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ABSTRACT

Chung, W. H., Chung, W. C., Ting, P. F., Huang, H. C., and Huang, J. W. 2008. Molecular
identification of Uromyces appendiculatus and Uromyces vignae from Taiwan with PCR-based
method. Plant Pathol. Bull. 17: 297-305.

Bean rust caused by Uromyces appendiculatus and cowpea rust caused by U. vignae are
important diseases of these corps in the world. Identification of these two Uromyces species has
always been difficult in the past due to confusion in morphological feature and host range of the
pathogens. In this study, four primers designed from the internal transcribed spacer (ITS) region of
nuclear ribosomal DNA were developed for rapid and reliable identification of the two rust pathogens
from Taiwan. Two of the primers, UA-ITSF and UA-ITSR, were highly specific to U. appendiculatus
on common bean and the others two primers, UV-ITSF and UV-ITSR, were highly specific to U.
vignae on cowpea. The four primers failed to amplify any of the eight other rust pathogens isolated

from non-legume crops.
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INTRODUCTION

Common bean (Phaseolus vulgaris L.) rust caused by
Uromyces appendiculatus (Pers.) Unger and cowpea
(Vigna unguiculata (L.) Walp. ssp. unguiculata) rust
caused by Uromyces vignae Barclay are important diseases
of these legume crops in many countries **'" "7 [,
appendiculatus was first reported on common bean in

5¢€etont and U. vignae was first reported on

Europe in 179
Vigna vexillate (L.) A. Rich. in India in 1891 . Separation

of these two species of rust fungi is difficult due to

contradiction and confusion in nomenclature %' "> ",

Seveal reports "> "

indicated that U. appendiculatus and
U. vignae should belong to the same species because of
morphological similarity of urediniospores and teliospores
between the two species. Cummins © reported that
urediniospores of U. vignae had more superequatorial
germ-pores than U. appendiculatus. Moreover, cell wall of
teliospores of U. appendiculatus was warty and U. vignae
was smooth, respectively. Chung et al.” confirmed that

the position of germ-pores of U. vignae and U.
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appendiculatus in urediniospores was an important
morphological characteristic to distinguish this two rust
species, however, the characteristics of cell walls between
U. appendiculatus and U. vignae were not significant.

Previous reports *'*'*'”

indicate that host specificity is one
of the important criteria for identification of U.
appendiculatus and U. vignae. Elmhirst and Heath ¥
studied the pathogenicity of U. vignae and U.
appendiculatus on Phaseolus spp. and Vigna spp., and
concluded that U. appendiculatus had a wider host range
than U. vignae. Chung et al.” conducted a study on
molecular phylogenic relationships of U. vignae and U.
appendiculatus, and reported that U. vignae and U.
appendiculatus were in different molecular group.

Molecular biology is a useful tool for resolving
problems associated with identification or taxonomical
contention of filamentous fungi *”. Kim et al.® reported
differences in polypeptide patterns between U.
appendiculatus and U. vignae. However, using polypeptide
patterns for species identification of fungi is time
consuming. The molecular diversity has been used to
identify fungal species® and fungal isolates showing
fungicide-resistance "**". Chung et al. “ reported that U.
appendiculatus was distinguishable from U. vignae based
on phylogenetic analysis inferred from internal transcribed
spacer (ITS). However, using the phylogenetic analysis
must be supported by several computer software packages
such as CLUSTAL X sequence alignment software ", Se-
Al sequence alignment editor ®” and PUAP software
package, and the procedure of analysis is lengthy and time
consuming. The objective of this study was to use the
nucleotides diversity on ITS rDNA region for developing
species-specific primers for rapid identification of
Uromyces rust on Phaseolus spp. and Vigna spp. based on
PCR method in the field at Taiwan.

MATERIALS AND METHODS

Sample collection, DNA extraction, PCR
amplification, purification and sequencing of
ITS region

The urediniospores of U. appendiculatus (isolate
CHO001), collected from rust pustules of a diseased plant

of common bean (P. vulgaris) at Hsinshe, Taichung,

Taiwan, in 11 December 2006 and U. vignae (isolate
CHO0002), collected from rust pustules of a diseased plant
of cowpea (V. unguiculata ssp. unguciculata) at Tungshih,
Taichung, Taiwan, in 26 August 2006 were identified
based on morphological characteristics . For amplifying
ITS and 5.8S rDNA regions, genomic DNAs of CH0001
and CHO002 isolates were extracted from a single
uredinium, using the methods described by Virtudazo et al.
@ From this crude extract of each species, 2 to 3 «l was
used directly for each PCR amplification. Amplification
was done using 25 ;1 PCR reaction mixture, including
0.2 uM of each primer, 1 unit of DNA polymerase
(GeneMark, Taiwan), and commercial ANTP mixture
(containing 2.5 mM of each of ANTP) and Taq reaction
buffer of GeneMark supplied with 2 mM Mg*. The
primers used for amplifying ITS and 5.8 S regions were
ITS5-u and ITS4-u®. PCR was carried out using a P X2
Thermal Cycler (Thermo, USA) under the conditions
described by Pfunder et al.®. PCR products were run in
1.5% agarose gels containing 0.5 «g/ml ethidium bromide
in TAE (Tris-acetate, EDTA) buffers. PCR products were
purified by spin columns (PCR Clean-Up Kit, GeneMark)
and reacted with BigDye Terminator v3.0 Cycle
Sequencing (Applied Biosystems, USA) under the
following conditions: 25 cycles of denaturation at 96 °C for
10 sec, annealing at 50°C for 5 sec, and extension at 60°C
for 4 min. Cycle sequencing reaction products were
purified by ethanol precipitation, and then analyzed by
ABI PRISM 3100 automated sequencers (Applied
Biosystems, Ramsey, USA).

Design of specific PCR primers for U.
appendiculatus and U. vignae

ITS sequences were aligned using Clustal X v.1.8 .
Further visual alignments were done in Sequence
Alignment (Se-Al) Editor v.2.0 ®”. Specimen sequences
were analyzed together with other specimens of U.
appendiculatus, AB115740 and AB115741, and U. vignae,
AB115718 and AB115720, sequences found in GenBank
database. For comparing the sequence homology with
related Uromyces species, U. fabae (AB08192), U. pisi
(AF180191), and U. striatus (AF180162) also were
aligned with U. appendiculatus and U. vignae in Taiwan.
Thus, variable nucleotides between the sequences of U.

appendiculatus and U. vignae (Fig. 1) were used to design



CHOOO1 ~ (UA)
ABL15741 (UA)
ABL115740 (UA)
CHO002  (UV)
ABL15720 (UV)
ABLIS5718 (UV)
AB085192 (UF)
AF180162 (US)
AF180191 (UP)

CHOOOL  (UA)
ABI15741 (UA)
AB115740 (UA)
CHO002  (UV)
ABL15720 (UV)
ABLIS718 (UV)
AB085192 (UF)
AF180162 (US)
AF180191 (UP)

CHOOOL ~ (UA)
ABL15741 (UA)
ABL15740 (UA)
CHO002 ~ (UV)
ABL15720 (UV)
ABL1S718 (UV)
AB085192 (UF)
AF180162 (US)
AF180191 (UP)

CHOOO1  (UA)
ABL15741 (UA)
AB115740 (UA)
CHO002 ~ (UV)
ABL15720 (UV)
AB115718 (UV)
AB085192 (UF)
AF180162 (US)
AF180191 (UP)

CHOOOL  (UA)
ABL15741 (UA)

Molecular identification of U. appendiculatus and U. vignae

GGTTTTTGCCATTGCACTCAGGTAAACGTAACA -CTTTTGTGTTACATTACCCCCCTCCC
GGTTTTTGCCATTGCACTCAGGTAAACGTAACA-CTTTTGTGTTACATTACCCCCCTCCC
GGTTTTTGCCATTGCACTCAGGTAAACGTAACA -CTTTTGTGTTACATTACCCCCCTCCC
CATCTTTGCCATTGCACTCAGGTATACGTAACA-TTTTTGTGTTACATT - ACCCCCTCCC
CATCTTTGCCATTGCACTCAGGTATACGTAACA-TTTTTGTGTTACATTTACCCCCTCCC
CATCTTTGCCATTGCACTCAGGTATACGTAACA-TTTTTGTGTTACATT - ACCCCCTCCC
CATTTATGCCATTGCACTCAGGTATACGTAACA-TTTATTTGTTACATTATCCCCCTCCC
CATTTTTGTCATTGCACTCAGGTAGACGTAACAATTTTTTTGGTACATT -ATCCCCTCCC
GATCATTAT - - TTAAAACCAAATGAGTGCACT - - TTATTGTGGCTCAAACTCTTTTATCT

% # #% 0% kk % % % * % k% EE
CAAT------- TTTTTTTTTTTTATAAAACACATGTTGAAA - TAAGAATGTAA - - - TATA
CAAT------- ITTTTTTTTTTTATAAAACACATGTTGAAA - TAAGAATGTAA - - - TATA
CAAT------- TTTTTTTTTTTTATAAAACACATGTTGAAA - TAAGAATGTAA - - -TATA

CAATATTTTCTTTTTTTTTTATTATTAAACACAAGTGGAAT - TAAGAATGTAA-- - -CATA
CAATATTTTCTTTTTTTTTTATTATTAAACACAAGTGGAAT - TAAGAATGTAA - - -CATA
CAATATTTTCTTTTTTTTTTATTATTAAACACAAGTGGAAT - TAAGAATGTAA - - -CATA
AA-ecmaaaean TTTTTTTTTTAT- AAACACAAGTTGAATCTAAGAATGTAAA - -CCCT
AATT----- [TTTTTTTTTTTTTTTTAAACACAAGTTGAAT - TAAGAATGTAAAAACCTT
CACC- - -COCTTTTTTTTTTTGTTTGTAACACAAGTTGAAT - TAAGAATGTAAAAAACCT

* EETEET T EEREEE E¥ REF SRdbbbdkids

TATATTTTGAAAATAACTTTTAACAATGGATCTCTAGGCTCTCATATCGATGAAGAACAC
TATATTTTGAAAATAACTTTTAACAATGGATCTCTAGGCTCTCATATCGATGAAGAACAC
TATTTTTTGAAAATAACTTTTAACAATGGATCTCTAGGCTCTCATATCGATGAAGAACAC
TTTATTTTTAAA-TAACTTTTAACAATGGATCTCTAGGCTCTCATATCGATGAAGAACAC
TTTATTTTTAAA-TAACTTTTAACAATGGATCTCTAGGCTCTCATATCGATGAAGAACAC
TTTATTTTTAAA-TAACTTTTAACAATGGATCTCTAGGCTCTCATATCGATGAAGAACAC
TTTATTTGAAAAATAACTTTTAACAATGGATCTCTAGGCTCTCATATCGATGAAGAACAC
TTTATTTTGAAA-TAACTTTTAACAATGGATCTCTTGGCTCTCATATCGATGAAGAACAC
TTTATTTTGAAAATAACTTTTAACAATGGATCTCTTGGCTCTCATATCGATGAAGAACAC

okl ekl kRl scoRdukhdoR ook ekeklodokdeR ek ok ok ok i ok dokok

AGTGAAATGTGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATTGAATCTTTGAACG
AGTGAAATGTGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATTGAATCTTTGAACG
AGTGAAATGTGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATTGAATCTTTGAACG
AGTGAAATGTGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATTGAATCTTTGAACG
AGTGAAATGTGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATTGAATCTTTGAACG
AGTGAAATGTGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATTGAATCTTTGAACG
AGTGAAATGTGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATTGAATCTTTGAACG
AGTGAAATGTGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATTGAATCTTTGAACG
AGTGAAATGTGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATTGAATCTTTGAACG
e e
CACCTTGCATCTTTTGGTATTCCAAAAGGTATGCCTGTTTGAGTGTCATGAAAATCTCTC
CACCTTGCATCTTTTGGTATTCCAAAAGGTATGCCTGTTTGAGTGTCATGAAAATCTCTC
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CACCTTGCATCTTTTGGTATTCCAAAAGGTATGCCTGTTTGAGTGTCATGAAAATCTCTC

CHOO02  (UV) CACCTTGCACCTTTTGGTATTCCAAAAGGTATGCCTGTTTGAGTGTCATGAAAATCTCTC
ABL115720 (UV) CACCTTGCACCTTTTGGTATTCCAAAAGGTATGCCTGTTTGAGTGTCATGAAAATCTCTC
ABI15718 (UV) CACCTTGCACCTTTTGGTATTCCAAAAGGTATGCCTGTTTGAGTGTCATGAAAATCTCTC

AB085192 (UF) CACCTTGCACCTTTTGGTATTCCAAAAGGTACACCTGTTTGAGTGTCATGAAAATCTCTC
AF180162 (US) CACCTTGCACCTTTTGGTATTCCAAAAGGTACACCTGTTTGAGTGTCATGAAAATCTCTC
AF180191 (UP) CACCTTGCACCTTTTGGTATTCCAAAAGGTACGCCTGTTTGAGTGTCATGAAAATCTCTC

T T T T T T T T r T T e T P R T L PP P P T P e L P L P LT P T

CHOOO1  (UA) ACCAAATTAATTTTTGGTGGATGTTGAGTGCTGCTGTTATCTAGCTCACTTTAAATATAT
ABL15741 (UA) ACCAAATTAATTTTTGGTGGATGTTGAGTGCTGCTGTTATCTAGCTCACTTTAAATATAT
ABL15740 (UA) ACCAAATTAATTTTTGGTGGATGTTGAGTGCTGCTGTTATCTAGCTCACTTTAAATATAT
CHoOO2  (UV) ATCAAATTAATTTTTGGTGGATGTTGAGTGTTGCTGTTATTTAGCTCACTTTAAATATAT
ABL115720 (UV) ATCAAATTAATTTTTGGTGGATGTTGAGTGTTGCTGTTATTTAGCTCACTTTAAATATAT
ABI15718 (V) ATCAAATTAATTTTTGGTGGATGTTGAGTGTTGCTGTTATTTAGCTCACTTTAAATATAT
AB085192 (UF) ATCAAATTTATTTTTGGTGGATGTTGAGTGCTGCTGTTATCTAGCTCACTTTAAATATAT
AF180162 (US) ATCAAATTAATTTTTGGTGGATGTTGAGTGCTGCTGTTATCTAGCTCACTTTAAATATAT
AF180191 (UP) ATCAAATTAATTTTTGGTGGATGTTGAGTGCTGCTGCTATCTAGCTCACTTTAAATATAT

R T T T LT e T P P T e e e T e T T R T P PP PP L P L E P P T T T

CHOOO1 — (UA) AAGTTCT - ATCTTATTATATTGGATTGACTTGG - TGTAATATTTAACTTTTGTTTCACCA
AB115741 (UA) AAGTTCT - ATCTTATTATATTGGATTGACTTGG - TGTAATATTTAACTTTTGTTTCACCA
ABL15740 (UA) AAGTTCTTATCTTATTATATTGGATTGACTTGG - TGTAATATTTAACTTTTGTTTCACCA
CHOOO2  (UV) AAGTTCATTTCTTATTATATTGGATTGACTTGGGTGTAATATTTAACTTTTGTTTCACCA
ABL15720 (UV) AAGTTCATTTCTTATTATATTGGATTGACTTGG- TGTAATATTTAACTTTTGTTTCACCA
ABL15718 (UV) AAGTTCATTTCTTATTATATTGGATTGACTTGG- TGTAATATTTAACTTTTGTTTCACCA
AB085192 (UF) AAGTTCTTTCCTTATGTTGTTGGATTGACTTGG - TGTAATATTTAACTTTGTTTTCATCA
AF180162 (US) AAGTTCTTTCTTATGTTTGTTGGATTGACTTGG - TGTAATATTTA- - - -TTTTATCATCA
AF180191 (UP) AAGTTCTTCCTTTATGTTGTTGGATTGACTTGG - TGTAATATTTAACTTTTTTTTCATCA

B #*
CHOOO1  (UA) AGGAAAGCTGCAATGCTTGCCAATG- TTTTCAAGTCA - GGACTCCTAAACAAATG
ABL15741 (UA) AGGAAAGCTGCAATGCTTGCCAATG- TTTTCAAGTCA - GGACTCCTAAACAAATG
AB115740 (UA) AGGAAAGCTGCAATGCTTGCCAATG-TTTTCAAGTCA - GGACTCCTAAACAAATG
CHo002  (UV) AGGAAAGTTGCAAAGCTTGCCAATA - TTTTCAAGTTA - GAACTCCTAAACTAACT
ABL115720 (UV) AGGAAAGTTGCAAAGCTTGCCAATA - TTTTCAAGTTA - GAACTCCTAAACTAACT
ABI15718 (V) AGGAAAGTTGCAAAGCTTGCCAATA-TTTTCAAGTTA - GAACTCCTAAACTAACT
AB085192 (UF) AGGAAAGTAGCAATACTTGCCAATA - TATT - AAGTAA - GGACTCCTAAAAAACAA
AF180162 (US) AGGAAAGTAGAAATACTTGCCAACA - TTTTTAATTTAAGGACTTCTAAATGAATT
AF180191 (UP) AGGAAAGTAGAAATACTTGCCAACAATTTTTAAAATAAGGACTCCTAAAAATATT

g ok ok Rdekksukkck Bt o sk kskksek

R # EE

Fig. 1. The nucleotide sequence variation at ITS1 and ITS2 regions in Uromyces appendiculatus (UA) AB115740,
AB115741 and CHO001 and U. vignae (UV) AB115718, AB115720 and CHO002. The underlined sequences represent the
regions designed to identify U. appendiculatus and U. vignae. In addition sequences alignment were U. fabae (AB08192,
UF), U. striatus (AF180162, US), and U. pisi (AF180191, UP). All of accession numbers on DDBJ/NCBI/GenBank. (*
indicated sequences consensus.)
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primers potentially specific to the two rust fungi. In
present study, four specific primers, UA-ITSF, UA-ITSR,
UV-ITSF and UV-ITSR, were designed to identify U.
appendiculatus and U. vignae (Table 1).

Detection of U. appendiculatus and U. vignae
by specific primers

A total of 11 fresh urediniospore specimens were
collected from diseased plants in Taiwan, including four
specimens of U. appendiculatus from common bean (P.
vulgaris) at Hsinshe and seven specimens of U. vignae
from cowpea (V. unguiculata ssp. unguiculata) at Hsinshe,
Tungshih and Jian (Table 2). Genomic DNAs of U.
appendiculatus and U. vignae were extracted using the
methods described by Virtudazo et al. ®. Amplification
was done using 25 u1 PCR reaction mixture, including
0.2 #M of each primer, 1 unit of DNA polymerase, and
commercial dNTP mixture (containing 2.5 mM of each of
dNTP) and Taq reaction buffer containing 2 mM Mg™.
PCR was carried out using a P X2 Thermal Cycler under
the following conditions: initial denaturation at 95°C for 3
min, followed by 35 cycle of denaturation at 95°C for 30s,
annealing at 53°C for 1 min, extension at 72°C for 1 min,
followed by a final extension phase at 72°C for 10 min.
PCR products were run in 1.5% agarose gels containing
0.5 1 g/ml ethidium bromide in TAE buffers.

Specificity test of primers

To confirm specificity of the primers developed in
this study, eight specimens of rust fungi collected from
non-legume plants were used. These eight non-legume
hosts of rust fungi were: citronella grass (Cymbopogon
nardus (L.) Rendle), perilla (Perilla ocymoides L. var.
crispa Benth), ma bamboo (Dendrocalamus latiforus
Munro), willow (Salix babylonica L.), Chinese chive
(Allium odorum L.), fig (Ficus carica L.), mint (Mentha
sp.), and peanut (Arachis hypogaea L.) (Table 3). The
methods of DNA extraction and PCR amplification of ITS
region were conducted by the same procedure previously

described for rusts of common bean and cowpea.

RESULTS AND DISCUSSION

According the morphological observation, the
urediniospores of U. appendiculatus (CHO001) on
common bean have 2 germ pores on equatorial area, and
U. vignae (CH0002) on cowpea have 2 germ pores on
superequatorial area. Of the four primers tested, UA-ITSF
and UA-ITSR, showed specificity to U. appendiculatus,
and the primers, UV-ITSF and UV-ITSR, showed
specificity to U. vignae. These primers could amplify
about 500 bp in the ITS regions of U. appendiculatus and

U. vignae (Fig. 2). Moreover, eleven specimens on bean

Table 1. Species-specific PCR primers designed from the ITS rDNA region for the identification of Uromyces species

Uromyces species Primers Primer sequence

U. appendiculatus UA-ITSF 5'-GGTTTTTGCCATTGCACTCAG-3'
UA-ITSR 5'-CATTTGTTTAGGAGTCCTGAC-3'

U. vignae UV-ITSF 5'-CATCTTTGCCATTGCACTCAG-3'
UV-ITSR 5'-AGTTAGTTTAGGAGTTCTAAC-3'

Table 2. PCR reaction of Uromyces species from common bean and cowpea

Reaction of primers

Host plants UA-ITSF/UA-ITSR UV-ITSF/UV-ITSR Location
Phaseolus vulgaris + - Hsinshe, Taichung
P. vulgaris + - Hsinshe, Taichung
P. vulgaris + — Hsinshe, Taichung
P. vulgaris + — Hsinshe, Taichung
Vigna unguiculata - + Tungshih, Taichung
V. unguiculata - + Hsinshe, Taichung
V. unguiculata — + Hsinshe, Taichung
V. unguiculata — + Hsinshe, Taichung
V. unguiculata - + Hsinshe, Taichung
V. unguiculata - + Jian, Hualien

V. unguiculata — + Jian, Hualien
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Table 3. The rust fungi collected from non-legume host plants used for testing specificity to primers from Uromyces

appendiculatus and U. vignae

Host plants Rust species Location Date of Collection
Allium odorum Puccinia allii (DC) Rud. Hsinshe, Taichung 2006/10/18
Arahis hypogaea Puccinia arachidis Speg. Yijhu, Chiayi 2006/11/12
Cymbopogon nardus Puccinia nakanishikii Diet. Hsinshe, Taichung 2006/10/18
Ficus carica Phakopsora fici Nishida Hsinshe, Taichung 2006/10/18
Perilla ocymoides var. crispa Coleosporium perillae Syd. Hsinshe, Taichung 2006/10/18
Salix babylonica Melampsora coleosporioides Diet. Hsinshe, Taichung 2006/10/18
Mentha sp. Puccinia menthae Pers. Hsinshe, Taichung 2006/10/18
Dendrocalamus latiflorus Uredo ditissima Cumm. Dounan, Yulin 2006/11/16

and cowpea collected from different area showed that
these four primers were highly specific to detect U.
appendiculatus and U. vignae (Table 2).The result also
suggested that U. appendiculatus and U. vignae were
highly related with bean and cowpea, respectively, in
Taiwan (Table 2). In addition, the test of a single
uredinium randomly obtained from bean and cowpea
indicated that U. appendiculatus and U. vignae had no
cross-infection on these two hosts (Fig. 3). Chung et al.”
indicated that U. vignae could be on Vigna spp., P. vulgaris
and Lablab purpureus (L.) Sweet. However, we did not
find U. vignae on P. vulgaris in Taiwan. For testing
primers specificity, eight other rust fungi from non-legume
plants were tested and the results showed that all the four
primers did not react with the eight rust specimens tested
(Table 3). The results reveal that these primers designed
from ITS rDNA regions are highly specific to U.
appendiculatus and U. vignae (Fig. 4). Previous reports
indicate that ITS rDNA regions are highly variable for
studying the phylogeny of rust fungi “****". The
specificity of the designed primers on the rust pathogens of
common bean and cowpea suggests that the diversity of
ITS rDNA regions is useful to find molecular markers for
rapidly separating different rust species.

Classification of rust fungi is still a problem due to
complex morphology, life cycle and putative host.
Moreover, most rust fungi are obligate parasite and
incapable of growing on culture media. Thus, the
extraction of DNA is not convenient. There are some

reports of molecular research focusing on rust fungi,

(20) (23)
s

including species diagnosis ", ecological study

fungicide-resistance analysis "

relationship “** " The DNA extraction method with

, and phylogenetic

sterile glass slides reported by Suyama et al.®” was used in

:
§
 §
[ §
[ §
[
e

E
:

E
E

Fig. 2. The polymerase chain reaction (PCR) of
species-specific primers UV-ITSF+UV-ITSR (top)
and UA-ITSF+UA-ITSR (bottom) for identification
of Uromyces vignae (Lane 1~6) and U.
appendiculatus (Lane 7~12). The amplified band of
DNA is 500 bp. M: marker (100 bp ladder)

1500 bp
1000 bp

500 bp

1500 bp
1000 bp

500 bp
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the present study. Virtudazo et al.® and Chung et al.
successfully used this method and cooperated with PCR to
study the phylogenetic relationship between different rust
species. In this study, the specific primers which we
designed could rapidly classify U. appendiculatus and U.
vignae. U. appendiculatus and U. vignae apparently have
high host specificity on P. vulgaris and V. unguiculata,
respectively, although their pathogenicity may vary
depending on environmental factors and host plants 7*.

Ten Uromyces species on legumes have been reported
from Taiwan “®. Only U. appendiculatus, U. vignae, U.
viciae-fabae and U. striatus were on cultivated legumes.
However, U. vicae-fabae (=U. fabae de Bary) and U.
striatus have not been found in the fields during the past
10 years. Although, we did not test the specificity of these
four primers on other Uromyces spp. on cultivated
legumes, the alignment result showed that ITS rDNA
sequences of U. appendiculatus and U. vignae on Taiwan
were highly different from those of U. viciae-fabae and U.

LELL
T

Fig. 4. The polymerase chain reaction (PCR) of species-
specific primers UA-ITSF+UA-ITSR (top) and UV-
ITSF+UV-ITSR (bottom) for testing the specificity of
different rust fungi. Lanes 1-2: Puccinia nakanishikii;
Lanes 3-4: Puccinia phyllostachydis; Lanes 5-6:
Coleosporium perillae; Lanes 7-8: Melampsora
coleosporioides; Lanes 9-10: Puccinia allii; Lanes 11-12:
Phakopsora fici; Lanes 13-14: Puccinia menthae; Lanes
15-16: Puccinia arachidis; Lane 17: Uromyces vignae;
Lane 18: U. appendiculatus; M: marker (100 bp ladder).
The amplified band of DNA is 500 bp.

Fig. 3. The polymerase chain reaction (PCR) of specific primers UA-ITSF+UA-ITSR (top) and UV-ITSF+UV-ITSR
(bottom) for testing the reaction of a single uredium of Uromyces spp. randomly obtained from one bean or cowpea leaf.
Lanes 1-8 of top were Uromyces uredium obtained from bean, and lanes 9-11 were Uromyces uredium obtained from
cowpea. Lanes 1-10 of bottom were Uromyces uredium obtained from cowpea, and lanes 11-20 were Uromyces uredinium
obtained from bean. The amplified band of DNA is 500 bp. M: marker (100 bp ladder).
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striatus from GenBank (Fig. 1). Thus, our specific primers

perhaps will not amplify the ITS rDNA region of other

Uromyces spp. on cultivated legumes in Taiwan. These

primers designed from ITS rDNA region should also be

useful for monitoring dynamic ecology of U.

appendiculatus and U. vignae in fields.
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