglutinans{(MRC6213)..-..—... . T e eaaes e vemm e G ee
F.subglutinans (MRC7488)..-..— .y R P L C st L .
F.bhactridioides T e et aaeas e T ——
Fusarium sp. (NRRL25622) ..-..~... -—.. e e eeeans - T i .
F.anthophilum I e e T e e - Ty : R
F.succisae T e e e e e arenns - — e ——
F.bulbicola N s B T oo R e ..
Fusarium sp. (NRRL25623)..~..—.... s T e e asea e e — e —— ..
Fusarium sp. (NRRL29123) . vmuumtnrs teve™tnns teremeenns aeren - e e .
Fusarium sp. (NRRL29124)..—-..=. .. -c..—— e eeaas ~a. - -y
F.guttiforme T T e meann - L mm L m——— .
F.begoniae T e s _— .. T eae s - e L ——— .
F.fujikuroi(MP-C) Comiimnnns T e e Gaml s aaL . ~eee aem=G..——G —-———C..
F.proliferatum(MP-D) Comvimevie vee—. R ¢ U - GG, mm==C,
F.sacchari{MpP-B} Comvmunn e CowdGemaas wenan - .~=GG--TG ..-——-C...
F, thapsinum(MP~F) T.~G... I SRR ¢ S e Gl T Tmem—
F.verticillioides{MP-A)..~..G... T ¢ TP G...T C.==G..~T= .. T-~—-...
F.nygamai (MP~G) e R Y ST ¢, e ——G..=T- . Te———,
F, inflexum [ -———- . CT..GG... G € -.CC -G.~~T- ,~-TAAT-T..

A-40



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

L
& YUNIBESITHI YA PRETORIA

610 620 630 640 650 660
Host = Teosinte
F.subglutinans(Fstl1l0) GCC—--TTA~ -GATTTGGTC TATAAATGAA AGTGTAAGCA TTTCACCTCA AGAGTAATGT

F.subglutinans(Fst26) ...===. .= —0tineenen b e e e e eas eeememaane caeasaeres svearevens
F.subglutinans{Fstd0) .. .==— i i iinerner cnasnvencs e e i aaeeeae e semeaaeaes
F.subglutinans (FSES1) ot uumm e iim miietisnns seetsotoss eussmancan arnennsans sasnaeanan
MP-E; Host = Maize

F.subglutinans (MRCTLA) o .umm= . ium™ ™t ttsnsunns cenmsnnnsee sosaonsane snansesanne socasnanns
F,5ubglutinans (MRCT56) oo™ =t iu™ mutiennces sasveonose sasscnnine seansonnne svansnnsan
F.subglutinans (MRCIOBA) . o=t i im ™t iinesnnsr aoessnonnse sossonnssne sesoscanons senuononns
F,subglutinans{MRCB4A83) ... == im = virrrene saunenennns e e e dats eemeemaree araeaeanae
P subglutinans (MRCE512) v ummm. i im =t it tcnnes eenemcsnse womaaossace sosuscenne vannuennns
MP-H; Host = Pine

F.subglutinans (MRCE213) e =B ™ =1 eennsnnne sanvensose nosssncene orennscnsnne tanennenns
F.subglutinans (MRCTA88) v i um—— B . i ™ = iiiiniuee wcoanusvnons enovmenaas vosoonnsen eancunnnnn
F.bactridicoides e T e T e iaaaat saa e tesesesass teannaaeas saeaseeens
Fusarium Sp. (NRRL25622) ¢ o omm= . s im —i it taens coanosensne sanssansss snnnmansnae soamaennne
F.anthophilum B e
F.succisae e B e e i ea i iss saaeeeases tessesenes aaserseaae saaeseaans
F.bulbicola R - T O Cetenontas tretaruant weirearees evaes e
Fusarium sp. (NRRL25623) .. cm=m B ™ (it ireann sasensnsee snuamansse anannaenne sannas oo
Fusarium sSp. (NRRL29123) . =B im =t ieinnrs stnseenones soannscnons soanonnnne sonsenanns
Fusarium sp. (NRRL29124)...—~=A..= =..cveuans he et werara seassaaaan s eanras wreesensen
F.guttiforme . T ee eeeaaaers emeeenan e e maeman eecaaenan
F.begoniae B W e heetsaaas saievaaees ke enaaen
F.fujikuroi(MP-C) R €
F,proliferatum(MP-D) B e O
F.sacchari (MP-B) o BB T e i seeraaseee abeseeeanr sesancsoeen sesneasnes
F. thapsinum(MP-F) R Y B O
Foverticillioides(MP-A)=. . —=—B. . ==ttt tee ttrrmeennn vanmmennse tasnnances 1evavanens
F.nygamai(MP-G) B W
F. inflexum AR LT O e it s e n s e e aae meme s e sasaare waesenanus

670 681

Host = Teosinte

F.sabglutinans(Fsth) GGCARACGCAG GAACTGARATC
F.subglutinans (Fst26} e et iteare cheeereanan
F.subglutinans (Fstd40) ... vrinnnr tuvrnnnnnes
F.subglutinans(Fst51) ... irnenn sersnancens
MP-E; Host = Maize

F.subglutinans{MRCT14) ... cieir wrvnauunonn
F.subglutinans (MRCT56)  .v.vvseenr veveensanns
F.subglutinans (MRC1084) .. ..veirnr vevneneanns
F.subglutinans(MRC6483) ... ..ot sivnenancas
F.subglutinans (MRCE512) ...vvuvner srnnseennsn
MP-H; Host = Pine

F.subglutinans (MRCH213) ..veivecer ssoonacanas
F.subglutinans (MRC7488) .. ..cevrve vomeoeoanann
F.bactridiocides @ = = . .ciiiiins svenanas .
Fusarium sp. (NRRL25622) ....vvinrn vnsuannonns
F.anthophilum = .. iiieiie tevnnvennas
F.succisae = = = ittt aeeeseeaa
F.bulbicola = = e e ‘o
Fusarium sp. (NRRL25623) . .cvvrvene vevencrccaes
Fusarium sp. (NRRL29123) ..vevevnnr cuerrnnsuns
Fusarium sp. (NRRL259124) ...iiivinr vnvnnnnnnns
F.guttiforme @ = e iees seeaeaeaaan
F.begoniae = = et tieeeaeean
F.fujikurol (MP-C) = . iiiinn mmvrnenn- -
F.proliferatum(MP-D} . .viurnnne wovuanonons
F.sacchari{(MP-B) i irerernns crnaeannonn
F.thapsinum(MP-F) = &t icivene wucannannon
F.overticillioideS{MP=A) ....cvieine wuennannnon
F.nygamai(MP—G) = . ..iieeiein ceinonenann
F. Inflexum = = = i ieeiae eaeiaeaeans
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APPENDIX 5

Aligned calmodulin, B-tubulin histone H3 gene sequences, as well as the sequence for the
three nuclear regions HB9, HB14 and HB26, for selected Fusarium strains in Gibberella fujikuroi
mating population E (MP-E). These sequences were used to show that mating population E is
separated in two cryptic species (Chapter 6 of this thesis). Nucleotides similar to those of isolate

M3869 are indicated as dots, whereas nucleotide deletions are indicated by vertical lines (-).

Calmodulin

10 20 30 40 50 60
F.subglutinans{M3869) TCAAGGAGGC CTTCTCCCTC TTTGTAAGCT ATTCCCITTG TTTCGCCGCC TTGCTTAGCC
F.subglutinans(M3935) it iiiias e iiaie tseaereeie e eiaeae eveee e aeeeeaean
F.subglutinans(Fst9}  .......... et araae seeraseete emereraae eearasas eeraees ‘e
F,subglutinans(Fst10) be et as seenreaeaa treencraan 22T auenae tarraacens saresanan .
F.subglutinans (FSt13) i uiueiner cirvnoanes snnronnuns c e i e i i e i i
F.subglutinans(Fstl7)  .c.vitiinr suesannann sncanonnan e el i et he e raesaaaaan
F.subglutinans{Fst22)  cuueeiiens tecenennans cncanannaa B e eeserarees
F.subglutinans (FSt26)  uiutetues wanseunone sosmmsasons sesnsasanee socssnaane sasssanens
F,subglutinans{(FsSt40) v et eeree veeanrrnne toncnenons B
F.subglutinans (FSE51) tuueertias seeeoncnne cotnvanoss namcssonne sasnanonee easinasenn
F.subglutinans (FSt54) ...t iuuies teennansea caecneanes seeaneaaae seeneesaans aacnenanan
F.subglutinans (FSESB) tuiuususns cosessmnes sosncotone soesasasnes oaovncnnes savavaosns
F.subglutinans (FSth9) o irursesre sseenneane emscasaess eonesocasne snasnenens sesnennens
F.subglutinans(MRCLLSE) ... iuuiner enrsnannne sevennanns e s it i e i e
F.subglutinans(MRCT14)  .uuuieivnr evvnevens e eanea O
F.subglutinans(MRCTE6) v vvevonvs enemeccnne nocannsons sesnnmsnone sanecenrans sotesennns
F.subglutinans (MRCB3T) vt uneureene scennunene sosrssnaeer seoeevssens navennnmece onnnneeeas
F.subglutinans (MRCLO 77} tu i inens csvsnnnnes sacoacsnse saecnasene nnsceosans eanoonennn
F.subglutinans (MRC108B4) . veveonre wcovneenns et e st sues sasesaeses sevaareanee ceserrensa
F.subglutinans(KSU434) .. ieuinnns cnnvunesnn sansoceans e i i e e s
F.subglutinans(KSUS07) i eneee vennenans N T 2
F.oubglutinans(KSUT31) v ivevnvuee truvannane sansvneeenn e e e e caeesae e
F.subglutinans(KSU993) .. .iruniins amnscvonnn sosunannns D
F.subglutinans{KSUL257) ..ivucenis woeoensons seronunnne et ettt i aearae saeesarean
F.subglutinans(KSULAL7) .o vveniner tensnnnmen snnraanoss g
F.subglutinans(KSU292L) .uuevevene secncensns aneconcnns B N e
F.subglutinans(KSU3851) ...iiuiunir evirnennen snennnenns B
F.s5ubglutinans (MRCB512) .. vinierer cinvnnnone snnennnans B
F.subglutinans(MRCE483) . .iitevnee tvnnneeacn wunsevannn B
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70 80 90 100 110 120
F.subglutinans(M3869) GTGTCTTGCT AGAAGCTGTC GCTAACCTCT TTATCCAGGA CRAAGGATGGC GATGGTGAGT
F.osubglutinans (M3035)  turettitir taraeemte et rane rae et eeeearaaee weeeaaaaa
F. o subglutinans {FSEO) i ueeierine tacansnnes sarensnran raaeecenae cameasenne waaaanaaas
F.subglutinans(Fst10)  t....iuvivs 2rrsinnnne covaoeaenn N e e e
F.subglutinans (FBEL3) tivuetvnee smenenense sosansonsne vossonsosns sousencens samrnnnaes .
F.subglutinans(Fstl7) ..... h et h e arees s ieeeaes beiaaeeaae teaeeenaas seseaarae
F.subglutinans (FST22) cuuneeenee vaneesones amnneaanne sosenennns ceseosssne sannssenns
F.subglutinans {(FSE26) i iuuvieeue wnnmneease sacassusan consnnmanvne taveaneene sanosnasns
F.subglutinans (FStA0) v vuereenne tumesonecs canssnnsenns sessennsss seannronees soncennnns
F.subglutinans (FSE5L) v useueeurne sovnnennens vavonsnone nennsneees e se e e
F.subglutinans (FSE54)  tueuiteuun teemenonce sonnvnsenas vennsencrn sosnsonnne sanonsocnsa
F.s5ubglutinans(FSt58) . .uiiivur crvsenonne sansn o ert s iartees seeseaaaes caveraraas
FL o subglutinans (FSEBO) v iuntteae tnesennene smeasensans seecasenne semennsnne secnannnas
F.subglutinaNsS (MRCL15]  tunveuene toenconnen woncoancaas secooaanne socennanes sounasennn
F.subglutinans (MRC714) o uvtiniinr eveneonene voneenannn e reeie heeiee e eeaereaeas
F.subglutinans (MRC756) 1o cieeer tvmrcnanes soenanns e e meae i amaare . e
F.s5ubglutinansS{MRCB37)  ttureeeuie terensneas asasuonnnue sovmansone sinsmnssne saonansnsas
F.subglutinans(MRC1077) ....... e iy e e ecene sraearenes seemasenae rereerasten waaeeenens
F.subglutinans (MRCLOB4) 4 vu e tiine commetsae smaemaacne neansocnae sacennoans coceensnnns
F.subglutinans (KSUA34) ¢ cunuiuuer aasneuoacre eoesanccns wansecaces sossenonns scnnnsvena
FLosubglutinans (KSUBOT) v ureeenee eneeenensn avnonnsses onsmnnenee vamavensne oonenneans
F.subglutinans (KSUT3L) tuueuurnns vrenenmncen sunsscanas ssseuneanne sonnnroone oonmenaneans
F.subglutinans (KSUS93) i ivt i ecur veovonrone sousannsnse cansonenes aaneecoene sanannnnns
F L osubglutinans (KOU L2577 ) v vevnenes seuneeenen ocnneosone sesosannnna vaseeneess nanmsnosoas
F.subglutinans (KSULALT ) v unenes tesnssnanas cosunensss ansnnecnoce sneaassnes saensssans
F.subglutinans (KSU20921) v.uiiurenn venuesesen sncovonsnee toomnnecee trsonnnnse saeaanonan
F.subglutinans {(KSU3851) . vt urvuuns surannnarse snssesocns secssnanns ananssnnoe sassennnnn
F.subglutinans (MRCE512) vu v e veenns vrnmsnncen nuvensaace tasanmennns ssanmansnce sasusnnnes
F.subglutinans (MRCGAS83) oo e usae vreernenns tavsocnnun asnnansnne asannnunnne onnoannyns

130 140 150 160 170 180
F.subglutinans (M3869) GATGCTCCCC TTTCCGCGAT GITTCTTCGT TGGCCCCGTG CGARACCCAZA ATCGATCCAA
F.subglutinans (M3935) it et iueae creunecnane wasocnaner seensanane saamanaste eeecensnan
F.subglutinans (FSLO) it iminrine teimucsose mmveensnes taansnaaon wosesoninn seeescenan
P.subglutinans (FSE10) i uneeeen taeoncenes sasscanenee servsnnnse anseonesees connsarsens
F.subglutinans(FStl3) i ivniteerr trenonenes meacososnne snsesoenes soconennce sssamecsnn
F.subglutinans(Fstl7) .. eiiiinne vivarneens e e e seiaesaas e asaees asee e
F.subglutinans (FST22) v v cuinenss cmcmnmcnee taenmanane canananeeens comsaannas srcemcnnos
F.osubglutinans (FSE2B) v v eueemure tuneanenene snmnnnosne sosnmenasenn sreenanennn soanesnnen
F.subglutinans (FStd0)} . u. i tnene tmuutsnane nnstsnaaene nameconnne acnsensnns sansensnns
FL o subglutinans (FStBl) i ittt iiee ttemeneeee soneacansne seonmannne sanaceeenns samnvenana
FLsubglutinans (FSt54) tierinvnene tuensoensn tosenennone sesnesonnne oomaneesne soveeancnan
F.subglutinans{Fst58)  t.uireuers wesnennans tnaneassns savens W hte raeeeaaaee aresaeaean
F.subglutinans (FSE69) t i eietone titesaaaee samenssacs seacasnsane sassacnnne seananenan
F.subglutinans {(MRCL15) ot ittt aecnne smmcasacee meameaanae cosaraan aeaaaaae s
FLosubglutinans (MRCTLI4) i i iiiunss teeseenene sesssenene tenennuncan sasscnsess sveannaneen
F.subglutinans (MRCT56) oo it uune toianeasnns sounansans saouoonons esnsnsanene saeerasas
FLsubglutinans(MRCB37) .o crmineer tteerneses tavmcannne saresonany aeansaaarae ceasaaaas
F.subglutinansS(MRCLOTT) v veuneenn srvnnsunns anannennon cosonrsnns nonnsessse sncasnnnen
F.subglutinans (MRCLOBA) i v v eeen tesnencnns asosenenon soeunrenns snouesennen cannmunnnas
F.subglutinans (KSU434) i uuuenionr tremeounntn snesesunne soseennane sevnssanes sasnsvanns
F.subglutinagns (KSUBOT)  tuviueuenr eernceorsn ensenenmens saonnsncnes avesnecsns sonvenvenan
F.osubglutinans {BSUT3L) e eiinnese treaniinns sonssanane oneovasnce wasceancane seeeenaann
P subglutinans (KSUSS 3 ) . i v in it s i aie et ies sttt teeeaaeas aeasas e eenesaena
F.subglutinans (KSU1257) .......... e eee sreeraeens N Ve
F.ooubglutinans(KSULALT) tuuiieenne tieonurens sussncnsoe anececssss onenancnns saomonnass
F.subglutinans (KSU20921) 1 iuunerene tiercenane sonmesnnen sovenonnan secanancoae sanaranana
F.subglutinans(KSUB851) tuvuerenne saneennner srsnanmnsne canmsnasan anessocsse sasesoennns
F.5ubglutinans (MRUB512) v vrncerns senoerancs sassacsens srecsonese sounssanns sovusas .
F.subglutinans (MRCBAB 3 ) v it i it ittt et tetteas tmsusnaros smsncanaoes sotonsennse maeneneons
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F.subglutinans(M3869)
F,subglutinans (M3935)
F.subglutinans(Fst9)
F.subglutinans(Fst10)
F.subglutinans(Fstl13)
F.subglutinans(Fstl7)
F.subglutinans (Fst22)
F,subglutinans{Fst26)
F.subglutinans(Fst40}
F.subglutinans (Fst51)
FP.subglutinans(Fst54)
F.subglutinans (Fst58)
F.subglutinans (Fst69)
F.subglutinans (MRC115)
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)

F.subglutinans (MRC1077)
F.subglutinans (MRC1084)

F.subglutinans (KSU434}
F.subglutinans (KSU507)
F.subglutinans (KSU731)
F.subglutinans (KSU993)

F.subglutinans (KSU1257)
F.subglutinans(Xs8uUl417)
F.subglutinans(KsuU2921)
F,subglutinans (KSuU3851)
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)

F.subglutinans (M3869)
F.subglutinans(M3935)
F,subglutinans(Fst9)
F.subglutinans{Fst10)
F.subglutinans (Fstl13)
F.subglutinans(Fstl7)
F.subglutinans(Fst22)
F.subglutinans(Fst26)
F.subglutinans(Fst40)
F.subglutinans(Fst51)
F.subglutinans(Fst54)
F.subglutinans(Fst58)
F.subglutinans(Fst69)
F.subglutinans (MRC115)
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)

F.subglutinans (MRC1077}
F.subglutinans (MRC1084)

F.subglutinans (KSU434)
F,subglutinans (KSU507)
F.subglutinans(KSU731)
F.subglutinans (KSU993)

F.subglutinans (KSU1257)
F.subglutinans (KSU1417)
F.subglutinans(KSU2921)
F.subglutinans(KSU3851)
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)
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CRAAGCATGC ATCAGACCAC TATAATCCTIC TACATCICTG TCTATGCGAT ATTCTTAARAT
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CGAAAGCATG AGCTAARCGC CTCGCTCTAG GCCAAARTTAC CACTAAGGAG CTCGGTACCG
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F.subglutinans (M3869)
F.subglutinans (M3935)
F.subglutinans (Fst9)
F.subglutinans (Fstl10)
F.subglutinans(Fstl3)
F.subglutinans{Fstl7)
F.subglutinans(Fst22)
F.subglutinans (Fst26)
F.subglutinans {Fst40)
F.subglutinans(Fst51)
F.subglutinans{Fst54)
F.subglutinans (Fst58)
F.subglutinans (Fst69)
F.subglutinans (MRC115)
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)

F.subglutinans (MRC1077)
F.subglutinans (MRC1084)

F.subglutinans (KSU434)
F.subglutinans (KSU507)
F.subglutinans (KSU731)
F.subglutinans (KSU993)

F.subglutinans (KSU1257)
F.subglutinans (KSU1417)
F.subglutinans (KSU2921)
F.subglutinans (KSU3851)
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)

F.subglutinans (M3869)
F.subglutinans{M3935)
F.subglutinans(Fst9)
F,subglutinans (Fst10)
F.subglutinans (Fstl13)
F.subglutinans (Fstl17)
F.subglutinans{Fst22)
F.subglutinans(Fst26)
F.subglutinans (Fst40)
F.subglutinans(Fst51)
F.subglutinans (Fst54)
F.subglutinans(Fst58)
F.subglutinans (Fst69)
F.subglutinans(MRC115)
F,subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)

F,subglutinans (MRC1077)
F.subglutinans (MRC1084)

F.subglutinans (KSU434)
F.subglutinans (KSU507)
F.subglutinans(KSU731)
F.subglutinans (KSU993)

F.subglutinans{KSU1257)
F.subglutinans{KSU1417)
F.subglutinans (KSuU2921)
F.subglutinans(KsSU3851)
F.subglutinans{MRC6512)
F.subglutinans {(MRC6483)
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TTATGCGCTC TCTICGGCCAG AACCCCTCCG AGTCTGAGCT TCAGGACATG ATCAACGAGG
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F.subglutinans (KSU993)

.subglutinans (MRC1077)
.subglutinans(MRC1084)

F
F
F
F
F
F

.subglutinans(KSU1257)
.subglutinans(KSU1417)
.subglutinans(KsSyu2921)
. subglutinans (KSU3851)
.subglutinans (MRC6512}
. subglutinans (MRC6483)

F.subglutinans(M3869)
F.subglutinans(M3935)
F.subglutinans (Fst9)
F.subglutinans(Fst10}
F.subglutinans (Fst13)
F.,subglutinans(Fstl17)
F.subglutinans (Fst22)
F.subglutinans(Fst26)
F.subglutinans(Fst40)
F.subglutinans(Fst51)
F.subglutinans (Fst54)
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F.subglutinans (M3869)
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F.subglutinans{Fstl13)
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F.subglutinans (KSU434)
F.subglutinans (KSU507)
F.subglutinans (KSU731}
F.subglutinans (KSU993)
F.subglutinans (KSU1257)
F.subglutinans (KSU1417)
F.subglutinans (KSU2921)
F.subglutinans (KSU3851)
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Histone H3
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F.subglutinans(Fst10)

F.subglutinans (Fstl13) e raereaasaas aEaeassess wakecesans vesssssaae meverrares
F.subglutinans (Fstl17)

F.subglutinans (Fst22)

F.subglutingns (FSE26) tivrrnuere tonvsnacees sasasensnn sesennncsns soeansennne enosennans
F.subglutinansS (FSta0)  cuuuuneens aosneencnns seennasses cnsmesesee novecanose noreannsos
F.subglutinans(Fst51) e e eeeeean Cee eeaa Ceene hteemaaies e e
F,subglutinans (FSE54) v et euene cuvuunnuans susmceanse ovasssuons svsennsons eoonnneenns
F.subglutinans (Fst58) e s emess bewesesran wescsesrea weswseraer svesesaess veoessavens
F.subglutinans (Fst69) C e h e ura e saeaaeeas e weeses e mesa e aas eeaesenaen
F.s5ubglutinans (MRC115) .. iiiviees tonnneenns snuessns e e e e aaa e e
F,subglutinans(MRC714)  c..vuvenne wewnnans e eeeceneaaa e e eeet taeseeieas eereeaeaan
F.subglutinans (MRCT56) . .iuvuvines tomenenrse canoemnonne eannans Che e e e seraaaaaan
F.subglutinans(MRCB37) vuvruvrnne senecencne sneaneonss seenonnone sameecenes nmomaonns -
F.subglutinans (MRCL077) et inun e teernmenns eneennonne commarennn cvaensnnas e
F.subglutinans (MRCL084) . uucvinves tnroonnnss ssenrnsans asuanrsane snannneres sanaserocn
F.subglutinans (KSUAS34A) i it innee eeeneennee tnnessnoans sosonsanen soasssonas saonnnoens
F,subglutinans(KSUBUT7) o vennecn tmsneseoee tatnamaans saennaneans ceman e e
F.subglutinans (KSUT3L) i uuit it tineinensas suvaenonus sacesaneen sasosonnas srnevneuns
F.subglutinans (KSU993) ....viicnr tevuuweeass aunnenn he ree e tamane teteeeeect daecenenns
F,subglutinans(KSUL257) v errrees tererennes vevnnenans e e eree evraie e e
F.ubglutinagns (KBULALT) v iueeeeeen treceneone evennnness ssnmenense ornaveneone taneencnan
F.s5ubglutinans{KSU2921) ....uurrine neneeesnnn f et aeaaee meeseesias aeiraeaeee waesereean
F.subglutinans {(KSU3B5L) tiuecneens tnennsecose soonanenes taonnanasos mavesnsnse sansnnnans
F.subglutinans (MRCEB512) i uivrinrs wecttonece eansnannse saeenana Gt eeseee e cearearens
F.s5ubglutinans (MRCBABI) .. ..vueens trmcunrsee veneveonnn 1osenecene oomennocne nooneveoens

180 200 210 220 230 240
F.subglutinans (M3869) GTACCGTTGC TCTCCGTGAG ATTCGACGAT ACCAGAAGTC GACCGAGCTC CTCATCCGAA
F.subglutinans {(M3935) .. .civreenn et eamr e e e seteeeeaes e iimaass aseeeaaraa
F.subglutinans{(Fst9)  ...iiiiinn torannnenn i s eaeaa eaemaaaaaes esamaaaase sasesasaans
F.subglutinans (Fst10) et s eass asesv s sassaenres saesaarenss sesrersase cenmeansaens
F.subglutinans (FSt13) it iiiiiuine tettnacoss sascsoenos asecsoaceer snanenseans sesnocnnns
F.subglutinans (Fstl17) e aeneaes aseereease weeeesesns sasenesaes e e a et deeaaaan .
F.subglutinans({Fst22)  cueerncces wseneeannn seans e ae s e saaesae wresecsaes mmreseases
F. o subglutinans{FSt268) i ieeeunes tassernaen sessnraniee meeetaaaae arateenane eeaeenanen
F.subglutinans (FSt4A0) i ueuuuaee cveennense sveocnnees voconsssoe sonneesron soveoneons
F.subglutinans(Fst51) .....c.v.c.. e anenes cearaarers eeseccrane raeeeevees seeasuasoen
F.subglutinans (FStEB4) 1 h it ireiunr tnnnueseacn woveanmane sracncrsne wensanaane seannesenn
F.subglutinans(Fst58) .......... e Cereee e aseaan W hee eraraeaaen eeaeraaaes
F.subglutinans(FSt63) vt euervee connenesne soneosonne sesmvenens srsennnsos savencocas
F.subglutinans (MRCLIS)  cuivverens enmvenunnn saneennnoes Cee e e i hke e seer e
F,subglutinansS (MRCTLA) ot iuriuine cnencunnne sansnesace anmcnnesee aneennosne senenvnens
F.subglutinans (MRCT56) oo iuuetioe teeuuuonre anvonnsnne snsenonoso socnmsasuns sonaneneoes
F.subglutinans(MRCB37)  tv vt enuues senvanvoes sacnasonce sesmnnsnnnn vonmnonane sosransnns
F.subglutinans (MRCL077) . uevivene tusnsnvoen sannnans e hmreresaas e seee e eeseraneen
F.subglutinans (MRCI0B4) .....cveevns wnunnrrns W s aaee e maarars saaaesaaes F PN
F,subglutinans{KSU4A34) .. ..uiuiene tenennnnse canenasess snsoncacee snennavsna sonsesnnns
Fosubglutinans (KSUSOT) it iieenenne suvseernon sassoneens sonmonennss sansarones svanmnaeona
F.subglutinans (KSUT3L) s veerecen soveccenons sancsansse nonenorces snoesrensnn acecnaanens
F.subglutinans (KSUS93) vt everene socescrnne saesnennes b e emsess e ses e
F.subglutinans(KSU1257) .. .verernn vunnn etre ceasestaee et reeean et e
P subglutinans (KSULL LT ) v vt nnr tivrensone neeroncess snomeerons soeenronne sonnnnnnss
F.subglutinans (KSUZ292L) i uiuiirunee teemnuonnne snsenoancs sasocnnsnanse enseconens saseasnsns
FL o subglutinans (KOU3B5 L) i i ieinitne stteeannne wmccnaanse sanseneanae saenaeaces seaeeeean
F.subglutinans(MRCB5L12] it usicve sosevevans eocessasnn sasaseonne sasonnscsn aannsssnsas
F.subglutinans{MRCE4B3) .....ccevr tuwennnnnn e eaeans b h e e e e meaee eramas e ereaaeaen
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250 260 270 280 290 300
FP.subglutinans (M3869) AGCTCCCCTT CCAGCGCCTG GTAAGCACCA CCTGCTACAT CAACCGCAGC CTGACACATA
F,subglutinans(M3935) 4 ucunenee tneononsnn senaananae sesaenesan eessesanas werasaaena
F.subglutinans(Fst9) T ¢ T
F.subglutinans (FSt10) it ieeeunne wrnnvensns trneesses - N
F.subglutinans (FStLl3) vur i iener vetvenesne sossesmunns srossescne snnes -
F.subglutinans (FSt1l7)  v.ueeeiius toenssanes srasanvncs sosunssnnne cunses Buers covnmnsnenns
F.subglutinans{FSt22)  tuuereeene srnensnnne sanscanone assascnane onann B tavnenanns
F.subglutinans(FSL26)  tuuieeiane conmessenne teoaananrs vonns ettt ettt et
F.subglutinans{Fstd40)  cucueevear tusutennmos vacoensnse soonsnnnes seons Auovir tnestnnann
F.subglutinans (FSt51l) it ie it tutnanneens savtaoncas svavssnnoes enssnsnsser ssaennnnnn
F.subglutinans(Fst54} e resereen wenaameeee meaeeaasas aeeereenee seseesenee smesesesas
F.5ubglutinans {FSE58) o uuiereens toneeuenos seensensass ssansossss seseranans ee e
F.subglutinans (FSth93) vt uens seecnmunse sransesnns wavnnsnsas sosaannses seseersnas
F.subglutinans (MRCL15) o iiitenns vuvannnnnns sronannnan nosonsonse sonns Bivir tevnsnanns
F.subglutinans (MRCT14) .t ieet et cn cenanannse svesssnsns snansnerne soean Bivit venanenoas
F.subglutinans(MRCT56)  vuit e ins tieannnnen senoncasns v eneeiena eecaiieras teneaaeaa
F.subglutinans (MRCUB37) v iuiiieeee taeeonnnnn cavennsscs soseseunnce enoamannns saseananns
F.subglutinans (MRCL077) . ..uvrevce cannenenn e N
F.subglutinans(MRCIOBA) . uur e ue v et unosnee vammeenmene wonsmsosnns sasenoanen woonnunsns
F.subglutinans(KSU434) .. .vienenn vnvonuanns h et areane ereaseenas eaeas 2
F.subglutinans (KSUS0 7)) v uitietenr tieaennnnn seeeaoeene tnnnvnnenn ovans 2
F.subglutinans{KSU731l) .. .cvveure cununnn Ce i e seemeesn seemaeecsca saeens Acier vveannenan
P.subglutinans (KSU993) v v nror cunoncnans sosansonne tamenunnns sruns - .
F.subglutinans (KSUL257) ...vieienns vunnn e sreaseaens teeasreses veeas - NN
Fosubglutinans (KSULALT) i irsvinne tenuuonnon sasonnmene nunsnonnoe snaus A
F.subglutinansS(KSUZ92L) v ccuuerer mnevanunne sanmascons sonronnrnne nenea Bovee venannnn -
F.subglutinans(KSU3851) .o -vuvrvrr veecnnnnnn i aertra asaaaveran 4
F.subglutinans (MRC6512) ..vevveenc seens e eae heeweereea saersareae e Buiver trneesnnes
F.subglutinans (MRCE4AB3) v vnvrerene sonevrrann scvsnenens sassenannn sonans Brrr trerenennn

310 320 330 340 350 360
.subglutinans(M3869) CTAACATTTG ACAAACAGGT CCGCGAGATT GCCCAGGACT TCAAGTCTGA CCTCCGCTTC
cSUDGLUtinans (M3935)  iuiuenenan saraanaien caracanene ceaesanans aseemaanae emeaaaesan
Lsubglutinans(FSt9) iiereeiiin cenmnnannn aaeane- bt r e teenren eaeeaseass masresenas
Subglutinans (FSE10) i vt ivnene cenvnnence scnonconan cenaanaens anasaeoeen T
SubGlutinans {FSt13)  cuiueeurne searennone sussoennes somannoane saaeasaenn Tuvvonanas
LSubglutinansS(FStLl7) v ienenrne smercnanre toanseennan annaacanns et B S
subglutinansS (FSt22)  tuviuntons seoonmconce soanmannsae coaaaarane wneeevanan Toenennns
SUBGIUtInAnNS (FSE26)  tivinninae seeonentne sennncannses steensnons teteanaens tenarennnn
L SUbGLUtInanS{FSTAD) i iivtnetve eeenecnan aurrasaere teeacannanee caaanseans R
LSUDGIUtInNAnS (FSEBL) it it ittt te ettt tee weeereeaae maeaaaanas eeeaeseane aesaaeaaean
LSubglutinans(FST54) i vt it it s cei i sreaac e sasaiaeaae aeaceranes aneesaeans
.subglutinans(Fst58) e h e s e as e assedes s ssseseas saessabase weeereeser oressisen .
LSUDbGIUtInanS (FSEB3)  ii st iees e nevonne waeassnans taenannanre seesecnene cesaaneans
L SubGlutinansS (MRCLLIS) tusirveecs saonnessons cunroonnes avemennnse srnsnennaen T ienen e
.Subglutinans (MRCTL4) i it n i e icannsn tenearncne cocsannaes vownannnon Tewennennn
L.Subglutinans (MRC756)  ..uticinr cevneonnen e Erecne wraeeneaen e e P IR
subglutinans (MRC837) ...venw. e h heraeeanen emaiaareee emaeeeaaen emeaseaenrs areaaeans .
subglutinans(MRCIOTT) i vt it et tnrnranacn aanunrorun soneoseanns orvnnsnvonns sannneenns
subglutinans(MRC1084) .....vevve cnvenca e e e a e e ranenes ereseeacen eemaaaneans
LSubglutinans (KSU434) .. inee i anmeraanes cenennsene secaeenaae maaaanaaaa i S
.subglutinans (K8US07) v ueieiiein vorvonenne nonnes it eereaaceae aemaseseas b .
LSUbGIUutinans (KSUT3L) crieieruns seceannesne ssvenenars aveaneonne sessaneres R
L SUDGIUtINANS (KSUG93) it iiin i iis evimteeant emaieaaae teeacacaee e b P
LSUBGIUEInansS (KOULZ57 ) wrvr i tvis ssenesoane nennersone sovnnnenos ornennnenn T eineans
LSUbGIUtANanS (KSULA LT ) ot ittt ittt mare tmeaaraenn mmemaaeaae aaneeaaaes Terveornnnn
LSUDG Ut INANE (KSUZO2 1) v i vt nnre saneemecoe sonennnuns eanmennonne vaveennnns Tt eeneenn
Lsubglutinans (KSU3B5L) vt inue i tienennrss suveeunosne atveonnnen tonennanns A
. SUbGIUtIngnS (MRCB512) 1 ineitinne tuwnronene tocncensnoe sacaneeeen soenmusnns T erinanns
L SUbgIutinans (MRCBAB3) i iitiun s mrnnevenne temnunsnoe neamannane soneneanns b

.
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F.subglutinans (M3869)
F.subglutinans (M3935)
F.subglutinans (Fst9)
F.subglutinans(Fst10)
F.subglutinans (Fst13)
F.subglutinans(Fstl7)
F.subglutinans(Fst22}
F.subglutinans(Fst2é)
F.subglutinans {Fst40)
F.subglutinans (Fst51)
F.subglutinans(Fst54)
F.subglutinans(Fst58)
F.subglutinans(Fst69)
F.subglutinans(MRC115}
F.subglutinans{(MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)
F.subglutinans {MRC1077)
F.subglutinans (MRC1084)
F.subglutinans (KSU434)
FP.subglutinans(KSU507)
F.subglutinans (KSU731)
F.subglutinans(KSU993)
F.subglutinans (KSU1257)
F.subglutinans (K8U1417)
F.zubglutinans (KSU2921;
F.subglutinans (KSU3851)
F,subglutinans{MRC6512}
F.subglutinans (MRCE483)

F.subglutinans(M3869)
F.subglutinans{M3935)
F.subglutinans{Fst9)
F.subglutinans(Fst10)
FP,subglutinans (Fstl13)
F.subglutinans(Fstl7)
F.subglutinans (Fst22)
F.subglutinans(Fst26}
P.subglutinans (Fst40)
F.subglutinans(Fst5l)
F.subglutinans (Fst54)
F.subglutinans (Fst58)
F, subglutinans (Fsté9)
F.subglutinans (MRC115)
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)
F.subglutinans (MRC1077)
F.subglutinans (MRC1084)
F.subglutinans (KSU434)
F.subglutinans (KSU507)
F,subglutinans (KSU731)
F.subglutinans (K8U993)
F.subglutinans (KsU1257)
F.subglutinans (KSU1417)
F.subglutinans (KSU2921)
F.subglutinans (KSU3851)
F, subglutinans (MRC6512)
F.subglutinans (MRC6483)
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CAGTCTTCCG CCATCGGTGC TCTCCAGGAG TCTGTTGAGT CCTACCTCGT CTCCCTCITT
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F.subglutinans (M3869)
F.subglutinans (M3935)
F.subglutinans(Fst9)
F.subglutinans(Fstl10)
F.subglutinans(Fstl3)
F.subglutinans(Fstl17)
F.subglutinans(Fst22}
F.subglutinans(Fst26})
F.subglutinans(Fst40)
F.subglutinans(Fst51)
F.subglutinans(Fst54)
F.subglutinans (Fst58)
F.subglutinans (Fsté9)
F.subglutinans (MRC115)
F.subglutinans(MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)

F.subglutinans (MRC1077)
F.subglutinans (MRC1084)

F.subglutinans (KSU434)
F.subglutinans (KsSU507)
F.subglutinans(KSU731)
F.subglutinans (K3SU993)

F.subglutinans (KSU1257)
F.subglutinans (KSU1417)
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30

TTCAATACCC CTCGCCTAGA AACTCTCCAA GCACATCGCG TCTATACGCA AGCTCCTICT
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F.subglutinans(XSU2921) nnn......

F.subglutinans(KSU3851)
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)

F.subglutinans (M3869)
F.subglutinans (M3935)
F.subglutinans (Fst9)
F.subglutinans(Fstl1l0)
F.subglutinans(Fstl13)
F.subglutinans(Fstl17)
F.subglutinans (Fst22)
F.subglutinans (Fst26)
F.subglutinans (Fst40)
F.subglutinans(Fst51)
F.subglutinans(Fst54)
F.subglutinans(Fst58)
F.subglutinans(Fst69)
F.subglutinans (MRC115)
F.subglutinans (MRC714)
F.subglutinans(MRC756)
.subglutinans (MRC837)

.subglutinans (KSU434)
.subglutinans (KSU507)
F.subglutinans (KSU731)
F. subglutinans (KSU993)
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F,subglutinans (KSUl1257)
F.subglutinans (KSU1417)
F.subglutinans (KSU2921)
F.subglutinans (KSU3851)
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)

. subglutinans (MRC1077)
. subglutinans (MRC1084)

..........
..........

..........

70

..........
..........
..........
..........
..........
..........
..........
..........

..........

..........
..........
..........
..........
..........
..........
..........
----------
..........
..........

..........
..........
.........

..........

..........

..........

80

..........
..........
..........
..........
..........
----------
..........
..........
..........
..........
.........
..........
..........
..........
..........
..........
..........

..........

..........

..........
..........
.........

..........

..........

S0

40 50 60

bt eaaaas free aravaeenan
..............................
..............................
..............................
................................
..............................
Wt rereres mmerasaess emanuaswos
..............................
..............................
..............................
..............................
..............................
..............................
..............................
.......... et e
..............................
..............................
..............................
..............................
..............................
..............................
bt eces e esenvensas verann
..............................
..... feers saeessaree wareansans

.........
..........
..........

100

.........
..........
..........

..........

110

.........
..........
..........

..........

120

TCTCTTTTGA CCACAGCCTC GAGAACATTA CATGAATCAA CACTTCTCAG GTGAGCTACG
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F.subglutinans(M3869)
F.subglutinans (M3935)
F,subglutinans(Fst9)
F,subglutinans(Fst10)
F.subglutinans (Fst13)
F.subglutinans(Fstl?7)
F.subglutinans(Fst22)
F.subglutinans(Fst26)
F.subglutinans (Fst40)
F,subglutinans(Fst51)
F.subglutinans(Fst54)
F.subglutinans{Fst58)
F.subglutinans(Fsté9)
F.subglutinans (MRC115)
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans(MRC837)
F.subglutinans (MRC1077)
F.subglutinans{MRC1084)
F,subglutinans{KSU434)
F.subglutinans (KSU507)
F.subglutinans (KSU731)
F.subglutinans (KSU993)
F.subglutinans(KSU1257)
F.subglutinans(KSU1417)
F.subglutinans(KsUz221)
F.subglutinans(KSU3851)
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)

F.subglutinans(M3869)
F.subglutinans (M3935)
F.subglutinans(Fst9)
F.subglutinans(Fstl10}
F.subglutinans(Fstl13)
F.subglutinans(Fstl7)
F.subglutinans{Fst22)
F.subglutinans{Fst26)
F.subglutinans(Fst40)
F.subglutinans(Fst51)
F.subglutinans{Fst54}
F.subglutinans (Fst58)
F.subglutinans(Fsté9)
F.subglutinans(MRC115)
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)

F.subglutinans (MRC1077)

F.subglutinans(MRC1084)
F.subglutinans(KSU434)
F.subglutinans (KSU507)
F.subglutinans(KSU731)
F.subglutinans (KSU993)
F.subglutinans (KSU1257)

F.subglutinans(KSU1417)

F.subglutinans (KSU2921)
F.subglutinans(KSU3851)
F.subglutinans {MRC6512)
F.subglutinans (MRC6483)
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CTATACTAGA CBAACACCTGG ACAGTAAACA AGACAAAAAA CTCCTGTAGG TCCGTTCCCA
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GCTTCCCATG CGCTGATCCC ATTCAGAGAG GTCTGCTCAA ACAAAATAAT GTGTTGGCTA
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F.subglutinans(M3869}
F.subglutinans(M3935)
F.subglutinans (Fst9)
F.subglutinans(Fst10)
F.subglutinans(Fst13)
F.subglutinans(Fstl7)
F.subglutinans(Fst22)
F.subglutinans (Fst26)
F.subglutinans (Fst40)
F.subglutinans{Fst51)
F.subglutinans{Fst54)
F.subglutinans(Fst58)
F.subglutinans(Fst69)
FP.subglutinans (MRC115)
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)

GAATGCAGTG
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F.subglutinans (MRC1077) nnnnnnnnnn

F.subglutinans (MRC1084)

F.subglutinans (KSU434)
F.subglutinans (KSU507)
F.subglutinans (KSU731)
F.subglutinans(KSU3993)

F.subglutinans{KSU1257)
F.subglutinans(KSU1417)
F.subglutinans(KSU2921)
F.subglutinans(KSU3851)
F.subglutinans (MRC6512)
F.subglutinans{MRC6483)
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HB-14

10 20 30 40 50 &0
F.subglutinans(M3869) CCATGAGAGG ABACCTCCTC CTTCGATTTC ACGTGCCAGC GGARATTACCC CAAGAGGACA
F,subglutinans (M3935) ..t iine vavncrnnes cssaecacnne wn T e eneee arasusaare seseaseran
Fosubglutinans (FStO) tuu s eenn sevennsnas seonencnen tesenonsaans saeaveniar aeeaseneas
F.subglutinans (FSTL10) . veeeevnee evemennnnn vonnoeenee snonmnssene snsvamenes sansonnean
F.subglutinans(FSt13) tivtureree soessncons soeesannss ot tesense sereaencae smasenanen
P.subglutindnS{FSE17)  suueuetene msanscanaas seneninann secetaetan seraeeaaee aasenaenn
F.subglutinansS (FST22) veveeeneos svonesence eosvnvnnss sacoeceasnn aensennees samnesnmnose
F.subglutinansS (FSE26) v uuueresss soeeeennns nssnsnnses soansnsone sesevanses snssennons
F.subglutinansS (FStACG) o u it iuuine teeninunae sessosnnne sosssnsnns sasornnnss sausronsnn
Fosubglutinans (FSEOL1) it nivee temerueies teunoooass seessveoer eoensnsnnn somesvnnns
FLosUbGlutinans (FSE54) i i vveennne sneesencne tennonssens svaeannanne snsenmnnee eanennnnas
P, o subglutindns (FStO8) i ieeruieee tesemnennns comnnnenns svesacecne sercenence sasercnnne
F.subglutinans(FSEB9) v utreernne nvseanvens snonessnss nosenannns senansanae vaosensnnss
F.subglutinans(MRC1I15) .. .vevenee cvvavannes f e saas weemaaaaaa aamaameeaa easaaaaeen
F.3ubglutinans (MRCTL4) ottt ee hanetvsuas aornrnsnes sosunanuns ancennvase anesronoas
F.subglutinans (MRCTS6) L. .. iuun teeietincne mreeoecsne tamuansone sasecasnne sumeeannn-
F.subglutinans (MRCB37) i uuusesuns tvusssnnous esaosannnne naessansns sumnnmenss sosasasces
F.subglutinans (MRCLOTT) s n s euenam snneesocons womecnuann suuranecne snnnonnsns soonnnnens
F.subglutinans (MRC1084) .......... f e eceben wseeeresas masassecas wasasessne taaesacaes
F.subglutinans (KSUA34) i .ueeuees wtasesornns sassornanes sosssonnns sanasnesees onassnnsns
F.subglutinans (KSUS07) ...c.ee... e v aeeres aeseaceare sseeresens eremamanes sesaneenans
F.subglutinans (KSU73L) st e cens weomonsnen ssaneansan nanensanee snvennman e e e
F.subglutinans (KSU993) nnnnnnonnn NOONMONNNG DNOANGANNI ND. ccve s s caendanons onesensens
F.subglutinans (KSULZ257) tuvieunnse wannansnoss ennnnsmsnse nsmnnceaonn soacsomnsse coonsonoas
B subglutinans (KSULA LT ) it ee s v teetinotn cevmeneaas annmencsree snosumnons sonsavnons
F.subglutinans(KsuU2921) ...... et easesaesas sawssenass eeeuasaene sasesmaras sensvssene
P subglutinans (KSU385 L) vt ereser wveneseoan semecannae sonanerans sarmosenee cnmnmenenen
F.subglutinans(MRCB512) vuverreeene sannsrnses soemnnnnce senssnssan ssnssmsnne oauns e
F.subglutinans (MRCB4AB3) 1 vuereunn sevsmanocn snscvennen comasssvon nanmecannnse sossesnoen-

70 80 S0 100 110 120
F.subglutinans(M3869) AGGAGCGGGA ACTTGATGTG AGGCACGAAA TAAGCTAATC CAACAGATCC AATGGGAGCT
P.subglutinans(M3035) tueinnctenr srsencennra saenerrene sssesanens seseenaces ameasecens
F.subglutinans (FSt) 4t usreeeee soerecesee snsseesnes sovsnsoesns vossomnanns noesannons
F.subglutinans (FSt10) v iieiunus tevansnsns aresotvnee sannnnas G viiiiiians e
F.subglutinans (Fstl3)  vueiiiiins tennnonner wroeannnes saveenea Cu it i e
F.subglutinans (Fstl7) ot irirr timeanire snnenecans tonauannn G et it
F.subglutinans (FSt22)  cveieensne tnnanacene oonsonnans sanmsans Cr titneeerns cnennronns
F.subglutinans(Fst26) ...... e e meesecasaa shessssess meeavesnes ssvarecsas sevesesaas
F.subglutinans{EFSTA0) vt erne coneosnsse sreconaass srrnenes Ch it inaaee vrare s
F.subglutinans (FSt51)  tu vt irnn tivennnnne saeennnnn e a e mressaceas mmaaeaanna
F.subglutinans (FSE54) ot iiiieenn tetiaannne snnnacanae soanreenne snennassee aanenennas
F.5ubglutinans (FSEE8) i vuenernn sensnenane canmnmeonans snnssensnes orasenmcnnn soanennens
F.subglutinans (FSt63) .. eeivine teereneas cnmseeeunen neasesanne senoeonees savennaans
F.subglutinans (MRCLLIS)  tuvivnweuvne seeoseeene orennconas onmnnnes C ettt itsss e
F.subglutinans (MRC714} ...veiinne wnens het e mreeasseaen reraenes Coo ittt earareaaa
F.subglutinans (MRCTSB)  cuvsseunnn ceenasnsne avanessnns tassssonns sseenannes veeonvanes
F.subglutinans (MRCB37)  vvevvuneee sraecusnse monanesonns acomnancene onnconnsne sacannenas
F.subglutinans (MRC1077) v enene cnnnos N ee s e e s aeses secnseusee wasrenenea sawraneanes
F osubglutinans (MRCLOBA) . ittt ittt emeraeens tennanssne tacmeneanen anennosanes ssnsuanans
F.subglutinans(KSU434) ..... et e a e aaaeae earemraeen meeaeaan G htieeares it
F.subglutinans (KSUSOT7) v iveiirene vevennenee vrnnsnanan e e G ittt teicae rees e
F.subglutinans (KSUT731) .. .iirnire teeenneenn vonens heare eeeaaaas Ce i iisnnny crensenn ..
F.subglutinans(KSU9I93) .. .ierenne teevsnnunn seecaaanee neveennn Cu iininnninns tasananens
F.subglutinans (KSUL257) virrrusuen ceenesnnane vancennsss svemenns G iveeriannse sanevonnns
F.subglutinans(KSULALT) ..t its tenrenencse anaemneann tesssnan C o iictnnsnee temaanaan
F.subglutinans(KSUZ2921) . i i ivn e teneennace seennnnnnne sonmnoes C ittt ieen e
F.subglutinans (KSU3851) . uieiiiirr titvnneeee cunsvsonnn cncanens G ittt trte it
F.subglutinans (MRCB512) ..ottt iiie tunmceann ennenneane susanans G i ines m et
F.subglutinans (MRCHB4A83) . uiiunens tusvennnne oarroneene soeennns Cu ieeiiieiee memeaea
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F.subglutinans (M3869) CTCRAAGCGA CACGATGCAT GGAATAGAAC AAGCACAGAC CACTCATTCC ACGCCCGATG
F.subglutinans (M3935) it uiureeae sennumance caseoroannn arsennrnnn semmennnar sesasaanan
F.subglutinansS (F3t9) v i vuunnene vrvnssssens etenssanse noomeannne anresnnean sacuavanse
F.subglutinans (FSt10)  veeerivrer cnvennnenn sansnnsane CeW me e saeere e e e
F.subglutinansS (FStl3) e ueeriees trteeernna teatenaeen setaneanaa meseaereees seeenenenn
F,subglutinans(Fstl1l7) ........ e heeeetiaa teeeee e e meaaiaa maaeecenen eveaeseaa
F.subglutinanNS(FSE22) v verrens comeenensnr sosnnnsmen sencceanss seanessenn sranenannns
F.subglutinanNS (FSEZ28)  cvuneerenr coruvonnes snmsonnnen sevanennss sennvennrse soosscanns
F.subglutindns (Fstd0) o et imne tmrmtansne sracnsense somcensnen snoesnnnssn creianeana
F.subglutinans (Fst51l) .. iiuieeer tovnnsnane soeun et aesaeaase aaanasauas s eaamens
F.subglutinans(Fst54) et Creareenes eeans Creee tasaseanre seeereaeen amaesases
F.subglutinans(Fst58) e r ket eane weaeeaenee wenearaeans semearenne weareeaean caerraenne
F L osubglutinans (FSEB9) 't it reinnr ttteennaee rrae st meeaaretae reeeaearer careaaeaas
F.subglutinans (MRCL1I5) .. .iiiuinive tonrenrone svenenn e e e eaae e eaeetaeae e
F.subglutinans (MRCTLA)] i i i iunnens teevsonnne anvsansssas sressarane senensnane vanasunnnn
F.subglutinans(MRC756) .......uu.- s iaees casaaaaaee e N
F.subglutinans (MRC837) .......... et s e aaae amsemasaae smesvaesna sereceaasr aaaeaneaan
F.3ubglutinans (MRC1077} s eiinen vovnsvnann oraus e e caaaver srearsaeas awacenuass
F.subglutinans(MRCLIOBA) o v inunue wanesceaun nansomncaas nsessnanann anessenane nseennnmnnes
F.3ubglutinans (KSUA34) v u v iinire neevenenan anovannnnn et resate meeraansee veeacanenn
F.subglutinans (KSUSOT7) o iuin e cceranenas acmccenans stesnnnnne scusesnasons sasnmnenns
F.subglutinans(KSU731}) .. iruwnce cuvenn et e sesaeras et sesane wesresesas sesaseesen
F.osubglutinans (KSU9I93) it tmninne tetuaremans eavnssoens saevotasoen secunsnens socnscnnns
F.subglutinans(KSUL1257) ..vivnnnnn e reres e eaeens e e meeare eeeres e ¢ e e
F.subglutinans {KSULA1T7) ..ueieeere onrvnnnnne snonnnssee snnnn N
F.osubglutinagns (KBUZO 2L ) wu vt es savenneans senssosnnes ansssennee sansenannee onvannnens
Fosubglutinans (KSU38 5L vttt inmene eveeersnen seeenesese secnnsvesn srensecearn sansnonacs
F.subglutinans (MRCOBSL2) ot r ittt timmemnan i aamascanss asanaceoans vasanvesss  reaareeaan
F.subglutinans (MRCOA83) i i uirenee orveecesae soaonnnane soaseannnn aneeenseee sneeennens

130 200 210 220 230 235
F.subglutinans (M3869) CCGGATCCCG GTGTAAGCGC TCTCGAGAAG ACAGTGRAAG TGAGGTTAA- —-AGG
F.subglutinans (M3935) 1t iivinete weeosannnne tassaaaaie seanaaasan waeaananec vaaas
F.subglutinans(Fst9)  ...... e s e s esesees emeeaaeies seacesesres eeseseners sexss
F.subglutinans{Fstl0} . ueueens souveennne sacnveancs soseanuans soonsenos T AA...
F.subglutinans (FSE13) iiunininne tivanecnes snarontees soossconnn sevesanss T BA...
F.subglutinans(Fstl7) e enernn vrnneneens e e eereensens veseseas.T BA
F,subglutinans (FST22) o veueeeun srvrmnsennns nemnaossnse sononasnne sannenns- T AA...
F.subglutinans (Fot26) ti it iiins ettveennes ennnmceanss senecanens saosncnenne aonan
F.subglutinans (FStA0) v ueuiirene weneensonse aneecnesen savesonnse sosnnnnns T BA...
F.subglutinans(FsSt5Ll) oo uuiuuiene tevntessne sasenasats seaseesone waeeansans e
F.subglutinans (FBE54) v reteuee soveenunmes sanmennnes soessesnnss sonnesonnnen vrwnn
F.subglutinans(Fst58) ..... eaes saasaasate sesassesre sesens Cehe eresesseae e
F.subglutinans(F8E69) i uuiuieune svesonunnns aaeeasnnee asansosenns ssceaencnn wennsa
F.5ubglutinans (MRCLI1I5) ittt ener catemcunnee sasesnsann sassenennn consannos T AA...
F.subglutinans (MRCTLA) v e tinensanas saansscnns snnannases enmnaennn T AA...
F.subglutinans (MRCT56) tuneieres seennncoes cvarannnan sassnasnnne aoans eeae e
F.subglutinans (MRCB37 ) it inins tateennaans sacesenaee sosenncoae nevocoonan aveas
F.subglutinans (MRC1077) ...... Ches aaeemseane seaeesneas tevessenaa mesesreeaa aeeans
F.subglutinans(MRCLOB4) .....vcner tunnnaane W e e e caenae mesreaenae seenn
F.subglutinans (KSUA34)  tuiuenree teemvnanan snanannnnn aunnnn e e T
F.subglutinans (KSUS0T7) v v einsets tonnsanoae steonsnsass sonnnecsse cnnavnnsns T
F.subglutinans{KSUT3L) cuumuvueence ttnonunenns tnnmnsnesene oonneasone onnsannne T
F.osubglutinans (KSUS93 ] i v i iir s e ensas seenraate ereseaaeae ae e T
F.osubglutinans (KSUL257) tuvevnrnee cnnoneenns ssrsssssenr vooesnnonns nenncenes T
F.subglutinans (KSULA LT ) vuit i inee tenenuannn sansensces snenosoces aesnenacs T
F. osubglutinans (KSUZ2OZ21) it iunenne womnenrens ammeeannen snaeannens vanaseons T
F.subglutinans(KSUS3B5L) .t iuutiiis tirttnras cecrsecean meraaanans coanenans T
F.subglutinans (MRCHB512) tuuinvers sanesonoss snosonsess mensosanse nosavnoesa T
FLosubglutinans(MRCOB4AB3) it verieeee tirenrenanse smenenvnee sereennens soanoenna T
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10 20 30 40 50 60
F.subglutinans (M3869) TCACAATGGC TTTCTTGATA CCTTGAAAGC TTCGGTCTITA GTGGGAGCTT ACAGTTAGAT
F.s5ubglutinans (M3935) i iiiiiane arucrnsnes saconrnans o it tieeamns emaesaenas
F.subglutinans (FSLO) ottt ittt tnseecanes oreesnenes eatnsannnen sncesearns taseraeaan
F.subglutinans(Fst10) TINNNNNIN. c 4 4 seennssns sanssnoese sasmssasos soasnsan N
F,subglutinans (FSE13) i s ir e tesnnnesce srssnsosss sssaseante sssnaanese sasrenonen
F.subglutinans (FSLLT)  vuvuveinee wnuncnennns eosonnnnne soasasanoe ansenenens nonsennsnse
F.subglutinans (FSt22) v innnns onesoeannn seoonna Ceh e aretaaaie tameesaane s
F.subglutinans(Fst26)  ...vevceen .. ke e e ees e sesanass esesesaaas esaaaaenes sereasenaa
F.subglutinansS (FSTA0) 1 ittt es t e etnnnnn cnaennonee sasnosssns sevesnanne soneesanss
F.subglutinans (Fst51) NANONNNNIN NODONNNNNI o4 s s v s ees o ovun Cheee heeaaeaaae saaaseeees
F.subglutinans (FStB4) i st ennn mereenenas saseaa e seweaeenae aeae i e
F.subglutinans (Fst58) NOONOONNNN DONNDONNNT DTl v oo v svs s s s enaenos censnsosan sasnennsas
F.subglutinans (Fst69) NNANNNNNNN DANNANDNNNIL + e« s c e ssoe s asassasse avvsannscns asssnvonns
F.subglutinans (MRCLI15) .t iutuurvrs 2atonuoanes seausosane sceassnuns sennsessan saeenesusse
F.subglutinans (MRC714) nnnNANNNNN AONMNNNNNTIL o e e v s v s ve o vevavones snonsscene vrnennensen
F.subglutinans (MRCTS6) v euueieeens ovnmevenee vovennsnmens stomsncnes someeavenes snsneseena
F.oubglutinans (MRCB37) o eusuiines svvuesssos sonsnssnne saasasunes ssnennnnss vanoesnens
F.subglutinans (MRCLOTT ) cu it oo titmsoonee tosennsncs saamsnmene sneeenases wanncensnn
F.oubglutinans (MRCL0BA) t. it ieint totanraann sasnoasons tunosunass sonaasmeos sosnsannan
F.subglutinans(KSU434)  vu vt uveeer evmescanns ovoeannsnss snseenacon nossesarae soneneenna
F.subglutinans (KSUS07) INNNNNNNANIIL « c e v v v ere soesssuses saressonss consenrssnns ssensensss
F.subglutinans (KSU731) nnnnnnnnnn DONNOOANDNRI T0I. oo o s s e o eressssan onssanasas onennnseons
F.subglutinans (K8US93) ......... e ee e e ettt eemeareas meraeaet maeaaeaaes
F.subglutinans (KSU1257) NNNNONDNAN DONDANNNNOTL v e e s s e e ee o esrasnnce sseneonmere saaeenenens
F,subglutinans (KSU1417) nnnnnnnnnn NANDNNNNNDN « . eevessas s ssceonncn sasonnsess sassnsssas
F.subglutinans (KSU2921) nnnnnnnnnn NONNDNNNIIN Do oo e sess coosarasss senan e e resasaacen
F.subglutinans (KSU3B5L) tivenviee eoreenrnee canevancss soonecacan coranmecnne sunsoonnse
F.subglutinans (MRC6512) . .vvervess ciueresness seenanans ek e ree e ke eeciaaae seecrr e
F.subglutinans (MRCEAB3) tvunveecee cononnnere vovecnssne sroseonene snsmennmene soenneenns

70 80 S0 100 110 120
F.subglutinans (M3869) CAGTCTCCAG CACAGAAGAC GATATGATGA GCGCAGTGGC GTGCTAGACA TCTGTAGTGT
F.subglutindans (M3935)  tiirievune enveeesncns teeenerons sacnncenne sasaarraee saeraeenes

F.subglutinans (Fst9) et sosos masseasacs seaevaaass teseeatasa senscaease seeenseens
F.subglutinans(¥stl0)  ........ Ge ittt e e aaaa e memaaecae eeeareacae e eeee
F.subglutinans(Fst13) ........ Gu v ereriases treaaratie maeereaete teei i iaea aaeaaaaeas
F,subglutinans(Fstl7)  ........ B ittt ittt et eeeeiriear treeetatas eeneaeeees
F.subglutinans(Fst22) ........ G hee e einnn smseamenee bremesaese measanasse sesesareas
F.subglutinansS (FSE26) v v sevntn corsrasnsa seneeasnee svansnsanse seaennrens sasannnann
F.subglutinans(Fstd40) ........ Ge i ii it ie heeseenane haemeaieee rameewsaee eeeensaaas
FLosubGlutinans (FSEBL) tv i ve e tauvernrenn snesansocn ssemansoes sassnmnnsne sseennenns
F.subglutinans (FSE54) it iusiennn avtannencs cassaanonn sosansssse sennsrsaee weneraenas
F.subglutinans (FSES8) tun it crin teenmacise enennnonns csasennuane usenosones saseannens
F.subglutinans (FSE69)  tuuuiueiee tuvesaness sasnossone aemcnceaes savancnses soersenass
F.subglutinans (MRC115) ........ G v evesasen arenmnanan semeavaare seseeeaane eeneeneenn
F.subglutinans(MRC714) ........ Ge wavennnenn f e s aeaara aaameraaen amaaasesre masesasees
F.subglutinans (MRCT56) . ueuesuven sceosuennse nnnmaensce ansannenns et eaeaasaea
F.subglutinans (MRCB37) v iii it iiin tetnracuas tnsosmnnne seasnosans sosessasen scussennas
F.subglutinanS (MRCI0TT) vuueeeeens tinuerecsae wseenonnne scnennanne senneanene sannennnan
F.subglutinans(MRCIOBA) .. iuiniens onteerones sonsaanens aaesancnss sasansnces sonnnanans
F.subglutinans(KsU434) ........ Be it s tnvnss creer et teceete et erwreceanre mreseersan
F.subglutinans (KSU507) ........ Ge it iesnans masasaiaen maesaesare aesemrases eenuwnseenns
F.subglutinans (KSU731) ........ B titrraeats armsaataer eeemaatans wesanenenn e ..
F.subglutinans (KSU3%3) ........ P
F,subglutinans (KSU1257) ........ e i ittt e vt reresatens xaabessean smamasares saresasuas
FP.subglutinans (KSU1417) ........ Be it aersoen seeesennas saressseen serarrecse caeeecenon
F.subglutinans (KSU2921) ........ Be s iierierte semceeaeen meareraree wareventee aveveriann
F.subglutinans (KSU3851) ........ B it i iiaie araresaere emeeenmaae aasaeraen heaaesaaan
F.subglutinans (MRC6512) ........ Bttt iess sreceeaaas seedaiaaes aaasteacas saeee e
F.subglutinans (MRC6483) ........ e ittt it asese ceaae s aas aaesaaeeee sesaeeae e
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F.subglutinans(M3869)
F.subglutinans(M3935)
F.subglutinans(Fst9)
F.subglutinans(Fst10)
F.subglutinans(Fstl1l3)
F.subglutinans(Fstl7)
F.subglutinans(Fst22)
F.subglutinans(Fst26)
FP.subglutinans(Fst40)
F.subglutinans (Fst51)
F,subglutinans(Fst54)
F.subglutinans(Fst58)
F.subglutinans(Fst69)
F.subglutinans (MRC115)
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)

F.subglutinans (MRC1077)
F.subglutinans (MRC1084)

F.subglutinans (KSU434)
F.subglutinans (KSU507)
F.subglutinans(KSU731)
F.subglutinans (KSUS33)

F.subglutinans (KSU1257)
F.subglutinans (KSU1417)
F.subglutinans (KSU2921)
F.subglutinans (KSU3851)
F.subglutinans (MRC6512)
F.subglutinans (MRC6483)

F.subglutinans (M3869)
F.subglutinans(M3935)
F.subglutinans{Fst9)

F.subglutinans(Fst10)

F.subglutinans (Fst13)

F.subglutinans(Fstl7)
F.subglutinans(Fst22)

F.subglutinans (Fst26)
F.subglutinans (Fst40)
F.subglutinans (Fst51})
F.subglutinans (Fst54)
F.subglutinans(Fst58)
F.subglutinans(Fst69)
F.subglutinans(MRC115)
F.subglutinans (MRC714)
F.subglutinans (MRC756)
F.subglutinans (MRC837)

(

F.subglutinans (MRC1077)

F.subglutinans (MRC1084)
(

F.subglutinans (KSU434)
F.subglutinans (KSU507)
F.subglutinans (KSU731)
F.subglutinans(KSU993)

F.subglutinans (KsuUl1257)
F.subglutinans(KsSuUul417)
-F.subglutinans (KSU2921)
F.subglutinans(KSU3851)
F,subglutinans{(MRC6512)
F.subglutinans (MRC6483)
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APPENDIX 6

Aligned elongation factor la, calmodulin, B-tubulin and mitochondrial ribosomal small
subunit (mtSSU) DNA sequences for 12 Fusarium spp. representing F. subglutinans sensu lato
(Chapter 7 of this thesis). Representatives for the Gibberella fujikuroi mating populations (MP-A
to MP-H) are also included. Nucleotides similar to those of F. inflexum are indicated as dots,

whereas nucleotide deletions are indicated by vertical lines (-).

Elongation factor 1a

10 20 30 40 50 60
F.inflexum TCGTCGTCAT CGGCCACGTC GACTCTGGCA AGTCGACCAC TGTGAGTACT CTCCTCGACA
Fusarium Sp. 2 et it et ieeiee sreesariae eraesearae aaeeee s AC....T..G
Fusarium SD. 4 e aeaaas eamaaaaent aaseaseaae eeameacann aearenaae AAC....... G
F.gquttiforme = = it et iaaseee meamaceae memareaeee eaeana v.. AC..... .. G
F.begonia® e iiih et e aects seaensaeen seaaeseane beeeaeaaan AC. . ... G
F.bulbicola i e teeeiaaeee aaeaaaense tesesanees aaaareane AC.G... .. G
F.ocircinatum(MP-H) ittt iiie tetassares matiasanen ehsanaaaas aaraereonn AC.svunu. G
F.subglutinans (MP—E] ... uuuiin vucenninns sameancnes coaomonaan sassenennan AC. . innnn G
Fusarium sp. 1 it reaeaean e e teseseeaa s asaaaee seseaaasas AC....... G
F.thapsinum (MP=F) (it ietiien tetaeonnee camsnaesan sncavosnne sasennonas AC....A..G
FPoverticillioddeS(MP—R) .u.uieieee tierneeens ttsnnentos seeavnnrne savranonos AC...T...G
F.onygamal(MP=G) = i i i itin meeearaies e temeaaeaae csasaaecan AC....... G
F.pseudocircinatum Cereeaaes hres it rasaeneean s areee saeans esee BC..u.n .G
F.oconcentriCUM = e e i st eeannte merarenans meaaeaaeee aeraee e AC..CT...G
Fusarium SP. 3 e i itiie eearesases waaeeeenas aaaeseeria aeeaee e AC...T..TG
F.5acchari{(MP~B) it ieit saeeeesaan seaeaenaen aaaaeaanae s AC....... G
FoEuFIkUroi (MP=C) ittt atss toenenanes cseasonans soemetanes sasacenes AC.vuiivnn
F.proliferatum(MP~D) . .iiittere taeeiunone rennntaone saeennaace smeaecaens AC...G...G

70 80 %0 100 110 120
F.inflexum ATGAGCATAT CTGCCATCGT CAATCCCGAC CAAGACCTGG CGGGGTATTT CTC~-ARAAG-
Fusarium sp. 2= ceeeas T es tevonnnens P e e e cee wanen L --. .A.—C...A
Fusarium sp. 4  ...... i s e sane Tover avnnnns = veam=....A
F.guttiforme  ...... b Tttt ittt s nmeenaae saeaann . ieem—... WA
F.begoniae  ..... B T e e snne mvaensnane aeaaaan =T LA
F.bulbicola .. ... Toer vveenennen Pt teeoee seannmsncns enuans G==. ...=~....A
P.circinatum(MP~-H) = ...... R ™ e e ssenus wsveanncaan sovnenn e eaa—=. .. A
F.subglutinans (MP-E)  ...... ! ot et enes crveraenns v Ale.——. ...-—....A
Fusarium sp. 1 ..... Tave cennnvnnns T e v eeen anmaeaaass cees=Ci==. ...~A....A
F.thapsinum (MP-F)  ...... b S © P - G e..=A....A
F.verticillicides{MP-A) ...... To.o .Guvenenn Tl WAL LG s [ = N Teo=~....A
F.nygamai (MP-G) . ..... Tt i T et atae heeraaaaee eenaaeaan ...DA....A
F.pseudocircinatum — ...... P Al =it T Gowv «..-BL...-
F.concentricum  ...... e e Tove veean Tevre ewnns G.A. ...-A....A
Fusarium sp. 3 ..... R e Tevr veeen TeCuov vinwnnnn A. ...-A....A
F.sacchari{MP-B} = ...... Gene wenronnnn BA-..C..TCoh viineinnns Y C ...TTG..~A
F.fujikuroi(MpP-C}  ...... b A Tew'e vuBA T ins vennnnn A. ...A-G...A
F.proliferatum{MpP-D) Tooun. A G—....Te.. ... Toven eevnnnn CA. ..TG-G...A
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F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.pulbicola
F,circinatum(MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)
F.verticillioides(MpP-A)
F.nygamal (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari(MP-B)
F.fujikuroi(Mp-C})
F.proliferatum(Mp-D)

F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
FP.circinatum{(MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)
F.verticillioides (MP-A4)
F.nygamai (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari (MP-B)
F.fujikuroi (MP-C)
F.preliferatum(MP-D}

F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)
F.verticillioides(MP-A)
F.nygamai (MP-G)
FP.pseudocircinatum
F,concentricum
Fusarium sp. 3
F.sacchari (MP-B)
F.fujikuroi(MP-C)
F.proliferatum(Mp-D)

180

..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
-------
..........

..........

240

..........

Cre et
..........
..........
..........
..........
..........
..........
+.Conat

...... T.
..........
..........
P
..........
M
ey C
300

..........

..........

.......

..........

..........

..........

..........

..........

..........

W UNIVERSITEIT VAN PRETORIA
@), UNIVERSITY OF PRETORIA
W’ YUNIBESITHI YA PRETORIA
130 140 150 160 170
TCAACATACT GACATCGTTT CACAGACCGG TCACTTGATC TACCAGTGCG GTGGTATCGA
S Gew wvvnnnn Col i s it i i hree e
e e .
S G e C.C ivnveninns o i eee e .
e Gov veennnn O
- eGee e Col iviivniee vennavenes e
s e Gow weveennn O
e G ceenenn O
e Gev wenenen S T
C-.T...6.. ..T....C.. I
AL, Ger cniennn O T
C-evnnn 1€ Cow caTiinine cvtinsernen savesnanas
Covrnts Gee vunns TAC.. i vvrrnenn Greree amenevanee
e Gev wennn R
- ToGe Ll A.C.. ciiinnn.. G nemeatraee xaeeaneaas
e esG Gl ol G.C.A ......... e enenea e
-.G.T..G.. T
T eeee € Gt ittt iee teeaenarre areranaean
190 200 210 220 230
CAAGCGAACC ATCGAGAAGT TCGAGAAGGT TAGTCACTTT CCCTTCAATC GCGCGTCCTT
.............................. e Tiiii ciia i
.............................. O =
........................... . U & N
.............................. ) ¢
......... o P M
.......... B U U B € J
.............................. B T
........ D R ¢ PPN
.............................................. G..
........................................ T.....T..
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................................... == .....G..
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e et arer eaeetireas srevieanes seazesmars sxesen G...
et e resa semaaerans asesavases seereseaae suwwees G..
250 260 270 280 290
TGCCCATCG~ ATTTCCCC-T ACGACTCGAA ACGTGCCCGC TACCCCGCTIC GAGACCAAAA
......... S T S L
......... RO L R
......... e P
ceaarenen I Tt S TR 5 S S
Cevraenen G T S P
......... S S S O
......... - T S £ O
......... T L e e
R = ..mBAL Gl e D
......... T T
B T e O
AT...... T e e i emrteaes weaeaeasas ereecranas
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..... G...~ i D
TA..... " et eeenens T ekeareraes e e
...... Covm v T DS
...... O T S L
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F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)
F.verticillioides (MP-A)
F.nygamai (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari (MpP-B)
F.fujikuroi (MP-C)
F.proliferatum(MP-D)

F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F, subglutinans (MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)
F.verticillioides (MP-A)
F.nygamai{(MP-G)
F.pseudocircinatum
F,concentricum
Fusarium sp. 3
F.sacchari{(Mp-B)
F.fujikuroi(MP-C)
F.proliferatum{(MP-D)

F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F.subglutinans(MP-E)
Fusarium sp. 1
F.thapsinum (MP-F}
F.verticillioides (MP-A)
P.nygamai (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F,sacchari (MP-B)
F,fujikuroi(MP-C)
F.proliferatum{(Mp-D)

W UNIVERSITEIT VAN PRETORIA

Q. UNIVERSITY OF PRETORIA

Qo VYUNIBESITHI YA PRETORIA
310 320 330 340 350 360
ATTTTGCRAT ATGACCGTAA TTTTTTT--G GTGGGGCACT TACCCCGCCA CTTGAGCGAA
....... L T T TP G & P
....... Guv vieniviinn sereresT0 veeevnes Tl liiiiies LGl
..... DR N i T AR LR Lol WT
....... T S T P O P
....... Ghor ittt ariaee ™ i T L eie s s Caa W T
....... Gih tvtevnnnne weenae =0 Liliia T L eses LW Cll LW T
....... G.. B T R (DAL O SO §
AL, N e esessas D ..C....A.T
....... L N & T R AU - JUPPR
....... I 04 2 S O
....... L T T S &
Tewern. G.. tereasre sesewnu e e CT. iveinnnn P O -
....... Gee tiinnnenes seneees™e wiewae T i ieaes LWClLL LW T
....... Y R
....... G.. At T T Y O
....... L A T T T R R IV: O o S P &
....... T T PR O & TR
370 380 390 400 410 420
GGGAGCG-~T TTGCCCTCTT ACCATTCT-C ACAACCT~CA ATGAGTGCGT CGTCACGTGT
~—.C...TT. C...... e T Sl S T C....C..A. v
—.C...TT. ... - ==..~.T.C. ....... Te= C..o.CulB. tiini e
-—.C...TT. C..ovvna - == .= TGC. ..., T~ C....C..A. ... ieen..
== Co W TT. Covvnnnn -, = TGCL e T-— C.oo . CLLBAL i
- C. . TT. Covuvvnnnn - ——..—.T.C. ....... T-—— C....C..A. oot innnn
me o Cas b TT, Covvvce B == = TGC, ... Te= Cov v bCLAL c e
-~.C...TT. C...v.... - -= B T-= Coov.C..AL i C
-~.C...TT. C....... C- ——..-.TGC. ....... Te= CovteCuilAL veinnenns
C..CTT. Ao, === ~— pmm—— e CA. C....C..A. Tv.ovnn..
-~ C...TT. C.oiivvnans - C...—T.C. ..nn... CA~- C....CT.A. ...,
——.C...TT. ..o Coe.mT.C. tvunnnn CA- C....C..A., .i.viunaan
== Cou ITT. civeinnn - CT..-=T.C. ...n..n CA- C....C.LA., oo iiunnn.
i = e e e .C. LT0CRL =uL W CLlBAL e C
N T ——— === . CA. =....C..A. ...
L LCLLUTCL e T.C CT-.~~~.C. ..... T.CA. - LCLLAL e
Lo~ Te o, T.C CT-G-——.C. ....... CA. - CLLAAT. e
O T.C CT-G———.C. ....... CA, ~....C..A. Tv. ...
430 440 450 460 470 480
GAAGCAGTCA CTAACCATTC AACBATAGGA AGCCGCTGAG CTCGGTAAGG GTTCCTTCAA
Cniiie tiianas Con Guivvvnnnes veennns N
Teerevs e e Getiiinnes sssmsomans vsoeomnatae sanamarans
T icise snnenannsn Guvinennne wanansnnes sanen Covir teiinnennn
T, sre s eereanane Geveonnnnn cemres e sesesseser wrenesreas

P . Gevenunen e e et caaeeaen .

N e WTT. N
e it e it e iiennsnns ceneananis aeaans L
B Gl it i iies triertenant smncacanee seesenaens
i iiiies weannns C. Govvun Ceh eeeaieiaee seaasaaeas eweeaecen
Coonn Ceh e O
Coiinines tiiweannns Gttt eer taenta i ey cisaessaes wae e
CovvTenen wivnn Geve Benenennir trensonnne sassansnre sanennesens
Coane i iie i ceiii O
Chinriie it crinneas C. Govnnevnn Nrsames maretrveme seeasenean
Covvnvnnn D 4 L €
C..o————— AL Govevennen s e be s aae sravereese seesmawens
Covunnn CG. o vviiiians Gttt ittt e aaaee e
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F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circipnatum(MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)
F.verticillioides(MP-A)
F.nygamai (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari (MP-B)
F.fujikuroi(MP-C)
F.proliferatum(MP-D)

F.inflexunm
Fusarium sp. 2
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TGCTCTCTGG AAGTTCGAGA CTCCTCGCTA CTATGTICACC GTCATTGGTA TGTTGTCGCT

Fusarium sP. 4 = s ceasaeauaa ssaesaaaas e eaeaars e resnaa aeaaseneas
F.quttifOrme it et teeaataier hreeaeeeen wreeseuaen eaaramaaan weeesaaean
F.begonia@ i eareaeeene eaenenaeen taraeeaane meeeraaaa teeeaaean
F.bulbicola = = it e et eaiane teeemaraas demeeamacr seaeaeaian e
Foclrcinatum (MP—H) ittt it ae ttntvenses siesarnaens meceaattae sesesaeaee amanaan A..
F.subglutinans (MP—E) .t iuuscann saseensccs sassavesee saonarnacs weraasseaa sxsenesens
Fusarium sp. 1 ...... faes aaeeaenaan e rr e eanas b e e
F.thapsinum (MP-F) B et eeee eteaaaeas weseaasaas asseaaaees eaasaaeaan seeeaaaaas
FoverticillioldeS{MP—A) C.uiutriier tetnennuns eannsenanun eonsaaneee ooannennan Covnn..
F.onygamai{MP—G) = o teisaeiee arscitanate wacreanase asessenees aaeaacsans caenesenaa
F.pseudocircinatiil = .. uuueeue waannmncnne sroconanns roccrnnene canoanaenn saens Covun
F.concentricum Covennnnns et e e s reeaaes meaeesenen h e e e esaas cendC
Fuysarium sp. 3 = ....... fee eeeaeeaaa e e b en e e e
F.sacchari{MP-B) it itinirn nnveaaraen dC i it cive s aean e
F.fujikuroi{(MP-C} = ...... B s ve e aaseenresae waaarerens
F.proliferattmM(MP=D) 1. iieernee terennnenss vavonennss vaensnssne sassnnonns sonencennns
610 620 630 640 650 660
F.inflexum CATGCTTCAT TCTACTTCTC TTCGTACTAA CATATCACTC AGACGCTCCC GGTCACCGTG
Fusarium sp. 2 ..... C..G ColuT B it iienes senasunses sveosnnnse susne T..
Fusarium sp. 4 ..... C..G B G R D - T.
F.guttiforme .... CoeGe o0 Cil.Trm mmmmm s i e v o e
F.begoniae  ..... C..G. ...C.C.T.A ...A...... Gl C erareenie caaan T....
F.bulbicola . C..G. LC.CLT.B e cnanss b eseraae aeaanns e eaees T..
F.circinatum(MP-H)  ..... C..G. CLCLTCA v rii i iise tvtaaeann e . T
F.subglutinans {MP-E)  ..... BTG, & eoCuCiT B it itinnr teemesnnss vonoeeanoe cnuas T.
Fusarium sp. 1 ..... C..G CLCUTAR t ittt et air e seaeae e aaaan T.
F.thapsinum (MP-F) = i vivrinee connn - S T el et esne ceennnoane svseecnonn
F.verticillioides(MP-A) .T.A..C.G TA.... C.AT...... N S AT i iiinanen seaananas .
F.nygamai (MP~G) e e A... P
F.pseudocircinatii. =™ .. .iiivuie veens | Gevr wnvnns Covr it
F.concentricum = .. ....... R Gt itiats reecanaaes ereearreet ereanaaras
Fusarium sp. 3 = L..iieeees e me s Gttty i iea i earaa e e
F.sacchari{MP-B)  ..... C.T.C ....—.T.. C.A....... B
F.fujikuroci (Mp-C) e TG e -.-.A B e T e e et eeiireen sreeeanens
F.proliferatum(MP-D) ..AC Cowuomum C.AC.CT.. B o

A-64



&4

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

L
& YUNIBESITHI YA PRETORIA

Calmodulin

10 20 30 ¢ 40 50 60

F.inflexum GAAGCTGTCG CTAACCTCTT TATGTAGGAC AAGGATGGCG ATGGTGAGTG ATGCTCCCCT
Fusarium sp. 2= @ iiiiiie... e e e aaees et e aaaaeae ceseamesas ererreneen
Fusarium sp. 4 = ......... R 2 e
F.guttiforme = = @ i iiiiiee seeeeneens T
F.begoniae = s i ieaeaaess eeaemecen eaaaeaesra sataaeenae aeeaeraana
F.bulbicola = = = e eeie ceeeaeaens e eeeran tmaeeeenen aeeaeeraee reneaeenas
F.circinatum(MP-H) C e veeens e easesssae s eesenes seseeciese saeesmanan aweeeeosnn
F.subglutinans (MP-E) .. .iiiirene sonveecnns el s i it weaar e e eeeaean
Fusarium sp. 1 = i i eaaeeeenes 0
F.thapsinum (MP=F) it eeeres sanseneanne notsnarons nosnesseaees soacaanses cannsnenes
FoverticillioidesS (MP=B) «uueeeenee wareeannee sanenannnsnae sanecennne aanecnscnn coneenenns
F.aygamai{MP—G) = it eeanae saesesaene seasesesan aweseasens mmanusiies seereneane
F.pseudocircinabm = ... ee vecevenan C ittt iine e s Y D
F.concentriCum i hiiiiaeee eeeaaaes Bl it iieaes aesiaeaens esasaaaene aameraes s
Fusarium sp. 3 e srawe e GC ...... Chen saraaaae e eeresaeaes v
F.sacchari (MP-B) = s iiiveene connuanens Coetienene cemmrensas e N
F.fujikurci{MP-C) 1 ieetiinn wunnnnnas C it einrane tmrearanar wmee st e
F.proliferatum(MP-D) .. .ueirree suseeenna C et e it it it et s em b aee s eanane
70 80 90 100 110 120

F,inflexum TTCCGCGATG TTTCTTCGIT GGCCCCGTGC GAAACCC-AA ATCGATCCAA CAAAGCAT--
Fusarium sp. 2 e treseree rasanaeecas sarerens e eaeaeen T e Gaaoa. GC
Fusarium sp. 4 e i i ereaseeaee weieaeenae eeeeean e e e I ¢ DU GC
F.guttifOorme = i ieie ersarccasn mriasaasee eamaeas e e e I ¢ TN GC
F.begoniae it iseeaeans  h e eeeenian caaaee ee aeaseseras Gavanun GC
F.pbulbicola  ..... e hae ot eeeeraese aseeseaena e iaen et e erseres weasesan GC
F, circinatum(MP-H) et reeneen et e et es raeaea e e ieseaeans e GC
F.5ubglutinans (MP=E}] i iiverinone trsneaness mansannons novanes e st reee e saenaeans GC
Fusarium sp. 1 i eess seenaraeee aeararreas aasenns Tk aaaeeeaeas Caaaeas GC
F.thapsinum (MP-F) = . ceiernce aeenn Crie assrecrns eanaens T ¢ S GC
F.verticillioides(MP-A} .C.T..cv.v vun.- Cevne ttennnrnes sonsaen e teeeseanaa seesanas GC
F.nygamai (MP-G) Chviiinns vanan Coves wenrnances sanasns e ae e eaaasa eesenens GC
F.pseudocircinatum Ciiiiians e Chiver mrvenennss eanmnnn S ¢ G.GC
F.concentricum — ...... S Bit i e GC
Fusarium sp. 3 ...... CoB it iiiiens senncareas seeaaas £ GC
F.sacchari (MP-B) e TLCLGL o, Grve anannnnvns R T e eGC
F.fujikuroi{(MP-C)  ...... CoB it ersane emvrsnocce wanoann - e e GC
F.proliferatum{(MP-D)  ...... B ittt tieis et tneanane eaaaans 7 GC
130 140 150 160 170 180

F.inflexum -=CAGACCAC TATAACTCTT TACATCTCTT TCTATGCGAT ATTCTTAAAT CGAAAACATG
Fusarium sp. 2 AT........ el TCLLC L D € G....
Fusarium sp. 4 AT....vvnn P A O G ittt airenee sareaaaiee sases G....
F.guttiforme AT e e it iise vannn TC..C s G ittt rat et e G.vun
F.begoniae AT verenne vaens TC..C vuZinvnnn G ittt e e Gov.n
F.bulbicola AT vieenns snnas TC..C vvvevnnnn G vtesmcnnan sarrnnrrne saeans [C
F.circinatum(MP~H) AT . ierver snnas TCooC vvinnnnns G vinunnn Bee vuCiivvnne vannn Gueus
F.subglutinans (MP-E) AT, ivenene nouwan TCooC tiiiannnn G theetrrias e baeeeaee taaan Gowso
Fusarium sp. 1 - TC.uC viviivnnn G it iier et s G....
F.thapsinum (MP-F) AT . e iienon vueas TCT.. v tians GG i it in i maaan Chunns vienennenn
F.overticillioides(MP-A) AT.....cnour vvrun TCuovh wvnsvnnns G ittt trnee maeeanenre eeraraaann
F.nygamai (MP-G) AT i eecnne sasns TCuovs wrnnnsnnn G iisnrveras cmenecaena saenanenas
F.pseudocircinatum AT..iivvne vunen TCovi veneennn O
F.concentricum AT..cvuv-n CALLTC. s e N T ¢
Fusarium sp. 3 GTevrvnnns LCALLTCAL . e G veienranes v G..G .ivninnn.n
F.sacchari (MpP-B) AT...... G. CA..TC... viverwnns G oiee e ine aeanan G..G .A....u...
F.fujikuroi(Mp~C) AT........ CALLTC .. e G iiinennres aaaaas GoG tii i
F.proliferatum(MP-D) AT..... P 7 W 6 G iiimrrraen aaaaa L ¢
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190 200 210 220 230 240

F.inflexum AGCTRRACGC CTCGCTCTAG GCCAGATTAC CACCAAGGAG CTCGGTACCG TTATGCGCTC

Fusarium sp. 2 D
Fusarium sp. 4 Ceaean e e T U et a e e
.

F.guttiforme .. D ... ALLALL
F.begoniae e aaeean N
F.bulbicola

..... e

F.circinatum(MP-H) PO+ A Crie reeraerens
F.subglutinans (MP-E) - G VR e e

Fusarium sp. 1 - B
F.thapsinum (MP-F) e e aeaay e b er e
F.verticillioides(MP-RA) ....... e i et e eaaan e e caneeea
F.nygamai (MP-G) e fhe e e reene searaaeemr teeeeaaers samwenvere surarensen
F.pseudocircinatum e
F.concentricum chieereres Goveunnn e e emaeen e e e
Fusarium sp. 3 U ¢ e e e earaaas e fee heemsaaeans
F.sacchari{Mp-B) e v e
F. fujikuroi(MP-C) I
F.proliferatum(MP-D) e

L Maes maneeeesee eaaen

Gevnnonnnn

F.inflexum

250
TCTCGGCCAG

260
AACCCCTCCG

270
AGTCTGAGCT

280
TCAGGACATG

290
ATCAACGAGG

300
TTGACGCCGA

O .

Fusarium sp. 2 B
Fusarium sp. 4 fh st maaea e weassaas eeseesaaas sramesetta reasesunras smseaaens
F.guttiforme Ceeeea e

et e s een e v aEaees aeeaseanas s aawweere ereamaeeas
F.begoniae P N . Ceee eaaaaaa .
F.bulbicola e e e e e

F.circinatum(MP~H} Cheaer e e veesaens e che e e
F.subglutinans {(MP-E) e eeaee eeeaaa ee i e e

Fusarium sp. 1 i asaees e Cheee reeneeaaas e eaaasee seaaes i e e
F.thapsinum (MP-F) e e seeas v aaana e e B e eee s esei tenaas e f e .
F.verticillioides(MP~A) ....... che b i e e e P
F.nygamai (MP-G) e e rieeacee sesareaaas e eaaaaaaaens
F.pseudocircinatum e fht eeses e aeaesaeeas aesaaaan s s ee e saeaanan

F.concentricum D f e eeseae aeamneraas meaaeaaeas e
Fusarium sp. 3 B | e e e i ehe eieeasanas
F.sacchari (MP-B) e T, 2 .
F.fujikuroi(MP-C) B e eeeeeenan e eeaaes eaaes feaes eseaeaans
F.proliferatum(MP-D} R N b teavacs rearereaae aeeseanee i rterecanr ceseeneenn

F.inflexum

310
CARACAACGGC

320
ACCATCGACT

330
TTCCTGGTGC

340
GTAATATTCC
I ¢

350
AAGACGATTA
RPN c A o

360
GAGGACGGTC

Fusarium sp. 2

Fusarium sp. 4 D O A & ..
F.guttiforme DR DU & SO & DR o S .

B Y
B € B
T Y

F.begoniae
F.bulbicola D D
F.circinatum(MP-H) B O & S

F. subglutinans (MP-E) D O e reeeaaseas I € &4
Fusarium sp. 1 D P R S & RPN ..

F.thapsinum (MP-F) R A R &
F.verticillioides(MP-A) ...veeenn. e e maeaaeaen Te veeGoeChii dinnaennwe Tuwnn e
F.nygamal (MP-G)  ......... e B = o
F.pseudocircinatum ........ ! A < S ehrere e et
F.concentricum = ....... O i e
Fusarium sp. 3 - | e

F.sacchari(Mp-B) e a e
F.fujikuroi(Mp-C)
F.proliferatum{Mp-D) P e ..
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370 380 390 400 410 420
F.inflexum -AGTACTAAC CATTGGGTAA AGAGTTCCTC ACCATGATGG CGCGCAAGAT GAAGGATACC
Fusarium sp. 2 e el i e erese hesaeaaaas seaaes
Fusarium sp. 4 e T e eesaeaaaan e
F.guttiforme e D o S e eeeeaeas .
F.begoniae et eeena e e e aa e s emaeeeeae tere e eeeseceans
F.bulbicola i e I
F.circinatum(MP~H) et r e ol e iie e ti et e thr e s seemase seeasaaaans
F.subglutinans (MP-E) it e e eaCiii e e fhee emaaeneaas e eanaaen seseseenan
Fusarium sp. 1 et T D -
F.thapsinum (MP-F) G
F.verticillioides(MP-A) G .
F.nygamai (MP-G) Bt ettt este setmenanee twassaease sassecatres saseaauiran saressecsn
F.pseudocircinatum G PR e
F.concentricum e N
Fusarium sp. 3 e a e R
F.sacchari (MP-B) e ee e R
F.fujikuroi (Mp-C) e B
F.proliferatum(MP-D) B, B

430 440 450 460 470 480
F.inflexum GACTCTGAGG AGGAGATCCG CGAGGCITTC AAGGTGTTCG ACCGTGACAA CAACGGTTTIC
Fusarium sp. 2 veeeaCinns tiiiiii e S e e e i
Fusarium sp. 4 ..., Covir iniinnnnnnn e vt eneen s vseasenns cnsnsensar wrecuvaanns
F.guttiforme  ..... Connr teieiaens P et eetnas tesmmsecss snenesnens sasenenaas
F.begoniae ..... Covvn enennnnnne e vunens saeensans e se e eaeaee
F.bulbicola  ..... Choete iiiieennn P ot ieesenne memsecanes conmansnas sanancenan
F.circinatum(MP-H) P D PP Caeee e
F.subglutinans{(MP-E}  ..... O B i ittt s teeaaease rase e eeeaeraane
Fusarium sp. 1 ..... Chiiin iitnecenns Tevuns S et aeasaeenas eeeewamuan s aaeaas
F,thapsinum (MP-F) .t iveeeinen sennannens A B
FP.overticillioides(MP=A) ..uveeerune venneaanns Ghrvinenvene wnneaecann B U
F.nygamai(MP—=G) = e eeccniane snnennnnns T oot tnennn moennanans )
F.pseudocircinatum = ... iiiien cenaianaa O N
F.oconcentricum = L. iiieene eeeiienan L it euvas et sasnonae waensnnnen sansnsonns
Fusarium sp. 3 e aeseen seeae R
F.sacchari(MP-B) = ..... Coaver eteennannn Bt s s i umas sasnsnsons sssasnasns sesansanns
F.fujikuroi (MP-C) i eeiene cnenneenns P e e enaas meeaarsaa meases ey reeecneena
F.proliferatum(MP-D) s aa s rsaee eareneeaan Tt ivninne taesesnens assos e eeaasaseen

490 500 510 520 530 540
F.inflexum ATTTCTGCTG CTGAGCTTCG ACATGTCATG ACCTCCATCG GCGAGAAGCT CACTGATGAT
Fusarium SP. 2 i e e race seenscnane meeeiertae tessencacs eeeanaecs N ..
Fusaritm SpP. 4 i it iiaaes aeaseiaaae eeeeneeean aaeenataes ceenasanns sesaessans
F.guttiforme f e eaets eeeesesees aaaararaes e weswaseaes saeaaeeean
F.begoniae i iiaaae sasaseeecs seseinanas seeasssaas sassensess sasanasasn
F.bulbicola  ..... hees e aatesse eeesaaaaas M h et e e aes se e ssases aaaeses e
F.ocircinatum(MP-H) = .ttt eren tonannenne sasencnnas e e aeee teeaaeseae areeserean
F.subglutinans (MP—FE) i uuiuetnnenr evunenanee sossssnene srevueannas ssaenanase sesessaenn
Fusarium sp. 1 it aaaaaeeaan ameeaanses eamaaaeais seemaaanas aaeerenaen
F.thapsinum (MP-F) ... eiinee couseannsn seoenennse sannsaa B
FoverticillioidesS(MP-R) ....veevoe cauweenans. et reeeeaas Te teinenenn e
F.nygamal (MP—G) it ietans seannaiaae ceaiecaaan canaeens T i eieeee enraaeas
F.pseudocircinatUil = ... ...iiis ceesenanin mieennae cnaaraan N
F.concentricum = . ...i...... I
Fusarium sp. 3 = iieeae.n -
F.sacchari (MP-B) = .iiisseess - S e e aaiaaee aeesesee aesaaenn e
F.fujikuroi(MP-C}) = .......... N
F.proliferatum{MP-D})  .......... £ - PRI
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550 560 570 580 590 600
F.inflexum GAGGTTGATG AGATGATCCG AGAGGCTGAC CAGGACGGCG ATGGCCGAAT CGACTGTGAG
Fusarium sp. 2 = Liiaeaeein o seeesieans e e D
Fusarium sp. 4 = i e ieass esianasaas seaseasaes saeans Teiir neemaaann serananans
F,quttiforme e as et s s DO
F.begoniae hee e e
F.bulbicola = = = i iieias saasaaesan et e aaaae e e seaasran eexeaeeea
Focircinatum(MP~H) ottt enns saesonnsnn sonernnssns sonssnssse savasnsans ssseresnos
F.subglutinans (MP~E) 1 uuieuunuse eonnscenass sasasssnns sosassssen sansneoaos srannennan
Fusarium sp. 1 = ittt cereeaseea cesaenaan e maeetra dhesaeases maseesaean
F.thapsinum (MP—F)} et tencue sotoseesss sessumonts sesssssnas nusenmense sasssnsans
F.overticillioideS(MP=A) .i.uviners sornsesnen caoonnnran e taeee haeeeecaes haeesaeas
F.nygamai(MP-G) M et emarne e s aase seesaaarrs seeiaan bes hesassanen
F.pseudocircinatilll. = .. ....iiie saessncoane asessnancee ssesenrace sesseenine cesesennan
F.oconcentricum 0 L. i e e eeeaaee eaeeaacaes enaaeaan e eeaaaviea e G.
FUSarium SP. 3 e caeteeecas saraaaeaee taaasenenn amesemeain emenaans G.
Fo5aCCRAri (MP=B) ittt itee teattaccte teeeasaiar earemeeies s eeverees eaeeeen G.
Fofudikuroi (MP=C) = it iieesase sansnssennns sasasunsns snsnmanssnn suvsasanee sansesns G.
F.proliferatUM(MP—D) i iiiteenee seveesovse rasessssne wasensassss nasnoacons annnnnes G.
610 620 630 640 650 660
F.inflexum TTGCTTGAGA TTG-GATATA TAGTACCAAC GTCCAGTTAC TGACAAGACT ATAGACAACG
Fusarium sp. 2 S o B e ehaereaes C .Civivnennn
Fusarium sp. 4 R o AL Bl e e aeeaaees C .Civinnnns
F.gquttiforme P O DB, B e e eseeans C Covvnnnn
F.begoniae e Cuin Al F T e ae evaeaeaas C .C.oo.oaa
F.bulbicola e Colll. CA-lL. PO . S e h ey C .Covivunnn
F.circinatum(MP-H) R o A=l B e et een e C .Coviuvnnn
F,subglutinans (MP-E) R o LA e . VI e e e C Covinnnnn
Fusarium sp. 1 e e dCavnn cA-i . “mB e cemnn e ek C .Coviinnnn
F.thapsinum (MP-F}  .......... R J - W B G..vw Covnnnnns
F.verticillioides{MP-A) .....ven.. A= PN - T oG iBoiir vieenaaenn P S
F.nygamal (MP~-G) = iieeenanon LLWA-L L. LBl R - S
F.pseudocircinatum ......... WAL, B ! R - I o
F.concentricum = = . ....ee... Bl B o S Cuiivnas
Fusarium sp. 3 s B (0 ¢ O
F.sacchari (MP=B) = ...iiveeens B ... ..ACLA ... LLAGC.Gum =i iiaa . Caninnnen
F.fujikuroi(MP-C} = . .iiieenen. B CCBCLA L L ot e wees s Coninnnn
F.proliferatum(MP-D)  ..vecenssn cdB- . LLACLAL ey G i s B O
670 682
F.inflexum AGTTCGTCCA ACTCATGATGCA
Fusarium Sp. 2 e aeecansenaan
Fusarium sp. 4 = L e eses s e
F.guttiforme @ 00 i ieees e ieereeaaeaa
F.begonide @ i seies vemaenanenen
F.bulbicola = @ Liiieea... P,
F.circinatum(MP-H] = . ...teiets tnsecenanann
F,subglutinans (MP-E) i eieeerve avenvnnnnenn .
Fusarium sp. 1 = it seeeciiasann
F,thapsinum (MP-F) = . ieeescne connansnneen
FoverticillioideS(MP—A) ..viveuwees coveens e
F.nygamai{MpP-G) e e et aeeaaeseaaes
F.pseudocircinatum et anee heens i
F.concentricum — .......... e
Fusarium sp. 3 = i iieee saaneaaasenn
F.sacchari (MP-B) = (..oveau. W e e
F.fujikuroi(MP—C) it iennee verenannnnnn
F.proliferatum(MP-D) .. utuiicicns surnennaneas
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F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F,guttiforme
F.begoniae
F.bulbicola
F.,circinatum(MP-H)
F.subglutinans {(MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)

F.verticillioides{MP-A)

F.nygamai(MP-G)
F.pseudocircinatum
F.concentricum
Fasarium sp. 3
F.sacchari(MP-B)
F,fujikuroi{Mp-C)
F.proliferatum(MP-D)

F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)

F.verticillioides (MP-A)

F.nygamai (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari(MP-B)

F, fujikuroi{(MP-C)
F.proliferatum(MP-D)

F.inflexum

Fusariom sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum{MP-H)
F,subglutinans (MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)

F.verticillioides{MP-A}

F.nygamai{MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari{MpP-B)
F.fujikuroi{Mp-C)
F.proliferatum(Mp-D)

&
@ 3

10
GC-TAACGGC
G
O

70
CAGCTATGGG

........ . .
* s s e s v oes
........ ..
A s e s A

130
AGTTATATAA
cee.To L
ceeaTonn.
cee Tauun

&
<
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20
TGAACTGGCA

P I N

80
TCAAGTCCGA

e e
eee e -
teeseanan .
..... e
PP ¢ P
fh e e
s e
e
e
e

140
CACCATAGGA

R A
e e a v e e w
B I I T NP
Prs e s e -
e e a ke
..... >y aa e
IR I

30
ACTTGGAGAA

P S AR Y

90
TATCTTTAGG

150
CTGGCCGCCC
cecanesTun
P

[PICEPEEIS £ S

. 40
GTGGCAAGTC

P R

R
“ e e me s e
v e e .
“x e e e n e

R
4 e s e mas e
P I I
P I A
...... e w
..... “o e ma

. .GCGCG. ..

RN

. GCGCG. ..
.- GGGECG. ..
. .GCGCG. . .
. GGGEGG. ..
. .GGGCG. ..
. .GGGCG. .,

160
CATATGAARAA

s e ma e e
R I
...... v s e a
......... .
........ ..
..... PRI I

50
TTCCAGTATG

4 e s e e e

...... «a x
N “x e
P R
D I B
» . . PR
DI B A
I N L
P R ) .

110
== TCTTAT

ke v e
I A R
R I .

170
GATTATATTA

R
P A
P .
....... .o ox
R

60
GGGAGCAAAA

P 2 I IR )

P A I B RN
....... P
...... e e

w e e
PRI SRR
R I N

120
TGTGAGGGCG

e s s e ey
L I I
..... ek s
* s s me e .o
...... » .
...... “wwa

IR EREREEREE
P .
Pk s e s e . x e
..... .. wrw

180
GAATTGAATG

e e
P I
“ == C..
....... P
e
R e

RS
A ek e e s
e e e n e
* %t x4 e aes o
..... e v
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130 200 210 220 230 240
F.inflexum ARGCTTTGTT TATATATTGA TAATGACAGT ATATATATCG TGTCTTGACT AATTGCGTGC
Fusarium sp. 2 S ee s aass teeaseases e Etessens mmeseemaas sesaessrar Aevsessaes
Fusarium sp. 4 RN e herenerene aaaresaers teeaeseaae eaeaes Shes e
F.guttiforme . ....e.... e e s e mresasarse serteseeaen e e .
F.begoniae s aasace s maasiaes waaamemesr waesesenaa s eaaaen Cee seesereaan
F.bulbicola et ae s aare amarev e saeesaeare eaeeeaan e iseenaaeas
F.circinatum(MP-H) e s baeeasaese aasaee et e f e
F.subglutinans (MP-E) e tesaraease sewreseaae Envesasaee teceanan e e
Fusarium sp. 1 ....... Ceh metseasese eusumaeaaa meassasses ceesevener saaees e
F.thapsinum (MP-F)} = .......... e Ce s eeeraiens sadaeseean e et eavauan P
F.verticillioides(MP-A) ..... e e e e eaea e aeaaaran heessasese aeaseaanen e
F.nygamai{MP-G) et iiaesa aeeasaaese saxrasanes sasusensie feseeneire e riaasann
F.pseudocircinatum  ..... e e eaaes reaaeaaiee saaaaes e e Ceee e
F.concentricum = ... aiieeaa. e e h e eaxaen meeaecanae eeceereee eeeasenn o
Fusarium sp. 3 e e e aaaea whemsaaeas seeaaraese aaaeas e
F.sacchari (MP-B) e et e eanee emserseees ambeeeeaar seaaseases enrecseana e e
F.fujikuroi(MpP-C) et s eteses treeseeaas shesananen sasesesace sesaeasaen e
FP.proliferatum{MP-D)  ........ e e eees e e hen e e e e

250 260 270 280 290 300
F.inflexum CAGCAGTCGC GGTAATACGT AAGAGACTAG TGTTATTCAT CTTAATTAGG TTITAAAGGGT
Fusarium sp. 2 P e heiesesies easseesane saaeresres seseseenes e e e
Fusarium sp. 4 ke e s hhras sk s aerrae sasessesrs seseenases coemeanran
F.guttiforme et saeen eamaananan ke e reereeeae tesreavese seeaneeaan
F.begoniae e e s enres sessedacnas rreveanere aeensessnn e
F.bulbicola . .c...c... f e aaee sesraesere e ecxns sesraenens e
F.circinatum(MP-H) f e s s easass maaarserae seesassnes sesesesess saaraseses saseeenn .
F,subglutinans (MP~E) .t iiiinven encnneenns f e e raemer seaaaaaeee mmmmeaaean meeaaeaaan
Fusarium sp. 1 e s eiaae eeseeaeaae eesaaacaae aassaaares araeesenae saaen Ceea
F.thapsinum (MP-F) e n e e s east taeseenaea aeeasen Wie weeeeseaes smessteses esaaeraens
F.verticillicideS(MP—A) .u.ceeiree wncurennes sneenn e e it tree meaaaaaee eaaeaeaan
F.nygamali (MP-G) Cheraeaeee sesenaaan e r e reaaen esesreenrs erreeranens aeeeeeaenn
F.pseudocircinatum e e s e e s seeaas wra e s es s eeamuseres e .
F.concentricum e r e aeeae heaaeeaann et e vee aeaneaneas aaaeceaeae aeaauns v
Fusarium sp. 3 e eraees sasanaaese xaansuns e e ea e aaes e s eeseres tesesenaen
F.sacchari (MpP-B) f e e s seenes sesseeaaas eaasaanann ek aaens hersaeeas emaaaaeaas
F.fujikuroi (MP-C) it iiciae tecencaann anmmes e e anees sasssaaeas aseesasans
F.proliferatum(MP-D) et erea e hes e iese e ae e aaaes eeaaan e eeeaan ean

310 320 330 340 350 360
F.inflexum ACCCAGACGG TCAATATAGC TTATAAAATG TTAGTACTTG ACTAGAGTTT TATGTAAGAG
Fusarium sp. 2 et aaieee herenean e e e ereenarace aeaaenaas e
Fusarium sp. 4 e et e raemaeeeen e et iie i e saans aeaseracee saeeaaanns
F.guttiforme e e e e e eeiesas tearaecaes seaseaaanas
F.begoniae B e eesaeeeaan e eaeaae mesaeeanae s eraee arerees .
F.bulbicola W e e s s eas s esasasass sasasrerens sasessners enaasecrae semsnsesse
F.circinatum(MP-H) e seaaes saeseeraee eeeaeaaan e e esaes saasassaean aaseseeaen
F.subglutinans (MP-E) e b e eeeaee aesesaaean ameeen cees heaecrees s ir e e
Fusarium sp. 1 e e raraeaas e e aaeaeea et eencs ekaeranes eieerasaas
F.thapsinum (MP-F) e en s eres tieaaas e rversraees sesassesse wasrresess
Foverticillioides(MP=A) ...verurer courmcnnes tnmenenees ananeann e eeeeeenaas aeaeaenaan
F.nygamal (MP-G) e e aara saeisaene eeaan eeee seesareees seseanaace ewaeeaaaas
F.pseudccircinatum H e e s es s aseseciaae sesesesacs deaeaacern aaesasesra saaesauras
F.concentricum e s ke asee s eevaraas sessrerene wemeeaan e renass weree e ean
Fusarium sp. 3 e e avas aasaaann e e meeaas et M eshen aaereaaas
F.sacchari(MP-B) e esaaa asaeaaaans saaaaaasas A
F.fujikuroi(Mp-C) et s et ehsaasaees seseresaes seresanere sasecerres waesenas .
F.proliferatum(MP-D)} S et e aaaa sesas i ene e e eeie e aas e e e eeeaeaas
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370 380 330 400 410 420
F.inflexum GGCAGTACTT GAGGAGGAGA GATGAAATTT CGTGATACCA AAGGGACTCT GTARAGGCGA
Fusarium sp. 2 e s P e ee e e eeeen B
Fusarium 8P. 4 it eeet eeieiecsas saeeaneens aaaveaaans e ae e [
F.guttiforme et eeeeaee et e eaee e G vvrerannn .
F.begonia@ it ieseae casaaseess aseresaran ereneaneans saecaaens G tiiviann .
F,bulbicola = e iaies seaaaesaie vaeeraaese easeeseuns sasearasas aevareenes
F.oclrcinatum (MP=H) ottt eeines suvanmenne sosnnanone ooeuntnsne snneamons G viivnnnns
F.subglutinans (MP—E) i uunvne sesennneons snssensrue seensennnns soneennes G tvrinnnnnnn
Fusarium sp. 1 ..... e s ereseises amaeecnsan e aearaenas G iiviineans
F.thapsinum (MP=F) i iiiteiss vaussoesus sneensacnn sasaaseson sensaassnos eoeasenans
F.overtiCilliOideS{MP=A) vuuivresss cvsnmreennm soossenoss ansoneenes senssonsnes sesneoonas
F.nygamal (MP-G) = i iiiinres tameann hr e e e wraemeaetae e eeeeavee aesaareaen
F.pseudocirCcina@btlll. . .iueieuine tesansecen savesannas coressacas saaaneeiee eeeseaenns
F.concentriCWM = . i iiieeins s riaeaes saseaaiae eeaaaanas e anee e
Fusarium SDP. 3 e eas areaseaaas saraaseaa seeasasaas measeerras seaeaeenn
F.sacchari (MP=B) = ittt esane sensenunss sasesassinse sssssosnens souseacass saseesnons
FofuFikurOi (MP—C) i iiiieee seamnanasse ascarscanns tamssosone sasasosnes anensnans .
P.proliferatum(MP—D] 11 uereeere snrennnsnne semonnssce nassnnonee snnnenens  ersaaesenn

430 440 450 460 470 480
F.inflexum AGGCAGCCCT CTATGTARAA ACTGACGTTG AAGGACGAAG GCACAGAGAA CAAACAGGAT
Fusarium sp. 2 . ..... P ¢ TN e e eaee et e i iets e seneenee
Fusarium sp. 4 c...e... e teasaseuas sasseseane saawesmeaa meavamasax sseneeesan
F.guttiforme = .. ........ B
F.begoniae ..., B
F.bulbicola  ........ S e e aeaee eeaeeraaee mesieranen mmeceaaann e
F.circinatum(MP-H) = .......... R 2
F.subglutinans {(MP-E)  ....c..... P
Fusarium sp. 1 = i oo, B € O
F.thapsinum (MP=F) ittt cetsionnes sasnososos sonmnssces sussae s e .
FoverticillioldeS(MP=B) ...uceiree sevenranes connnnnnes e eaness meaaesaars eaaeeanaes
F.onygamal (MP—G) = e seunee seeesnnsnn etnsaonsene snamsonane trennanncan wemeentens
F.pseudocircinaltUl = i iicenn trsumeante sotsannsune sennncenns snvaomnnoe seseananenn
F.concentriCUM = e iiiree stttevnene cesessnnne sasssneans satnenanen axraeanane
Fusarium sp. 3 = ieieaiins heveseeens e eeasaas feh eeraaeanas e
F.sacchari (MP=B) = i iieises cnsstnnees saaasannan saaeneeann e s eaaaes aaeaeeeaan
F.AuFIikurodl (MP~C) it iiiietnn cneasecnss waneansese cossansnne sneeasncan seaecnnean
F.proliferatUM(MP—D) & iiieesee seeesuenoes vanmenenns assasnsone sossacacss sameeennne

430 500 510 520 530 540
F.inflexum TAGATACCCA AGTAGTCTTT GCAGTARATG ATGAATGCCA TAGGTTAGAT T-GA~-TCAA
Fusarium sp. 20 @ ....... var reeeineaas e et ss e saetes s CT.GG..GG.
FUSATIUM SP. 4 it tieeensn arennnsne temmanannas termeriane maaaaas CT.GG..GG.
F.guttifOorme = = o it cies teesi e e eeesaann cmameacene aaraanaann CT.GG. .GG.
F.begonidae@ it eiis camaeesees ceeasareae thaesrenes csenasanes CT.GG..GG.
F.bulbicola = i e eameainere eeaaenans te heemerasen e r e CT.GC..GG.
F.circinatum(MP-H) = it iiirinn cavonnnenn Clttes e senmemoons saconnoeens CT.GG..GG.
Fosubglutinans (MP=E) i1ttt vene oeeaennss tensnnnnns tocaaancne cannnanans CT..GT.G-G
Fusaritm 8p. 1 e iiaee tetestaenee eaeiasatens teeecaniae caaeaaaeas CT..GT.G-G
F.thapSinum (MP=F) treienncen aoanncnncn nosenonsnn sovmsvsnene sennnnnnns -..GG..GGG
F.overticillioideS(MP=B) ..uevivere cnnverorss vuvenens e rar e e e -..GG..GGG
F.nygamai (MP—G) o iiiiieene tarareanas aanananana e renecece aeeremaann -..GG..GGG
F.pseudocircinatum = ........ivs cavuaneann e eeaaas et eeeneraaan -..GG..GGG
F.concentriCUM L. ittt oramaranns seeonarnan et e -..GG..GGG
Fusarium sp. 3 e e iseeatan mseacaaase reeeeeanne eeenannnans ~..6G..GGG
F,sacchari(MP-B) = ....... hea erasswasen sssasaesea sasusasese sesessenss -..GG..GGG
FoFuikurod (MP—C) it ievves savenmmnne eonennness savanercns seannncons ~-..GG. .GGG
F.proliferatum{MP—D) ..iiuivien tvensencas tenonnaass srnmnenane cananeannn -..GG. .GGG
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F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1

F. thapsinum (MP-F)
F.verticillioides(MP-A)
F.nygamai (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari (MP-B)
F.fujikuroi {MP-C)
F.proliferatum(Mp-D)

F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F.subglutinans {MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)
F.verticillioides(MP-A)
F.nygamai(MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari(Mp~B)
F.fujikuroi (Mp-C)
F.proliferatum(Mp-D)

F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)
F.verticillicides(MP-A)
F.nygamai (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari (MP-B)
F.fujikuroi(MP-C)
F.proliferatum{MP-D)

W UNIVERSITEIT VAN PRETORIA
@), UNIVERSITY OF PRETORIA
W’ YUNIBESITHI YA PRETORIA
550 560 570 580 590
TTATAGTC-T AG-~G~GTTA GTCTAGCAAA CTAATG-CCC TATGATAT-A
e eee.. LTT.A.. LLTOCT. L. el AT. ...ACA.G.C
R DU ..TT.A.... ..T..CT... ....... AT. ...ACG.G.C
T SO LCIT.AL ... T..CT... .. ....AT. ...ACA.G.C
T e .LIT.AL ... T .CToot toinnn. AT. ...ACA.G.C
R T T O L AT. ..CACG.G.C
TP LLITLALL.. LWTLCT. e el AT. ...ACG.G.C
T e e . LLIT.AL ... LWT..CTL e el AT. ...ACA.G.C
I Sl DU D O L O AT. ...ACA.G.C
I L < e AT. ..GAC..GTC
cem=aa G LWTTLALL.. LT e iee el .GATT C.GAC..GIC
T £ O O U AT. ..GAC..GTC
= TG LLTT.AL ... AT niicn i AT. ..GAC..G.C
-CIC-..... B AT. ..GACG.G.C
~CTC-. ..., TT.A. T e e AT. ..GACG.G.C
~CTC-..... ..ITT.A B N AT. ..G.T7G.G.C
-CTC~. . ... ..TT.A e AT. ..GACG.G.C
—CTC~..... D AT. ..GACG.G.C
610 620 630 €40 650
TCTGGTCTAT ARATGAAAGT GTAAGCATTT CACCTCAAGA GTAATGTGGC
B e eeriee seaererens e e
B e saeaeeaeas Carransa aaaae e
N
P
S e e e e s e et de e seteararaan eereme e
B e evreeen mesaserste veaesesrre rereaseses
T
. oo ehnemerecee saveanaana
e
D e i i treeeeeaer tererertae e e
T e c e st berenes tarereneee secearevans
D e e e et ieaae eae e erer s eeaaaaanas
PN
L e e e ate e esaaaenes sraeaaaae seeeeaaeos
T g
U
D e ettt eeessvrane sasaranaae creer e cxeeraaena
670 680 690 698
CTGARATCAC TAGACCGTTT CTGACACCAG TAGTGAAG
................ . + e e .. JTNNN NNNNANNNND
.......... LCoLLALLC Llllil A L

..........

..........

...................

600
ATTCAAAATA
CAG.C.T.G.
CAG.C.T.C.
CAG.C.T.G.
CAG.C.T.G.
CAG.C.T.G.
CAG.C.T.G.
CAG.CTT.G.
CAG.CTT.G.
CAC...T...
CAC..-T...
CAC..-T...
CCA.C.T...
CCA.CGT. ..
CCA.CGT...
CCA...T...
CCA.CGT...
CCA.CGT...

660
AARCGCAGGAA

..........
..........
..........
..........

..........

..........
..........
..........
..........
..........
..........
..........
..........

..........
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Partial B-tubulin

10 20 30 .- 40

F.inflexum NNNOINNNNNN NNNNDANNNANA ANNNNNNNNN  AINDNNNNNG
Fusarium sp. 2 ATGCGTGAGA TTGTAAGTAC TTCTCTTTTT AAGTTCGTGC
Pusarium sp. 4 ATGCGTGAGA TTGTAAGTAC CTCTCTTTTT AAGTTCGTIGT
F.guttiforme nnnnnonnnnn nnnnnnnnnn nnnnononnnnn nnGTTCGTGT
F.begoniae ATGCGTGAGA TTGTAAGTAC CTCTCTTTTT AARGTTCGTGT
F.bulbicola ATGCGTGAGA TTGTAAGTAC CTCTCTTTTC AAGTTCGTGT
F.circinatum(MP-H) ATGCGTGAGA TTGTAAGTAC CTCTCTTTITT AAGTTCGTGT
F.subglutinans (MP-E) nnonnnnnnn annonnnnnn annnnnnnnn nnGTTCGTGT
Fusarium sp. 1 ATGCGTGAGA TTGTRAAGTGC CTCTCTTTTT AAGTTCGTGT
F.thapsinum (MP-F) nnnnnnnnnn annnnnonnn nnnnnnnnnn nnGTTCGTET
F.verticillioides(MP-A) nnnnnnnnnn nonnnnnnnn nonnnnnnnn nnGTTCGTGC
F.nygamai (MP-G) nnnonnnnnn nnnonnnnnn nnonnononnnnn nnGTTCGTGT
F.pseudocircinatum nnnnonnnnn oonnonnnn nnononnnnn anGTTCGTET
F.concentricum ATGCGTGAGA TTGTAAGTAC CTCTCTTTTT AAGTTCGTAT
Fusarium sp. 3 ATGCGTGAGA TTGTAAGTAC CTCTCTTCTIT AAGTTTGTAT
F.sacchari (Mp-B) nnnnnnnnnn nnonnnnnnnn nonnnnnnnn nnGTTCGTAT
F.fujikuroi {(MP-C} nnnNonnnnn aonnnnnonnn ononnnnnnn nnGTTCGTAT
F.proliferatum(MP-D) INNNNNNNNnn nnnnnnnnnn nnonnnonnnn anGTTCGTAT
70 80 90 100

F.inflexum GTTTATCGTG CCCCTGATTC TACCCC———- —-GCTGGGCGG
Fusariom sp. 2 ...... D e
Fusarium sp. 4 = eeiicaees aaranssess B i P
F.guttiforme @ 0 et ied e aeanas maaaa R
F.begonide @ e ii et i amaa e mm— BRI
F.bulbicola = = e aseeeenaee rasee e e e
F.circinatum(MP-H) = ..ceceenene e s are e a T T e
F.subglutinans (MP-E)  ...... I e
Fusarium sp. 1 ...... Geve tennnvaaen sanasommm—— Y
F.thapsinum (MP-F) i iiciveas aneassnnes LLITVTACCC Covwe v n e e
F.verticillioideS(MP~A) ....Guvirr vecvusnnne oucsesmm== TR
F.nygamai (MP-G) e e T i e e e e
F.pseudocircinatum = ... .. ... caceiaunan D iR T O
F.concentriCum = = i e eeiaene s e S
Fusarium sp. 3 A o e n e
F.sacchari (MP-B) = i ieieene sevanenn e e ———— .
F.fujikuroi(MP-C)  ..... 0 e e s T..
F.proliferatum(MP-D)  ..... O e naans T..
130 140 150 160

F.inflexum ACGATAGCTA Cm==-~CRGCT TTACCATACC TTCTGTCARAG
Fusarium sp. 2=~ L..iieeee. G s B N
Fusarium sp. 4 = Li.iiiieens G====. ... B £V
F.guttiforme . ..... T., Gmm==—_.... LLWATL L. e T..
F.begoniae e G e a s B DA
F.bulbicola = L iiieeaen. Gm===i.. B ) R T
F.circinatum(MP-H} = .....eua.. Gy e PR - T
F.subglutinans (MP-E}  ...ceneneen Gl v B
Fusarium sp. 1 = cieeeceee G i B
F.thapsinum (MP-F) IS A.. GCTAG..... B -
F.verticillioides{(MP-A) .T..... A.. GCTAG..... B - S
F.nygamai (MP-G) I U A.. GCCAG..... B o/
F.pseudocircinatum T A.. GCTAG..... B S
F.concentricum = .......... Gm===, . ... LWAC L e
Fusarium sp. 3 = ceeenennee Gm===. ... L ACL L e
F.sacchari (MP-B) = . .ciivnwnen G, B
F.fujikuroi(MP-C) ciennnnn. G ...A.C.... .A..C.....
F.proliferatum{MP-D)  .......c... Gr===. ... DR - U ©

50

60

nnnnnnGTTG CACGCGTTGA

TGTGCT. ...
TGTGCT. ...
TGTGCT. ...
TGTGCT. ...
TGTGCT. ...
TGTGCT. ...
TGTGCT. ...
TGTGCT. ...
TGTGCT. ...
TGTGCT. ...
TGTGCT. ...
TGTTCT....
TGTGCT. ..

TGTGCT. ...
TGTGCT. ...
TGTGCT. ...
TETGCT. ...

110

..........

..........

..........
..........
..........
..........
..........

..........

..........
..........
----------

..........

120

TGGCAGCTCA ACGACAATGC

----------
..........

----------

..........
..........
----------
..........
..........

..........

..........
..........
..........

..........

176

----------
..........
..........
..........

180

AC-AAGAAGC TAATCAGATC

..........

..........
..........
..........
----------
..........
..........
..........
..........
..........
..........

..........
..........

..........
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F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1
F.thapsinum (MP-F)
F.verticillioides{MP-A)
F.nygamali (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari (MP-B)
F.fujikuroi (MP-C)
F.proliferatum(Mp-D)}

F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum{MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1

F. thapsinum (MP-F)
F.verticillioides(MP-R)
F.nygamai(MP-G)
F.pseudocircinatum
F.concentricum
Fuysarium sp. 3
F.sacchari (MP-B)
F.fujikuroi (MP-C)
F.proliferatum(Mp~D)

F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F.subglutinans (MP-E)}
Fusarium sp. 1
F.thapsinum (MP-F)
F.verticillioides(MP-A)
F.nygamali (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari (MP~B)

F. fujikuroi(Mp-C)
F.proliferatum(MP-D)

TCTGGCAARAC CATCTCTGGC GAGCACGGCC

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

.........

..........

..........

..........

..........

..........

..........

..........

..........

----------

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........
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190 200 210 220 230 240
TCTTCTCTAC AATAGGTTCA CCTCCAGACC GGTCAGTGCG TAAGTGCTCA TCGCTTCCTC
Teeinn Ge Gevervrnnn e e e e
Tevenne e c AU
1 Gaeeeviene e s e e e
% S Ge Gaeeeeane eeneeae et e haaenea
Teeenns B Guveeenee e e e . e
B SO T PP
U T
B S e
B P e e
R c PP e e
Teeeannn. A
1 e T e e e
O
¢ N e e
% R < P e e e it e e
R 7
T e e e

250 260 270 280 290 300
AACGTCGCAT G-CGGGGGAT GCTCACAATG TTTATCAGGG TAACCAAATC GGTGCTGCTT
Gevrew ~T.A..... ..G. e e T oveeeeeennn
Gevvrnenn e - U o N SO
[cTR - T ooeeeeennn.
[P TRt e Gueve eereeee eeaeaaan s
Grvvvwnnnn o 9 - VN T O
Gevreennnn e -V Bave e e y SR
Gevevennnn e Guvr v e O
Guevrvennns e - U Guene e e T
.......... S ARG JP
Guannnn BG..nn... S O c A U
.......... U - RN A c TP c SRR G PUPUL, (N
....... Tee emeneennee BuiTeroGues wneennenen cenenneaaT e
.......... P o S, RS, J
.......... R o U P
.......... AP UPUNPUY o RO,
...... . AP o R JE
.......... AN 2SS, L
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370 380 390 400 410 420
F.inflexum CCGAGCTCCA GCTCGAGCGC ATGAGTGTCT ACTTCAACGA GGTATGCATT AACAGTCAAT
Fusarium sp. 2 == et eeeeaaaan T ettt e ettt et e i et
Fusarium sp. 4 = i iiiiie cieeeaan. T ittt esenne teaennnnas saaseaseen ereaseanan
F.guttiforme = = .. iiee cieeaeen. B et ahreeteies eeaeeeaaa
F.begoniae = = it e T ottt iiiies sttt seasae e aaeseeeaas
F.bulbicola = = = ittt e T ittt tnnnne sreetantes aeeeaas P
F.circinatum(MP-H) = . ..icieuinee vennnnenn T it tiesesos eesansaann aeaenns N
F.subglutinans (MP-E) . .ituerere svnennenn T ittt ttne mencaeree eeeaaan R
Fusarium sp. 1 == ciiiiiieie caeaenaans T ettt titee st eae e e )
F.thapsinum (MP-F)  ....... I i T... .G..... T..
F.verticillioides(MP-A) ....... T iieerenran cnveennn T ittt ercne creeeeanas B ¢ S
F.nygamai(MP-G) = ....... T tietananne enenenna T i ieitiaete seennennns R T
F.pseudocircinatum = ....... 2 T el ieinens eooenennas Goolle.,
F.concentriCulM = it it ie et ieaae e eeeae eeeaaaeeee eeaeaan Cre iieenacns
Fusarium SP. 3 = i iiie et eeeeeeaae eeaieaeaes teeaeceees aeaaaan Cov vevennnnns
F.35a@Chari(MP—B) = i iiuiieens tacenonese snerononce sesssnanise srenasaieen sanesaeaas
Fofujikuroi (MP—C) = it eettns eenmenanee sanaoronne soonnnanes seusasas Cuit tiinnnnns
F.proliferatuM(MP=D) ..t uniitnn temaantone saeenecanns sonnnaanan canaans Cuot iiiiinnan

430 440 450 460 470 480
F.inflexum GTCAAGAATT CCCAAGCTCA CACAACTAGG CCTCTGGCAA CAAGTATGTT CCCCGAGCCG
Fusarium sp. 2 R
Fusarium sp. 4 e it i e iae e dieasaae s eaaaeee saaeseaisas can e
F.guttiforme BC it ietonns seesnsesas ssassassss tosensaste ssesnsaans eaensaenas
F.begoniae Covvnnnnn e e e e e et ettt e e et eeier eeraeaaaes eeeeeaeaas
F.bulbicola it i ittt et e eaaee cmeieeacee eameeenaes aeeaaraaee easameaan
F.circinatum (MP~-H) O I
F.subglutinans (MP-E) e
Fusarium sp. 1 A
F.thapsinum (MP-F)  ....... Gov viiennnen .
F.verticillioides(MP-A) ....... G.. .A..C..... e e e it ieaee seeieeaees eaeeeeeaas
F.nygamai(MP-G) = ....... Gt iiienens T veee i it it it iiees tetecacass teeeereas
F.pseudocircinatum = ....... G.v tiieeia R
F.concentricum C T
Fusarium sp. 3 .C...T..
F.sacchari (MP-B) D N
F.fujikuroi(MP-C) C T
F.proliferatum(MP-D) C T

490 500 510 520 530 540
F.inflexum TCCTCGTCGA TCTTGAGCCT GGTACCATGG ACGCCGTCCG TGCTGGTCCC TTCGGTCAGC
Fusarium sp. 2 = i iiieiers eeeeeaaenn B P
Fusarium SP. 4 = i e it eien e eieaeena seaaaaaee aeeaaaaaan S
F.oguttiforme = = = it i eiieite aeaaeeees s O
F.begonide @ it ettt eaeeataeee seeeaeaaes A ittt e
F.bulbicola@ = i iie e eeeeieee e eaeaee teeaaanaan 2
F.circinatum(MP-H) = 1.t tiis iieceinene teeaennnne ceeeananan Bitiiernee ennannanss
F.subglutinans (MP—E) .. uieiunre taneneenne tacasncane saneaonoans B iiiiie it
Fusarium sp. 1 L e T ettt tiiiat e heieeaeaa 2 Uy
F.thapsinum (MP-F) = .......... t e ittt ittt teeeraeeen P
F.verticillioides(MP-A) .......... L
F.nygamai(MP-G) = .......... B
F.pseudocircinatum = .......... L..Colll. C it ittt te teeeiarae eetaieseae aeaeeeaaan
F.concentriCuM = = it inne tunenennnne aevenaennn iee e e e it e
Fusarium sp. 3 = i ieis eeeeeete e et e it e
F.33CCRATI (MP=B) = i iiiiies stnetoonse socntanans senenannoe anreaaenae weeaatnann
F.fujikuroi(MP—C) ittt eein tmevmnenen tnerennnas D
F.proliferatum(MP-D) ¢ icuriner tenenmecane canennnnas R
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F.inflexum

Fusarium sp. 2
Fusarium sp. 4
F.guttiforme
F.begoniae
F.bulbicola
F.circinatum(MP-H)
F.subglutinans (MP-E)
Fusarium sp. 1

F. thapsinum (MP-F)
F.verticillioides(MP-RA)
F.nygamai (MP-G)
F.pseudocircinatum
F.concentricum
Fusarium sp. 3
F.sacchari(MP-B)
F.fujikuroi(MP-C)
F.proliferatum(MP-D)
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