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My plant has
Fusarium
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F. oxysporum F. verticillioides

Filgueira, J.J., Quinche, C.G., y Soto, J.C.: 2007. ¢Es el Fusarium verticillioides responsable
del decaimiento de la variedad Nelson en la Sabana de Bogota?. Asocolflores. No 69. p51-54.
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Taxonomy and phylogeny / Morphology traits vs. Molecular traits
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_L Aislam-F.oxy-Cajica: -0,00083
Aislam-F.oxy-Tocancipa: 0.00083
—— fislam-F.oxy-Siberia: 0.00563
, Aislam-F.ros-Chia: 0.05250
' Aislam.-F.ros-Siberia: 0.03750
Fverticillioides-Sopo: 0.01312
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NUEVA GRANADA What's the difference between taxonomy, binomial
nomenclature, and phylogeny?

Explanation:
Taxonomy is the study of the classification of organisms. Taxonomists study the characteristics of organisms
in order to classify them into the appropriate taxonomic groups, such as kingdom, phylum, class, etc.

Phylogeny, or phylogenetics, is the study of the evolutionary development of organisms and relationships
between them. Phylogeny is a useful tool for taxonomists.

https://socratic.org/questions/whats-the-difference-between-taxonomy-binomial-nomenclature-and-phylogeny
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 1909: Link create the genus Fusarium

e 1910: Appel and Wollenweber grouped all the perfect fungi in the family
Tuberculariacea, macroconidia with the croissant shape

* | » 1935: 16 sections and 65 species (Wollenweber and Reinking)

» * 1940: only 10 species (Snyder and Hansen)

e 1971: C. Booth recognize 44 species

* |« 1982 Gerlach and Niremberg recognize 73 species and 23 varieties
» | » 1983: Nelson et.al. only 30 species

» | * 2000: Leslie and Summerell recognize 70 species

e 2011: Watanabe more than 1000 species

> | * 2019: 300 species
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*Fusarium acaciaelll
*Fusarium acaciae-mearnsiiltl
Fusarium acicolal!
*Fusarium acremoniopsis!
Fusarium acridiorum!!
*Fusarium acutatumt!
*Fusarium aderholdiil!]
*Fusarium adesmiael]
Fusarium aduncisporumt!
*Fusarium aecidii-tussilaginist!l
*Fusarium aeruginosum!
*Fusarium aethiopicum!!!
*Fusarium affinel!l
*Fusarium agaricorum!*!
*Fusarium ailanthinum!
*Fusarium alabamensel!]
*Fusarium albedinis!!
*Fusarium albertiil]
*Fusarium albidoviolaceum!!
*Fusarium albiziael!l
*Fusarium albocarneum(t
*Fusarium albumt
*Fusarium aleurinumt?!
*Fusarium aleyrodis!"
*Fusarium alkanophilum!
*Fusarium allescheril]
*Fusarium allescherianum(t]
*Fusarium allii-sativit*!
*Fusarium alluviale!!
*Fusarium aloésl!!
*Fusarium ambrosium(
*Fusarium amentil!
*Fusarium amentorum!*!
*Fusarium amethysteum!!
*Fusarium ampelodesmi!"!
*Fusarium andinum!
*Fusarium andiyazil!
*Fusarium andropogonis!!]
*Fusarium anguioides!t]
*Fusarium angustum!
*Fusarium anisophilum(tl
*Fusarium annulatum(t]
*Fusarium annuum 2
*Fusarium anomalum(t]
*Fusarium anthophilum(]
*Fusarium apiit!

*Fusarium apiogenum(]
*Fusarium

*Fusarium aquaeductuum!*l1

*Fusarium arachnoideum [
*Fusarium arcuatumttl
*Fusarium arcuosporum(
*Fusarium argillaceum!!
*Fusarium aridum(
*Fusarium armeniacumt!!

*Fusarium arthrosporioides!™!

*Fusarium arundinis!
*Fusarium arvensel!l
*Fusarium asclepiadeum!!!
*Fusarium asclerotium!!!
*Fusarium asiaticum(]
*Fusarium asparagilt]
*Fusarium asperifoliorum(
*Fusarium aspidiotill
*Fusarium atrovirens!!
*Fusarium audinum!
*Fusarium aurantiacum(
*Fusarium aurantiacum(
*Fusarium aureum(t]

*Fusarium austroamericanumt!!

*Fusarium avenaceum!
*Fusarium aywertel!
*Fusarium azedarachinum!
*Fusarium babindal]
*Fusarium baccharidicolal"
*Fusarium bacilligerum!*
*Fusarium bactridioides!"
*Fusarium bagnisianum(!]
*Fusarium bambusicolal®
*Fusarium baptisiae!"!
*Fusarium barbatum!
*Fusarium bartholomaeil]
*Fusarium batatas!"
*Fusarium begoniae!"
*Fusarium berenicel"
*Fusarium berkeleyil"!
*Fusarium betae!"
*Fusarium beticolal!]
*Fusarium biasolettianum(!]
*Fusarium bicellulare!®
*Fusarium biforme!*!
*Fusarium bipunctatumi]
*Fusarium biseptatum!*
*Fusarium blackmannilt]
*Fusarium blackmanniit*!
*Fusarium blasticolal!
*Fusarium bonordeniilt]
*Fusarium boothiil]
*Fusarium bostrycoides!!]
*Fusarium botrycoides!]

*Fusarium brachygibbosum(!]

*Fusarium brasilicum!*!

*Fusarium brasiliensel!!
*Fusarium brassicael!

*Fusarium brevicatenulatum(!!

+Fusarium butleril]
+Fusarium buxit!
*Fusarium buxicolall!

*Fusarium briosianum!!!
*Fusarium bubil?!
*Fusarium bufonicolalt!
*Fusarium bugnicourtiil!
*Fusarium buharicum(!]
*Fusarium bulbicolal®]
*Fusarium bulbigenum(!]
*Fusarium butleril*!
*Fusarium butleril"!
*Fusarium buxil]
*Fusarium buxicolall!
*Fusarium byssinum(*]
*Fusarium cactacearumt!
*Fusarium cacti-maxoniilt]
*Fusarium calcareum!!!
*Fusarium calidariorum(*]
*Fusarium callosporum!!!
*Fusarium camerunensel!l
*Fusarium camptocerasl!
*Fusarium candidulum!!
*Fusarium candidum(!]
*Fusarium candidum(*]
*Fusarium capitatum(!]
*Fusarium caricis!!!
*Fusarium cariesl!]
*Fusarium carneolum(l!
*Fusarium carneoroseum!!!

*Fusarium byssinum(!]
*Fusarium cactacearumtt!
*Fusarium cacti-maxoniilt]
*Fusarium calcareum!t!
*Fusarium calidariorum(*]
*Fusarium callosporum!?!
*Fusarium camerunensell]
*Fusarium camptoceras!t!
*Fusarium candidulum!!
*Fusarium candidum(!]
*Fusarium candidum(!]
*Fusarium capitatumd(!]
*Fusarium caricis!!!
*Fusarium cariesl!!
*Fusarium carneolum(!!
*Fusarium carneoroseum!!!
*Fusarium carneum{l!
*Fusarium carniformis!*!
*Fusarium carpineum(!!
*Fusarium carpinilll
*Fusarium carthamil!!
*Fusarium castagneil™
Fusarium castaneicolal™!
*Fusarium castaneum!l
*Fusarium cataleptumi!l
*Fusarium catenulatum(t!
*Fusarium caucasicum 2

*Fusarium carneum!l]
*Fusarium carniformis!*
*Fusarium carpineum{l!
*Fusarium carthamil*!
*Fusarium castagneil!
*Fusarium castaneicolal!!
*Fusarium castaneumf!l
*Fusarium cataleptum(!]
-Fusarium catenulatumt!
*Fusarium caucasicum 2
*Fusarium caudatum(!]
*Fusarium cavispermumt!

*Fusarium caudatum!]
*Fusarium cavispermumt?!
*Fusarium celosiael!l
*Fusarium celtidis!!!
*Fusarium cepael!!
*Fusarium cerasilll
Fusarium cydonige!]
Fusarium cylindricum®
Fusarium cymbiferum'¥
Fusarium cypericola
Fusarium decemcellulare!!

Fusarium decipiens!"
Fusarium deformans!

*Fusarium celosiael!]
*Fusarium celtidis!!!
*Fusarium cepael!!
*Fusarium cerasill
*Fusarium brasiliensel!]
*Fusarium brassicael]

*Fusarium brevicatenulatum!!

Fusarium delacroixii™!
Fusarium delphinoides!!
Fusarium denticulatum™
Fusarium derridis™!
Fusarium desciscens!
Fusarium detonianum™
Fusarium dianthil¥)

*Fusarium briosianum(!
*Fusarium bubil!
*Fusarium bufonicolal!]
*Fusarium bugnicourtiit!
*Fusarium buharicum(t!
*Fusarium bulbicolaltl
*Fusarium bulbigenum(!l
*Fusarium butleri!!

Fusarium didymum™
Fusarium diffusum™

Fusarium dimerum!!
Fusarium dimorphum'
Fusarium diplosporum!
Fusarium discoideum
Fusarium discolor)
Fusarium diversisporum!)

Fusarium dlaminiit)
Fusarium domesticum!!]
Fusarium dominicanum™
Fusarium echinosporum!]
Fusarium effusum!!]
Fusarium eichleril!)
Fusarium elasticae!!)
Fusarium elegans!!]
Fusarium eleocharidis!!
Fusarium elongatum!!)
Fusarium ensiformel!]
Fusarium enterolobii")
Fusarium entomophilum!
Fusarium epicoccum™
Fusarium epimyces!"
Fusarium episphaeria™
Fusarium episphaericum!"
Fusarium epistroma™
Fusarium epistromum™
Fusarium epithele!
Fusarium equinum™
Fusarium equiseti™!
Fusarium equiseticola™
Fusarium equisetorum™
Fusarium erubescens!!!
Fusarium erubescens!!!
Fusarium eucalyptil")
Fusarium eucalypticola!!
Fusarium eucheliae!™
Fusarium eumartii!
Fusarium euonymit!!
Fusarium euonymi-japonicit™!

*Fusarium gaudefroyanumlt]
*Fusarium gemmiperdall]
*Fusarium genevensel!
*Fusarium georginae!!!
*Fusarium gerlachiil!
*Fusarium gibbosum(t]
*Fusarium gigas!!!
*Fusarium glandicolal®
*Fusarium glandicolal®
*Fusarium gleditschiae!"!
Fusarium gleditschiicolal!
*Fusarium globosumtt]
*Fusarium globulosumi!l
*Fusarium gloeosporioides!"!
*Fusarium gloeosprioides!!
*Fusarium glumarumtl
*Fusarium gracilel!l
*Fusarium graminearumt!
*Fusarium graminum!*!
*Fusarium granularel
*Fusarium granulosumitl
*Fusarium guttiforme!™!
*Fusarium gymnosporangiilt!
*Fusarium hakeael!
*Fusarium heidelbergensel™
*Fusarium helotioidesl!]
*Fusarium herbarumi!]
*Fusarium heteronemal'l
*Fusarium heteronemumi!l
*Fusarium heterosporoides!t!
*Fusarium heterosporumtt!

Fusarium expansum!!
Fusarium falcatum™
Fusarium falciforme™
Fusarium fautreyi!
Fusarium ferruginosum™
Fusarium fijikuroi!
Fusarium filiferum™
Fusarium filisporum™
Fusarium fissum™
Fusarium flavidum™
Fusarium flavum!"
Fusarium flocciferum!
Fusarium foenit"!
Fusarium foetens!)
Fusarium foliicola™
Fusarium fractiflexum™
Fusarium fractum')
Fusarium fragrans™!
Fusarium fraxini™!
Fusarium fructigenum'!
Fusarium fuckelii™)
Fusarium fujikuroi™)
Fusarium fuliginosporum™
Fusarium fungicola™
Fusarium funicola)
Fusarium fusarioides!™]
Fusarium fuscum™
Fusarium gaditjirrit)
Fusarium gallinaceum!

*Fusarium heveaell]
*Fusarium hibernans!*
*Fusarium hippocastani!!!
*Fusarium hordearium!*!
*Fusarium hordeilll
*Fusarium hostael!!
*Fusarium hydnicolal®]
*Fusarium hymenula®]
*Fusarium hyperoxysporum!!!

*Fusarium hypocreoideum!!!
*Fusarium idahoanum(!]
*Fusarium illosporioides!*!
*Fusarium illudens!®
*Fusarium inaequale®]
*Fusarium incarcerans!!!
*Fusarium incarnatumit!
*Fusarium inflexum!!
*Fusarium inseptatumf!]
Fusarium insidiosumt!
*Fusarium iridis!!!
Fusarium japonicumt4
<Fusarium javanicumtt]
Fusarium juglandinumtt!
*Fusarium juncit!!
*Fusarium jungiael!
Fusarium juruanumt4
*Fusarium konzumf!
*Fusarium kuehniiltl
Fusarium kurdicum!!

*Fusarium kyushuensel!!
*Fusarium laboulbeniae!
*Fusarium lacertarumt!
*Fusarium lactisf!!
*Fusarium lagenarial!l
*Fusarium lagenariael™!
*Fusarium lanceolatum(!]
Fusarium langsethiael
*Fusarium laricis!*!
*Fusarium larvarumt!!
*Fusarium lateritium(!
*Fusarium laxum(]
*Fusarium leguminum{!!
Fusarium leucoconiumtt7
*Fusarium lichenicolal!!
*Fusarium limonis!!
*Fusarium limosum(!!
*Fusarium lineare!!!
*Fusarium loliaceum!!!
*Fusarium lonchecerasl!!
Fusarium longipes!!!
*Fusarium longisporum(t]
*Fusarium longissimum{!!
*Fusarium longum
*Fusarium lucidum(!!
*Fusarium lucumael!
*Fusarium lunatumi!l
*Fusarium lunulosporumf!!
*Fusarium luteum!!
*Fusarium lutulatum(™!
Fusarium lycopersicill
eFusarium macouniit!
Fusarium macroceras!!)
Fusarium macroxysporum!
Fusarium maculans'!!
Fusarium magnusianum'
Fusarium malit!

Fusarium mallit]

Fusarium malvacearum!
Fusarium mangiferae!!)
Fusarium marginatum!

Fusarium martiellae-discolorioides™

Fusarium martiit]

Fusarium matuoil!)

Fusarium maydiperdum!
Fusarium maydis'!)

Fusarium melanochlorum™
Fusarium meliolicola'")
Fusarium merismoides!"!
Fusarium mesentericum™
Fusarium mesoamericanum'!

Fusarium metachroum!
Fusarium microcera'!)
Fusarium microphlyctis¥)
Fusarium micropus'™
Fusarium microsera!
Fusarium microspermum
Fusarium microsporium™
Fusarium mikanige)
Fusarium mindoanum'™

*Fusarium moroneill]
*Fusarium moschatum(t]

*Fusarium muentziilt]
*Fusarium musarum!
*Fusarium mycophilum!
*Fusarium mycophytum(t]
*Fusarium myosotidis!!
*Fusarium napiforme!*

*Fusarium nectriae-palmicolaell]

*Fusarium nectriae-turracae!”

*Fusarium nectricreans(t]
*Fusarium nectrioides!!
*Fusarium neglectum!
*Fusarium negundinis!
*Fusarium nelsoniil!!
*Fusarium neoceras!!!
eFusarium nervisequum(t]
*Fusarium nicotianael!]
Fusarium nigrum(!
*Fusarium nisikadoil*!
*Fusarium nitidum!
*Fusarium nivale!!
*Fusarium niveumt!!
*Fusarium nucicolal]
*Fusarium nurragitt!

*Fusarium nygamailll
*Fusarium obtusatum{!]

*Fusarium obtusisporum!!!
*Fusarium obtusiusculum!
*Fusarium obtusum!!
*Fusarium ochraceum(t]
*Fusarium oidioides!"]
*Fusarium opulit!
*Fusarium opuntiarumt!
*Fusarium orchidis(!]
*Fusarium orobanches!!
*Fusarium orthoceras!!!
*Fusarium orthoceras!!!
*Fusarium orthoconium!!
*Fusarium orthosporumt!
*Fusarium oryzaelll
*Fusarium osiliense!*!
*Fusarium ossicolal!!
*Fusarium osteophilumfl]
*Fusarium otomycosis!*!
*Fusarium oxydendril*]
eFusarium oxysporum!t
eFusarium oxysporum!t
*Fusarium palczewskiil]
*Fusarium pallens(t!
*Fusarium pallidoroseum!
Fusarium pallidulumi!]
*Fusarium pallidum(!
*Fusarium pandanit!
Fusarium pannosumt4
*Fusarium parasiticumitl
*Fusarium parasiton(!
Fusarium paspalicolal!
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Phylogeny of Some Fusarium Species, as Determined
by Large-Subunit rRNA Sequence Comparison'

Jacques Guadet, Jacqueline Julien, Jean Francois Lafay,
and Yves Brygoo
Laboratoire de Cryptogamie, Universite Pans Sud

Fifty-two strains from eight species of Fusariwm were analyzed by rapid rRNA
sequencing. Two highly varable stretches (138 and 214 nucleotides ) of the 5 end
of the 285likc rRNA molecule were sequenced. Such stretches permit evaluation
of the divergence between closely related species and even between varieties within
a species. The phylogenetic tree computed from the number of nucleotide differences
shows seven Fusarium species to be more closely related to one another than the
eighth species, F. nivale, is to them. On the basis of these data, we discuss both the
phylogenetic value of taxonomical eriteria and the impact of our findings on the
demarcation of the genus Fusarium. We conclude that this method 1s suitable for
establishing a precise phylogeny between closely related species within a genus.

Introduction

Fusarium is one of the most heterogeneous and difficult to classify fungal gene
Species of Fusaritm are ubiquitous or himited to more or less specialized habitats,
saprophytes or parasites ( Booth 1984 ). Many of them are of practical significance a5
food contaminants in industry and as pathogens in agriculture, where, for example
in the species F. oxysporum. >100 formae speciales {morphologically similar strairs
characterized by their adaptation to different hosts) and races can be identified ( Armp
strong and Armstrong 1981). Another difficulty stems from the various degrees o
morphological and cultural variation seen, within a species, for such characters %
pigmentation, growth rate, and potential perithecium differentiation. Sexuality ha§
been described in only half of the taxa { Booth 1981), and cven then is not a cnmmoﬁ
occurrence. As a consequence of the large variability of asexual morphology on whick
traditional taxonomy has relied, the number of defined taxa varies over a wide rangé&
nine species for Snyder and Hansen (1945 ), 44 species and seven vaneties for Bo-otﬁ
{1971), 65 species and 55 vaneties for Wollenweber and Reinking (1935), and :::»‘J‘E'
species and =55 varieties for Gerlach and Nirenberg (1982, pp. 4-16). The unceﬂﬂint}
in Fusarium classifeation is further complicated by a double nomenclature: one ch
the asexual state (anamorph) and one for the sexual state (teleomorph). Species Iﬂ
which only the anamorph state 15 known are classified as fung imperfecti. Until nuw
this uncertain and ambiguous taxomomy did not allow construction of a mn-m:m
phylogeny.

Classification criteria derived from various biochemical techmiques have been
tried. Soluble protein electrophoretic patterns (Glvn and Reid 1969). zyvmograms
(Scala et al. 1981), and restriction-fragment-length polymorphism ( Kistler et al. 1987
Manicom et al. 1987) have improved strain identification. Serological similarities

Iﬁ-| LEH L gt LT Hi| 18] RRDERE] [P pHECH| UL MR

I. Key words: rRMNA sequencing, phylogeny, taxonomy, Fusarium, Gibberella, Nectrig.
Address for cormespondence and reprinis: Y. Brygoo, Bat. 400. Université Paris Sud, F9 14035 ORSAY
cedex, France.
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Annual Review of Phytopathology
Resolving Fusarium: Current
Status of the Genus
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Molecular phylogeny of the higher and lower taxonomy of the Fusarium genus and
differences in the volutionary histories of multiple genes
Maiko Watanabel*, Takahiro Yonezawa2, Ken-ichi Lee3, Susumu Kumagai3, Yoshiko

Sugita-Konishil, Keiichi Goto4 and Yukiko Hara-Kudol BMC Evolutionary Biology _ S e
2011, 11:322. %

Figure 4 Maximum likelihood trees for the Fusarium genus and related genera inferred from lys2 The GIR « | « I' model was used &
the model for nucleonde substmution. Branch lengths are proportional 10 the estimated number of nuckeotide substitutions. Each codon

. . position was analywed separately. The BP values over 75% ase displayed on the nodes (BP; 1000 replicates) The branches with bold s indicate
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ESTUDIO DE Fusarium foetens
ASOCIADO A LA PUDRICION BASAL EN
CLAVEL (Dianthus caryophyllus L.)
VARIEDAD NELSON
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Grupo de Fitopatologia Molecular, Universidad Militar Nueva Granada
— Colombia
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Uso de microsecuencias de genes utiles para hacer filogenia
molecular para resolver problemas de clasificacion taxonémica en el
género Fusarium. Cindy Melissa Rincon. Universidad Nacional de
Colombia. Maestria en Microbiologia, Bogota Colombia. 2014.
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MACROCONIDIA MICROCONIDIA
ID. No. Forma Apical Pie Forma Fialide Clamidosporas
Fusarium anthophilum delgadas, poca curvatura, pared delgada  Curvada Definido piriforme, globosa, ovoide Si no
Fusarium avenaceum largas y delgadas Larga Sl fusoide si no
muesca
Fusarium culmorum Robusta ;zc:andeada y no definido ausente no Si
Fusarium equiseti largas y delgadas FLILETEE Elongado elipsoidal Si Si
elongada
Fusarium foetens Falcada Curvada Redondeado ovoide, elipsoidal si si
Fusarium graminearum delgadas, pared gruesa, longitud media Hoz Definido ausente no Si

recta o levemente curvada, relativamente ovoide, elipsoidal,

Fusarium oxysporum delgada ahusada y curvada Definido arrifionada Si Si
Fusarium proliferatum HBIEE0EE, B REUETIEE (BT, FEmE Curvada poco definido claviforme Si no
delgada
Fusarium solani relativamente anchas, rectas, gruesasy redondeada y Redondeado DVC':'IdE, elipsoidal, i i
robustas roma fusiforme
Fusarium sp. largas y delgadas Curvada Definido ovaladas no no
. .. con una iriforme, elipsoidal, : :
Fusarium sporotrichioides  Luna curvada y ahusada pirit P Si Si
muesca ovoide
Fusarium subglutinans relativamente delgadas, pared delgada Curvada poco definido ovoide Si no
Fusarium verticillioides largas y delgadas Curvada Definido ovaladas no no

Uso de microsecuencias de genes Utiles para hacer filogenia molecular para resolver problemas de clasificacion
taxonémica en el género Fusarium. Cindy Melissa Rincon. Universidad Nacional de Colombia. Maestria en
Microbiologia, Bogota Colombia.



NUE
Especie Area (um) | Perimetro (um) Longitud eje mayor (um) Longitud eje menor (um)
Fusarium anthophilum 59 524 216,5 34,5
Fusarium avenaceum 156 982 329 60
Fusarium culmorum 204 953 377 69
Fusarium equiseti 96 860 277 44
Fusarium foetens 163 1216 411 51
Fusarium graminearum 184,7 970 364,7 64,7
Fusarium oxysporum 123 779,5 290,5 53,75
Fusarium proliferatum 81,3 646 272 38
Fusarium solani 109 687,5 272,5 51
Fusarium sp. 104,5 807 324 41,5

Fusarium sporotrichioides - - - _

Fusarium subglutinans 53 462,5 217 31

Fusarium verticillioides 101 911 363,5 36

Uso de microsecuencias de genes Utiles para hacer filogenia molecular para resolver problemas de clasificacion
taxonémica en el género Fusarium. Cindy Melissa Rincon. Universidad Nacional de Colombia. Maestria en
Microbiologia, Bogota Colombia.
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with Mesquite software § | *Fusarium_foetens tjofo(t (1ot jojt (o1 (o|1)0]0 0
V.2.5. 6 | *Fusanum_graminearum o|(1|0o|t1|(O|1|O|1 |(D|T1T |1 |D|1 |D]|OD 0
7 | *Fusanum_oxysporum tfjojo|jt (1t |of(t1t|o0ojt1|o0oj1(0|1|0]0 0
8 | *Fusanum_proliferatum tfjoj|jt|o(tj(oj|jt|o(t1t(oj|t1t|0|(0|D]|O 0
9 | *Fusanum_solani fjojo|t(t1jojt |00t |1 |0(1|D]|D 0
10 | *Fusanum_sp. L O e 0
11 | *Fusarium_sporotrichioides |1 |0 (O (1 |1 (O (1T (O |1 (O |1 (O |1 |D D 0
12 | *Fusanium_subglutinans fjo(o|jt (1|01 |o0jt1|o0j1(0|0|1]0 1
13 | *Fusanum_verticillicides ifjoj|t|o(tj(oj|jt|o(0f(o0|1 |01 |D]O 1

Uso de microsecuencias de genes Utiles para hacer filogenia molecular para resolver problemas de clasificacion
taxonémica en el género Fusarium. Cindy Melissa Rincon. Universidad Nacional de Colombia. Maestria en
Microbiologia, Bogota Colombia.
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Uso de microsecuencias de genes Utiles para hacer filogenia molecular para resolver problemas de Cladelll
clasificacién taxonémica en el género Fusarium. Cindy Melissa Rincon. Universidad Nacional de
Colombia. Maestria en Microbiologia, Bogota Colombia.
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i f Score E
N aan AT Sequences producing significant alignments: (Bits) Value

gi| 90855308 |emb|AM162679.1 | Uncultured Fusarium sp. 18S rRNA ... 096 0.0

gi| 55793450 |gb|AY662326.1] Gibberella moniliformis strain KSU... 096 0.0

gi|21666881|gb|AF455450.1| Gibberella sacchari isolate wb395 ... 096 0.0

gi|20531669|gb|AF502862.1| Leaf litter ascomycete strain its3... 096 0.0

gi|3320362|gb|U61688.1|FSU61688 Fusarium sp. NRRL25195 696 0.0

gi|45479262|gb|AY533376.1] Gibberella moniliformis small subu... 096 0.0

gi| 83272594 |gb|DQ297569.1] Fusarium subglutinans isolate ZMS-... 096 0.0

gi| 83272593 |gb|DQ297568.1] Fusarium subglutinans isolate ZMS-... 096 0.0

gi| 83272592 |gb|DQ297567.1] Fusarium subglutinans isolate ZMS-... 096 0.0

% 0 2RS4 5 gi| 83272588 |gb|DQ297563.1| Fusarium pseudonygamai isolate ZMS... 696 0.0

L B B

rusaium_avenaceum 75 - WANBTRTRN FORRTMTTAT -RcTRNTTA

Fusariom_cumorum 7 TARMMTEE - - - GEREATA-¢ - RooRMATTA
Fusarium_equiseti_ TS “l“ili-- -GETTTTH-c -TocHRETTH
Fusarium foetens s THMBMERE- - -CERTMTATH -TorARETIN

Fusaium_graminearum 7S RNMAMTAR- - -CERERTN-C -RochHNTTR
e L —— rusarium_osporum_Ts MMMAMTAT - - -CTRTNTATH -NoRRANTTR

Fusariom_proiferatom 175 MMMBATAT - - -CRETNTATH -RoTMANTTR

rusaium_solan_rs WEMMMTENE - - -CRRRNTTN Afchnrlind
usariom_sporetichioides_ms MMMGHTMONN §-- ... --. ekt
Fusarium_subglutinans_ITS THRRRTAT- - -cRTT@TATE -ToTRAETTR
rusarium vertiioides_s HMNMTNR- - -CRERNTATN -RorMRNTTl
cses TARCTCT-_GTTTCTATA -TGTACTTC

Consewanon
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Genetic differences between regions of the same locus

*|TS1_4 Fusarium graminearum
* { *|TS1 4 Fusarium avenaceum
* |ITS1_4 Fusarium culmorum

0,200

d
L)

ITSF Fusarium graminearum
E * |TSF Fusarium avenaceum

* |ITSF Fusarium culmorum
0,700

o
-

Bt2 Fusarium culmorum
* Bt2 Fusarium avenaceum

Bt2 Fusarium graminearum
0,600
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Genetic variations between different FOX isolates in different farms

fislam-F.oxy-Cajica: -0.00083
- fislam-F.oxy-Tocancipa: 0.00083
Aislam-F.oxy-Siberia: 0,00563

fislam-F.ros-Chia: 0.05250
fislam-F.ros-Siberia: 0.03750

Fxerticillioides-Sopo: 0.01312
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Transversions

cytosine thymine

AFITS45
ATITS45
FAITS45
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FOITS45
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FVITS45
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Conserved

Phyvlogenetic analysis of a group of species of the genus Fusarium using

DMNA microsequences

1. L FILGUEIRA-DUARTE (1), M. Rincon (1)

{1) Universidad Mihtar Nueva Granada, Bogota, Colombia
Phvtonatholoov 102:54 39

Calculate the Sequence variation (Sv)

Sv =GAPs (0.5) + Tv (0.375) + Ti (0.125)

(GAPs
Tv = Transversions

+ Tv + Ti)
Ti = Transitions

595
587

~ 25T

515
570
B35
512
535
224
514
546
524
545
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 Select file
Select |example.fa Calculate
Result :
Microsequence Initial position| Final position | Transitions | Transversions Ci index
1 31 100 45 8 0 0.01760204...
2 154 166 10 10 0 0.05494505...
3 217 229 10 2 0 0.02197802...
= 235 289 37 7 0 0.01883116...
= 337 349 8 3 0 0.02335164...
6 355 383 14 8 0 0.02339901...
Ar'ﬁExport*-
Ci values Micro-sequences
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Nueneraos 24 Fusarium species ,
16 Genes evaluados Maria Fernanda Cadena

ITS 18S-
ESPECIES Hogl ARP B-Tub1 CMD EFTu ITS1/2 ITS2/4 ITS4/5 |NMS=mtSSR| EF1-o rDNA COX1 b-Tub 2 H4 ASP

Fusarium cerealis

Fusarium asiaticum

Fusarium circinatun

Fusarium mangiferae

Fusarium anthophilum

Fusarium avenaceum

Fusarium culmorum

Fusarium equiseti

Fusarium foetens

Fusarium graminearum

Fusarium oxysporum

Fusarium proliferatum

Fusarium solani

Fusarium sp.

Fusarium sporotrichioide

Fusarium subglutinan

Fusarium verticillioides

Fusarium sambucinum

Fusarium fujikuroi

Fusarium venenatum

Fusarium proliferatum

Fusarium incarnatum (semitectum)

Gibberella zeae (F. graminearum)

Fusarium sacchari




Molecular Phylogenetic analysis by Maximum Likelihood method
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Molecular Phylogenetic analysis by Maximum Likelihood method
EF-1 H3 mtSSU ITS 2-4 MicroSeq

EF-1 H3 mtSSU ITS 2-4 amplicon

0.012
0.009
0.023
0.003
0.001
0.003
0.005 0.021
0002
0.020 0.020 m
0.024
0.006
0.011
0.005
0.024 0.010
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F.sambucinum
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F.graminearum
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G.zeae
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0.009 F.foetens
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0.000 .
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0.010 .
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0.003
F.venenatum
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F.culmorum
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0018 F.asiaticum
l 0.000 F.cerealis
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0.000 F.graminearum
0.000
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10 Genes
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H3-1a/H3-1b
H4-1a/H4-1b

ITS FUR/ITS FuF
ITS-1/ITS-2
ITS-1/ITS-4
ITS-4/ITS-5

Advances in Computational Biology
Advances in Inteligent Systems and Computing Velume 232, 2014, pp 97-102

“Head to Tail” Tool Analysis through
ClustalW Alignment Algorithms and
Construction of Distance Method

Neighbor-Joining Trees Based on Genus

Fusarium Genomic Distances

Juan David Henao, S. Melissa Rincén, D. Juan Jose Filgueira
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Efecto en el crecimiento de micelio de F. oxysporum generado por el fungicida
Difenoconazole
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EVALUACION DEL EFECTO DE FUNGICIDAS EN SEIS ESPECIES DE Fusarium
PATOGENOS DEL CLAVEL (Dianthus caryophyllus)

TRIANA BARROTE, Diana Lorena ; ARBELAEZ TORRES, German; FERNANDEZ DIAZ, Gina Paola; FILGUEIRA DUARTE, Juan
José
Programa Biologia Aplicada, Universidad Militar Nueva Granada — Colombia
juan.filgueira@unimilitar.edu.co

Efecto en el crecimiento de micelio de F. avenaceum
generado por diferentes fungicidas
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Busqueda de microsecuencias de ADN utiles para
hacer taxonomia vy filogenia molecular en genes del
género fusarium en bases de datos bioldgicas.

Angela Maria Nifio Nova., Juan, D. Henao., Daniela Londofio.,
Adrian R. Gomez P., Juan J. Filgueira D.,

Total genes

Especie

—NCBI

National Center for
Biotechnology Information

Busqueda de genes ortdélogos
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| Analisis de taxonomia molecular

e AnJlisis de filogenia molecular

Orthologous
genes

Fusarlum_ oxysporum f.sp 57 348
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Microsequences in orthologos genes

Total Promedio de | Promedio de |Promedio|Promedio de| Promedio de Longitud
Nombre : . . ) - ) . .
Microsecuencias | Transiciones |Transversiones| de Indels | indice Mi Microsecuencias (pb)
30S ribosomal protein S12 2 20,5 14,5 5 0,033 100,5
50S ribosomal protein L14 1 20 19 86 0,124 141
Atp-dependent RNA helicase
DBP4 6 15,2 9,8 0 0,025 72,8
Chorismate synthase 4 13,5 11,3 3 0,032 73,8
COP9_S|gnansome complex 3 11 77 0 0.025 56
subuni
Diphosphomevalonate 1 15 6 0 0.020 69
decarboxyla
Diphthamide biosynthesis protei 6 17,7 15 0 0,031 84,5
DNA primase small subunit 2 29,5 13 3 0,021 139,5
Ferrochelatase 2 16 4 0 0,015 73,5
Formyltetrahydrofolate deformyl 1 13 3 0 0,014 66
Histone acetyltransferase type 5 27,2 17,4 0 0,027 114
Homoisocitrate dehydrogenase 2 158,5 144.,5 5 0,035 723,5
Ornithine decarboxylase 3 17,7 14 22,7 0,074 88,7
Palmitoyltransferase PFA3 4 14,3 8 1,5 0,028 65,75
Quinate dehydrogenase 4 12,5 13 0 0,030 70,25
Rhomboid protein 2 4 33,8 21,3 19 0,052 141,5
RNA exonuclease 4 4 18,5 10,3 1,5 0,029 82,25
Swrl-complex protein 5 5 20 14,8 8,4 0,045 90,8
Transcription elongation factor 6 14 4,8 2 0,022 66,5
Transcription factor IWS1 3 35,3 30,3 10 0,048 141,3
Transcription initiation factor 1 13 8,0 6 0,042 60
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Matrices of distance N-J Microsequences of orthologous genes
. . . . . . Histone
Quinate Transcription Diphthamide COP9 signalosome | Atp-dependent
Ferrochelatase . . . . . . acetyltransferase
dehydrogenase | elongation factor | biosynthesis protein | complex subunit 5 | RNA helicase type B
F.oxy/F.gram 0,255 0,339 0,449 0,500 0,422 0,457 0,532
F.ver/F.gram 0,300 0,364 0,457 0,565 0,530 0,530 0,604
F.ver/F.oxy 0,064 0,245 0,087 0,155 0,200 0,200 0,155

Orthologous genes, grouped in the same way to the
species. They present similar distances despite being
different genes
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Dendrograms with complete genes

0,0262 0,0147 0,4859
F.oxy H3 F.ver_B-tub F.ver_EFTU
0132 0,0163
F.ver_H3 F.oxy_B-tub F.gra_EFTU
0,4646
0,0213
F.gram_H3 F.gram_B-tub F.oxy EFTU
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Phylogeny using microsequences of orthologous genes

0,3022

F.oxy_histone_acetylt|

F.gram_hist«

F.ver_histon

0,182

F.gram_quinate

F.oxy_quinate_dehydrt

F.ver_quinate_¢

01744

F.gram_DNA_primase

F.oxy_DNA_primase_s

F.ver_DNA_primase_sma

0,2284
F.gra_transcription_elong

F.oxy_transcription_elongal

F.ver_transcription_elongs
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Tasas de cambio

NHo 9

)IN» HJN:E S

N7
k‘ H purines HoN N

adenine A

N
. uanine
Transitions g

<—>G

Transversions Transversions

C Transitions T 0

| /lt
N
N0

thymine

I|\“—|2

(1
N™ ~0
H

cytosine

pyrimidines

_X(A/N) _x(@/Ny . ¥(G/N)
A== =T 9T T
Cans — 20/
guap 0t

N: longitud de las secuencias, Ot: nimero de especies analizadas

2. Frecuencia de las purinas, pirimidinas y gaps.

Siendo gR: frecuencia de purinas, gY: frecuencia de pirimidinas y gZ: frecuencia de gaps.

3. Frecuencias de cambios:

gR = gA + gG
gY = gT + gC
gZ = gGap

a. Frecuencia de transiciones purina-purina.

Plij =

YA-G+YG—A
N

a. Frecuencias de transiciones pirimidina-pirimidina.

P2ij =

YC—T+YT—-C
N

gC

1. Frecuencias de cada uno de los nucledtidos y gaps en las microsecuencias.

_ X(C/N)
0t

a. Frecuencia de transversiones purina- pirimidina y pirimidina- purina.

Qij =

YA-T+ ST —A+Y6G—C+YC—G +YA+C+YC—A+3G—-T +YT—G

N

a. Frecuencia de gap gaps-nucleétido y nucleétido-gap.

Gap,ij =

Y.Gap — Ni+ Y Ni— Gap
N

Siendo Ni: nucledétido eliminado o adicionado.



Frecuencias de los nucleétidos

gA
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gT
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gGaps
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Frecuencias de las purinas (gR),
pirimidinas (gY) y gaps (gZ) para
micro sequencias de cada gen
ortélogo.

-
Frecuencias purinas, pirimidinas y gaps

—B-Tubilina
—COX

EF 1-alpha
—H3
—H4

ITS 1-2
—ITS 4-5
—CMD
—ARP
—HOG

gR gY g’
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Proporciones de las frecuencias de
cambio para transiciones purina-purina 06 B GAPij
(P1ij), transiciones pirimidina-pirimidina ’ = Qi
(P2ij), transversiones (Qij) y gaps (GAPij) J
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Proporciones de cambio

1.

2

1.

Proporciones de cambio (transiciones, transversiones y gaps) en los diferentes genes ortdlogos, esto
se realizo en tres pasos:

Se calcularon las frecuencias de todos los genes usados en las microsecuencias de los diferentes
genes.
Frecuencias de transiciones purina-purina para todas microsecuencias.

rp1 = 2n=ofl
nt
Frecuencias de transiciones pirimidina-pirimidina para todas las microsecuencias.
RP2 = M
nt
Frecuencia de transversiones purina- pirimidina y pirimidina- purina para todas las microsecuencias.
n
RQ = ==
¢ nt
Frecuencia de gap gaps-nucledtido y nucleotido-gap para todos las microsecuencias.
RGap = Zn= Gap
nt

Siendo nt: nUmero de genes totales usados para el analisis.

. Luego se sumaron las frecuencias anteriormente calculadas para todos los tipos de cambios.
Rt = RP1 + RP2 + RQ + RGap

Por ultimo, se calcularon las proporciones de las sumas de las frecuencias para cada caso.
RP1 RP2 RQ RQ

Rtl=—— Rt2=—— Rt3=— Rt3 = —
=7 Re=7qp RB =3 RB=%



4. Tasas de transiciones, transversiones vs gaps.
a. Tasa de purina vs transversiones.

1 — P1ij/gA * gG
Qij/(gR * gY * gZ)
a. Tasa de pirimidina vs transversiones.
Tasas de cambio K2 = “PZij/gT * 80
Qij/(gR * gY * gZ)
a. Tasa de transversiones.
.
Bij = )
4(gR * gY * gZ)
a. Tasa de gaps.
Gap, 1j
K3 — P, 1]
4(gR * gY * gZ)



Tasas de las transiciones purina-purina
(K1), transiciones pirimidina-pirimidina
(K2), transversiones (Bij) y gaps (K3)
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NUEVA GRANADA Tasas de cambio genes para analisis Taxondmico y filogénico

HOG COX
1,4 3,5
1,2 1,5 3
1 2,5
0,8 1 2
1,5
0,6
0,4 0,5 !
, 0,5
0,2 0 0 —
0 Rt1 Rt2 Rt3 Rt4 Rt1 Rt2 Rt3 Rt4
Rt1 Rt2 Rt3 Rt4
EF 1-alfa
1,6
1,4 . .
L Proporciones totales para el Fusarium
1 2
0,8 18
0,6 1,6
0,4
1,4
0,2
0 1,2
Rt1 Rt2 Rt3 Rt4 1
0,8
0,6
0,4
0,2
0

Rtl Rt2 Rt3 Rt4
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Tasas de cambio otros géneros con genes para Taxonomico y filogénico

MNUEVA GRANADA
Phytophtora Chivata
0,25 0,07
0,2 0,06
0,05
0,15
0,04
0,1 0,03
0,02
0,05
0,01
0 0
Rt1 Rt2 Rt3 Rt4
Alternaria Castro
0,400
0,350
0,300
0,250
0,200
0,150
0,100
0,050
0,000
Rt1l Rt2 Rt3

Matarizium Slendy

Rtl

Rt4

Rt2

4,E-01
4,E-01
3,E-01
3,E-01
2,E-01
2,E-01
1,E-01
5,E-02
0,E+00

Rt3

Rt4

0,250

0,200

0,150

0,100

0,050

0,000

penicillium William

Rtl

Rt2

Rt3

Cladophialophora Julian

Rt1 Rt2 Rt3 Rt4

Rt4
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Zacharomices Jimena Aspergillum estefania Cweits Loren

0,2 0,16 1,E-01

e 0.14 1,E-01

0,16

0,14 0.12 1,E-01

o o 8,E-02

ot 0,08

0,08 6,E-02

o o 4,E-02

0,04 0,04

0,02 0,02 2,E-02

’ Rt1 Rt2 Rt3 Rt4 0 0,E+00

Rt1 Rt2 Rt3 Rt4 Rtl Rt2 Rt3 Rt4

Colletotrichum Camilo Cordyceps Aura
0,16 0,12
0,14 01
0,12
0,08
0,1
0,08 0,06
0,06
0,04
0,04
0,02 0,02
° 7 0
Rtl Rt2 Rt3 Rt4 Rpl RP? RQ Rgan
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Tasas de cambio Fusarium con ortélogos no para Taxondmico y filog
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Tasas de cambio genes para analisis T&P

Proporciones totales para el Fusarium

1,8
1,6
1,4
1,2

0,8
0,6
0,4
0,2

Rtl Rt2 Rt3 Rt4

Rtl: purina-purina
Rt2: pirimidina-
pirimidina

Rt3: transversiones
Rt4: gaps

Tasas de cambio Fusarium con ortologos no para T&P

0,7

0,6

0,5

0,4

0,3

0,2

0,1

Proporciones totales

Rt1
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