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ABSTRACT

Cassava bacterial blight (CBB), caused by Xanthomonas axonopodis pv. manihotis, is considered one of the most
important bacterial diseases of cassava (Manihot esculenta Crantz). In order to characterize the cassava genes
involved in resistance to this disease, a genomic clone of a cationic peroxidase gene, MEPX1, was isolated by PCR
from cassava cultivar MCOL 22. The DNA sequence of MEPX1 showed high homology with other plant peroxidase
genes and contained a large intron typical of peroxidase genes. The predicted translation product showed a heme-
ligand motif, also a characteristic of peroxidases, as well as phosphorylation, myristoylation and glycosylation sites.
The amino acid sequence had 75 % homology with two Arabidopsis thaliana peroxidases. A Southern blot of 17
cassava cultivars, probed with MEPX1, showed multiple hybridization bands. Polymorphisms between cultivars
generally reflected geographic origin, but there was also an association with resistance to CBB, indicating that
MEPX1 could be a potentially useful marker for this trait.
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INTRODUCTION including the use of mechanical barriers, defense
proteins and defensive enzymes. This change in
CassavaNlanihot esculentaCrantz) is one of the the biochemistry activity of the plant cell includes,
most important tropical crops, being one of theamong others, the production of proteases,
main sources of calories for more than 500 milliorpathogens related proteins, and enzymes involved
people in Africa and South America (Cock, 1985)in the production of lignin, suberin, phenolic
Cassava bacterial blight (CBB), caused byolymers and polysaccharides (Bowles, 1990).
Xanthomonas axonopodis. manihotis(Xarn), is Peroxidases are enzymes that utilizeOHin
considered the most important bacterial disease okidation reactions involving a range of
this crop with reports of yield reduction up to 92%compounds. An increase in peroxidase activity in
in susceptible cultivars (Umemura and Kwanoplants is common during wounding, disease
1983). The disease was reported initially in Braziresistance and physiological stresses such as
However, presently it has spread worldwide. salinity, radiation, and pollution (Campa, 1991).
Plants employ a variety of defense mechanism8lant peroxidases can be directly involved in
during a resistance response to pathogengdefense mechanisms acting as catalysts for the
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polymerization of phenolic compounds to formGAAACCTACCGTGTGTGCACC 3, in sense
lignin and suberin in the cell wall, which can act asnd antisense orientations, respectively. PCR
barriers to block the spread of the pathogen in theactions were performed with 2QM of each
plant (Fritig et al 1987). The importance of dNTP, 10mM Tris-HCI, 5.0 mM MgG] 50mM
peroxidases during plant resistance again¥Cl, 1.5 U of Taq polymerase and 200-400 ng of
pathogens has been demonstrated in interactioggnomic DNA from cultivar MCOL 22. PCR
between rice an&. oryzaepv. oryzae(Chittor et conditions were 4 min at 8@, followed by 30
al., 1997) and between cotton aXd campestris cycles of 1 min at $€, 1 min at 48C, 2 min at
pv. malvacerum(Dai et al, 1996). Flood et al 72°C and a final cycle of 5 min at ®in a GTC-2
(1995) suggested that peroxidases might also plafiermocycler (Precision Scientific, Chicago, |l
an important role in CBB. Kpemoua et @996) USA). PCR products were visualized in 1%
found that the production of phenolic compoundsigarose gels stained with ethidium bromide,
in the phloem and xylem of CBB-resistant cassaveloned into pGEM-T (Promega, Madison, WI,
cultivars was significantly higher than in USA), and sequenced using tfiaq Dye Deoxy
susceptible ones. There was also a highéferminator Cycle sequencing kit (Applied
accumulation of lignin and a greater formation ofBiosystems Inc., Foster City, CA, USA) on an
callose and tyloses in resistant cultivars. Th@éBI PRISM™ model 377 DNA sequencer. The
presence of lignin, callose and tyloses in theranslation product was predicted using TRANSL,
vessels was reported to potentially obstruct th€ODING and SIGNAL programs from PCGENE
passage of the bacteria (Kpemoua gt1#196). In and GENSCAN 1.0 (http://CCR-
a previous work, we described the activity of081.mit.edu/GENSCAN.html).

peroxidase during susceptible and resistant

interactions between cassava ambm and Table 1 - Origin and classification of cassava cultivars
Xanthomonas cassavéeereira et al 2000). in relation to bacterial blight disease (CBB).

The objective of this work was to isolate and cuyltivar Resistance Origin
characterize genes involved in the response of to CBB!

cassava t&Xam We report here the identification BRA 70 ND Brazil

and initial characterization of a cassava peroxidase ~s;.gg 4 Colombia
gene fragment obtained by PCR, MEPX1, and its .
polymorphism among different cassava cultivars. €G403-18 3 Coloml?na
CM 523-7 z Colombia
ESPETO 8 Brazil
MATERIAL AND METHODS IAC 24 2 Brazil
MCOL 22 4 Colombia
Cassava cultivars used in this study are listed in MIND 8 ND India
Table 1 along with their geographic origin and \iND 27 ND India
i/eevt‘:ie(ltat(i)\]:eIyr es;?gei)r:geateii?n (\:/i?[’rl'?) fiaolreiwntsstevr\;ere MMAL 2 3 Malaysia
cuttings and transferred as plantlets to a growth MMAL 48 NE M,alay,s'a
room with day/night temperatures of 27922and MNGA 1 1 Nigeria
12-h photoperiod. MNGA 2 R’ Nigeria
The DNA sequences of eight peroxidase genes MTAI 1 4 Thailand
from different plant species were compared using MTAI 8 4 Thailand
the ALIGN program from PCGENE (Oxford gg 107-5 1 Colombia
Molecular, Oxford, England) to identify highly \,gn 70 ND Venezuela

. . . .
conserved regions. Potential  primers Wer“CIassification from CIAT (Centro Internacional de

screened f‘?r homology with sequences ")\gricultura Tropical, Colombia) databank. CBB susceptibility
GenBank using the BlastN program (Altschul etyas ranked on a 1-to-5 scale where 1 was very low and 5 very
al., 1990) to increase the probability of amplifying high. Cultivars with no information about CBB are marked
only peroxidase sequences. The two primer%!&T2 gerszna'kgogmumcaglon b{_C'aUdia Guevara, Curator

. : atabank.” Susceptible cultivar reported by Vidiga
designed from the most conserved regions JFilho et al., (2000)? Resistant cultivar reported by Flood et
related sequences were PX1: S'al., (1995) but not ranked on 1-5 scale.

CGTCTCCACTTTCATGACTGC 3'and PX2: 5'
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For Southern blot analysis, 1@ of DNA were RESULTS AND DISCUSSION

double digested overnight with 2-3 units of

restriction enzymes HEcoRl and BanHl), Several products were amplified from MCOL 22
transferred to GeneScreen Plug/lon membranes DNA using the peroxidase primers PX1 and PX2,
(DuPont, Boston, MA, USA) and hybridized with which were designed based on highly conserved
the peroxidase clone labelled with dCTR82- regions of plant peroxidases. Three different sized
using a random primer kit (Roche DiagnosticsPCR products were cloned, and one of these
Laval, Quebec, Canada). Hybridization wascloned PCR products of 1501 bp (MEPX1,
performed overnight at 42 with 50% formamide, GenBank Accession #AF078691) showed
2X SSC, 1% SDS 10% dextran sulfate, 5Xsequence homology with other plant peroxidases
Denhardt's solution and 1@y ml* denatured and was analyzed in more detail. Two other
salmon sperm DNA. The membranes were washeamplified products, of approximately 700 and 900
at low stringency as follow: 2X SSC at roombp, were partially sequenced, but did not have any
temperature for 5 min; 2X SDS and 1% SDS ahomology with other peroxidases or any other
42°C for 30 min; and 0.2X SSC and 1% SDS for Ssequences in GenBank. The DNA sequence and
min at room temperature. Following exposure othe predicted translation product of MEPX1
the membranes to X-ray film overnight, they werdndicated the presence of two introns of 160 and
washed at higher stringency with 0.2X SSC an®23 bp starting at nucleotides 31 and 392
1% SDS at 6X for 30 min and re-exposed. respectively.

Myr/Pho Pho Pho
Cassava MEPX1 RLHFHDCFV EGMASILIST KPGSKELAEKDAEDNKDLRVEESCRMAK 50
Arabidopsis 1 ..F.......... G....E.K..K...RE.YE..E..E..FD..IK.. 127

Arabidopsis 2 .MF............ VF.---ASEN.D.....D...S.AGD.FDTVIK.. 112
Spinach WFeein. S L--QSTGTNT....HP..LS.AGD.FDTVIK.. 113
Tomato M....... R...G.V.LNFTSST.NQT..V.VP.QT..--.FSF.DGV. 111
Rice ... Q.....V.L.---.QNAGPNVGSLRGFSVIDN------- .. 102
Myr/Pho
Cassava MEPX1 ALVESK--C PGVVS@DILAIAARDYVHLAGGPYYQVKKGRWDGKISMAS 98
Arabidopsis  ....H--..SL...S......... Flos R.T.K 175
Arabidopsis2  TA...Q-............ L...V.V.V..EFK.EL..R..LV.K.. 160
Spinach .A.DAVPG.TNN........L. T.V.N.S...FWE.EL..F..LV.K.. 163
Tomato KA. AE--.......... V.LV..S.VVT...WK.PT..R..E..N.. 159
Rice R..AI--NQT........ V...S.VAL...SWT.LL..R.STTASEA 150
Gly Perox

Cassava MEPX1 RVPYNLPQA NSTIDQLLKLFNSKGLTP@LVVLSGAHT@F 139
Arabidopsis  N..P.LRS..V..l..A....VEE.....S..l.. 216

Arabidopsis2 ..TGK..EPGLDVRG.VQI.A.N..SLT.MIA......I1.- 202
Spinach S.NGR...PTDELNR.NS..A.N...QAEM.A......... 204
Tomato EALA.ILPPT.NFSS.QTS.A....DLK...L......I.- 199
Rice LANTD..APS.SLAE.IGN.SRKGLDAT.M.A......l.Q 200

Figure 1 - Alignment of the predicted amino acid sequence of MEPX1 peroxidase of cassava and
peroxidases of different plant species. Putative protein motifs are marked in bold as myristoylation
(Myr), phosphorylation (Pho), glycosylation (Gly) and peroxidase signature (Perox). Dots (.)
represent perfect homology with MEPX1.

The highest homology of MEPX1 was toArabidopsis 1 (Rounsley and Lin 1997); 71 and
peroxidases  from Arabidopsis thaliana 56% for Arabidopsis 2 (ATP20- Welinder et,al
Lycopersicon esculenturand Spinacia oleracea 1986); 65 and 52% for spinach (Simon 1993); 63
(Fig. 1). Individual homologies - similarities and and 52% for tomato (Botella et al., 1993); and 57
identities - between MEPX1 and each peroxidasand 48% for rice (Chittoor et al., 1997).

amino acid sequence are: 84 and 73% for
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The E values from BLAST analysis were CBB. The same band pattern was observed for
respectively: 8" 2% 6% 6% 5% The MINDS, whose resistance to CBB has not yet been
calculated pl (CHARGPRO, PCGENE) for thosereported. Cultivars Espeto, BRA 70, VEN 70, CG
peroxidases indicated that all but one was cationid03-18, IAC 24 and SG 107-5 showed bands of
and the calculated pl of MEPX1 indicated that itmuch higher molecular weight only. Among these
was a cationic peroxidase. A search for specificultivars, resistance to CBB has been reported
protein motifs in the predicted translation producbnly for CG 403-18, IAC 24 and SG 107-5, which
revealed the presence of the heme-ligand on thed@’e ranked 3, 2 and 1, respectively, which
end of the gene, similar to other peroxidases, agpresents a range of moderate (3) to high (1) CBB
well as sites for phosphorylation, resistance. These three cultivars, plus the cultivar
myristoylation and glycosylation (Fig. 1). Espeto, both from South America, showed a
Southern blots of 17 different cassava cultivabanding pattern distinct from most of the cultivars
were probed with the MEPX1 clone (Fig. 2).coming from Asia or Africa. The distinct band
When cassava DNA was digested wiboRI and  pattern between cultivars from different regions
BanHI, most cultivars showed a unique band of $has been demonstrated for other cassava genes that
Kb, but cultivars CM 523-7, MNGA 2 and MIND are involved in the plant defense mechanism
8 also produced a higher molecular-weight band diPereira et al 1999). Resistance to CBB in
approximately 8.8 Kb. The presence of two bands;assava has been described as a polygenic trait
as well as the difference in the intensity of thgJorge et al., 2000, 2001). The association of an
hybridization signal, suggests a heterozygoukcaRl/BanHI 8.8 Kb hybridizing band with
condition for MEPX1 in these three cultivars.resistance to CBB suggests that MEPX1 may have
There was no difference in the number of thegotential as a molecular marker for disease
bands on the blots exposed after low or highmesistance. It will be important to study the
stringency washes. presence of MEPX1 in a segregating population
Cultivars MNGA 2 and CM523-7, which had thefrom crosses of resistant cultivars, containing the
distinct 8.8 Kb band, are classified as resistant tEPX1 band, and susceptible ones.

-
66-B i d
Seeeeses o - e
4.4 -

Figure 2 - Southern blots of DNA of different cassava cultivars (Table 1) double digested with
EcadRl/BanHl, and probed with MEPX1. Positions of molecular weight markers in kilobase pairs
are indicated to left of the figure.

This analysis can determine how closely linked thand MEPX1 could be useful as a marker for
8.8 Kb hybridizing fragment is to any diseasespecific cultivar x isolate interaction. It would also
resistance genes or to any QTL for CBB. It have interesting to check this clone as a marker for
been reported that CBB resistance was highlyesistance to cassava mosaic virus (ACMV),
dependent of the interaction between cassawnother important disease in cassava, since there
cultivars and Xam isolates (Restrepo et al., 2000),
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are indications that the genes for resistance to bofampa, A. (1991), Biological roles of plant

diseases are linked (Hahn et al., 1989). peroxidases: known and potential function. In:
Everse, J.; Everse, K. E. and Grisham, M. B. (ed.).

Peroxidases in Chemistry and Biologpforida : CRC

Press. pp. 25-50.
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