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Abstract

 

Thielaviopsis basicola

 

 is a soil-borne fungal pathogen affecting many important agricultural
crops. Little is known regarding the population biology or origin of this pathogen. Poly-
morphic markers developed for 

 

Ceratocystis fimbriata

 

, a species complex phylogenetically
closely related to 

 

T. basicola

 

, were tested and found not to be useful for 

 

T. basicola

 

. In this
study 14 primer pairs, seven of which resulted in the amplification of single polymorphic
fragments in 

 

T. basicola

 

 were developed. These primers will enable further studies on this
economically important pathogen, and will result in an enhanced understanding of its popu-
lation structure in different parts of the world.
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Thielaviopsis basicola

 

 is a soil-borne plant pathogenic fungus
that is found in many parts of the world (Nag Raj & Kendrick
1975). It causes serious root diseases on a wide range of
economically important crop plants including cotton, beans,
carrots and tobacco. In some cases, it is one of the most
important constraints to production (Yarwood 1981).

Very little is known regarding the origin or genetic
diversity of 

 

T. basicola

 

. This is partially due to a lack of
appropriate tools to assess these characteristics. In this
regard, codominant molecular markers have proved to
produce highly reliable markers, providing information
regarding the origin, spread and probable success of path-
ogen management practices. The aim of this study was to
develop appropriate markers that can be used to gain an
enhanced understanding of the population biology of

 

T. basicola

 

.

 

Thielaviopsis basicola

 

 is phylogenetically closely related
to the important canker and wilt pathogen 

 

Ceratocystis fim-
briata

 

 (Paulin & Harrington 2000). Microsatellite primers

recently developed for 

 

C. fimbriata

 

 (Barnes 

 

et al

 

. 2001a;
Table 2) were tested using DNA extracted from two 

 

T. basi-
cola

 

 isolates (CMW 5463, CMW 4098). These primers were
AG 1/2, AG 7/8, AG 15/16, AG 17/18, CF 11/12, CF 15/
16, CF 21/22 and CF 23/24. PCR mixtures and reaction
conditions were the same as those described by Barnes

 

et al

 

. (2001a). In addition to the specific annealing temper-
ature for each primer pair described by Barnes 

 

et al

 

. (2001a;
Table 2), temperatures two degrees below and above the
specific annealing temperature were also tested. None of
these primers successfully amplified DNA for either of the

 

T. basicola

 

 isolates.
In order to develop codominant polymorphic markers

for 

 

T. basicola

 

, the internal-short sequence repeat (ISSR)-
polymerase chain reaction (PCR) technique (Van der Nest

 

et al

 

. 2000; Burgess 

 

et al

 

. 2001) was used. Two isolates of

 

T. basicola

 

 from South Africa (CMW 5482, CMW 5528) and
two from Ecuador (CMW 4098, CMW 4457) were used for
marker development. These isolates and the developed
markers were subsequently compared with 

 

T. basicola

 

 iso-
lates from different hosts and parts of the world (Table 1).
DNA was extracted from all fungal isolates using the pro-
tocol described by Barnes 

 

et al

 

. (2001b). All isolates used in
this study are maintained in the culture collection (CMW)
of the Forestry and Agricultural Biotechnology Institute
(FABI), University of Pretoria, South Africa.
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ISSR-PCR was performed on a South African 

 

T. basicola

 

isolate (CMW 5482) using seven primers, namely 5

 

′

 

DDB(CCA)

 

5

 

, 5

 

′

 

 DHB(CGA)

 

5

 

, 5

 

′

 

-NDB(CA)

 

7

 

C, 5

 

′

 

 YHY(GT)

 

5

 

G,
5

 

′

 

 DBD(CAC)

 

5

 

, 5

 

′

 

 (CAT)

 

5

 

, and 5

 

′

 

-NDV(CT)

 

5

 

 following
the approach of Barnes 

 

et al

 

. (2001a) except that an anneal-
ing temperature of 49 

 

°

 

C was used. The resulting amplicons
were cloned, colonies screened for inserts of suitable size
and these were then sequenced. Inserts were sequenced
with T7 and SP6 using an ABI PRISM™ Dye Terminator
Cycle Sequencing Ready Reaction Kit with AmpliTaq®DNA
Polymerase, FS (Perkin-Elmer, Warrington, UK) follow-
ing the manufacturers protocols, on an ABI Prism 377
DNA sequencer. Sequences were screened for tandem
repeats (

 

n

 

 > 2) and primers designed to flank these regions.
No perfect tandem repeats of longer than eight repeats
were found.

Fourteen primer pairs were designed to flank
microsatellite-like regions. These were tested on the two South
African and two Ecuadorian isolates (Table 1). PCR reactions
were carried out in a total volume of 50 

 

µ

 

L on a HYBAID
thermocycler (Teddington, UK). The PCR mix included
2 ng DNA template, Expand HF buffer containing 1.5 m

 

m

 

MgCl

 

2

 

 (supplied with the enzyme), 0.2 

 

µ

 

m

 

 of each primer,
200 

 

µ

 

m

 

 of each dNTP and 

 

Taq

 

 Expand™ High Fidelity
polymerase mixture (1.75 U) (Roche). Reaction conditions
were the same as those described by Burgess 

 

et al

 

. (2001).
Specific annealing temperatures were used for each primer
pair (Table 2). The PCR products were separated using
PAGE (6% polyacrylamide in 50 m

 

m

 

 TBE buffer for 7 h at
140 V) and visualized by silver staining (Blum 

 

et al

 

. 1987).
Five of the primer pairs produced multiple bands, two
primer pairs were monomorphic and the remaining seven

primer pairs produced one band that was polymorphic for
isolates from South Africa and Ecuador (Table 2).

One primer from each polymorphic primer pair was
labelled with the phosphoramidite fluorescent dyes FAM
or TET (MWG) (Table 2). The same PCR reactions and con-
ditions described above were used with the labelled prim-
ers to amplify all isolates (Table 1). Differences in product
size were determined, relative to the internal size standard
(TAMARA) by separating the labelled PCR products using
PAGE on an ABI Prism 377 DNA sequencer. Analyses
were carried out using 

 

genescan

 

 2.1 (Perkin-Elmer Corp.)
and 

 

genotyper

 

 (Perkin-Elmer Corp.).
For 16 

 

T. basicola

 

 isolates from eight different countries,
11 genotypes and 36 alleles could be detected across the
seven loci (Table 1). The number of alleles per locus ranged
from three to nine. Each isolate had a different genotype
except for the two South African isolates that had the same
genotype. Five of the Ecuador isolates also had the same
genotype, resulting in four genotypes out of the eight
cultures isolated from carrots. The different genotypes,
observed from only a few isolates from a single host,
suggest that there is some degree of diversity in Ecuador.

In this study the ISSR-PCR technique was used to suc-
cessfully develop seven codominant polymorphic markers
for the important root pathogen 

 

T. basicola

 

. The results
suggest a different genetic composition for different geo-
graphical regions. This indicates that the makers will be
valuable in assessing diversity and spread of the pathogen
within countries and between continents. Knowledge
gained from the application of these markers should
contribute to the development of improved management
strategies to reduce the impact of 

 

T. basicola

 

.

Table 1 Alleles (base pairs) observed at each of the seven loci for 10 T. basicola isolates from eight different countries
 

Isolate number* Country
NG 
3/4

NG
5/6

NG 
13/14

NG
15/16

NG
17/18

NG
19/20

NG
21/22

CMW 5482, CMW 5528 South Africa 435 451 304 385 341 324 378
CMW 4098, CMW 4100, Ecuador 405 448 303 378 341 341 382

CMW 4381, CMW 4685,
CMW 4689

CMW 4684 405 449 304 378 341 341 382
CMW4686 395 433 300 378 346 332 385
CMW 4457 395 434 300 378 347 331 385
CMW 5451 USA 427 452 304 386 341 316 379
CMW 6714 Australia 396 445 301 378 342 341 385
CMW 5896 Uganda 408 445 301 378 341 331 385
CMW 7065 Netherlands 408 446 301 378 341 331 385
CMW 7067 Belgium 405 454 303 377 341 351 385
CMW 7070 Switzerland 435 451 304 385 341 316 378

Number of alleles 6 9 4 4 4 5 4

*CMW refers to the culture collection of the Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, South 
Africa.
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Table 2

 

Primer pairs designed for amplification of 

 

T. basicola

 

 sequence characterized amplified regions

 

 

 

 

Primer 
pair Primer sequence Core sequence

 

T

 

m

 

† 
(

 

°

 

C)

 

T

 

a

 

‡ 
(

 

°

 

C)
GC 
percentage

Banding 
pattern 

GenBank 
Accession 
no. 

NG1 5

 

′

 

-

 

GCT GGT GGG CGG AGA ATG

 

-3

 

′

 

*

 

A

 

2

 

CTA

 

5

 

*

 

A

 

4

 

GA

 

2

 

GA

 

8

 

*(

 

GA

 

2

 

GA

 

)

 

2

 

CA

 

2

 

GA

 

* 60.5 62 66.7 Monomorphic AY55940
NG2 5

 

′

 

-

 

GGA TGG CCA GGG CCC CTC

 

-3

 

′

 

65.1 77.8

NG3

 

c

 

5

 

′

 

-

 

GGC CCA GGC CAA AGG CAG

 

-3

 

′

 

*(

 

C

 

2

 

AT

 

)

 

C

 

2

 

AC

 

(

 

C

 

2

 

AT

 

)

 

4

 

(

 

C

 

2

 

AC

 

2

 

A

 

2

 

T

 

)

 

3

 

62.8 62 72.2 Polymorphic AY559433
NG4 5

 

′

 

-

 

GCT ATC AAA GGG CAT GGC

 

-3

 

′

 

C

 

2

 

AC

 

*(

 

C

 

2

 

T

 

2

 

)

 

3

 

*

 

A

 

3

 

CA

 

5* 58.8 57.9

NG5c 5′-CCT TTG ATG TCT CCT CCT GTC-3′ *CATC(CATA)4*T3CT3C3T7GT2(GCT)3* 59.8 64 52.4 Polymorphic AY559434
NG6 5′-CCT GAG TCG TCT GCT TGT GG-3′ 61.4 60

NG7 5′-CCA GTC CTG ATT GAT CGC C-3′ Sequence rich in C and T repeats 58.8 60 57.9 Monomorphic AY559440
NG8 5′-GAG ATG GTC TAT GGC CGC-3′ 58.2 61.1

NG9 5′-CCC ACC TGC CGA ACA ACG-3′ Sequence rich in A repeats 60.5 60 66.7 Multiple bands AY559441
NG10 5′-CTG ACT CTG AAG CCC GTC-3′ 58.2 61.1

NG11 5′-CTG TGA CGT CTG TAC GTC TC-3′ *CT2GT2GCT(GT2CT2)2GT2* 59.4 61 55 Multiple bands AY559439
NG12 5′-GAC GCC CAT GCC GGT GTC-3′ 62.8 72.2

NG13d 5′-GGG GAC GCG ACT TAG TGC C-3′ *A2(GA)4A2(GA)2* 63.1 64 68.4 Polymorphic AY559435
NG14 5′-GTC CAG AAT CTG CCC TGA CG-3′ 61.4 60

NG15d 5′-GCG AGT TTG CGG GAG TTT G-3′ *A5*A5CGA2GA8*(GA)4* 58.8 62 57.9 Polymorphic AY559437
NG16 5′-CGC TAC GCT GAG GGT CCC-3′ (C2AG2)2GAC(C2AG2)C2A2G2A2* 62.8 72.2

NG17c 5′-GGA GAA GCC TCG ATG TGT AG-3′ *(T2C)2C(T2C2)T4G2(T2C2)2T2(CAT)2* 59.4 62 55 Polymorphic AY559436
NG18 5′-CCG CCA GGA TCA GCC GGG-3′ 65.1 77.8

NG19d 5′-GGC CAG CAG AGC CCC AAG-3′ *T4A(T2C)2T3CT2C2T4*(CT)2CACT(CA)2(CT)2*(CT)4 62.8 62 72.2 Polymorphic AY559432
NG20 5′-CAA GAC TAC CAC GGC ACC G-3′ CA(CT)3CACTCA(CT)2CA*(TCTG)2*TC3)2T2CA2C3* 61.0 63.2

NG21c 5′-GAA GAG CAA TCT ACA GTG CGC-3′ *T8CA3CA2GA6*C2T8(CT)2C2(CT)(CCT)2(CT4)2T3* 59.8 62 52.4 Polymorphic AY559438
NG22 5′-GCA GTC GAG GGA GCC TAA G-3′ 61.0 63.2

NG23 5′-GAC TGC CCC GCC AAA CTC-3′ *(CA)4GA(CA)3* 60.5 60 66.7 Multiple bands AY559442
NG24 5′-GGT AGT CTG GGA TCT GGG-3′ 58.2 61.1

NG25 5′-GGT GGA CAC GAG TGG CTC-3′ *T(CT5)3T8*(GA)4*GT(CT)4* 60.5 62 66.7 Multiple bands AY559443
NG26 5′-GCC TGG CCT GTG CTG GTC-3′ 62.8 72.2

NG27 5′-CGT CTA TTT GCT GCG GTA GC-3′ *(GT)7CT* 59.4 62 55 Multiple bands AY559431
NG28 5′-GCT GCG CCA GCT GTG TGA G-3′ 63.1 68.4

aTm = melting temperature.
bTa = annealing temperature.
*Variable length of sequence.
cprimer labelled with FAM.
dprimer labelled with TET.
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