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SHORT NOTE /NOTA BREVE

Chromosomal location of four genes encoding Class I1I peroxidases in wheat

Localizacién cromosémica de cuatro genes de peroxidasa de Clase III en trigo

Simonetti E!, E Alba?, A Delibes?

Abstract. In a previous work, deduced amino acid sequences from
twenty wheat peroxidase genes were assigned to seven groups desig-
nated as TaPrx108 to TaPrx114. Some of these apoplastic peroxidases
have previously shown to play different roles in the plant defense re-
sponses to infection by the cereal cyst nematode Heterodera avenae. In
the present study, PCR marker analysis using Sears’s aneuploid wheat
lines cv. ‘Chinese Spring’was used to locate four genes encoding per-
oxidase isozymes. The 7aPrx111-A, TuPrx112-D and TaPrx113-F
genes were located on the short arm of chromosome 2B and the
TuPrx109-C on the long arm of chromosome 1B. These results would
agree with the synteny between wheat and rice chromosomes previ-
ously established in other studies.

Keywords: Triticum aestivum; Synteny; Homologous; Chromo-
somal location.

Resumen. En un estudio previo se caracterizaron, alinearon y re-
lacionaron 20 genes que codifican para peroxidasas en trigo. Las pro-
teinas resultantes se asignaron a siete grupos, denominados TaPrx108
aTaPrx114, de acuerdo a la similitud entre ellas y con peroxidasas de
Clase III de otras especies. En lineas de trigo resistentes al nematodo
Heterodera avenae, se ha demostrado que algunas de estas peroxidasas
apoplisticas estin relacionadas con las respuestas de defensa frente
a la infeccién por dicho nematodo. En el presente estudio se locali-
zaron cromosémicamente cuatro genes que codifican para enzimas
peroxidasas mediante la reaccién de PCR, utilizando pares de ce-
badores especificos para cada gen y ADN aislado de lineas de trigo
aneuploides del cultivar Chinese Spring. Los genes 7uPrx111-4,
TuPrx112-Dy TaPrx113-F fueron asignados al brazo corto del cro-
mosoma 2B, mientras que el gen 72Prx109-C se localizé en el brazo
largo del cromosoma 1B. Estos resultados mantendrian la sintenia
previamente establecida entre los cromosomas de trigo y arroz.

Palabras clave: Triticum aestivum; Sintenia; Homélogos; Locali-
zacién cromosémica.
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INTRODUCTION

Plant peroxidases (EC 1.11.1.7), often designated as Class
I1II peroxidases (Welinder, 1992) are heme containing proteins
widely distributed in the plant kingdom. They are members
of a large multigenic family, with 73 members in Arabidopsis
(Tognolli et al., 2002) and 138 members in rice (Passardi et
al., 2004). In contrast to several other gene families, peroxidase
genes are twice as numerous in rice as in 4rabidopsis. This large
number of genes resulted from various duplication events by
different mechanisms (Zhang, 2003): unequal crossing-over,
various transposition events, duplication of large chromosome
segments or polyploidization. This is reflected by the distribu-
tion of the peroxidase loci in clusters of closely homogeneous
genes, among the 12 rice chromosomes (Passardi et al., 2004).
Peroxidase genes arranged in tandem have also been found
in many other plant species as horseradish (Fujiyama et al.,
1988), wheat (Béiga et al., 1995) and tomato (Roberts & Ko-
lattukudy, 1989).

Peroxidase isozymes in hexaploid wheat have been exten-
sively studied, and several homologous sets of loci controlling
peroxidases have been identified independently by different
researchers (Bosch et al., 1986, Liu et al., 1990).

In a previous work from our group, twenty peroxidase
genes from wheat were identified and assigned to seven dif-
ferent groups (designated as TaPrx108 to TaPrx114). These
represent peroxidases secreted to the apoplast by a putative
N-terminal peptide signal. In addition, three groups of perox-
idase genes (TaPrx111, TuPrx112 and TaPrx113) were found
to be greatly induced by the cereal cyst nematode Heterodera
avenae Woll. in the H-93-8 resistant wheat line (Simonetti et
al., 2009).

MATERIALS AND METHODS

PCR marker analyses were used to determine the chro-
mosomal location of peroxidase genes previously character-
ized by our group. Total DNA was isolated using the method
described by Taylor & Powell (1982) from leaves of two-

week old nulli-tetrasomic and ditelosomic series of Triticum

aestivum L. cv. ‘Chinese Spring’ (Sears, 1954, 1966). Gene-
specific primer pairs (generated from introns or flanking 5'
or 3' untranslated regions) were designed using VECTOR
NTI ADVANCE v.10 (Invitrogen) software and used to
selectively amplify the different peroxidase genes (Table 1).
PCR amplifications were performed in a Mastercycle Gradi-
ent thermal cycler (Eppendorf HQ, Germany). Amplification
conditions were adjusted as recommended by the suppliers
or according to the standard conditions described by Sam-
brook & Russell (2001), but varying the time and annealing
temperature as a function of fragment size and primers char-
acteristics. Reactions were carried out in a 0.02 cm? reaction
mix containing 1xPCR buffer; 2 mM MgCl,; 1 U AmpliTaq
Gold DNA polymerase (Applied Biosystems); 200 uM of each
dATP, dTTP, dCTP, dGTP; 0.25 pM of each primer and
approximately 20 ng of template DNA. The amplification
products were analyzed by electrophoresis in 1-2% agarose
gel in 1x tris acetate ethylendiaminetetracetic acid bufter and
visualized by UV fluorescence after staining with ethidium
bromide.

RESULTS AND DISCUSSION

PCR amplification experiments indicated that 7aPrx111-
A, TuPrx112-D and TuPrx113-F peroxidase genes are located
on the short arm of chromosome 2B. This location can be de-
duced from lack of bands for nulli-tetrasomic N2B-T2D and
ditelosomic 2BL (Fig. 1A, 1B and 1C, respectively). These
three genes belong to the peroxidase groups previously char-
acterized as being inducible by nematode attack (Simonetti et
al., 2009) and could be linked each other.

Based on sequence analysis, 7aPrx111-A4 was determined
to have high levels of identity with OsPrx112 gene in Oryza
sativa, whereas TuPrx112-D and TuPrx113-F exhibited 77%
identity to the rice gene OsPrx114 (Simonetti et al., 2009).
These two rice peroxidases were earlier reported on rice chro-
mosome 7 (Passardi et al., 2004), that is syntenous to wheat
group 2 chromosomes (La Rota et al., 2004). These results
would agree with the synteny established between chromo-
somes of wheat and rice (Gale & Devos, 1998).

Table 1. Primer pairs employed for chromosomal location of peroxidase genes in ‘Chinese Spring” aneuploid wheat lines, size of PCR

products and annealing temperature (AT) used.

Tabla 1. Pares de cebadores utilizados para la localizacion de genes de peroxidasas en lineas de trigo aneuploides del cultivar Chinese Spring,
tamafio de los productos amplificados por PCR y temperaturas de hibridacion (AT) empleadas.

Gene Forward Primer (5°-3°) Reverse Primer (5°-3") Fragment size (bp) AT (°C)
TaPrx111-A  GGATCTACGAGAAATATGCCG GAATTCGTTACACATGTGGACAG 585 60
TaPrx112-D AGCTGTGTCCTATCTAACAAGCT CCACCAAGAAATTAAGTACGG 333 62
TaPrx113-F  AAGAAGTGCAGGTAGCTAACCA  CATACGTATAGTGTTCAGCATTCAG 322 63
TaPrx109-C  CCGCAGTACATGATGAAGCTC AAGCATTGTACTTCGTCGGT 350 62
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Fig. 1. Electrophoretic analysis of PCR products obtained with specific primers for TaPx111-A (A); TaPrx112-D (B); TaPrx113-F (C) and
TaPrx109-C (D) genes, using genomic DNA from aneuploid wheat lines. M - 100 bp marker DNA ladder, C - control PCR without template.
Fig. 1. Andlisis electroforético de productos de PCR obtenidos con cebadores especificos para los genes TaPx111-A (A); TaPrx112-D (B);
TaPrx113-F (C) y TaPrx109-C (D), utilizando ADN genomico de lineas aneuploides de trigo. M — marcador de peso molecular con escalera de

100 pb, C - control de PCR sin ADN molde.

Based on isoelectric point (pI) predictions, mature pro-
teins represented either acid TaPrx111-A, TaPrx113-F or basic
TaPrx112-D isoforms of peroxidases, with pls ranging from
5.78,5.79 to 8.82, respectively (Simonetti et al., 2009). In a pre-
vious work Liu et al. (1990) identified five sets of genes encod-
ing peroxidase isozymes by isoelectric focusing (IEF) of extracts

from different tissues of hexaploid wheat cv. ‘Chinese Spring’.
'The Per-2 group, carried on the short arms of group 2 chromo-
somes, showed the highest activity in root tissues with stained
isozymes focusing around pH 9.0. Nullisomic analysis of root
extracts, demonstrated that two of the Per-2 isozymes (desig-
nated as '3' and '4'), were controlled by a gene(s) on the short arm
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of chromosome 2B. It is possible that one of these peroxidases
would match with 7aPrx112-D gene product (pl 8.82), given
its overlapping expression pattern, pl and chromosomal location.

Electrophoretic analysis of PCR products obtained with
specific primers for 7uPrx109-C showed the lack of bands
for nulli-tetrasomic N1B-T'1D and ditelosomic 1BS (Fig.
1D), indicating that this peroxidase gene is located on the
long arm of chromosome 1B. BLAST of TaPrx109 group
sequences showed high identity to GenBank EST isolated
from wheat plants under abiotic stress; however the bio-
logical function of this group is still unknown (Simonetti
et al., 2009). All these genes showed high identity to rice
peroxidase OsPrx74 at the DNA level although they lacked
the third intron characteristic of this gene. The OsPrx74
locus has been identified on the rice chromosome 5 (Pas-
sardi et al., 2004). The location of 7uPrx109-C gene on
chromosome 1B would also agree with the synteny estab-

lished between chromosomes of wheat and rice (Gale &
Devos, 1998).
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