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Chapter 4

Characterization or the complete internal transcribed spacer region or the

nuclear rioosomal DNA of Typl,ula incarnaJa, the T. ishikariensis complex and

T. plWCOTThizo
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ABSTRACT

Isolates of the Typhula ishikariensis complex. T.incamata and T.pluzco"hiza rrOm

around the world were characterized by sequence analyses of the complete internal uanscri bed.

spacer region (eITS) of nuclear ribosomal DNA. The hypotheses tested were that me
sequence could be used (i) to identify the Typhula spp. and (ii) to distinguish the two biological

species of the T. islzika.riensis complex (BSI and BSIl). DNA was extraCted from lhe isolates.

the CITS region was amplified by PCR and then cloned into a plasmid. Next. the plasmid \Vas

transformed into E. coli and allowed to multiply, thus amplifying the plasmid containing the

CITS region. The plasmid was isolated from the bacteria and then the CITS region was

sequenced. Percentage of sequence identity for the 44 sequences from the 30 Typlzula spp.

isolates ranged from 59lO 100% with a 0 to 30% divergence. The 26 sequences from the 20

T. ishikariellSis isolates were fr7 to 100% identical to each other with a 0 to 8% divergence.

The 26 sequences from the 20 T. ishikariensis isolates were 59 to 78% identical (0 1 1

sequences of five T. illcarnala isolates, three sequences from two T. pluzco"lIiza isolates and

four sequences from three unidentified Typhula-like isolates with a 22 to 30% divergence.

These results indicated that the CITS region can be used to differentiate the TyplzuJa spp.

"Signature sequences" were identified that differentiate aSI and BSH of the T. isllikariensis

complex, however, sequence analyses infer lhey are the same species undergoing speciation.
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INTRODUCTION

Conventional methods for the identification and characterization of fungal plant

pathogens sometimes fail when such fungal isolates exhibit atypical phenotypic profiles or

morphological characteristics that overlap fungal species concepts. Recent advancements in

DNA sequencing technology have greatly enhanced the abilicy of plant pathologists to identify

fungal isolates. DNA sequence infonnation is relatively objective and sequence databases 1 are

readily available via the internet (Maidak et aI., 1999; Benson et aI., 1999). Nucleotide

sequences of target DNA genes can be rapidly and accurately obtained from fungal plant

pathogens (Hillis, 1996). However, DNA of known genes have not been a primary source of

dala for Typhllia species characteri2£ltion. This study will determine if DNA sequencing of the

complete internal transcribed spacer region (CITS) of the nuclear ribosomal DNA (nrDNA) can

aid in identifying Typlru/a species.

Rapid and accurate identification of Typllllia species pathogenic to turfgrasses is an

important part of managing the diseases that they cause. The sclerotia of the Typhllia spp. are

the primary diagnostic feature in the ta.'(onomy of the genus (Remsberg, 1940; Comer. 1950;

MacDonald, 1961). Unfonunately, at optimal in vitro conditions, sclerotia stan to form 6 to 16

days for T.incarnala and 4 to 20 days for T. ishikariensis and both species only grow 2 mm

per day (Sweets and Steinstra. 1980). Molecular based identification has the potential to

expedite disease diagnosis, improve pathogen characterization and perhaps aid in disease

management

Furthermore, it is not easy to identify the T. islLikariensis complex., and the la.'(onomy

of these fungi remains unclear (Smith et al.. 1989). The dikaryon-monokaryon mating

experiments (Chapter 3) revealed that there are at least two genetica.lly different groups of the

T. ishikariellsis complex. in Wisconsin golf courses (Wisconsin group 1 and Wisconsin group

2). Unfortunately. the dikaryon-monokaryon mating experiments are tedious and time
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consuming. A rapid and accurate fungal identification technique is needed to expedi te 

identification of the T. ishikariensis complex isolates. 

Studies of the genotypic differences between Typhula species have centered on mat ing 

experiments involving compatibility groups (Bruehl et al., 1975; Arsvoll and Smith. 1978; 

Bruehl and Machtmes. 1979; Matsumoto et al., 1996). However, the only investigations 

utilizing molecular markers to identify snow mold pathogens are the application of randomly 

amplified polymorphic DNA (RAPDs) markers to detect genets belonging to T. ishikariensis 

bioiype A (Matsumoto et al., 1996) and to analyze Coprinus psychromorbidus (sclerotial low 

temperature basidioraycete, SLTB) strains (Larouche et al., 1995). 

An appropriate and effective method for analysis and characterization of closely related 

species and their boundaries is DNA sequencing of a rapidly evolving nuclear gene target 

(Hillis et al., 1996). As of yet, no one has characterized DNA sequences of known genes o f 

Typhula species. One such target is the complete internal transcribed spacer regions (CITS) of 

die nuclear ribosomal RNA gene array (nrDNA, Fig. 4.1) which has proven useful for fine 

scale comparisons (Hillis et al., 1996). Sequences of nrDNA have been used to compare 

various plant taxa (Zhang et al., 1997; Alice and Campbell, 1999; Steane et al., 1999), bacterial 

taxa(Leeetal., 1998; Kolbert and Persing, 1999), fungal taxa (Olsenetal., 1986; White e t a l . , 

1990; Rafin et al., 1995; Chen et al., 1996), nematode taxa (AI-Banna et al., 1997), fish taxa 

(Sajdak and Phillips, 1997) and insect taxa (Black et al., 1997). 

Also, the characterization of the CITS of nrDNA has been a useful molecular tool in 

plant pathogen detection and identification. Recently, this technique was used to differentiate 

Fiisarium spp. (OTJonnell and Cigelinik, 1997), to detect Phialophoragregata in soybean 

tissues (Chen et al., 1996), to detect Monosporascus spp. (Lovic et al., 1995). to identify 

Magmportliepoae (Bunting et al., 1996) and to characterize Rliizoctonia solani (Kanematsu 

and Naito, 1995; Salazar et al., 1999). The PCR-mediated analysis of the CITS region o f 

nrDNA has illustrated, "a convenient approach to developing 'molecular tools' for detection of 
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plant pathogenic fungi without necessarily having any detailed knowledge of their genome

organization" (Lovic et al., 1995). Sequence analyses of the CITS region has been particularl y

useful in species identification (van Hcrwerden et al., 1999). This molecular method might

offer advances in describing the genotypic differences between T. isJzikariensis, T. incarnata

and T.phaco"hiza while also clarifying lhe taxonomic classification of the T. ishikariensis

complex.

The objective of this research was to genetically characterize the T. ishikar;ensis

complex, T. incanrata and T.phaco"hiza isolates by utilizing sequence analysis of the erTS

region of the nrONA. Specifically, the hypotheses being tested were (i) the nucleotide

sequence of the ClTS of the nrONA will vary among isolates of T. incarnala, the r.
ishika,iensis complex and T. phaco"laiza and can be used to infer phylogenetic relationships

and (ii) the T. ishikariensis complex isolates can be separated into two groups based On

nucleotide sequence of the CITS region of the orONA.

First. DNA was extracted from Typhula isolates from Wisconsin and tester isolates

from around the world. The CITS region of the nrONA was then amplified by the PCR-

reaction with the CfTS universal primers (Fig. 4.1, White et aI., 1990). The PCR product was

then inserted into a plasmid and transformed into E. coli. The bacteria were allowed to grow

thus amplifying the plasmid DNA containing the PeR product insert. The plasmid DNA was

then isolated from the bacteria. Finally. the PeR insert within the plasmid DNA was

sequenced. Phylogenetic inferences were made based upon the DNA sequence of the CITS

region.

Percentage of sequence identity of the CITS for the 44 sequences from the 30 Typhu/a

spp. or Typhllla-like isolates ranged from 59 to 100% with a 0 to 30% divergence. The 26

CITS sequences from the 20 T. ishikariensis isolates were S7 to 100% identical with a 0 to 8%

divergence. The 26 sequences from the 20 T. ishilcariensis isolates were 59 to 78% identical to

t 1 sequences of five T.inazmala isolates, three sequences from two T.phacorrhiza isolates



123

and four sequences from three unidentified Typhula-like isolates with a 22 to 30% divergence.

The results of the molecular identification experiments indicate that the eITS region of

the nrDNA can be used to differentiate T. incanlllla. T. ishiknriensis and T. phacorrhiza.

However. analysis of the elTS and the ITS 1 region of the nrONA infer that isolates of the two

T. ishikariensis groups (WIGI-BSI and WIG2-BSII) are the same species but perhaps are

undergoing speciation or lineage divergence. Signature sequences were found within the ITS 1

region that could possibly be used to differentiate between biologicaJ species r and biological

species IIof the T. isIJikariellsis complex.

1. A few DNA sequence internet sites include: the DNA Data Bank. of Japan (DDBJ). Misbima. Japan at

hup:/Iwww.ddbj.n.ig.ac.jpl~ European Molecular Biology Laboratay. Nucleotide Sequcnce Database. Hin.'IOD.

UK (EMBlJEB[) at hUp:/lwww.eti.:1c.ukJ;Gen&nk. National Center fa- Biotechnology [n[ormation. Bethesda.

Maryland at bup:/Iwww.ncbi.nlm.nih.gov; and the Ribosomal Database Project II. ~atioDaJ Science

Foundation, U. S. Department ofEncrgy and Michigan SUte University at bttp:J/www,cme.msu.eduJRDP/.

http://hup:/Iwww.ddbj.n.ig.ac.jpl~
http://hUp:/lwww.eti.:1c.ukJ;Gen&nk.
http://bup:/Iwww.ncbi.nlm.nih.gov;
http://bttp:J/www,cme.msu.eduJRDP/.
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MATERIALS AND METHODS

Fungal Isolates

The Typhilla isolates used in this work are listed in Table 4.1. All imported isolates

were obtained according to the USDA permit PPQ-526 requirements. The isolates T.

ishikariensis biotype A (isolates PR9-4-3 and PR7-6-7, Matusmoto and Tajimi, 1993). T.

ishikariensis Norway group I (isolate 1-5B5-1. Matsumoto et al., 1996). T. ishikariensis

Yare ishikariensis (isolate 92-32-MI. Tkachenko et al., (997) T. is/Zikariensis biotype B

(isolale 35-8. Matsumolo and Tajimi, (991), T. isJUka,iellsis Norway group II (isolate 4-3S-

5. Matsumoto el al.• 1996) and T. ishikariellsis YarecllIzadellSis (isolate Can21m. Arsvoll and

Smilh, 1978) were obtained from N. Matsumoto. National [nstitute of Agro-EnvironmentaJ

Sciences, Tsukuba, Japan. The isolate T. ishikariel1sis var. canadensis (isolate J013) was

obtained from J. O. Smith. Canada, which he collected from North Battleford golf course,

Prince Albert. Canada in 1992. The isolates T. ishikariellsis biotype A (isolate 56263.

MatsumOlo et al.• L982), T. ishikariensis var. isllikariensis (isolate 38649. Arsvoll and Smith.

1978), T. is/Jiknriellsis biotype 8 (isolate 56264. Matsumoto el al., (982) and T. ida/wensis

(isolate 32642, Bruehl et al .• (975) were obtained from American Type Culture Collection.

Manassas, Virginia (http://www.atcc.orgl). Two unidentified Typhula isolates. G2 (from

Gaillardia sp.) and G4 (from Clrenopodiumalba). were collected by C. R. Grauy University of

Wisconsin. Madison in the spring of 1998. The other isolates were collected from the survey

of Wisconsin golf courses (Chapter 2). Also, the isolates T. ishiJcariensis WIG2-2.136 and

WIG2-2.105 were dedikaryotized by growing them on PDA amended with 2% oxgall

(Matsumoto and Tronsmo, 1995) to determine if there were differences in DNA sequence of

lhe CITS region between dikaryons and monokaryons of the same isolate.

DNA Extraction

Typlwla spp. isolateS were grown in l.5-ml microcentrifuge tubes with 1 ml of potalo

dextrose broth for one month and the DNA was extraCted as described in ProlOCol #3 (for small

http://www.atcc.orgl.
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Table 4.1. Subspecies appellations, identification codes and geographical origins of thirty
Typlzula species used in the CITS region of orDNA characterization experiment

Typhula species Subspecies
appellations

Identification Geographical
code origin

Typhilia ishikariensis WIG 11 1.93
Typhllia ishikariensis WIG 1 2.183
Typhula ishikariensis WIG 1 3.120
Typlwla ishikariensis Biotype A PR9-4-3
Typhula ishikariensis Biotype A PR7-6-7
Typhilla ishikariellsis Biotype A 56263
Typhula ishikariensis Norway Group I 2-SBS-I
Typlwla ishikariensis var. ishikariensis 38649
Typhllia ishikariensis var. islzikariensis 92-32-MI
Typhula ishikariensis WIG2;a 1.31
Typhu/a ishikariensis WIG2 2.97
Typhllia ishikariensis WIG2 2.105
Typhllia isllikariensis WIG2 3.122
Typhll/a ishikariensis Biotype B 35-8
Typhllia ishikariensis Biotype B 56264
Typhula ishikariensis Norway Group 11 4-3S-5
Typhu/a ishikariensis var. canadensis JD 13
Typhu/a ishikariensis var. canadensis Can21 m
Typhula ishikariensis WIG2 2.100A
Typhula idahoensis NAc 32642
T..vphulaincarnala NA 1.35
Typhulaincarnala NA 2.1ooB
TyplwIaincanlDla NA 2.136
Typluuaincarnala NA 3.279
TyplwIaincaTnala NA 3.114
TyplzulapllllCorrhiza NA 3.120B
Typhulaphaco"hiza NA 2.230A
Unidentified Typhu/a NA G2
Unidentified Typhu/a NA G4
Unidentified TyphuIa NA 3.129

a WIGl = Wisconsin group I, WIG2 = Wisconsin group 2.
b ATCC = American Type Culture Collection.
c NA = not applicable.

Wisconsin Dells, WI
Ogdensburg, WI
Woodruff, WI
Japan
Japan
Japan-A TCCb
Norway
Norway-A TCC
Russia
Jefferson, WI
Stevens Point. WI
Stevens Point. WI
Woodruff, WI
Japan
Japan-ATCC
Norway
Canada
Canada
Stevens Point. WI
Washington-ATCC
Jefferson, WI
Stevens Point. WI
Wautoma, WI
Hurley, WI
Woodruff, WI
Woodruff, WI
Marshfield, WI
Verona, WI
Arlington. WI
Woodruff, WI
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amounts of cells, tissues, or plant leaves) of the Easy-DNA TII Kit (lnvitrogen@. Carlsbad,

CA; Anonymous a, 1998). Briefly, mycelia were crushed in liquid nitrogen, the cells were

lysed by the addition of Solution A and subsequent incubation at 6~ C. Proteins and lipids

were precipitated and extracted by the addition of Solution B and chlorofonn. The solution

was then centrifuged to separate it into two phases with a solid interface separating the two

phases. The DNA was in the upper, clear aqueous phase, the proteins and lipids were in the

solid interface, and the chlorofonn fonned the lower phase. The DNA was then removed.

precipitated with ethanol. and resuspended in TE buffer. In general, the total time for DNA

extraction per isolate took approximately 90 minutes. The DNA was then ready for PeR or

stored at +4" C for less than 12hours.

DNA amplification

The polymernse chain reaction was performed with some modifications from a standard

protocol (Anonymous, 1996). An automated thermal cycler The Rapid Cycler1'M (Idaho

Technologies [nc.• [daho Falls, [D) was used for the amplification reaction. Primers used for

the amplification of the CITS region were ITS-I and ITS-4. Fig. 4.1 (White et al., 1990).

Amplification reactants from The Rapid Cylcer Optimizer Kit #1761 were used to make 26,u1

mixtures in individual wells of a microliter plate. The 26 pI mixtures contained 2.5 pi of Low

Mg buffer [10 mM MgCI2; 50 mM Tris; and 250 Jlglml bovine serum albumin (BSA)], I III

Ficoll, 25 JlI dNTPs (200 ,uM dNTP), 2.5 pi ITS-l primer (0.5 }AM), 2.5 pi ITS-4 primer

(0.5 }lM), 25 }ll genomic DNA (5 nglJlI), 2.5 }AIdiluted Taq DNA polymerase (0.4 UIlO ,ul

Taq DNA polymerase (Promega, Madison, WI); and 250 }lglml BSA) and 10 }AI of distilled

sterilized water (Anonymous. 1992). The 26 }AImixtures were loaded into 30 pi borosilicate

capillary tubes (Idaho Technology Inc .• Part 11706) and name sealed at both ends

(Anonymous, 1996). The preprogrammed Rapid Cycier™ protocol C57 was used as the

cycling parameters. PrOlocol CST includes 30 cycles of denaturation for 10 sec. at 94" C,
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iUlOealing for 10 sec. at 55- C and elongation for 35 sec. at 72- C (approximately 28 total

milL). Each PCR product was visualized by 1.2% agarose gel electrophoresis. The minigel

apparatus voltage was set at 110 mV for 20 to 30 min. Ethidium bromide was used to stain the

DNA bands and then the DNA fragments were visualized by UV illumination.

Cloning

The TOPOnt TA Cloning@ kit (Invitrogen, Carlsbad, CA) was used to directly insert

the Taq polymerase-amplified PCR products into a plasmid vector. The TOPO T A Cloning Kit

uses the pCR@ 2.I-TOPO vector with covalently bound topoisomerase I enzyme for fast and

efficient PCR cloning (total time is approximately 5 min.) (Anonymous, 1998b). BrieOy, a 5

J41 cloning reaction was set up conlaining 1}IIof fresh PCR product (10 ng/pl) , 3 pi of sterile

distilled water and 1JlI of pCR@-TOPa vector. The reaction was mi.xed gently and incubated

for 5 min. at room temperature. The tube was then placed on ice while vials ofTOPOIOF' One

ShotT)l (Invitrogen, Carlsbad, CA) competent Escherichia coli cells were thawed on ice.

Transformation

for the transformation reaction, 2 pi of 0.5 M 8-mercaptoethanol was added [0 each

vial of TOPOI0F One ShotTWcells of E. coli and gently mixed. Then 2 pi of the TOPO-

Cloning reaction was added to a vial ofTOPOLOF' One ShotTIf cells and gently mixed. The

vial was then incubated on ice for 30 min. The TOPOI0F' One ShotTWtr.lnsfonnation reaction

was then heat shocked for 30 sec. at 42- C without shaking, followed by incubation on ice for

2 min. To grow the competent cells, 250 pi of room temperature sac medium was placed in

the vials and gendy mixed. The vials were tightly capped and shaken horizontally at 3/ C for

30 min. Then.50, 75 and 100pi from each transformation was spread evenly on Luria-Bertani

(LB) agar plateS containing 50 }lglmJ ampicillin, 40 pi of 40 mglml X-Gal (5-Bromo-4-chloro-

3_indolyI_B-D-galactopyranoside) and 40 141 of 100 mM [PTO (isopropyl-B-D-

thiogalactopyranoside) that had been warmed to 3i C for at least 1 hr. (Anonymous, 1998b).

the LB agar plates were inverted and incubated overnight at 37. C. Tbe next day, 10 white
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colonies were selected for analysis. The white colonies were cultured in 2 ml of LB broth

(Anonymous, 1998b) containing 50 J4g1ml ampicillin (LBa) and shaken in a 3/ C water bath

Cor2 to 4 hours. For stored samples of the clones, 100 pi of the culture was placed in 1 ml of

LBa and incubated overnight in a 3/ C water bath. The next day, 220 jJl of sterile glycerol

was added to the tube. briefly vortexed and then stored immediately in a -SO- C freezer. To

multiply the competent cells containing the PeR inserts. 100 pI of each culture was placed in

10 tubes containing 1.5 ml of LBa and incubated and shaken overnight in a 37 C water bath.

Plasmid DNA isolation

The plasmid DNA was isolated from tlte cultures by using the S. N. A. P. 'Df Miniprep

Kit (lnvitrogen, Carlsbad, CA). The S. N. A. P. Miniprep Kit is a plasmid DNA purification

system designed to yield ultra-pure plasmid DNA for automated sequencing in 25 min.

(Anonymous, 1998c). Briefly. the ten overnight cultures of each clone were centrifuged for 5

min. at 4,000 rpm at room temperature (RT) into two 1..5-ml microcentrifuge tubes (5 culture

tubes per microcentrifuge tube). The supernatant was removed and the pellet was resuspended

in 150 pI of Resuspension Buffer by briefly vortexing. Then ISO pi of Lysis Buffer was

added and the tube was gently inverted 5 to 6 times and incubated Cor3 minutes at RT. Next,

1SO141 of ice-cold Precipitation Salt was added and then the tube was inverted 6 to 8 times to

mix: components. The tube was then centrifuged at RT at 14,000 rpm for 5 min. The

supernatant from the two microcentrifuge tubes were then pipetted into one sterile

microcentrifuge tube while the pellets were discarded. To lhe supernatant. 600 pI of Binding

Buffer was added and the tube inverted 5 to 6 times. The entire solution was then poured onto

the S. N. A. P. TJI Mini-prep Column/Collection Tube. The S. N. A. P. TJI Mini-prep

Column/Collection Tube was then centrifuged at RT at 1,000 rpm for 30 sec. The column

flow through liquid was discarded. To the column, 500 pi of Wash Buffer was added and

again centrifuged RT at 1,000 rpm for 30 sec. Following this step. 900 JII of Final Wash

Buffer was added and then centrifuged at RT at 1.000 rpm for 30 sec. The resin in the column
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was dried by centrifuging at ma.'timum speed for one min. To elute the plasmid DNA, the resin

column was transferred to a sterile microcentrifuge tube and 60 }4lof sterile distilled water was

added onto the column. The wet resin column was then incubated at RT for at least 3 min.

Finally, the plasmid DNA was eluted by centrifugation at maximum speed for 30 sec.

To check the plasmid DNA for the PCR inserts, an £CoRl digestion was performed on

the S. N. A. P. miniprcped DNA. This reaction mixture contained 6.5 ill of sterile distilled

water, 1 }II of Dellaporta buffer (Dellaporta et al., 1983), 2 }4l of S. N. A. P. Minipreped

DNA, and 0.5 ill of £CoRl enzyme. The digestion reaction was incubared and shaken at 37- C

overnight Gel electrophoresis (as described previously) was used to visualize the presence of

the PCR insert. A TKO 100 Dedicated Mini Auorometer (Hoefer Scientific Instruments, San

Francisco, CA) was used to determine and/or adjust the plasmid DNA concentration to 200 to

250 nglm!. Automated (fluorescence) DNA sequence analysis was performed on 10 f4lof 200

to 250 nglml plasmid DNA at the DNA Sequence Laboratory in the Nucleic Acid and Protein

Facility at the University of Wisconsin Biotechnology Center (U\VBC), University of

Wisconsin-Mooison, WI. The M13Fand M13R primers were used to sequence the 700 to 800

bp PCR product insert.

Sequence Analysis

Sequence files from the UWBC were viewed, evaluated and corrected within the

EditView'"' Version LO (Automated DNA Sequence Viewer) and SeqEdn& Version 1.03

(DNA Sequence Editor) software (Applied Biosystem Inc., Perkin-Bmer Corp.) according to

on-line help and the manuals provided by the UWBC (Anonymous, 1995; Anonymous,

199&1). Corrected SeqEdTM sequences were exported as Genetics Computer GroupTMfiles

(GCG, Madison, WI) and the percent identity comparisons were determined by the GAP

function within the GCG software. The GCG files were then imported into EditSeq'TM

software (DNAStar, Madison, WI) and saved as EditSeqTM files. The EditSeqTM files were

then imported into the Megalign'TM software (DNAStar, Madison, WI). The sequence flIes
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were aligned using the Clustal method and the percentages of sequence di vergence were

calculated (Table 4.9). The alignment was exported as a NEXUS me and phylogenetic treeS

were constructed with PAUP Version 4.0 software (Center for Biodiversity. Illinois Natural

History Survey, Champaign, IL). Two types of tree-making methods were employed: distanCe

matrix methods and maximum parsimony methods (Felsenstein, 1988). In the distance matri~

methods. evolutionary distances (the number of .nucleotide substitutions separating two

taXonomic units) were computed for all pairs of tau, and a phylogenetic tree was constructed

from the toral character differences. In maximum parsimony methods. the nucleotides at each

site were used. and the shorteSt pathway leading to these character slates was chosen as the

phylogenetic tree.
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RESULTS
The eITS region of the orDNA region of the Typhu/a species ranged in size from 719

to 832 base pairs (bp) in length (Tables 4.2, 43 and 4.4). The elTs region length for T.

ishikariensis ranged from n2-803 bp (Fig. 4.2), for T.incamala 814-832 bp (Fig. 43), for

T. phaco"hiza (Fig. 4.4) and for the unidentified Typhula-like fungi 709-798 bp (Fig. 4.4).

There was a small difference (2-3 bp) between the dikaryotic isolate T. ishikariellsJs 2.1050

(sequence 16 = 772 bp) and the monokaryotic isolates 2.lOSMI (sequence 17 = 774 bp) and

2. 105M2 (sequence 18 = 775 bp), Fig. 4.2. Also, there was a larger difference (4 to 13 bp)

between the dikaryotic T.;ncamala 2.1360.1 (sequence 33 = 8"..8 bp) and the monokaryotic T.

incamaJa 2.136.2 (sequence 34 = 832 bp) and 2.1363 (sequence 35 = 815 bp). Fig. 4.3.

Funhennore, lhere were small differences in elTS region bp length between clones of the

same isolate (Tables 4.2 and 4.4): sequence 8 and 9 = 3 bp difference; sequence LOand 11 = 1

bp difference; sequence 12 and 13 =4 bp difference; and sequence 4L and 42 (3 bp difference).

The sequences 39 and 40 were both 721 bp in length (Table 4.4). There were greater

differences between different DNA extractions of [he same isolate (Tables 4.2 and 4.3):

sequences 5 and 6 varied by 13 bp; sequences 16, 17and 18varied from Ito 3 bp; sequences

27.28 and 29 varied from 1 t03 bp; and sequences 33, 34 and 35 varied from 4 to 17 bp.

Also, there were bp length differences of the three parts of the elTS region (ITS 1,5.8

S and ITS 2 regions; Tables 4.5. 4.6 and 4.7). The ITS 1 region bp length ranged from 282 [0

307 bp for [he T. ishi/cariensis complex sequences, 270 to 286 bp for [he T. incamala

sequences, 240 to 241 bp for the T. phacorrJuza sequences and 246 to 271 bp for the

unidentified Typhula spp. The 5.8 S region ranged from 147 [0 159 bp for the T. ishikarien.si.s

comple~ sequences, 149 to 156 bp for the T. illcarnala sequences, 155 bp for the T.

phaco"hizIJ sequences and 142 to 155 bp for the unidentified T}phula spp. sequences. The

ITS 2 region ranged from 239 to 254 bp for the T. ishiklIriensis complex sequences, 302 to
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Table 4.2. Sequence number, karyotic state, sequence length and Genbank accession number
of the complete interruU transcribed spacer regions (eITS) of the nuclear ribosomal DNA or
TyphuJa ishikariensis from Wisconsin, Canada, Japan, Norway and Russia

Sequence GenbBok
Sequence Identification length or accession
Number Typha/a is!,ikaTienlis isolate Code CITS (bp) number a.

01 T. islUkariensis WIG 1 1.93**b 785 AFl93347
02 T. islUkariensis WIG I 2.183** 789 AFI93348
03 T. ishikariensis WI G 1 3.120" 790 AFI93349
04 T. ishikariensis Biotype A PR9-4-3* 793 AFl93350
05 T. ishikariensis Biotype A PR7-6-7.1c* 790 AFI93351
06 T. ishikariensis Biotype A PR7-6-7.2c* 803 AFI93352
07 T. ishikariensis Biotype A 56263u 803 AFI93353
08 T. ishikariensis Norway group ( 2-5BS-l.ld:$ 785 AFl93354
09 1. islUkariensis Norway group I 2-SBS-1.2d:$ 785 AFI9335S
10 T. ishikariensis vat. isllikariensis 38649.1d:$ 783 AFI93356
11 T. isltikariellsis Val. isllikariensis 38649.2da 784 AFI93357
12 1. isJtikariensis Val. ishikariensis 92-32-MI.ldu 789 AFl93358
13 T. ishikariensis Val. ishikmiensis 92-32-MI.2da* 785 AFl93359
14 T. ishikariensis WIG2 131 ** 769 AFI93360
15 T. ishikariensis WIG2 2.97** 777 AFl93361
16 T. ishikariensis WIG2 2.l05[)cu T12 AFl93362
17 1. isltikariellsis WIG2 2.10SMlc* 774 AFI93363
18 T. ishikariensis WIG2 2.105M2c* 775 AFI93364
19 T. ishikariellsis WIG2 3.122** 776 AFl93365
20 T. isltikariensis Biotype 8 35-8* 794 AFI93366
21 1. ishikariensis Biotype B 56264** 795 AFl93367
22 T. isltikariellsis Norway group II 4-3S-5* 774 AFl93368
:!3 T. ishikariensis var. canadensis JD 13** 774 AFI93369
24 1. ishikariellsis var. calladensis Can21m* 775 AFl93370
2S 1. ishikariensis WIG2 2.100A** 775 AFl93371
26 T. idahoensis 32642* 784 AFl93372

a Genbank: hnp:/lwww.ncbi.nlm.nih.gov.
b *= monokaryotic isolate, U =dikaryotic isolate.
c DNA sequence obtained from different DNA extractions of the same isolate.
d DNA sequence obtained from different clones of the same DNA extraction.

http://hnp:/lwww.ncbi.nlm.nih.gov.
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Table 43. Sequence number, karyotic stale, sequence length and Genbank accession number
of me complete internallranscribed spacer regions (eITS) of the nuclear ribosomal DNA of
Typhula incanzala isolates from Wisconsin.

AFl93373
AFl93374
AFI93375
AFl93376
AFl93377
AFI93378
AFl93379
AFI93380
AFl93381
AFl93382
AFl93383

Genbank
accession
number-

Sequence
length of
CITS (bp)

820
821
818
821
826
814
828
832
815
818
819

Sequence Identification
Number Typl,ula incarnaJa Code
27 T.i/lcamala 1.35.1 bUe

28 T. illCaTfUlla 1.35.2b'u

29 T.incaTfUlla 1.35.3bU

30 T.incarnata 2.100B.lbu

31 T.incanUlta2.100B.2bu

32 T.incarnata 2.100B3bu

33 T.incarnala 2.136D.lbu

34 T. i,lCanWla 2. 136M.2b*
35 T. illCarlUlta 2. 136M.3b*
36 T.incanUlla 3.279**
37 T.incaTlUlta 3.114**

a Genbank: hltp://www.ncbi.n1m.nih.gov.
b DNA sequence obrained from different DNA extraclions of the same isolate.
c * = monokaryotic isolate, ** =dikaryotic isolate.

http://hltp://www.ncbi.n1m.nih.gov.
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Table 4.4. Sequence number. karyotic state, sequence length and Genbank accession number
of the complete intemallranScribed spacer regions (CITS) of the nuclear ribosomal DNA of
Typhu/aphaco"hizaand unidentified Typhulaspecies from Wisconsin.

Sequence Genbank
Identification length or accession
Code- efTS (bp) numbersb

AFl933
AFl933
AR933
AFl933
AFl933
AFl933
AFl933

720
721
721
798
795
700
719

3. 120B
2.230A.lc
2.230A.2c

G2.1c

G2.2c

G4
3.129

Sequence
Number rJphllla Isolate

38 T.phaco"hiza
39 T.phaco"hiza
40 T.phaco"hiza
41 Unidentified Typhula
42 Unidentified Typhula
43 Unidentified Typhula
44 Unidentified Tvphula

a All isoiates were dilcuyotic.
b Genbank: htlp:/Iwww.ncbi.nlm.nih.gov.
c DNA sequence oblained from different clones of the same DNA extraction.

http://htlp:/Iwww.ncbi.nlm.nih.gov.
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Table 4.5. Base pair length of the complele inremallranscribed spacer region (eITS), lhe
inlernaltranscribed spacer region 1 (ITS I),lhe 5.8 S region and lhe inremal transcribedspacer
region 2 (ITS 2) of lhe Typhula ishikariensis complex sequences.

Sequence CITS Complere Complele Complele
numbefa lenglh ITS llenglh 5.8 S lenglh ITS 21ength

785 298 150 246
2 789 298 153 247
3 790 2m 155 247
4 793 300 155 247
5 790 298 154 247
6 803 301 159 252
7 803 307 158 247
8 785 2m 147 247
9 785 298 154 247
10 783 291 152 249
II 784 294 152 247
12 789 296 155 247
13 785 2m 151 246
14 769 283 151 244
15 m 286 157 243
16 772 284 154 243
17 774 282 158 243
18 775 285 156 243
19 776 290 156 239
20 794 294 155 254

21 795 295 155 254

22 774 285 155 243
23 774 285 155 243
24 775 286 155 243
25 775 287 155 242
26 784 296 153 244

range 772-803 282-307 147-159 239-254
~See Table 4.2 for specificinformation aboUl each sequence.



136

Table 4.6. Base pair length of the complete internal transcribed spacer region (CITS), the
internal transcribed spacer region 1 (ITS I), the 5.8 S region and the inlemal tranScribed spacer
region 2 (ITS 2) of the T. incamala isolales (sequences 27 to 37).

Sequence CITS Complele Complete Complete
numbert length ITS 1 length 5.8 S length ITS 2 length

27 820 211 154 304
28 821 271 155 304
29 818 271 153 303
30 821 271 155 304
31 826 276 156 303
32 814 270 ISO 303
33 8"..8 277 156 304
34 832 286 152 303
35 815 272 149 303

36 818 271 154 302

37 819 271 154 303
range 814-832 270-286 149-156 302-304

a See Table 4.3for specific infonnation about each sequence.
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Table 4.7. Base pair length of the complete internal transcribed spacer region (CITS), the
internal transcribed spacer region 1 (ITS I), the 5.8 S region and the internal trnnscribed spacer
region 2 (ITS 2) of the T. phaco"hiza isolates (sequences 38 to 40) and unidentified Typhukl
isolates (sequences 41-44).

Sequence CITS Complete Complete Complete
number- length ITS 1 length 5.8S length ITS 2 length

38 720 240 155 234

39 721 241 155 234
40 721 241 155 234
41 798 271 144 292
42 795 271 142 291
43 709 246 145 229
44 719 246 155 230

range 7CfJ-795 240-271 142-155 230-292
a See Table 4.4 for specific information about each sequence.
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304 bp for the T. incarnata sequences, 234 bp for the T. phacorrhiza sequences and 229 to 292 

bp for the unidentified Typhula spp. sequences. 

The range of percentage of sequence identities of the CITS between the 44 Typhula 

sequences are presented in Table 4.8 and the matrices are presented in Appendix C (Tables 

C.I, C.2, C.3 and C.4. The percent identities of the T. incarnata sequences for pairwise 

comparison ranged from 92 to 100% within the species and from 61 to 78% outside the 

species. Sequences 41 and 42 were 91 to 97% identical to the T.incarnato sequences (Table 

4.8), this indicates that the unidentified isolate G.2 is (or closely related to) T. incarnata. The 

T. bhikariensis sequences were separated into two biological species (TISH I and TISH II) 

and analyzed. The percent identities of the TISH I and TISH II sequences ranged from 87 to 

100% within the species and from 65 to 74% outside the species. The three T phacorrhiza 

sequences (38, 39 and 40) were 99 to 100% identical for pairwise comparisons within the 

species and 63 to 72% outside the species. The unidentified Typhula sequences (43 and 44) 

were 59 to 71 % percent identical to all the other sequences. 

The percent divergence of the sequence pair distances of the Typhula spp. using the 

clustal method with weighted residue weight table is presented in Table 4.9. The percent 

divergence ranged from 0 to 8% within each species and from 22 to 31% for outside species 

comparisons. Sequences 41 and 42 were I to 2% divergent from the T. incarnata sequences 

(27-37), and thus these unknown Typhula spp. are T.incarnata. 

The sequences of the CITS were aligned by the clustal method within the DNAStar 

software and are presented in Figs. 4.2 to 4.16. Unique sequence differences between the two 

biological species of the T. ishikariensis complex are apparent within the ITS I region and will 

be discussed later (Rgs. 4.4 and 4.5). The partial sequences of the 18 S (Rg. 4.2) and the 28 

S region (Rgs. 4.15 and 4.16) are identical for all sequences, while the 5.8 S region is highly 

conserved but not identical (Rgs. 4.7 to 4.10). For the species T. incarnata and T. 

phacorrhiza, there are some unique sequence areas within the ITS 1 and ITS 2 regions. 
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Table 4.8. Percentage of sequence identity in the complete internal transcribed spacer region
(eITS) between Typhu/a ishikariensis biological species I, T. ishikariensis biological species
II, T. incaTnala, T. pIUlCO"hiza and me unidentified Typhula spp.

Typhu/iJ Sequence TISH [ TISH II TIN TP T? TI
isolates. numbers (41-42) (43-44)

TISH I 1-13, 26 89-100 87-98 61-76 67-72 65-73 60-68

TlSH II 14-25 X 95-100 59-78 68-72 68-74 59.67

TIN 27-37 X X 92-100 65-71 91-CJ7 62-71

TP 38-40 X X X 99-100 63-68 63-69

TI 41-42 X X X X 99 64-67

TI 43-44 X X X X X 92

a TISH I = TyplUi/a ishikariensis biological species I, TISH ([ = T. islzikariensis biological
species II, TIN = T.incaTllaJa, TP = T.pIUlCO"hiza and T? = unidentified Typhu/a species.

Table 4.9. Percentage of divergence in the complete internal transcribed spacer region (eITS)
between Typhula ishikmiensis biological species I, T. ishikariensis biological species II, T.
itrC117Ul1lJ, T. phaco"hiZJl and the unidentified TyplUila spp.

Typllll/a Sequence TISHI TISH II TIN TP T? TI
isolatesa numbers (41-42) (43-44)

TISH [ 1-13,26 0-8 3-8 22-28 22-25 23-27 27-30

TISH II 14-25 X 0-5 22-25 22-24 23-25 27-30

TIN Tl-37 X X 0-2 29-32 1-2 28-31

TP 38-40 X X X 0-1 30 27-31

T? 41-42 X X X X 0-1 28-30

T? 43-44 X X X X X 0-4

a TISH [ = Typhll/a ishikariensis biological species I, TISH II = T. ishikariensis biological
species II, TIN = T.incar1UJlt1, TP = T.phaco"'ziza and T? = unidentified Typhu/a species.
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Figure 42. Alignment of the complete intenlal transcribed spacer region {CITS} of the
44 Typluda sequenca (base pWs 1 to 60) using the Clustal method with weighted residue
weight table. TISH BSI and BSII =T. ishWzriensis biological species 1and II. TIN = T.
incamata. TP = T.p/ulco"hiza and T1 = unknown Typlulla spp ..
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M ~
CGC'l"rCGGCGl-~T-'l'CAACACCTG'l.'GCACAC'l"l'CAA
CGCT'1'CGGCGl'-ACGTGC'l'CGC~-TCAACACC'l'G'l'GCACAC'TTCAA
CGC't"l'CGGCG1'-ACGt'GC'rCGCCt'CA'l'I.'CT-TCAACACC'l.'G'l.'GCACAC'rTCAA
CGCT'l'CGGCGl'-ACGroC'l'CGCC'I.'CGCCG'rCCA'l'l'CT-TCAACACCTG'l'GCACACTl'CAA
CGCT'1'CGGCG1'-ACGroC'l'CGCC'l'CGCCG'rCCAT'l'CT-'l'CAACACC'l'G'I.'GCACAC'rTCAA
CGCT'lCGGCG1'-ACGt'GC'l'CGCC'rCGCCG'rCCAT'l'C'r-TCAACACC'l'G'l'GCACAC'rTCAA
CGC't'"rCGGCGA'l'ACG't'GC'lCGCCt"1'GCOOl'CCAn'CT-'l'CAACACC'l'GTGCACAC'rTCAA
CGCT'l'CGGCm-ACGt'GC'rCGCC'rCGCCG'rCCA'l"1'C'l'-TCAACACC'l'G'l.'GCACACTTCAA
CGCT'1'CGGCG1'-A~CCA'l'l'C'1'-TCAACACCTGTGCACAC'rTCAA
CGCT'1'CGGCG1'-A~-'l'CAACACC'l'GTGCACACTTCAA
CGCT'1'CGGCG1'-A~CA7'l'CT-'l'CAACACC'l'GTGCACACT'1'CAA
CGC't'"rCGGCGI'-ACGTGC'l'CGCC1''l'l'CT-TCAACACC'l'GTGCACAC'rTCAA
CGCT'1'CGGCm-A~T-TCAACACCTG'I'GCACACTTCAA
CGC'l"1'CGGCGrTACGrGC'lCGCC't"rGCCG'l'CCA'rl'CC-TCAACACCTGTGCACAC'l'TCAA
CGC'l"1'CGGCGn'ACGTGC'l'CGCC'r'lGCCG'l'CCATTCT-'l'CAACACCTGTGCACAC'l"l'CAA
CGC'l"1'CGGCGr'l'ACG'rGC'l'CGCC'l"lGCai'l'CCA'rl'CT-TCAACACCTG'l'GCACAC'lTCAA
CGCTTCGGCGl"l'A~T-TCAACACCTGTGCACAC'l"l'CAA
CGCTTCGGCGr'l'ACGt'GC'l'CGCC'l"lGCai'l'CCA'rl'CT-'l'CAACACCTGTGCACACT'l'CAA
CGCTT~CGCC'l'CGCOOlCCA'lT-TCAACACCTGTGCACAC'l'TCAA
CGCTTCGGCGl"l'ACGt'GC'l'CGCC'I."lGCCG'T-'l'CAACACCTGTGCACAC'l"l'CAA
cc;c'M'~CGCC'l"lGCan'CCATTCT-'l'CAACACCTGTGCACAC'l"l'CAA
CGCTT~CGCC'r'lGCCDrCCATTCT-'l'CAACACC'l'G'l.'GCACAC'l"l'CAA
CGCT'1'~CGT<iC'lCGCC'l"lGCCG'JCATTCT-'l'CAACACCTG'l'GCACAC'l"t'CAA
cc;c'M'CGGCGl"rACG'I.'GC'lCGCC'l"lGCOOl'CCA'rl'CT-TCAACACCTG'l'GCACAC'l"l'CAA
CGCT'1'CGGCGl"l'ACGTGCTCGCC'r'l'GCCG'lCCATTCT-'l'CAACACCTGTGCACAC'l"rCAA
CGCTTCGGCG'f-ACG'l'GC'rCGCC'rCGCCG'rCCA'l"TCT-TCAACACCTGTGCACAC'l"l'CAA
CG--CT'l'CG-G't'GCA'l'-Gr-GC'l"l'-GCC-------'1"l'-GTGCrG-'l'CCA~C'l"l'CAA
CG-C'1"1'CG-G"rGQ'l'-Gr-GC'l"l'-GCC------'1"l'-GTGCrG-'l'CCA~C'l'TCAA
CG--CT"1'CG-GTGCA'l'-Gr-GCT'l'-GCC-------'1"l'-GTGC'l'G-TCCA~CT'l'CAA
CG-C'l'GCG-GTGCA'l'-Gr-GC'l"l'-GCC------ft-GTGCTG-'l'CCA~CT'l'CAA
CCGCC'l'GCG-GTGCA'l'__Gr-GC'l"l'-GCC-----'1"l'-G'l'GCTG-'l'CCA~CT'rCAA

CG-CTGCG-GTGCA'l'-Gr-GC'l"l'-GCC--------'1"l'-GTGC'l'G-'l'CCA'l"'l'C'l'TCAA
CG--C'J.'GCG-G''l'-Gr-GC'l''l'-GCC------'1''l'-G'l'GCTG-'l'CCA'l"'l'C'n'CAA
CG--C'fGCGAG'l''l'AGr-GC'l''l'AGCC-------'1''l'AG'l'GC'l'GGTCCA~C'l'l'CAA
CG-C'l'GCG-G'l'GCA'l'-Gr-GC'l"l'-GCC------'1"l'-GTGC'1'GGTCCA~C'l"l'CAA
CG-C'l'GCG-G'l'GCA'l'-Gr-GC'l'T-GCC------'1"l'-G'1'GCTG-'l'CCA'l"'l'C'n'CAA
CG-C'l"lCG-G'rGCA'l'-Gr-GCl"l'-GCC------'1"l'-GTGC'l'G-'l'CCA'l'TC'l'TCAA
~CGAGGl'AT'l'G't'GC'lCGC'.1'--CC'l'"r"I.'CACTC'l'C'l"lACCACCTGTGCACC'l'C'n'--
et:1TTCGAGG'l' AT'I."G"t'GC'lCGC'l'-ccr:rrcACTCTC'l"l'ACCACCTG'l'GCACCTC't'T--
CC"n"TCGAGG'l'AT'I."G"t'GC'lCGC'.1'--CC"rn'CACTCTC'ACCACCTG'l'GCACCTC't'T --
CG-C'l"GCG-GTGCA'l'-Gr-GC'l"l'-GCC------'1"l'-GTGCTG-TCCA'l'TC'n'CAA
CG--C'J.'GCG-G''l'-Gr-GCl''l'-GCC------'l'"r-GTGCTG-'l'CCA'l'TC'l'TCAA
C'l'C'l'CCGG&G1'AA'l'GTGCACGCCCGt'Cl.'CACTC'l'CACC'l'TCA'I."lCAAC'l'GTGCAC'n"l __
C'l'C'l'CCGG&G1' AATG'l'GCACGCCCG'l'C'I:CAC'l'C'l'CACC'l'"rCA'rlCAAC'l'GTGCAC'l'l"l' __
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Figure 4.3. Alignment of the complete internal transcribed spacer region (crTS) of the 44
Typ1ruIa sequences (base pairs 61 to (20) using the crustal method with weighted residue
weight labIe. TISH aSI and BSII = T. ishikariensis biological species I and II, TIN = T.
inc(U'1lll/Jl, TP = T. phacOTThila andT? = unknown TyplulJa spp.
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AGTAA'l'CG'l-rC-'l'G'l'CCCA'rCCCGC'l"l'G'l'ACGGGGGA-G
AG'1'AA':CG'1'TC-'rmccca.'J.'CCCGa'TC7rArGGGGGll
AGTAMCG'l"rC-TGl'cc.c::A'1'CCCGC'l"l'G'l'ACG(;GG(a
ACi'rAMCG'l"l'C-'1'Q1CCCA'l'CCCGCT'l'al
AG'!!AMCGT'l'C-TmCCCA'l'CCCGCT'l'alACGGGGGA-
AG'rAATCGt'TC-TG'l'cc.c::A'l"CCCGC'J:WlGACGGGGGA
AGTAM'CGGl'C':rGl'-CCCQ'rCCCACT'.rQlA'l'GGGGGA-
~-'lG1'CCCA'l"CCCGC'J:WlGACGGGGGA-
~-TG'l'CCCA'l'CCCGCl":rG'ACGGGGGA-
~'l"1C-'lQ1'CCCA'l'CCCGCl":rG'ACQ(".GGGA-
AG't'AA'rCG'l'TC-TmCCCA'l'CCCGCl":rG'AC(j(".GGGA-
AG'rAA'l'CG'l"lC-'lG'l'CCCA'l'CCCGCl":rG'AcGGGGGA-
AG'l'AAttGl'TC-TOrCCCA'L'CCCGC'l'"lGrACGGGGGA-
AGTAA'1CGnC-TG'lCCCA'rCCCACT'.rQlA'fGGGGGA-
AGt'AATCG'l"lC-TGlCCCA't'CCCAC'l"'lG'lMGGGGGA-
~C-TGlCCCA'l'CCCAC'l'"lGl'A'1GGGGGA-
~C-'rcnc:ccA'l'CCCAC'l"l'G'1'A'1GGGGGA
AGTAA'lCGT'.rC-'1'G'fCCCA'l'CCCAC'l'"lGl'KlGGGGGA
AG'rAMCG'l"1CC'l"l'Gl'CCCATCCCACt"l'Gl'ACGGGGGA
AGTAM'CGT'1r:tr:n~arA!1GGGGG&
AG'l'AA'rCGT'1C'1'G1'~G'l'A'1GGGGGl&-G
AGTAA!rCG'l'TC-TG'lCCCATCCCAC't"l'C1l'A'1GGGGGA-G
AGT.AATCG'l"'l'C-'rarCCCA'l.'CCCAa-.rarA!1GGGGG!.-G
AG'l'AM'CG'rl'C-1'G'l'CCCATCCCAC'l"l'G'l'MGGGGGA-G
AGTAATCG'rl'C-'lG'1'CCCA'l'CCCAC'l"rarA!rGGGGGA
AG'rAM'CG'l"l'C-'lG'1'CCCA'l'CCCAct"ml'ACGGGGGA
----CAC-CTGlG-CACA--C-'n"1'G'l'--AGT-'L'GAC--'h.;n; &"I:Gl.::J:£A-TC'r
----QC-C'l'mG-aCA--C-Tl"lm--AGT-'1'GAC---'lC'r'l."l"rG't"r'1!A-TC'r
-----CAC-CTGlG-CAO'--C-'n"rGr---AG'l'-'l'GAC--'1\,;'n; :t'l'GT'.rTA-'rCT
----CAC-CTGrG-CACA--C-'n"1'G'l'---AG'r-TGAC--'l~n :nGt-.L"l'A-TCT
----CAC-CTarG-CACA-C-on-lm--AG'l'-TGAC--'lCl1: n'Gi"l"'l:A-'lC'l'
----CAC-crG1'G-CACA--C-'l'l"1G'l--AG'l'-TGAC--TC'l''f 1"l"G'n'!::A-'lC'l'
-----cAC-C'1'cnG-CACA-CA'l'l".lGrG-A-A'l'GTGACACt-l'C'l"1"1''l'GG'.l''rAA'1C'l'
----a.C-C'l'GrG-CACA---cM'l"I'GlG-AGAA'l'GTGACACt"lC'l"l'T'1'GG'.
----cAC-C'2'Gl'G-CAO'--C-'.r'1"7G'l--A-A'l'-TGA-AC'l'-T'l"1'l"GG'n'AA'1C'l'
---a.C-C'rQ1'G-CACA_-C-'l'l"1Ql __ AG'l'_t'GAC_'1'CT'l"H-Gl.-rrA-'lC'l'

----CAC-C'l'Gl'G-CACA--C-'l'1"lm--AG'l'-t'GAC--'JC!'r nG~:n:A-'1CT
-GTAG'lC".r'1'T'l"lG'l'~GGCt:t'"~G'1'GT'.l'GCCG' CGCAA
-G'1'AGlC'l'T'r't"rG1'~GGAGGMGGCGG~G'1'GT'.l'GCCG' ~Gt:AA
-GTAGlC.l-~J..niX --CGCAA
---CAC-C'l'Gl'G-OCA---C-'n'Wl'--AG'l'-'t'GAC- .n;::h n-G'n'TA-'lC'l'
---CAC-C'lGrG-CACA---C-ft'rm--AGl'-'I.'GAC '.n.;n; l:'I:G1: n:A-'lC'1
--'l'GACGGM'GGG-A'1~C'I~----'l'GGGGG'l'CAAGC
--'l'GACGGATGGGGA7A'lC'r't"1CCGC\"rC'r---GGCGGG'l"1'----'1'GGGGG'1'CAGG

ITSl
Figure 4.4. Alignment of the oomplete inremaJ uanscribed spacer region (eITS) of the 44
Typluda sequences (base pairs 121 to UI)) using 1he Clustal. method with weighted residue
weight table. Typhula is~nsi.r .signature sequence" indicated by box. nSH BSl and
BSn = T.u~n.ris biological species I and D, TIN = T. inctml/lllJ, TP = T. phaco"hiza
and T? = UDknown Typlulla spp.
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'l"l''l'GG'1"t''rC'.C'.r'I.''.M.'"lM T't'CCAAAGAGAGGG--TAAGACG'l'TACAAGAAC--
'l"l''l'GG'.r'rTCTC'l''t''1"1'"M 'n'CCUAGAGAGGG-'lAAGACG'l"l'ACAAGMC--
'l"'1'1"GC'1'l'"lC'l\.;.n; :n:J:M 'l'l"CCAAAGAGAGGG--TAAGACG'I."l' ACAAGAAC--
'l"l'1:G.lr.11::i"C'lCH t I:fM 'l'TCCAAAGAGMiGG-G1'AAGACGT'1'AAAA~-
'l"l'~C"lCn n LU T't'CCAAAGAGAGGG--TAAGACGT'I'AAAAGAAC--
'1"'.r'l'GG'l'C'l'C'l"l"l'l"1'A'l' 'l''l''1'CCAAGAGMGG'l'--AAGACG'l''1'ACAAGMCC-
'l"1"M'GGG-C'CT~A'l' 'l't'CCAAAGAGAGGGGGAAGGACGC'.rAAAAGAAC--
~C'l'C'1"l"l'l"rA'l' 'l't'CCAAAGAGAGGG--TAAGACG'l"l'AAAAGMC-
'l."1"l'GG'l'C'l"1'Tl-.rAT 'l'TCCAAAGAGAGGG-TAAGACG'l"1'AAAAGAAc--
't".lTGG1"1'"1C'l'C'l''1''1''t''l'A'!' 'l't'CCAAAGAGAGGG-'l'AAGACG'l"l' ACAAGAAC--
'r'l"rGG'r'l"?C'rC"l"nTl'AT '1"rCCAAAGAGAGGG-TAAGACG'l'TACAA~C--
C"lTGG'l'T'.rC'lCn rl fAT 'l"l'CCMGGAGAGGG--'l'AAGACG'rl'-CAAGAAC--
C'1'l'GG'.r'l'TC'lCl"l: n 'SA'!' 'l"l'CCAAGGAGAGGG--TAAGACG'l"l'ACAAGAAC--
'l"l"l'GG'.1'-C'l"rC'r----- C't"CCAAAGAGAGGG--TAAGACGC'l"l'CAAGAAC--
'J.".r'1'GG'n''l''l'C'l'---- C't'CCAAAGAGAGGG'l'A-AGACGC'l'ACAAGM.C--
'l".r'l'GG'l"l'C'l"1'C'l'--- C't'CCAAAGAGAGGG'l'A-AGACGC'lACAAGP.AC--
'J."'l"l"GG'- GAGAGGGl'A-AGPoCGC'l'ACAAGAAC--
'l'"n'GG'n'C'l"1'C'l'---- 'rCCAAAGAGAGGG'l'A-AGACGCl'ACAAGMC--
'l"l"l'GG'r'rTC------ C1'C'l'CCAAAGAGAGGG'l'AAGATGt"l'ACAAGMC--
'l"l'TGG'l'TC'CTCTC'l'CCAA- --AGAGAGGGl'G'lG'l'AAGACG'l'TACAAGAGC--
'l"l'TGG'l'TC'CTCTCTC~- --AGAGAGGG'l'm~AAGACG'l"1'ACAA~GC--
'1"lTG<1l''l'C'l''l'CT----- C'l'CCAAAGAGAGGG'l'A-AGACGC'l'ACAAGAAC--
'r1'1'Gm'l'CT'l'CT----- C'l'CCAAAGAGAGGGTA-AGACGC'l'ACAAGAAC-
'l"l''l'GG'1'TC'r1'C------ C'l'CCAAAGAGAGGGTA-AGATGC'l'ACAAGMC--
r.r'l'GG'1TC'l"rC'l'----- CTCCMAGAGAGGG'l'MAAGACGC'l'ACAAGAAC--
'M'TGG'l''M'C'1"CC'l"'1''l'A'l' TCCCAAAGAGAGGG--TAAGACG'l"1'ACAAGAAC--

G-'l'"l'CA-'1'C'l'C'l'C'l'C'l'l'GAC'l'CCGG1'C'l'C'1'GrGMGGGmGCG1'GGCT'1"l'GCAA
G-'l"l'CA-'1'C'l'CTCTC'l'l'GAC't'CCGGl'CTCTGlGAAGGGG1'GCG1'GGC''1''n'C.GMAGCAP.
G-'l"l'CA-'1'C'l'CTC'l'C'lTGAC'l'CCGG'l'C'1CTGlGAAGGGGl'GCG"1GCAP.
G-'l"l'CA-TC'l'CTCTCT1.'GACTCCGG'lCTGlGAAGGGGrGCGl'GGC'l"'l-'l'rCmA-
G-'r'l'CA-'rCTC'l'CTC'l"t'GAC'l'CCGG'l'C"lCmAAAGGGGl'GCG'1GGC'n"rTCGAAAGTA-
G-'l"l'CA-'rCTC'l'CTCT~G1'AAAGGGGTGCGl'GGC'n'T'l'CGAAAG'l'A-
GG'I."l'CAM'C'l"Cl'CTC'n'GAC'L'CCGGl'C"l'C"1GrGMGGGGl'GCGl'GGC'n"r-CGAAAGTA-
GG'l"l'CAATCTC'l'C'l'C'T't'GAC'l'CCCG'lC'1C'lGl'GAAGGGQ1GCGl'GGC"rl"'1'-CGAAAG'l' A-
GG'r'l'-AM'CTC'lC'1'C'1'TGACTCCGG'l'C'lC'l'G'l'GAAGGGG'rGCGl'GGCTT'l' -CGAAAGl'A-
G-'I."1'CA-'1'CTC'l'C.'l'CT'l'GC'l'CCGGlC'l'C'rGl'GAAGGGCGlGACT'l"l"'l'CGAAAGTA-
G-'I."1'CA-'1'CTC'lCl'C'n'CiACl'CCGG'l'C'l'C'rGl'GAAGGGCGlGGC'l''l''1'''l'CGAAAGCAA
GCAT'l'GGC'rCTAC'lC----CA-TC'1CAAMGQ-------------
GCA'l't'GGCTC'rAC'lC----CA-'l'CTt'"1l aaar..G& _

GCAT't'GGC'l'CTAC'l----CA-TCTCAAAAGCa-------------
G-'l"l'CA-'1'C'l'CTCTC'l'TGAC'l'CCGG'.rC'1C'l'~GAAAmA-
G-'t"l'CA-'1'C'l'CTC'l'C'l''l'GAC't'CCGGl'C'rCTGlGMGGGGlGCGTGGC'l'''l-'l'rCGlA-
G-'l"l'CAC'.rCGCG~-CCCA--------TCCGl'AACC--
G-'t'TCACTCGCG'l'"r'l"l'CCCCTGC'l'l"l'---------TCCGrAAAC--
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Figure 45. Alignment of the complete internal tr.J.mcribed spacer region (CITS) of the 44
Typluda sequences (base prirs 181 to 240) using the Clmtal method with weighted residue
weight tlbIe. Typ/uUa ishikar~1ISU -signature sequence- indicated by box. TISH aSI and
BSrr = T. ishikarimsis biological species I and n, TIN = T. incamala, TP = T. pluJco"hka
and T? = unknown Typlulla spp.
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~TC'l"1"l'G-CC"nATAACA-TACCC'I"l<:'l::n:-'l!AAAAA'l'G'r.r'rAT-GAACCG'l'CAUAAA
~'l'C'l"l"l'G-CC'lTAACA-'1'ACCC'l'1'C1'T-'l'AAAAA'l'GG'1''1!AT-GAAcmCAAAAAAA
~TC'I.'T1'G-CC'1'TATAACA-'tACCC."l'rCrl'r-TAAAAA'1'G'l"l"1!A'r-caACG1''''lllllla MA
GA'1'C't"l"'t'G-TAACA-'l'ACCC'l"fC'l-'rAAAAA'l'G'r':r'rA'r-GM.CGlCAAAAAAA
~'1'CT'.l'"rG-CC'1'TA'l'AACA-TACCC'l'1'C'1'"lT-'rAAAAA'l'G'r':r"l'A'r-GAACG1'CAM»_a..A
GAA'l'C'l"l'G-GCCTATA-CA-TACCC'r'l'C'rn'-TAAAAA'l'GG'1"'l'A'r'lGAACCGDAAAAAA
Q'1'C'l"l"l'GG'DA'1'AA"l'A~"l-.n:A'l'.AAAAA'l"G'l"l"I'A'l'GAACCGGC-AAAAAA
GA'l'C'l'T'l'G-C-'lTA'rAACA-TAc:ccrJ.'CT'1'1'-'l'.AAAAA'1'G'l"n'A'r-GAACG'l'CAJl \»_ll A
GA'rC't-rTG-CC'lTA'rAACA-'l'Accc:rt'C'l"n'-TAAAAA'1'G'l"n'A'l'-GAACGTt""ll all. UA
GA'rCT'!'rG-CCTrA'1'A-CA-TACCCl-C'l"l'l'-AAAAAATGGl'I'A'l'-GACCG'J'C-AAAAAA
GA~'1'AACA-TACCC'1''l'C'l''.r''l'-TAAAAA'l'G'l''l''l'A'l'-GAACG'l'CAAAAA
GA'l'C'l'T'l'G-CCT'L'A'1'AACA-TACCC'.rTC'l"l'l'-'l'AAAAA'1'G'1"1"l'A'l'-GAACGTCAAAAAAA
GATC'l"'1'~TA'1'AACA-'.rACCCTTC'l"l'T-'1!AAAAA'l'G'l"1'rA'l'-GAACGrCAAAAAAA
GA'1'C'rr'l'G-CC'n'ATAA'l'A-TACCC'1'TC'l"1'T-"l'AAAAATGG'l'l'A'l'-GAACG'l'C-AAAAA
GATC'l"1"'l'G-CCtAA!rA-TACCC'J"l'C'l"l'T-'l'AAAAA'l'G'l"'1'TA'l'-G&ACCG'1'CAAAA
GP.TC'l"1't"G-CC'r'1'AM'A-TAcccnct"rT-TAAAAA'l'G'l"'1'TA'l'-GAACG'lCAa_a MAA
GATC'l"1't"G-CC'rtAA!rA-'1'ACCC'rr,:;;1,;.n: -'tAAAAA'l'G'l".rTA'l'-GaACG'l'CA II\AU.A
GA'I.'C'l"'l'I.'G'rAM'A-TAcccnct"l"r-TAAAAA'l'G'l'T'rAT-GUCG'lCAAAAAAA
GA'l'C't'"lTG-CC'!'TAUACA-TACCC~'r-TAAAAA'l'G'l".rTAT-GUCCGTCAAACAA
GA~CC'1"1'A'l'AATA-'l!ACCCTrC'I."r'r-'rAAAAA'l'G1.'T'l'AT-GAACG'l'O_UAA.U
GA'l'C'l"lTG-CC'l'rA'rAA'lA-'l'.ACCC'1"1'C-'l'AAAAA'rG'I."r'l'AT-GAACGlCAUAAAA
GA'l'Ct"lTG-CC'l'l'ATAA'l'A-'l!ACCC'r'l'C't"'r-TAAAAATG"t"l"rA'r-GAACGlCAAAAAAA
GA't'C't"l'TG-CC'l'l'ATAA'l'A-nCCC"r'2.'Ct'"l-nAAAA'1'G'1TrA'r-GAACGrO "_-'1l_1l_\A
GATC't"'l'l'G-CC'l'l'A'rAM'A-'l'ACCCT1'C't"1'T-'rAAAAA'l'G't"n'A'r-GAACGTt""llI\A»_\A
GA'l'CT'l''l'G-CC'l'l'A'l'AM'A-nccC'rTC'l''IT-'l'.AAAAA'1'G'1''r'fAT-GAAcmO ~UI- ....A
GA'l'C'1"'l"t'G-'rAACA-nCCC'l"1'C'l"IT-'l'AAAAA~T-GAAcarC-AAAAA
GG'l'CCTC'J.'M'mTA'l"lA'l'rATACAcc-ct"l'l!ACAAAAA--CAAG't'CCA'r-AGAACGTCCA
GG'l'CCTC'lATart'A'1"l'M"I'ATACACC-a-rrACAAAAA--cAAG't'CCA'r-AGAACGTCCA
GG'l'CC'.rC'l'ATGn'A'1"l'AT'I!A'rACACC-C't'"l'TACAAAAA--CAAG'l.'CCA'r-AGAACG'rCCA
GGTCC".rC'.l'M'G1'l'A'l'-A1't'A'rACACC-C'l'TI!ACAAAAAAACM.GTCCA'r-AGAACGTCCA
GGTCC'1C'rM'G'l"l'AT-A1"l'ATACACC-C'L'"lTACAAAAAAACAAGTCCA'L'TAGAACGTCCA
GG'1'CC'.l'C'l'M'Gl'CA'l'-ATTA'rACACc-<:'t".rn~T-AGAACGTCCA
GG'l'CC'ZC'1'MG'1"l'A'l'-ATTA 'l'ACACC-C't"r'l'ACAAI- .......ll ..a ~ ~A'r-AGACG'!.'CC:A
GG'l'CC'.rC'.1'A'1'G'1TA'l'-M'I!A'I!A~CAAG'l'C-AT-AGACG'I!CCA
GG'l'CC'.rC'.1'M'Gr'l'AT-MTA'l!ACACC-C'l"1'rAC'AAAAAAACAAG'l'CCA'r-AGACGTCQ.
GG'rCC'lC'J.'A'l'Gl"l'A'l'-MTATACACC-C'l"l''l'ACAAAAAAACAAG'l''CCA'r-AGAACGTCCA
GG'1'CC'.lC"l'A7Gl'l'A'1"l'MTATACACC-C'L'"lTACMAAA--cAAG'l"CCA'r-AGAACGTCCA
--crAt'G'rl"1"l'l'ACA---mCCC-C't"lCA-A'1'AAACC'l"rl'--GaM'G'l'C---
--C'rA'l'G'1T1"'l'1'--'l'ACCC-C't"lCA-A'1'AAACC'l"rl'---GU.TGrC---_
--C'l'ATG'I."l'l"I'TACmccc-C't"lCA-A'1'AAACC'l"rl'-~C---
GG'l'CC1'C'l'A7GlTAT-M"TATA~CAAG'l"CCAT-AGAACGTCCA
GG'l'CCl'C'l'A7Gl'rAT-MTA'l'ACACC-C'l"n'ACAAAAAACAAG'l'CCA'r-AGAACG'l'CCA
------ .....,.""'~""'("A_'_C.--AQCA--C'1'".r'TAAAAAA---A'l'"l'AACC---mca
----CCCCAC--ACACA--C'1"l'l'.A'rAAAAA---'l'"l'AACT---'l'.AGA
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Figure 4.6 Alignment of the complete inlema.lllaDSCribed spacer region (ClTS) of the 44
Typluda sequences (base pairs 24110 300) using the Clustal method with weighted residue
weight table. TISH BSI and 8S1I = T. ishiklzTUnsis bioiogicaJ species I and D. TIN = T.
ina1nuJta. TP = T. p/uzcorrlJiza and T? = unknown Typluda spp.
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MG-TAG-GC'l"CGCCT'r-cmarAGC'l'GAAA'l'"l'-A~-'1"l'ATA
MG-TAG-GCTCGCC'rTAAAAA-CGl'Gl'AGCTGGAA'l'"l'-A'1"l'AAA-ftATA
-TG-TAG-GC'l"CGCCT'r-cGlG'1'AGC'l'GAAA'1"l'-A1'AAAA-TTA'I'A
ATG-'l'.AG-GCreGCCl-CmGl"AGC"l'GMA't"l'-ATAAAA-TTATA
ATG-'l'AG-GC'1'CGCC'1'TAAAAA-CGlG1'AGC'l'GAAA'1"l'-ATAAAA-'1'TATA
A'l'GG'l'AG-C'n'CGCC'n'.AAACCGrGl'AGCTGMA--A'I'A'l"'l'AAAftA'1"l'
A.'1'G-CAC-GC"l'CGCC'l"lGl'AGCGTGAAAT'l'ATAAAA-'l'nTA
ATG-'l'AG-GC'l'CGCC"rTAA-cmarAGC'1'GMAT'1-ATAAAA-'1'TATA
A'lG-TAG-GCTCGCC'l''l'AAAAA-etnarAGC'l'GAAA'l'"l'-A'rAAAA-'l'TATA
A'l'G-TAG-GC'l'CGCC'l'-MAAAc:cararAGC'MUAT-A'l'AAA---'l'A'l"r
-TG-TAG-GC'l'CGCCTTAAAAarAGC'l'GAAAT-ATAAA---TATA
-TG-TAG-GC'l'CGCCT'l'AMAA-CGlG1'AGC'lGAAA'1"1'-A'l'AAAA-'l"'l'ATA
-'1'G-TAG-GC'l.'CGCCT'r-cmmAGC'l'GAAA'1"l'-At'AAAA-TTATA
ATG-TAG--GCreGCC'1"1MAAAAcmmAGC'lGUGGl-ATAAAA-T-A'l'A
ATG-TAG-~-cmmAAC'l'GMGT'r-A'1'AAAA-'1'TA'l'A
-'rG-TAG-GC'1'CGCC"l'l'-CmGl'AGCTGMAT'1-ATAAAA-TTATA
-'lG-'l'AG-GC'l'CGCC'l'TAAAAA-carmAGC'1'GMG'l"1-ATAAAA-T'l'A'l'A
-'rG-'l'AG-GC'1'CGCC"l'l'-CGl'GrAGCTGMA'l"l'-A'l'AAAA-'l'TA'l'A
A'l'G-'t'AG-GC'l'CGCC'l'TAAAAA-cararAGC"l'GGAAT'1-ATAAAA-'l'TA'l'A
ATG-'l'AG-GC'l'CGCC'r'rAAAA-CarmAGC"l'GI\AA'l"1TATAAAAA-TTA'l'A
ATG-'l'AG-GC't'CGCC'l''l'AAMA-cararAGC'l'GAAA'l"'l''tA'l'AAAAAA'n'ATA
-TG-CAG-GCTCGCCTl'AAAAA-corarAGC'l'GAAA'l"'l'-A'l'AAAA-'1"l'ATA
-TG-'l'AG-GC'l'CGCC'r'DAAAA-cmmAGC"l'GMA'l"1-A'l'AAAA-TT.A'l'A
M'G-TAG-GC't"CGCC'l"rAA-CGrGl'AGC'lGAAA'1"1'-ATAAAA-'l'TATA
-TG-TAG-GC't"CGCC'l"rAA-cmmAGC'l'GMA'1"l'-A'l'AAAA-TTA'l'A
ATG-TAG--GCreGCC'1"1AAAAA-cmG'lAGCTGUA'1"1'-A'l'AAAA-T'I'ATA
ATC1rAGGCGCA~AAAACAC'l'Gn'"lGCT-GMA-'l'TA'l'-AAAAC"l'TATA
M'Gl'AGGCGCA-GCGlAMACAC'1'G'l"1"1'GCT-GMA-'1''l'AT-AAAAC''l''I'ATA
M'G'1'AGGCGCA~AAAACAC'1'GrT'l'GC'l'-GMA-TTA'l'-AAAAC'l'TA
A'l'G'l'AGGCGCA~AAAACAC'1'Gl"1"lGC'l'-GMA-T'1'AT-AAAAC"l'TA'l'A
A'l'G'l'AGGCGCAAGCGl'AAAACAC'1'arTTGC'l'-GMA-TTAT-AAAAC'l"'l'ATA
A'l'G'l'AG-CGCAC-CG'l'AAAACAC'l'm't"l'GC'l'-GMA-T'l'A'l'-AAAAC"l'l'A'l'A
ATC1rAGGCGCA-GCGlAAAACAC'l'Gn"TGC'J.Wl'GMA-'n'AT-AAAACTrATA
ATO'l'AGGCGCA-GCG'l'AAAACAC'l'Gl"'l"l'GC'r.-TTAT-AAAAC"l'l'ATA
MmAGGCGCA-GCG'l'AAAACAC'l'Gft"l'GCT'l'GMA-'l'l'A'l'-AAAAC"l'TA'l'A
ATC1rAGGCGCA-GCG'l'AAAACAC'rGn"l'GC'l'-GAAA-'1"l'A'l'-AAAAC'l"rATA
ATG'l'AGGCGCA-GCG'l'AMACAC'l'Gl"l"lGCT-GMA-'lTAT-AAAAC'rTATA
-'1"l'C'l'AG-'1'C"t'"1'GCCG---AGC-AcaC'l"rAT'1AAA-Tr-A
-'l"l'C'l'AG-AC'l-rGCCGTCAAAA----AGC-AcaC".l'TA'l"1'AAA-TT-A
-'1"l'C'l'AG-CC'l."l'GCCG't----AGC-AcaC'n'ATTAAA-'1"t'-A
A'l'GlAGGCGCA-GCmAAAACAC'lGrTTGC'l'-GMA-TTAT-AAAAC'1"'l'A'l'A
ATG'l'AGGCGCA-GCG'l'AMACAC'lG'l"l'TGC'l'-GMA-T'l'A'l'-AAAAC'l"'l'ATA
A'1'G-C---'l'GA~-----'l"CC-'l'CAG-A~AA'l'A
ATO'l'C---'lG&l'Tl'GA----TCCC'l'CAGGA'l'Ct'"rTAMCr'l"1'AATA

145
360

ITS 1 5.8 S
Figure4.7. Alignment of the complete intema.lllanSCribed splCUregioo (CITS) of the 44
TyphuJa sequences (base prirs 301 to 360) using the Clustal metbod with weighted residue
weight table. TISH as[ and aSH = T. ishibuiLnsir biological species [ and II.TIN = T.
incamata. TP = T. phaco"1riZJl and 1"1 = unknown TypluUa spp.
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Figure 4.8. Alignment or the complete internal transcnDed spacer region (ClTS) of the 44-
TYfJ.luda sequences (Ime pairs 361 to 420) using the Ciuslal method with weighted rtSidue
~elght table. l1SH BSI and BSII = T. ir~lUis biological species I and II. TIN = T.
mcamala. TP = T. plUJco"1Um and T'l = unkDown Typ1uda spp.
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Figure 4.9. Alignment of the complete internal transcribed spacer region (eITS) of the 44
Typ/udJl sequences (base pairs 421 to 480) using the Clustal method with weighted residue
weight table. TISH Bst and BSII = T. irlaiklDVlUis biological species I and II, TIN = T.
~ TP = T.phaco"hh.aand n= unknown TypJudaspp.
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Figure 4.10. Alignment of the complete internal ClaDSaibed spacer region (elTS) of the 44
TyplUlla sequences (base pairs 481 to 540) using the Clustal method with weighted residue
weight table. TISH 8S! aDd BSII = T. i.J1rikarim.ris biological species [ aDd H, TIN = T.
inaJmala, TP = T. pIuJcO"/riza and TI = unknown TyphMla spp.
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541 600
-GG'lT1'G'I.'"r--ACA~CTt"l'ACGAGGCTr-GGAC'I."l'i'TGGAG--cr-C
-cGt'T1'G't"l'r-ACAcaCTt"l'ACGAGGC'lT-GGACt'Tr-GGAGTG'I.'GCCG--CT-C
-cG't''l'''rGr n ACA~CTt"l'A~GGC'lT-GGAC'tTr-GGAGTG'I.'GCCG--CT-C
-OOl:nv"l::I"I: ACA~ACGAGGC'lT-GGAC't"l'r-GGAGTG'l'GCCCG--CT-C
-cG"I:t1:G'M'r-ACAG&C"l"J.Wl'ACGAGGC'lT-GGAC'M'T-GGAG'l'G'l'GCCGGT--CT-C
T~-QGAC'r'l'"rAC'r..aa("..GCT-GGAC'l"1"1'~TGTGCGGGT __ C'l"rC

'l~"I: :n.v"l::n: ACA~C'l"t"lACGAGGC'r'r-GGAC'l"M'-GGAGTGTGCCGG'l--CT-C
-c..b'1::n.V&::n: Ac::AQC'l"I."J'ACGAGCC'1T-GGAC'f.W1T-GGAG'l'G'l'GCCG--CT-C
-CGl: H<il::n: ACAGAC'1"l."'l'ACGAGGC'lT-GGAC'l'"l'T-GGAG'l'G'l'GCCG--CT-C
TCG'lTl'G'I".l'--ACAGACl''l'"l'ACGAGGCTT-GGACT'l''r-GAAG'l'G't'GCCGG'l'---C'l''l'C
-CG't"l'l'G'r'l'r-ACAcaCl''{-1ACG&GGC'n'-GGAC'l'"l'T-GGAG'l'G'rGCCGGT--C'l'-C
-CG'J."l'l'G'l'Tr-ACAcaC'l''1''.rACGAGGC'lT-GGAC'l'"l'T-GGAG'l'G'L'GCCGGT---CT-C
-cG't"r'l'G'rI'l'-ACAGAC1'nACGAGGC'lT-G-AC'lTl'-GAAGTG'l'GCCGGT--CT-C
'tGG'l"1"l'G'1'"l"r-ACA~CTt"l'ACGAGGC'1"l'-GAC'l"M'l'-GGAG'l'G'rGCCGG'l'--cr-C
'l'CG'1".r'l'G'r'tT-A~ACGAGGCTr-GGAC'l"rT-GGAGTG'l'GCCGGT--CT-C
'l'CG'1".r'l'G'r't'r-ACA~CTt"l'ACGAGGC'lT-GGAC'l"l'T-GGAGTGTGCCGGT--CT-C
'l'c.~ nV'l.-".'r-ACA~CTt"l'ACGAGGC'lT-GGACT'lT-GGAG'l'G'rGCCGGT--CT-C
'f~n'""l.{i"l: J: 1: ACA~C'1"l."'l'ACGAGGC'l'T-GGAC'1".rT-GGAG'l'G'rGCCGGT--CT-C
CCG"I: :n.{i"l::n:-ACAcaC'l"l"J'ACGAGGC'l'T-GGAC'1".r'1'-GGAGTGTGCCGGT---CT-C
'fc..-bl::n.V'I.-.('1"1''rACAGAC'l''t''lACGAGGC'l'T-GGACTTl'-GGAG'l'G'l'GCCGGT--C'l'C'r
'fCG"I::n.<I'tnf'l'ACAGACT'r'lACGAGGC'l'T-GGAC'1".r'r-GGAG'I'GTGCCGGT---CTC'l'
'l'CG I. ttV'l.-n' ACAGACl''1''.rACGAGGCrT-GGAC'1''.rT-GGAG'l'G'rGCCGGT--CT-C
'l'CG 1: rl.v&::n: ACAGACl'T'rACGAGCC'1'l'-GGACTTl'-GGAG'l'G'rGCCGGT----CT-C
'h.\.a nvl. n -ACAGAC'l''l''lACGAGGCTT-GGAC'l'"l'T-GGAGTGTGCCGGT--CT-C
'l'CG'l"1''l'G'l''l''r-ACA~Cl''1''.rACGAGGCTT-GGAC'l'"l'T-GGAG'l'G'rGCCGGT----CT-C
-CG't"l'l'G'l"l'l'-ACAGACl''M'ACGl.GGC'.M.'"lC'l''1''l''1'GGAGTG'l'GCCGGT--CT-C
A'rG'l"1''lTrA'1''1'AACGTAGl'TCt''l'Gl'GGC'l''l'GGA'rC'l''1GGAG'lTTAAACCTT
A'fGT'l'I."T1"A'1"1'AACGTAGn'C'l"l'G'1'GGC'n'GGA'rCT'lGGAGT'l'TGt'GCCGG-TAAACCl'T
A'l'GT'l'1"l''rA'1''1'AACG'l'AGl'l'C'l''l'GlGGCn'GGA'l'C'rlGGAGT'l''l'G'l'GCCGG-'lAAACC'l''l'
A'1'G't"l"l::n:.a'1'"l'AACG'rAGn'Cl"'1'G1'GGC'l'l'GGA'l'C'1"lGGAG't"lTG'l.'GCCGG-TAAACC'l''r
A'l"GI::1""1nA'l."'rAA~GGC'I'l'GGA'l'C'1"l'GGAG"l-.r'l'G't'GCCGG-TAAACCT'l'
A'l'G'l"'l"t"'l."'rAA'l'G'l'AGr'l'C'l"1GlGGC'l"l'GCA'l'C'l"l'GGAG'l"l''l'G'l'GCCGG-'lAAACC'1''l'
A 'l'GrnTl'A'l."'rAACG'l'AGn'C'l"1G'l'GGC'1'l'GGA'l'C'l"1'GGAG'l"l''l'GTGCCGGGl'AAACC'l''l'
A~'l."'rAACGnGr'rC1"l'G'1'GGC'l'l'GGA'l'CT'1'GGAG'l"l'TG'rGCGG-TAAACC'1"l'
A'l'G'l"':r't"A'1".1'AACG'l'AGl''rC1''l'~'l'C'1''l'GGAG1''l'''l'G'CGG-TAAACC'1''1'
A~"I::n: r.&:A'1".1'AA~Gl"t'C1"1'G1GGC'l'l'GGA'l'C't'TcaAG'l"n'GC-CCGG-'l'AAACC'l"l'
A'1'G'1".l"r'l'l."'rAAm'l'AGr'l'CT'lG'lGGC'l"l'GGATCi"l'GGAG1"l"'l'G'CGG-'l'AAACC'l"l'
--CCAGCn''rA'l''tG'1''l'G't-GGA-'rG'rGAGTG'l''rGGC--TCC'r
--caGC't'"n'A'r'tGrTG'I."rGCAAGGC'rT-GGA-TG'l'GAG'l'G'l"r'L'GC"l'GGC--TCC'r
--CCAGCC'.n'A'r'tG'!'l.'G'l"rGCGGCTr-GGA-'rG'rGAGTG'l"rGGC---TCCT
A'l'G'lTrT-A'1"1'AATG'rAG'l'C-TGl'GGC'l'fGGA'rC'r-GAG'rl'-G'l"GCCGG-TAA--CCT
A'l'GT'l"rr-A'rAAA'I.'G'rAmC-'l'GIGGC'l'fGGA'l'C'l'-GAG'l"t-G'l'GCGGG-TAA--CC'r
C'rG\.~"l:n:rG~-~n •.r~---CCT
crGC.~"I:4'"1:4'G.tGrt'GfGTG1'C--.-GCiC'l'l'Gm~GAiGGCm"1"l"'l'Gl:GC;GCT---CC'l'

ITS 2

149

Figure 4.11. Alignment of the complete internal transcribed spacer region (errS) of the 44
Typluda sequences (base.pairs 541 to 6(0) using the Clustal method with weighted residue
weight table. TISH BS! and BSlI = T. ishi1ariensis biological species [ and (I, TIN = T.
incamala, TP = T.phaco"hi1.a and T1 = unknown Typ/ulla spp.
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'l'AACGAGMCG.:.-AC'l'CC-'l'C'l"l'"lAAM'GCAT'rAGCTGGUCCTC-'I."l"-G'1'GGACC-AG
'l'AACGAGA1'CG--AC'l'CC-'tC'l''1''1~mGCTGGUCCTC-'I.''l"-G'l'GGACC-AG
'l'AACGAGA'fCG--AC'l'CC-'tC'1'1"lAAA'l'GCA!:TAGC1'GGiUCC'l'C-'1"1'-G'l'(;QCC-AG
'l'AACGAGA'rCG--ACrCC-'rC'1't"l~CC"lC-'1"1'-G'l'GGACC-AG
'tAACGAGATCG--AC'lCC-'rC'l''t''lAAM'GCAT'rAGC'l'GGUCC''lC-'t''I'-G'l''GG&CC-AG
TAACGAGA'lCG--AC'?CCCTCrt"l'AAA'rGCA1'TAGC'l'GGAACC'l'C-'t"I'-G'l'GGACC-AG
TAACGAGUCG--AC'lCC-'1'C'r'1"1~CC'l'C-'t"I'-G'l.'GGACC-AG
'l'AACGAGMCG--Ac:rCC-'rC'l"l'"lAAMGCAT'l'AGC'l'GGUCC'1'C-'t"I'-G'l'GGACC-AG
'l'AACGAGMCG--Ac:rCC-'rC'l"l"l'~GC'l'GGAACC'fC-'l"1'-G'l.'GGACC-AG
'1'AACGAGATCG--AC'l'CCC'1Cn :rAAA'lGCM'TAGC'l'GGUCC'l'C-'t"I'-G'l'GQCC-AG
'l'AACGaGA'l'CG--AC'l'cc-'1'C'1"t"l'AAA'lGCM''t'AGC'l'GGAACC'fC-'t''I'-GTGGACC-AG
'l'AACGAGMCG--AC'l'CC-'rC'l"l"l'AAA'lGCAT'l'AGC'l'GGMCC'l'C-'l":r-GTGGACC-AG
'l'AACGAGMCG--ACrCC-'1'C'1"l"l'AAA'l'GCAT't'AGCTGGMCC'JC-T'J'-GTGGACC-AG
'1'AACGAGM'CG--AC'l'CC-'1'C'1"l"l'AAA'l'GCAftAGC'l'GGM.CC'1'C-'l":r-G'l"GGACC-AG
'1'AACGAGM'CG--AC'l'CC-'1'C'1"l"l'AAA'lGCM"l'AGC'1'GGUCC'1'C-'I."l"-G'l'GCaCC-AG
'1'AACGAGATCG--AC"l'CC-'1'C'1"l"l'AAA'lGCAT'l'AGC'l'GGAACC'fC-"-~CC-AG
'1'AACGAGM'CG--ACTCC-'rC".M"l'AAA'lGCAT't'AGC'l'GGM.CC'1'C-"-~CC-AG
'1'AACGAGMCG--AC'l'CC-'lC'l"l"l'AAATGCAT't'AGC'l'GGM.CC'1C-'l"l'-G'l'GGACC-AG
'1'AACGGGA'lCG--AC'l'CC-'lC".M"l'AAMGCAT'l'AGC'l'GGMCC'J'C-C"l'-G'l'GGACC-AG
AACCGAGA'l'CG--AC'l'cc-'l'C'.rt"1AAMGCA'n'AGC'l'GGM.CC'1'C-'l"l'-GTGGACCCAG
AACCGAGA'l'CG--AC'l'cc-'lC'l'r'lAAPaGCla'l'AGC"1'CGAACC'rC-'l"l'-GTGGACCCAG
TAACGAGA'l'CG--Ac:rCC-'lC'l'l"l'AAA'tGCA'lTAGC"1'CGAACC'rC-'l"l'-GTGGACC-AG
TAACGAGA'lCG--AC"l'CC-TC'l'T'l'AAM'GCA'lTAGC"1'CGAACC'rC-'l"l'-GTGGACC-AG
TAACGAGA'lCG--AC'1'CC-TC'l'l"l'AAM'GCA'n'AGC1'GGAACCTC-'l"l'-GTGGACC-AG
TAACGAGA'l'CG--AC'1'CC-TC'l'l"J'AAMGCM'TAGCTGGAACC'l'C-'l"l'-GTGGACC-AG
TAACGAGA'l'CG---AC'.lCC-TC'l'1"1'AAM'GCA'n'AGCTGGAACC'l'C-'l"l'-G'l'GGACC-AG
'l'AG'r.lAGG!TG'l"l'GGC'1'CC'l'C'l"l'1'-~CCTC-'l"l''l'G'l'GG'.1'GCCAG
TAGT'l'AGG'l't'G'l"l'GGC'1CCl'C'1"l1'-AAM'GCA'1"1'AGCTGGAACC-'l"l''l'GTGGl'GCCAG
TAG'l"l'AGGn'G't"rGGC'1CCl'C'1"l1'-AAA'rGCAT'rAGC't'GGA-CC'l'C-'l"l'1'G'1'GG'.rGCCAG
TAGT'lAGGl'l.'G'l"rGGC'1'Ccrc~-AAMGCA'r'rAGC'rGGAACC'1'C-'l"l"rGTGG'l'CAG
TAG'l"1'AGGl'I.'G'l"r~CTC't"rT-AAA.'lGCAT'rAGC'tGGGACC'1'C-'l".r'ro'rOOlGCCAG
TAG'l"l'AGG'lTG'l"l'GGC'1CC1'C't"rT-A.!ATGCM'rAGC'l'GGGACC'C-'l"l"t'G'1'GGGCCAG
TAG'l"l'AGG'1"l'G'l"1GGC'1'CC'l'C't"l'l'-AAA'lGCAT'rAGCl'GGCC'l'C-T'l'rG'l'GG'lGCClG
TAG1."lAGG'l"1'G'l"lGGC'l'CCTC'1"l't'-AAA'l'GCA'l''rAGC1'GGAACCTC-'l''l''t'G'1'GGGCCAG
TAG1."lAGG'1"l'G'l"1~t't-UA~'l'AGC'fGGUCC'1C-'I.'".1"l'G'1'GCCAG
TAG'l"lAGG'l'l'Gl"l'GGC'l'CCTC'1"l1'-AAM'GCA'l'TAGCrGGGACC'l'C-'l".n.'GTGGl'GCCAG
'.fAG'l"1'AOOl't'G'l"l'GGC'1'CCt~"l: 1:'1:-AAA7GCM'TAGC'1'GGMCC'l'C-'l"1"fG'l'GGlGCCAG
'1'AG'l"rcaarCG---GC'lCAC-T't"l'AAMG'!AT't!AGC-GGUCC'l'C-T-GCG-ACCCA'l'
'1'AG1."lcaGl'CG---GClCAC--n.-rAAA'fG'fATTA~GCaACC'1'C-T--GCG-ACCCAT
'1'~CAC-T'l"1AAATQl'~-'l'-GCG-ACCCA'l'
'1'AG1.'-AGG'l'-G'l"1'GGC'1'CC'l'\...n;-~-'l"ft'G'I.'GGlG
'1'AG1'-AGG'l'-G'rrGGC'rCC1'\...:n: :rAAA7GCA'1'-AGC'l"GG-ACC"I'C-'l"ft'G'I.'GGlG
'lAGC-AGA-GCCGGC'.rCC--Cl"t"1'AAA1'Gl'AftAGCGiAGGACi'CCG'rCCGC'l'GCC--G
'lAGC-AGA-GCCGGC'l'cc--Cl"t"1'AAA'1'Gl'AftA~G&CC--G

ITS 2
Figure 4.12. Alignment of dIe oomplete inlemaJ ttaDScribed spacer region (ClTS) of lhe 44
Typluda sequences (base pUIS 601 to 660) using the Oustll method with weighted residue
weight table. TlSH BSI and BSIT = T.is/ri.kaJWnsis biological species [ and II. TIN = T.
int:ama1a, TP = T. pluxO"Jriza and T? =unknown TypIudD spp.
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AC'.rACGGTG'l'GA'l'AAT-TA'l.'CTACGC'l'Gl'I'GGl'C-'l'TGTGAAGCA-CTTTA'l"1'GrTACGA
AC'.rACGG'rG'l'GA'l'AAT-TA'l'C'rACGCTGl'I'GGl'C-'l"lG'1GAAGCA-C'l'TTA'1"lG1'l!ACGA
AC'l'ACGG'l'G'l'GM'AAT-TA'l'C'rACGC'l'Gl'l'GGl'C-'l'TG'rGMGCA-C'l'T'l'A'1"1'Gl'TACGA
.I.C'1ACGGt'G'l'GM'AAT-D'l'C'1'ACGC'l'Gl"t'GmC-~-C't".r'tA'1'".rG'n'ACGA
AC'l'ACGG~AAT-TA'l'C'l'ACGC'rm'l'GGlC-'l"1'G'1GAAGCA-QWl'rA'l"lGH'ACGA
AC'l'ACGG'l'G'l'GA1'AA"r-TA'l'C'rACGC'l'm'l'GGlC-crG'1GAAGQ-C'l"1'TA'l"1'GrnCGA
AC'.rACGG'l'Gt'GA'lAAT-TATCTACGC'l'G'l''l'GGl'C-'1''rmGAAGCA-ct'"1''rA'l''1'GTTACGA
AC'l'ACGG'l'G'l'GA'lAA"r-D'l'C1'ACGC"lG1'TGG1'C-'1"rmGAAGCA-C'l"l"rA'1"lG'rUCGA
AC'l'ACGGTG't'GA'lAAT-TA'l'C1'ACGC'l'G1"l'GG1C-'l"lG'l'GAAGCA-CT'r'l'ATTmTACGA
AC'l'ACGG'l'G'roATAAT-TA'l.'CTACGCTa1'TC-'l"'lG'1GAAGCA-C'l"1"rA'I"lG1"1'ACGA
AC'l'ACGG'l'Gt'GGl'AAT-'t'A'I'CTACGC'l'Gl'l'GGl'C-'l"1'G'rGAAGCA-C'l"l"l'A'I"lG'l'TACGA
AC'l'ACGGTG'l'GA'l'AAT-'t'A'l'C't'ACGC'l'G'n'GGrC-'l"1'G'l'GAAGCA-CTTTA'rl'G1"1'ACGA
AC'l'ACGGTG'l'GA'l'AAT-'t'A'l'C1'ACGC'rmTGGrC-'l"1'G'l'GAAGCA-C'l"l'TA'rl'G'lTACGA
AC'lACGG'l'GTGA'l'AAT-TA'l'C'l'ACGC'l'G'l'l'GGl'C-'l"1'G'l'GAAGCA-CT'l'l'A'l"1'G'1TACGA
AC'lACGG'l'Gl'GM'AAT-i!A'l'C'rACGC'l'Gl'l'GGrC-'l"1'G'1GAAGCA-C'l"rl'A'rl'G1"1'ACGA
AC'lACGGTG'l'GA'l'AA'l'-'l'A'l'C'1'ACGC'l'G'1'l'GG'1'C-'l"1'G'1GMGCA-C'l"l'TA'1"l'G'n'ACGA
AC'l'ACGG'1'G'rGA1'AA T-'l'A 'l'C'I'ACGC'l'G'1'l'GG'1'C-'l'TGTGMGCA-CT'r'l'A'1"l'G'n'ACGA
AC'l'ACGGTG'l'GA'l'AAT-TA'l'C'rACGC'l'G'l'l'GGl'C-'l"1'G'1GMGCA-cT'l'TA"l"l'G'l'TACGA
AC'l'ACGG'l'G'l'GA'l'AAT-TA'l.'CTACGC'l' GlTGGrC-'l"1'GTGAAGCA-C'l"1''l'A'l''1'GT'l'ACGA
AC'l'ACGGTG'l'GA'l'AAT-TA'l'C'rACGC'l'G'l'TGGrC-'l"1'G'l'GAAGCA-C'l"1'TAT'l'G'l"l'ACGA
AC'l'ACGG'l'G'l'GA'l'AAT-TA'l'C'rACGC'l'G'l'TGGrC-'l"1'G'l'GAAGCA-C'l"1'TA'1"lG'l''l'ACGA
AC'l'ACGGTG'l'GA'l'AAT-TATCnCGC'l'G'l'TGGrC-'l"1'GTGAAGCA-'l''l''1'TAT'l'Gl'TACGA
AC'l'ACGG'l'G'l'GA'l'AAT-TATCnCGC'l'G'l'TGGrC-'rl'GrGAAGCA-CT'l'TA'1"lGr'l'ACGA
AC'l'ACGGTG'l'GA'l'AAT-'I'ATCTACGC'l'G'rTGGl'C-'l"1'GTGAAGCA-C'l"rTA'1"lGr'l'ACGA
AC'l'ACGGTGTGATAAT-A'l'CTACGC'l'GI'TGGl'C- '1"'1G'l'GAAGCA-CT'l''l'A'I"l'GrTACGA
AC'l'ACGGTGTAATAAT-'I'A'l'CTACGC'1'G1'C-'rl'GrGAAGCA-C'l"l"l'A'l"1'G'n'ACGA
AC'l'A'lGGTG'l'GM'AAT-'t'A'l'CTACGC"l'G'l'l"1'TG'rrGCGC'l'GCG'l"l"l'A--AC'J:ATGG
AC'lA'l'GGt'GTGA'l' AAT-'t'A'l'C'l'ACGC'TGlGG'l"1'TG'l"lGCGC't'GCG'l"l'TA--AC'l'A'I.'GG
AC'l'A'l'GG'l'GTGATAAT-'t'A'l'CTACGC'l'GlGG'l"l'TG'l"lGCGC't'GCGT'r'l'A--AC'l'A'I.'GG
AC'l'A'l'GG'l'G'l'GATAAT-TA'l'CTACGC'l'G'1'GG'l"1"l''l'"l'GCGCTGCGAA 'l'"l'l'A--AC'1'.A 'l'GG
AC'l'A'lGG'l'GTGATAAT-'t'A'l'C1'ACGC'l'G'lGG't'T'l'C'l"'lGCGC'l'GCGAA'l"l'TA--AC'l'A'O.G

. AC'l'A'1'GGTGt'GATAAT~TA'l'C'I'ACGC'TGl'GG'l'T'l'C'l"'lGCGC'l'GcGAA T'l"l'A--AC'J:ATAG
AC'l'ATGGTG'l'GA'l'AAT-'l'A'l'C1'ACGC'l'Gl'GG'l'TTG't'TGCGC'l'GCGAA'l"l'TA--AC'l'A'I.'GG
AC'l'ATGG'rGTGA'l'AAT-'l'A'l'C'I'ACGC'l'GlGG'l"l"l'G'l'TmGC'rGCGAA'l"l"1'A--AC'1'.A'I.'GG
AC'l'ATGGTG'l'GM'AAT-'l'A'l'CTACGC'l'G'l"bU"I: n-G'l"l'GCGC'l'GCGAA T'lTA--AC'l'A'I.'GG
AC".rMGGTG'l'GM'AAT-TA'l'CTACGC'l'GlGG'rl"l'G't'TGCGC'l'GCGAA'l"1'TA--ACTA'I.'GG
AC'l'MGGTGTGA'l'AAT-TATCTACGC'l'G'rGG'l"l"l'GT'lGCGC'l'GCGAA'l'"lTA--AC'l'A'I.'GG
-CAT'l'GG'l'G'l'GA'lAM.'CD'l'CTACGC'l'A1"l'GG'I'---GCAAGCC'l"l'C'l"1'TA'1"l'GAAG"t"G
-CA'l"rGG'l'G'l'GA'l'AAt'CTATC1'ACGC'lM'l'GG'l'---GCAAGCCl"l'C'l'TD'l"rGAAG'rl'G
-CA~AA'l'C'rA'l'CTACGC'l'ATl'GG'l---GCAAGCC'1'TC'l't".rGAAG'l"lG
AC'.rM'GG'l'GTGM'AAT-TA'l'CTACGC'l'G'l~ :nG'T"l'GCGC'l'GCGAA'l"1'TA-AC'rA'I.'GG
AC'.rM'GG'l'G'l'GA'l'AAT-'l'A'l'CTACGC'lG'rGG'rr'l'G'I.'"l'G'l"1'TA--AC'1'A'l'GG
'1'C'l'C'l'GGCG't'GA'l'AAT-TA'l'CTA-------G'l'CA-AAGGCGAG--APmnGA'l'GG
'l'C'l'C'lGGCG'I.'AAt'-'l'ATC'l'A------Gl'CA-AAGGCGAG--AA'l'G'l'GA'l'GG

ITS 2

151

Figure 4.13. Alignment of the complete internal transcribed spacer region (CITS) of the 44
TyphuJa sequences (b1se pairs 661 to 720) using the Clustal method with weighted residue
weight table. TISH BSI and BSII = T. irhikarinuis biological species I and II, TIN = T.
inctlT1J/lltl., TP = T.phtuoTThiza and T1 = unknown Typ/uUa spp.
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GGl'1'C'J.'GC'nnM'CGTCCT'1'T-----AC ._~--~----AC__---~ _
~-----AC__---'lGCGACAATG__---
~----AC_----'l'G'I'GA0A1'G__---
~-----AC-----TGrGACAA7G----
GGl'l'C'l'GC'l'1'CTAA'l'CG'l'<:C.n:'J:----AC_---'l',GCGACAA'l'G-----
GGl'l'C'1'GC'1''1'CTAA'l'CG1'C't'J:-----AC----TGl'G&~---
GGl'l'CTGC'lTCTAA'1'CG'l'CC'1''1''l-----AC_-----TGlGACAA'l'G----
GGl''1'CTGC'lTC'I!AA!rCG'l'CC''l''!-----AC---_TGlGA~---
GGl'l'CTGC'l'l'C'l'AA'1'CG'l'CC'1''l''I'-----AC-----TGl'GACAA'l'G-----
GGl'i'C'l'GC'n'CTAA'lCG't'CC'n.-----AC_----TGCGACAA'I'G-- _

~CG'l'CCT't"l----AC-----TGCGACAA'1'G----
Gal"l'C'rGCTTCAATCG'rCC"rft-----AC_----TGCGACAA'l'G------
GGl''l'Ci'GC'l'l'CTTCG'I'CC'l'''l''-----AC-----TGCGACAA'l'G----
GGl'L'C't'GC'r'L'aAAT~----AC_---_TGC:G.ACAA'l'G_ __

GGl''l'C'l'GC'l'TC'1'AATCGTCC'h: 'J:------AC------TGC:G.ACAA'l'G------
GGl''I.'C'rGC'1TC'r.PtA'rCGTu..;-.n: r ---AC----TGCGACAA'l'G------
GGl''t'C'l'GC'l''I'C'l'AATCG'l'CC''rrl'----AC-----TGCGACAA'l'G-----
GGl''t'C'l'GC'l''rC'rAA'l'CG'1'CC'1''l''l---AC-----TGCGACAA'l'G_---
GGl'TCTGC'rTCTAATc:G'1'CC'1"1"-----AC------'l'GCGACAA'l'G----
GG'l''l'C'1'GC'1''rCCG'l'CC'.r'l''l'----AC------'l'GCGACAATG----
GGl''l'C'1'GC'1''rCCG'l'CC'l'T'l'-----AC-----TGCGACAATG----
Gal"l'C'rGCTTCAATc:G'1'CC'1"1"-----AC-----'l'GCGAOATG-----
GG"1"l'CTGC'1CG'l'CC'l"!."l'-----AC-------'l'GCGACAATG------
~CG'l'CC"1"l'T----AC-----'lGCGACAATG----
GGCt'C'1'GC'1'TCG'l'CC'l"!."l'----AC------'1'GCGAa_l\TG------
~CG'1'CCC'1".l''1''l'CAAAGGACAGTAn~Gl'GTGG'1'GGrCGGG1.''rGC't'
~CG'l'CCC't'T~'rAQ\armGG'l'GG'l'GGGG'rrGCT
~CG'l'CCC't'T'1"!CAAAGGACAGTATAQ\GlmGG'1'GGrGGGG'rl'GC'1'
~CG'l'CCC't'T~nGAGlG'rGG1'GGl'GGGG'l."lGCT
GGrTC'l'GC'l"T'l'cq'1'CCC'l"1'T-cAAAGGACAGTAncammGG'l'GGl'GGGG'rl'GC'1'
~T-cAAAGGACAG'fA'1'AQ\GlG'rGGTGG'l'GGGG't"l'GC'1'
~TCCC'l"l'T-CAAAGGACAGrA'l!AQ\mmGGTGG'l'GGGG't"l'GCT
~ccrecc'l"l"r-CA..a_~TA~GGGG't"l'GC'1'
GGn'C~T-CAAAGGACAG'1'AnGAG'1G'l'GGTGG'l'GGGG'1'"l'GC1'
GGrTC'l'GC'l"TTCG'l'CCC'l"rT-CAAAGGACAG'rAnGAG'l'Gl'GG't'GarGC1'
~CAAAGGACAG'rATAGAGlG'1'GG't'GG'.rGGC1'
GA7-CAGC'.r'l'C'l'AAc:c:G'l'CftCG.-----------GACAACG--- __
GA7-CAGCA'l'C'rAACCGt'CT'1CG-------- -GACAACG- _

GA7-~CCG'l'C1.'TCG---------- __ -GACAACG-- _
CG'l'l'C'l'GC'lTAA~C't"1'T-c&AAGGACAGTATAGAGl'G'1GG'1'CGrGGGG'l"rGCT
~-CAAAGGACAGTATAGAGl'G'l'GG'l"GGl'GGGG'l'GC1'
_~'1't"'t'"...Jlr.: .. ,..,A -----GA~cr
--cr'1'GC'l'l'C'1'A--'l'CGAGAGA,--------GA~cr

ITS 2

152

Figure 4.14. Alignment of Ihe complere inlemalllamcribed spacer region (eITS) of the 44
Typhula sequences (base pain 721 to 780) using the Clo.s1almethod with weighted residue
weight table. TISH BSI and BSII = T. ishikarim.ris biological species I and U. TIN = T.
~ TP = T.phaaJ"hiza and T'1 = unknown Typlwla spp.
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A-GGGTTTTATTCTTA-ATT—GAATTGGCC-TTT GACAl 
A-GGGTTTTATTCTTA-ATT—GAATTGGCC-TTT 
A-GGGTTTTATTCTTA-ATT—GAATTGGCC-TTT 
A-GGGTTTTATrCTTA-ATT—GAATTGGCC-TTT 
A-GGGTTTTATTCTTA-ATT—GAATTGGCC-TTT GACA' 
A-GGGTTTTATTCTTA-A~TTGAATTGGCC-TTT G A C A T * | | S g 
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A-GGGTTTTATTCTTA-ATT—GAATTGGCC-TTT GACAl _ _ _ 
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A-GGGTTTrATTCTTA-ATT—GAATTGGCC-TTT GACAT1]rjllll 
A-GGGTTTTATTCTTA-ATT—GAATTGGCC-TTT GACATl 1*3*3 
A-GGGTTTTATTCTTA-ATT—.GAATTGGCC-TTT GACA' --^ 
A-GGGTTTTATTCTTA-ATT—GAATTGGCC-TTT GACA' 
A-GGGTTTTCTTTTT TG—GAATT--CC-TTT GACA1 

A-GGGTTTTCTTTTT TG—GAATT—CC-TTT GACA1 

A-GGGTTTTCTTTTT TG—GAATT—CC-TTT GACA1 

A-GGGTTTTCTTTTT TG—GAATT—CC-TTT GACATljB5SSK| 
A-GGGTTTTCTTTTT TG—GAATT—CC-TTT GACA1 

A-GGGTGTTCTTTT GAATG—CC-TTT GACAT-jfcSSSa 
AAGGGTTTTCTATTTT-ATTTTGGAATTCCC-TTT G A C A T ^ ^ ^ 

~—AAGCGTTTTCTATTTT-ATTTTGGAATTCCC-TTT GACA' """ 
A-GGGTTTTCTTTTT TG—GAATT—CC-TTT GACA1 

A-GGGTTTTCTTTTT TG—GAATT—CC-TTT GACAT"fcfG»C 
A-GGGTTTTCTTTTT TG—GAATT--CC-TTT GACAT-J EJGK 
A-GGGTTTTCTTTTT TG—GAATT—CC-TTT GACATI p i t » i 
A-GGGTGTT-CTCTT TT—-GAAT—GCC-TTT GACAGJ TTQfcC 

TTCAAGGGGTTCGCCTCTTGTGTTACAATCTTGCCCTTTACCTCTTA'rTGA(an ETGK 
TTCAAGGGGTTCGCCTCTTGTGTTACAATCTTGCCCrrTACCTCTT^ E g ^ | 
TTCAAGGGGTTCGCCTCTTGTGTTACaATCTTGCCCTTTACCTCITATTGAC^ PTCSt 
TTCAAGGGGTTCGCCTCTTGTGTTAOUttCTTGCCCrTTACCrc tTGal 
TW^GGGGTTCGCCTCTTGTOTTAaUlTCTTGCCC^^ T^SSt 
TTCAAGGGGTTCGCCTCTTGTGTTACauvTCTTGCCCTTTACCTC^^ 'tfQM 
TTCAAGGGGTTCGCCTCTTGTGTTAC^TCTTGCCCTrTACCTC^^ TTCgi 
TTCAAGGGGTTCGCCTCTTGTariaCAATCTTGCa7rTTAa?rCr^ VfSU 
TTCAAGGGGTTCGCCTCTrTGTGTTAOUlTCTTGCCCTTTAC^PCT^ ttfSjU 
TTOIAGGGGTTCGCCTCTTGTGTTACAATCTTGCCCrTTAC^^ fXGSiC 
TTOAGGGGTTCGCCKITTGTGTTAagtfCTTGAC^ T " ^ « J 

TCGTATTT-GTTTT ACTACGAATCGATAATTT GACAA 
TCGTATTT-GTTTT ACTACGAATCGATAATTT GACAA 
TCGTATTT-GTTTT ACTACGAATCGATAATTT GACAAd«3Q»i 

TTCAAGGGGTTCGCX^TTGTGTTACAATCTTGCCCTTTACCT T&M 
TTCAAGGGGTTCGCCTCTTGTGTTACaATCTTGCCCT^ jgj|§ii 
TT AATCGGTCA GCTTCATCTTGAC--
TT AATCGGTCA GCTTCATCTTGAC—T&TJSSj 

ITS 2 28S 
Figure 4.15. Alignment of the complete internal transcribed spacer region (CITS) of the 44 
Typhula sequences (base pairs 781 to 840) using the Clustai method with weighted residue 
weight table. TISH BSI and BSII = T. ishikariensis biological species I and Q. TIN = T. 
incarnate, TP = T. phacorrhiza and T? = unknown Typhula spp. 
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Figure 4.16. Alignment of the axnplete internal transcribed spacer region (CITS) of the 44
Typluda sequences (ba3e paiD 841 to 893) using the ClIISI3l method with weighted residue
weight table.. TlSH BSI aDd BSlI =T.ishiJ:.arinuis biological species I and U. TIN = T.
i1Iau'n4Ia, TP = T. pluro"hiza and T? = unknown TJplul/a spp.
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Two phylogenetic trees were constructed from the eITS of forty-four aligned

sequences of the Typhula species. First. a slanted c1adogram of the distance measure analysis

showing the relationships of the Typlzula sequences is presented in Fig. 4.17. The data were

resarnpled with 5,000 bootstrap replicates (Felcnstein, 1985) by using the heuristic search

option of PAUP. The percentage of bootstrap replicates that yielded each grouping (group

frequencies) was used as a measure of statistical confidence and are indicated above the

c1adogram branches (see Fig. 4.17). Three T.pluJco"'liza sequences (38.39 and 40) were set

as the outgroup. The slanted cladogram clustered the sequences into three groups: the

unidentified Typhula sequences (43.44). T. illcamllIa, and the T. ishikariensis complex. The

T. ishikariensis complex formed a ropology that displayed a tendency to fonn two groups (BSr

:::::sequences 1 to 13 and 26, and BSII = sequences 14 to 25) but the group frequencies ranged

from 70 to 100%. which indicated variability between the two groups (BSI and BSH) but not

enough to infer that they are different species.

The second tree constructed from the CITS of the TyphllIa species was based on

parsimony analysis. A strict consensus phylogram of the CITS parsimony analysis showing

the relationships among the Typhula species is presented in Fig. 4.18. The data were

resampled with 10.000 jackknife replicates (Felenstein. 1985) by using the heuristic search

option of PAUP. The percentage of jaclda1ife replicates that yielded each grouping (jackknife

percentages) are indicated above the phylogram branches (see Fig. 4.18). The three T.

phacD"hfta sequences (38, 39 and 40) were again used as an outgroup. The branch lengths of

me phylogram represent genetic distances between groups. The T.incar1U1la, T. ishikariensis

and the unidentified Typhula sequences were separated into three groups with no clear

separation within me T. ishilcariellsis complex.

The alignment of the forty-four TyphuIa CITS sequences indicated the presence of

unique sequence differences between the two biological species of the T. ishikariensis complex

within the ITS I region (Figs. 4.4 and 4.5). The sequences of the ITS 1 region of the T.
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1 tree 
ITS1 + 5.8 S nrDNA + ITS2 
Distance measure method 
Bootstrap resampling 
5,000 replicates 

Typhula 
ishikariensis 

Typhula 
incarnata 

Unidentified 
jx Typhula spp. 

Typhula 
phacorrkiza 

Figure 4.17. Slanted cladogram of distance measure analysis showing relationships 
of twenty-six Typkula ishikariensis, thirteen T. incarnata, two unidentified Typhula 
spp. and three T. phacorrkiza sequences. The cladogram was derived from the 
nucleotide sequences of the complete internal transcribed (CITS) region of the 
nuclear ribosomal DNA (nrDNA). The sequences were aligned by DNAStar Clustal 
alignment and the cladogram was generated by PAUP 4.0. Three T. phacorrkiza 
sequences (38, 39 and 40) were set as the outgroup. The numbers above branches 
indicate group frequencies from 5,000 bootstrap replicates. Sequences are identified 
by numbers as described in Tables 42, A3 and 4.4. The species are marked on the 
right * = T. ishikariensis WIG1; • • = T. ishikariensis WIG2. 



157

1 tree
ITS I + 5.8 S orDNA + 1TS2
Panimooy method
Jackknife resampling
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Branch leogth = 5
CI=O.7387 -
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ishiJauiensis

-

Typlwia
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Figure 4.18. Slrict coosensus phylogram of parsimony analysis showing relaliomhips
amoog twenty-six Typhula ishi.kJIMnsis, thirteen T. i1tcaT1UlliJ, two unidentified TyplUlla
spp. and three T. pluJeOTTItiza sequences. The nucleotide sequences of the complete
internal uansaibed spa£er (C1TS) regioos of the nuclear ribosomal DNA (orONA) wen
aligned by DNAStar Clustal alignment and the phylogram was genera1ed by PAUP 4.0.
Thn:e T. phacOTThizJJ sequences (38, 39 and 40) were set as the oulgroo.p. The numbers
above branches indicate the percentages from lO,CXX> jackknife replicales. Horizootal
lengths represent genetic dislances and the scale for branch lengths is indicated.
Sequences are identified by Dumbers as descnDed in Tables 4.2, 43 and 4.4. The species
are marked 00 lhe right • = T. is~nsis WIG I; .. = T. isJriJuuiLnsis WIG2.
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ishikariensis complex were aligned by the Clustal method within the DNAStar software

program and the "signature sequence" where the biological species can be differentiated is

presented in Fig. 4.19. This signature sequence is approximalely forty-four bp long and

ranges from approximately 145 bp to 189 bp within the ITS 1 region.

Also, from the T. ishikariensis complex ITS 1 region alignment, two phylogenetic trees

were constructed. First. a slanted cladogram of the distance measure analysis showing the

relationships of the T. ishikariensis complex ITS 1 sequences is presented in Fig. 4.20. The

data were resampled with 5,000 bootstrap replicates (Felenstein, 1985) by using the heuristic

search option of PAUP. The percentage of bootstrap replicates that yielded each grouping

(group frequencies) was used as a measure of statistical confidence and are indicated above the

cladogram branches (see Fig. 4.20). The T. ilZCDTIIDla sequence 27 was set as the outgroup.

The slanted cladogram clustered the T. ishikariensis complex sequences into two groups:

biological species I (1 to 13 and 26 and biological species II (14 to 25). However, the T.

ishikariellsis complex fanned a topology that displayed a tendency to ronn two groups (BSI =

sequences 1 to 13 and 26, and BSn = sequences 14 to 25) but the group frequencies were 58

and 67%, which indicated variability between the two groups (BSI and aSH) but not enough

to infer that they are different species.

The second tree constructed from the ITS 1 region of the T. ishikariensis complex was

based on parsimony analysis. A strict consensus phylogrnm showing the relationships among

the T. ishikariensis complex is presented in Fig. 4.21. The data were resampled with 10,000

jackknife replicates (Felenstein, 1985) using the heuristic search ofPAUP. The percentage of

ja.ckknife replicateS that yielded each grouping are indicated above the phylogram branches (see

Fig. 4.21). The T. incarnata sequence 27 was set as the outgroup. The branch lengths

represent genetic distances between groups. The T. ishikariensis sequences were separated

into three groups with only 78, 67 and 76% jackknife percentages, which indicates variation

between the two biological species but not enough ro infer that they are different species.
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Figure 4.20. Slanted cladogram of distance measure analysis showing relationships of 
twenty-six Typhula ishikariensis and one T. incarnata sequences. The cladogram was 
derived from die nucleotide sequences of (he internal transcribed region 1 (ITS 1) of the 
nuclear ribosomal DNA (nrDNA). The sequences were aligned by ONAStar Clustal 
alignment and the cladogram was generated by PA UP 4.0. One T. incarnata sequence 
(27) was set as the outgronp. The numbers above branches indicate group frequencies 
from 5,000 bootstrap replicates. Sequences are identified by numbers as described in 
Tables 4.2 and 43 . Toe species are marked on the right. * ~T. ishikariensis WlOl;** 
= T. ishikariensis WIG2. 
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Figure 4.21. Strict consensus pbylogram of parsimony analysis showing relationships
iIIDOIlg twenty-six TyphuJa ishikJuiemis and ODe T. itu:amala sequences. The Ducleolide
sequences of the inlemaJ transcribed spacer region I (ITS I) of the Duclear ribosomal DNA
(mDNA) were aligned by DNAStar Custal alignment and the phylogram was geoeraIed
by PAUP 4.0. Que T. i1IcanuJlil sequence (27) was set as tile outgroup. The Dmnbers
above br.mcbes iodicaJe Ibe pen:enlagcs from 10,000 jackknife replicaks. Horizontal
lengths represent genetic distaDCes and the scale for tmmch lengths is indicated..
Sequences are ideotified by nmnbeIs as described in Tables 4.2 and 4.3. The species are
marked 011 the right • = T.is~1Uis WIG 1; .* = T.irhikllTiellfis WIG2.
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DISCUSSION

Sequence analyses of the CITS region of the orONA is a consistent and accurate

method for fungal plant pathogen identification. The technique consistency can be roughly

estimated by calculating the percent identities of sequences that were derived from different

DNA extractions of the same isolate and from different clones of the same DNA extraction of

the same isolate (Table 4.10). The percent identities of different DNA extr.lCtions of the same

isolate ranged from 94 [0 100% identical, while sequences derived from different clones of the

same DNA extraction of the same isolate ranged from 96 to 100% identical. This level of

technique consistency suppons funher use of this technique as a rapid and accurate

identilication tool.

Sequences derived from different DNA extractions and different clones are consistent

(94 to 100% identical, Table 4.8), but are there sequence differences between monokaryons

and dikaryons of the same isolate? Sequence 16 (dikaryotic T. ishikariensis isolate 2.105)

versus sequences 17 and 18 (monokaryotic T. ishikariensis isolate 2.105) were 99 to 100 %

identical (Appendix C, Table C.I). Also, sequence 33 (dikaryotic T.incarnala isolate 2.136)

versus sequences 34 and 35 (monokaryotic T.illcarnata isolate 2.136) were 96 to 98%

identical (Appendix C, Table C.3). The percent identities for dikaryons versus monokaryons

of the same isolate ranged from 96 to 100%. However, this is not enough evidence to reject

the theory that there are differences between monokaryons and dikaryons of the same isolate.

Future experiments could be designed to determine sequence differences between

monokaryotic and dikaryotic states of the same isolate by increasing the number of sequence

comparisons. Also, it would be interesting to determine if dikaryotic hybrids from a

monokaryotic aSI (or WIGI) isolate with a monokaryotic asn (or WIG2) isolate mating

would produce a "new hybrid" errs orONA sequence.

The results of the molecular identification experiments indicate that the CITS region of

the orONA can be used to differentiate T.incaTTUlla.T. ishikariensis and T.phaco"hiza. The
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Table 4.10. Percent identities of different DNA extractions of the same isolate and of different
clones of the same DNA extraction of the same isolate.

Sequences of SequeDCC3 of
DiffCIQJl

DNA Typhu/a spp. Percent identity Different Typhu/a spp. Percent identity

e..~tracti~ cJODCSb

5.6 T. ishilcariensis 94 8.9 T. ishikNiensis 100

16. 17. 18 T. ishilcariensis 99-100 10.11 T. ishikNiensis 96

27.28.29 T.incarnara 99-100 12. 13 T.ishilcaTlensis 99

30.31.32 T.incantala 97.100 39.40 T.phacorrhiQl 100

33.34.35 T. incantala 96-98 .U.42 T.phacorrhiza 99

a Different DNA cXuacttollll of the same i30late.
b Different clones of the same isolate..
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percent identities, cladogram and phylograms of the CITS region of the nrDNA clearly

differentiate the three Typhu/a species.

Also, analyses of the CITS and the ITS 1regions of the nrDNA infer that isolates of the

two T. ishikmiensis groups (WIG 1-BSI and WIG2-BSII) are the same species but perhaps are

undergoing speciation or lineage divergence. The 26 CITS sequences from the 20 T.

ishikmiensis isolates were f!{7 to 100% identical with a 0 to 8% divergence. Percentage of

sequence identity of the elTS for the 44 sequences from the 30 Typlmla spp. or Typhula-like

isolates ranged from 59 to 100% with a 0 to 30% divergence. The 26 sequences from the 20

T. ishikariensis isolates were 59 to 78% identical to the eleven sequences of five T.incarnala

isolates, three sequences from two T. phaco"hiza isolates and four sequences from 3

unidentified Typhula-like isolates and had a 22 to 30% divergence.

More work on the (TS 1 region "signature sequence" is needed as conflicting sequence

data has been reported (Hsiang and Wu, 1999). The percentage of sequence identities of

Hsiang and Wu's sequences as compared to the 26 T. ishikariensis sequences reported here are

presented in Table 4.11. The percentage of sequence identities among the three sequences

ranged from 93 to 95%. These three sequences along with the 26 T.ishikariensis sequences

from this study were aligned using the Clustal method option of DNAStar and the signature

sequence area within the (TS 1 region is presented in Fig. 4.22. Both Typhula isllikllriensis

varieties Cll1U1liellsis and ishikariensis sequences from (Hsiang and Wu, 1999) have the BSII

signature sequence (Fig. 4.22). This conflicts with sequences 10, II, 12 and 13 (T.

ishikariensis Yar. ishikoTiensis) that have the signature sequence of BSI not BSH. The T.

ishikariensis var. idalwensis sequence (Hsiang and Wu, 1999) does have the T. idahoensis

signature as in this study.

The T. uhikariensis phylogenetic trees constructed from the [TS 1 region of the errs of

orONA (Figs. 4.20 and 4.21) support the grouping of the T. ishikariensis complex into two

diverging groups (biological species [ and biological species II). The only exception is the
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Table 4.11. Percentage of sequence identity in the complete internal transcribed spacer region
between the University of Wisconsin study Typhu/a ishikmiensis sequences (1 to 26), one T.
inclU11/Ila sequence (27) and three sequences downloaded from GenBank, T. ishikariensis var.
ct11UJdensis (AFl34711), T. ishikariensis var. idahoel1sis (AFl34712) and T. ishikaTiellsis var.
ishik.ariensis (AFI34713) (Hsiang and Wu. 1999).

Sequence T. ishikarien.ris T. ishika,iensis T. islUkariensis
number var. ishiktuiensis var. idahoensis var. canadensis

95 93 92

2 95 93 92

3 96 95 93

4 95 95 93

5 96 95 93

6 90 90 86
7 89 'ir7 86

8 95 94 92

9 94 93 92

10 92 89 88

11 95 94 92

12 96 94 93

13 94 93 91
14 96 92 93
15 97 93 94

16 98 95 95
17 98 94 95
18 98 95 95
19 96 94 93

20 96 92 93

21 97 92 93

22 98 95 95
23 98 95 96

24 98 95 95
25 98 95 96

26 95 97 92

27 72 72 67
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placement of sequence 19 (T. ishilCllriensisWIG2 isolate 3.122). Sequence 19 contains the

"signature sequence" that distinguishes it as biological species II, Fig. 4.19. However,

sequence 19 is placed within the biological species I clade of the phylogenetic trees, Figs. 4.20

and 4.21. One possible explanation for the placement of sequence 19 in the biological species I

clade is that it is a hybrid of the two biological species. Christen and Bruehl (1978) reported

that hybrids of T. irhikariensis X T. idalwellsis can exist in nature and maybe T. ishilcariellsis

WIG2 isolate 3.122 is a hybrid of T. ishikariensis biological species I X T. irhilcariensis

biological species II. It is possible that a T. ishikariensis biological species I X T. ishikariensis

biological species II hybrid could possibly give conflicting CITS sequence data, intermediate

dikaryon-monokaryon mating reactions and atypical morphological characteristics. Isolate

3.122 was also one of the six isolates (oU[of 46 total) [bat had a positive or intermedia[e mating

reaction with T. ishikariensis Norway group III isolate 6-IBS-4 (Tables 33 and 3.4). Four of

these six isolates were collected from the same golf COlme: Trout Lake Golf and Councry Club,

Woodruff. WI. It was estimated that 45% of the sampled fairways of [bis golf course were

damaged by Typhula blight and that T. incamala, T. ishikariensis, T.phaco"hiza and an

unidenitified Typhula species were collected (Table 2.22).

Minor support of the grouping of [be T. ishikariensis isolates into two diverging groups

was demonstrated by comparison of the results of the dikaryon-monokaryon pairings with the

CITS results (Tables 4.12 and 4.13). The average percent identities between 3 WIGI

sequences X 7 aSI sequences and 6 WIG2 sequences X 3 BSn sequences were both 98%

(Tables 4. 12 and 4.13). On the other hand, the average percent identities for the WIG lXBSII

comparison was 96% and for the WIG2XBSI comparison it was 95%. These differences may

or may not be significant. but when these average % identities are connected with the percent

dikaryotizatiOD (WIG lXB5I = 98%, WIG IXBSII = 0%, WIG2XBSI = 0% and WIG2XBSII

=56%; Table 4.15), two separate groups are apparent

The potential use of this technique as a rapid and accurate diagnostic tool is
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TaWe 4.13. Percent dikaryotization and average percent identity between Wisconsin group 1 
and 2 versus biological species I and II. 

Wisconsin 
grouping 

WIGl 

WIG2 

BSI 
% dikaryotization* 

98% 

0% 

BSI 
average % identity 

98% 

95% 

BSU 
%dikaryoQzauon> 

0% 

56% 

Bsn 
average % identity 

96% 

98% 

» WIGl vs. BSI: dikaryon-monokaryon pairings 19 (+), 2 (±/+) = 98% dikaryotization; WIGl vs. BSII: 
dikaryon-monokaryon pairings 8 (-), 1 (±1-) = 0% dikaryotization; WIG2 vs. BSL dikaryon-monokaryon 
pairings 42 (-) = 0% dikaryotization; and WIG2 vs. BSII: dikaryon-monokaryon pairings 10 (+). 6 (-). 1 (±/+ ), 
I (-/+) = 56% dikaryotization. 
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demonstIated by the molecular identification of the unidentified Typlwla species isolate G2

(collected from Gai/Jardia spp. by C. R. Grau). In vitro the G2 isolate had morphological

characteristics that resembled both T. phacorrlliza and T. incanulla. The sclerotia were large

and appeared to have a small stipe attaching it to the plant debris. However, the color and rind

cell patterns were inrermediate between the two species. The sequences (41 and 42) of this

isolate were 91 to 97% identical to the T. inctI17UJl/J isolates, Table B.4. This high level of %

identity indicates that the G2 isolate is T. incamaIa.

However, a disadvantage of this technique is that tester isolates or reported sequence

data is needed before unknown isolates are positively identified. The failure to identify the

isolates G4 (sequence 43) and T? 3.129 (sequence 44) illustrates this disadvantage. These two

isolates were 92% identical to each other but their morphological characteristics were vastly

different Isolate T? 3.129 had large dark brown to almost black sclerotia with light cream

colored outer edges on culture media. The T? 3.129 sclerotia coalesced into linear bands on the

surface of the PDA. On the other hand, isolate 04 had large brown stipullate sclerotia that

were singular on the surface of PDA. It may be that isolate G4 and T? 3.129 are closely

related. However, further characterization of these isolates is needed before their identity is

revealed.

Future studies centered on the elTS region should include more T. idahoensis and T.

ishikariensis var. idahoensis isolates from around the world. In this study only one T.

idahoensis isolate was sequenced (sequence 26). The T. idahoensis sequence was grouped

within the biological I species, Figs. 4.17 and 4.18. However. the biological I species concept

considers T. idahoensis to be within the biological II species concept, Fig. 3.1. This conflict

could be clarified if more T. idahoensis and T. ishika,iens;s Yare idahoensis isolates are

sequenced.

Further sequencing of the ITS 1 region of T. ishikariensis complex isolates should be

conducted to investigate the potential use of the "signature sequence" as an identification 1001.
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After more sequences are compared and if lhe "signature sequences" are consistently found,

then primers can be designed to readily identify an unknown isolate as being either similar to

biological species I or biological species II. Fig. 4.22 illustrates the S' to 3' primers (BSI

primer and BSII primer) that couId be created and paired with the ITS-2 primer (White et aI.,

1990; which is a3' to S' primer located within the S.8 S region). The design of these primers

would then eliminate the need to sequence the whole eITS region in order to make a molecular

identification. If the implementation of lhese primers is successful, molecular identification of

the biological species could then be completed within one day, or even hours.
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