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REsunEN

¥l phjetiva del presente trahajn fue amalizar la expresin trans-
cripeiomal mlucica baje difemmmgss Cipos de estres Bidticn v abid-
tico en plamtas e cleile habaners (Capsioam ofirense BO-3820,
L esticdios de expresion de genes e plantas hajo diferentes
condivimes de estefs bidticg v ahddtivo son mporiamles por-
(e S0m una estrategin paca entender, a nivel melecolar, g
las plantas acpdgan en femdmenos de vesistenyis @ patdpohog v
condiciones abiiticas de eretimionto, lo gque poede ampliare el

congvimiento sobre las mecamizmos medeculares de defensa a

cstns tipos de estres em lis plantas, Para @ amiliss transcripcis-
nal s¢ cmplearon sondas molecwdares de los EST RS0 ¢ BI00,
Ambos son fragnentos difecenciakes v posiblemente implicados
e la respuesta de vesisteryia ok O chimepes Bl-382) a ipfecrio-
mes por ol viros hoaedeco svoa amarilla del chike (PHY YY), Se
camprobd la especificidad de la expresion de log penes onrves-
porclienies a B3F 5 R100 en plantas de © cfiteerse infoctaday
o FHYVY, asi enmo por I Bacteria Xasthomaies coniygmasiis
e vesicatria v el hemge Fuspeiem sobmy. Planptay infectaday
von el comieeio Pladeslidfionn capsiod no indojeron la exprosion
e estos genes, Asintisnro, se evalud & la expresiin de estos ge-
nes ok infducida mediante B aplicackin de dcide safiofis (A%,
weelil Tasanomate, etileno o estrés abiofice Thadrioo v érmic)
A plrtas de O cfinense BG-3820 Adicimalmente, seovealizg
andlisis de Hibridagiin de ABN complemontario {ADNC), palia
o cval s seleecionaros viwias clanas de Banoos susteaciives goe
congienen fragmentos de genes de O efifnense BE-382T cuva
exprrsion D inghieily oo inlwgimes de PIIYYY. Be demosteg
qua la expresida de s genes vorrespondientes o los fragmenios
a0 v B0 np son s6lo indacides capecificamente por 1 infee-
et e FITY VY, sinm adeines por X, cammpeadeis gy, vesicatoria
v B solaid, asi como porv la aplicecion de dcido salizilico, mefil
Jasmomata voetibowy, Enoel apdlisis de arreelos seoghsorvaron
diferencias e gF nivel e wipresion e varivs EST para cadz

eondiciin de esteés eealuada,

Regibado: Moviembre, 2006, Aprobade: Mevienrdee 2007
Publicado como ARTTOPLO en Agrociegeia 320 952106, 200,

San Miguel de Allende, K, 8.5, Celayn, Guanajudio, Mosice, Aps
il e Ingeoieria, Umsgrsidad Aandnoma de Cuetetsaro, 76000, Chweretarn, Chugrétalo.

i Poasgal 112

ARSTRACT

The shjective of the present work was oo oapalvee the
1.r".:II‘I.'iLTi.|Ji{I.1'I'IEﬂ expression mdoced under difTerent gopes ol Tdotic
and afsiotic stvess in Havana elrili pepper (Capeicmn cfiisense BG-
AR21). The stadies of syvpresston of plant genes nader different
oonditions OF btk and abiodte steess are Tooportand Degansg:
ther aee a straegy e wnderstanding at mokecular fevel, bow
plomts get in phemanend of tesisfabhpe o pethogen], oo ahbetis
growth conditieas, whick may expand the kiowkedge abair
mobernlie detense mechanisms ta this type of stress in plants,
Fir framseriptional aoalwsis, oudecgbs probes of R2D anid
R100 EST™s were @nployed. Boily ave differential Trebgmenrs
svd possildly implied in the resistnce vespose of O clinerre
Fl-3821 o jpfections by (he pepper Flgastees velline vein visos
IPHYYY), Specificity of gene expressions correspoading Lo
BA0 ] R s contirmed in O cleense plants infected hy
PINYYY, aswellas Dy e Xearsfomnes coampesfeds pyovesitatoria
hacterivm, and Fasadivm soland Tungos. Plants infected with
the Fhvraphitheras eqpsiad oomzeers did not indgey the exprasston
of tfesc panes, Likewise, it was assevsed i {he txpression
of thesp genes is induweed to O ehigense BG-3KID plants by
application of salivylic schl (AR jueiiengte methyl, ethyvline,
a abiedic steess (hydeie aml thermall, Additionally, analysis
of complementary INA lmyIJJ'idi_;-'.mEmf (eINAY was condipeted.
for which variuns climaos Trom suberdctive beinks ware sehctod,
confainimg O, sdaetsy BG-382E fragments, whose espeession
s indyced i infectipns of PEIYVY. [0 was depiansirated that
e pene cxpressions corresponiding (0 B30 amd R0 fragenconts
arg vt only indueed specifically hy PEIYVY infection, bui alsg
by X, oaepesoric e vesieaiurin, and Frelos, as well ag by
application of salivvlie doid, jasmsenate methvh and etk lenc,
I the anadvsis of arvamgements, ditferences n the expression,
leved of several ESTS wery obseoved Tor cach cvaloated stros

Clundition.,

Ky words: Fusprfus soloai, Piviaehitteors copmder, Xanthormas

vetnpesieis po. vesicateria,  chili pepper, swess, PICYYY.
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INTRODUCCION

1 cultivey del chile sufre pérdidas de 2004 1005

debido a enfermedades de eticlogia viral, entre

las que destacan las causadas por geminivirus
(Torres-Pacheco e af., 1996; Godines-Herndnder ef
al., 2001). El viras huasteco vena amarilla del chile
(PHYWVY, antes PHV) es un geminivirus del género
Begomovirus, tene genoma bipartita, es transmitido
por mosquita blanca, e infecta dicotileddneas, inclu-
yendo chile (Torres-Pacheco ef al., 1996; Anaya-La-
per el al , 20087, Dentro de los geminivirus mis dis-
tribuides en los cultives de chile en México estdn el
virus huasteco vena amarilla del chile (PHYVY) v el
virus mosaico dorado del chile (PepGMV) {Anaya-Lo-
pez ef @l., 2003a,b). En México se ha identificado y
caracterizado fuentes de resistencia g estos geminivirus
en chile (Herndndez-Verdugo e af., 2001; Anayva-Lé-
pez ef al., 2003a,b; Anaya-Ldpez er al., 2005). Una
colecta de chile habanero resistente a mfecciones sim-
ples ¥ mixtas por los geminivirus PHYWVY y PepGMY
es la denominada BG-3821 del banco de germoplasma
del Instituto Nacional de Investigaciones Forestales,
Agricolas v Pecuarias (INIFAP) perteneciente a la es-
pecie O chinense Jacg. (Anaya-Lopez e al., 2003a,b;
Anaya-Lopez er al., 20035). En la caracterizacidn mo-
lecular de la resistencia se ha obtenido seis bibliotecas
de fragmentos de genes expresados diferencialmente
(EST) de estas planitas sometidas a infecciones por
geminivirus (Anaya-Lopez e al., 2005). Dentro de
astos estin el R32 v el R100 gque presentan similifud
con genes que codifican para proteinas tpo germina
(GLP) reportados en otros sistemas como involucra-
dos en mecanismos de resistencia en plantas a patdge-
nos e msectos herbivoros (Schweizer ef af ., 1999 Lou
v Baldwin, 20{06). Asimismo, se ha encontrado otros
EST como el R3D, el R3T v el R70, cuya luncidm se
desconoce. Se ha reportado que varios genes (entre
ellos GLP) pueden ser inducidos en plantas en res-
puesta a varios lipos de estrés (Park ef af |, 2004). La
expresitn inducible a nivel transcripcional de algunos
genes en plantas se ha relacionado fuertemente con el
tipo de interaccion que realiza con diversos microor-
ganismos (compatible o incompartible) o condiciones
abidticas (Park ef ol., 2004; Eichmann ef af., 2005;
Restrepo e al., 2006). Con base en lo anterior, se
debe esmudiar la especificidad de la expresion de los
genes correspondientes a los EST identificados en la
interaccion O chinense BG-3821-geminivirus, con el
ohjetive de dilucidar su posible participacién en el me-
canismo de respuesta de esta planta a diferentes tipos
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INTRODUCTION

hili pepper crop has losses of 20 w [00%

due to diseases of wviral etiology, among

which those caused by geminivirus stand out
{Tarres-Pacheco er al., 1996; Godinez-Herndnder et
al., 2001). The pepper Huasteco vellow vein wvirus
(PHYWVY, formerly PHV) 15 a geminivirus of genus
Begomovirus, it has bipartite genome, is transmitted by
the white fly and infects dicotyledones, including chili
pepper (Torres-Pacheco er al., 1996; Anaya-Lipes
ef af., 20053). Amaong the geminiviruses most widely
distributed in chili pepper crops in México, there are
Pepper Huasteco wvellow vein virus (PHYWVV) and
pepper golden mosaic virus (PepGMY) (Anaya-Lopez
el al, 2003a.b), In México, sources of resistance to
these geminiviruses in chili pepper have been identified
anil  described  (Herndndez-Verdugo er al., 2001;
Anava-Lopez ef al., 2003a.b; Anava-Liper e al.,
2005). A collection of Havana chili pepper resistant
to simple and mixed infections by geminiviruses
PHYWVY and PepGMV is the one called BG-3821
of the germplasm bank of the Instinio MNacional de
[nvestigaciones  Forestales, Agricolas vy Pecuarias
(IMIFAP) (National Institute of Forest, Agriculiure and
Livestock Research), belonging to C. chirense Jacg.
species (Anaya-Lopez et of., 2003a.b; Anaya-Lopez
ef al., 2005). In the molecular characterization of
resistance, six library of differentially expressed gene
Mragments (EST's) of these plants have been obtained,
subjected to infections by geminivirus {Anaya-Lopes
ef al., 2005). Among them, there are R32 and R100,
which present similarity with genes encoding germin-
like proteins reported in other sysiems as involved
in plant resistance mechanisms to pathogens and
herbivorous insects (Schweizer @ af., 1999, Lou and
Baldwin, 2006). Likewise, other EST’'s have heen
found, like R50, R57, and R70, whose function is not
knowan. It has been reported that several genes (GLP
among them) may be induced to plants in response
to various types of stress (Park e of., 2004), The
inducible expression at transcriptional level of some
genes in plants has been closely related to the tvpe of
interaction that it performs with different (compatible
and incompatible) microorganisms or abiotic conditions
iPark et al., 2004; Eichmann er af., 2005; Restrepo #r
e, 2006). Based on the aforesaid, specificity of gene
expression corresponding to EST, identified in the
interaction O, chinense BG-3821 with the geminivirus,
must be studied with the objective o clarify its
possible participation in the response mechanism of
this plant to different types of biotic (geminiviruses
and other pathogens) and abiotic stress, as well as the
possible route of signaling, which these genes follow
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de estrés bidtico (geminivirus v olros patdgenos) v
abidtico, asi como la posible ruta de sefalizacion que
sigan estos genes en la planta, Por tanto, el objetivo
de este trabajo fue realizar andlisis de la expresion
a mivel rranscripeional de genes de O chitnense BG-
3821 inducida por diferentes tipos de oesirés bidtico
(PIIYWVY, XNanthomonas campestris pv. vesicaloria,
Phytophthora capsicl v Fusarinm selani) v abidtico
i(térmico e hidrica), v mediante la aplicacidn de dcido
salicilico, metil jasmenato ¥ etileno.

MaTEriaLEs ¥ METODOS
Material binldgico

Scusaron plantas de chile de la especie Copsicim clinense Jacy
colgcty BG-3821 proveniente del Banco de germaoplasma del [nsti-
e MNacienal de Investigaciones Forestales, Agricolas v Pecuarias
{INIEAP), Coentro de [nvestigacion de la Regidn Centro, Campoe ex-
perimental Bajic, Unidad de Bioteennlogia, Celaya, México, Com-
ponentgs A v B odel Geminivires PHYVY clonados en el plasmido
Blueseript (SK 40, La cepa de X, campestris pyv. vesicatoria fue
proporcionada por el Dr. e':.l1j_{{:| Alpuche Solis del Institure Potosine
de Investigacion Clentifica ¥ Tecnoldgica ([FICy Ty, Las cepas de &
sadand y P.ocapeicl se tomaron del ceparia del INTFAP, Unidad de
Biotsonologi.

Indueeion de estrés hidtico

La metedelogia paca las incculacicnes en chile de la bacteria
XLocampesinds py, vesicatoria v el oomiceto P capsicl, foe la repor
tada por Shin e gl (20023, La moculacion de & sofend se realizd
colacande tres discos (1 em didgmere) del medio PDA con micelio
del hemgo, Todas ey plantzs tenian cuatra hojas verdaderas al me
menie de L ineculacidn v se manvieren incubadas en invernadern
durante marze v abril de 2006, con wn fotoperiodo de 16 hluz ¥ 8
hovmcuridad, v une temperaters de 26 3 28 70, De cada pardgena
seoverificd su opresenciz en las plantas inocoladas, mediante POR
con oligonucledtides especificos para PHY VY (Anava-Loper ef al..
2005y, reaceion en Lo planta v recoperacion en medio de cultive para
X, campesinis pv, vesicaoria, v orecuperacian en medio de cultivo
paps dextrosa agar (o) para Fosaland, Adicionalments, Foosola
af v PLocipsicd se detectaron mediante PCR asandn olignnucledtidog
capecificos (Rico-Guerrero of af .. 2004}, Las extracciones de ADN
sehicieron de aeuerde al protecolo de Dellaport of qf. (1983,

Induccidn de estrés abidtico
Estriés thrmico
Ke colocaron 20 plantas de chile enoung incubadara (Biotronete,
Lab Line Instruments, Melrose Park, 1) con un fimoperiodo de 16

hluz ¥ & b ooscuridad a 40 *C, v artras 20 plantas =2 colocaron 2

10 "0 Lay planias se menfuvieron en observacion 48 b, A Tas 30

in the plant. Therefore, the aim of this siudy was 1o
conduct analyses of expression at transcriptional level
of C. chinense BG-3821 genes, induced by different
tvpes of hiotic (PHYWVV, Xanthomonas campesiriy
pv. vesicatoria, Phviophthora capsici, and Fusarium
sedani) and abiotic (thermal and hydric) stresss, and
through application of salicylic acid, jasmonate methyl,
and ethylenc.

Marerians anp METHODS
Biclogic material

Chili pepper plants of Capstowm chinense Jacg,, collection
BG-3821 species were vsed from the germplazm bank of the
Mational Institute of Forest, Agriculiural, and Livestock Research
(IMIFAP). Research Cemer of the Central Region, Experimental
Field Bajio, Unit of Biatechnology, Celaya, México, Components
Acand B oof the PHYVY geminivirus, cloned in the Blugscripn
(S =0 plasmid, X, caripesieis py. vesicatonia straimn was provided
by Ior. Angel Alpuche Solis of the Instita Potosine of Scientific
Research and Technology (IPICYT). The & selaed and P, capsici
strains were taken from INIFAP strains collection, Unit of
Bitechnology.

Induction of biotic stress

The methodelogy Tor inocolations ino chili pepper of X
cempeEsies pv. vesicatoria bacterivm and P capsio? oomyveete was
that reported by Shin ef ol (20021, Inoculaton of & soland was
performed placing three disks (1 om dizmeter) of PDA medivm
with mycelium of the fungus. Every plant had lour real leaves at
the moment of neculation and was kept incobated in greenhouss
during March and April 2006, with a photoperiod of 16 h light and
& hodark and a wemperatore of 26 w 28 "C. The presence of wach
pathogen in the innculaed plants was verificd by PCR with specific
aligonuclectides for PHYWY (Anava-Lopes ef af., 2008, reaction
in the plang, and recovery in culwre medium for X compesieis py.
vesicatoria, and recovery in potabr dexirese ggar (Difce) culiues
medivm for F. sofani. Addidonally, F. sodasi and P ocapsicd were
detected by PUR using speetfic oligonucleanides (Rico-Guerrero ef
al.. 20040, The exractions of DNA were made according o the

pretocel of Dellapora e of, (1983),
Tneluction of abiotic stress
Thermal stress

Tweenty pepper plants were placed inan incubator {Biotrenette,
Laty Line Instruments, Melmose Park, 113 with a photoperiod of 16 h
light and & h darkness, at 40 *C, and another 20 plams were placed
at [0 *C; the plants were kept in observation for 48 b A 30§, the
tissue was mathered, cotting apical and hazal Teaves freezing them

imnediately in lguid morogen, and conserved at — 80 “C wntil their
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hose recolectd el wiido cortande las hojas apicales v basales, con-
gelindolas inmediatamente en nitrogenao lguido, ¥ se conservaron a
—&0 “C hasta su wtilizacidon. Les experimentos se realizaron en res

coasiones independicnies,
Estrés hidrico

Seorealed sepin el procedimiento de Castille e g, (20007
Fara la condicidn de excese de humedad, las plantas sc incubaron
o macetas v ose colociron en ung charola con excese de agua du-
ranle uin sennna a 28 "C en una incubadora (Biotronetie, Lak Line
Instruments, Melrose Park, 113 con un fotepericde de 16 ho o v
& b ooscuricdad, Los experimentos seorealizaron enlres ocasiones

idependienies,

Aplicacion de elicitores abidtices Gicido salicillice, metil jasmo-

nato v etefon)

Con la hoalidad de aporae elementos para conocer la posikle
ruta de senalizacion en la que participan los genes correspondienies
alos EST RS0y B, se hieo s analisis de su expresidn anscrip-
cional en respuesta o ramientos con reguladeres de crecimicnios
dcido salicflico, metil jasmonmo v erileno (erefom), gue son meléo-
L e participan en la rotas de ransduccion de Lo seqalizacion en
respuestas O defensa en plantas (Park ei af., 20040 La aplicacian
de dcido selicilice {SIGMA-ALDRICH, St Louis, Ma, USA)L medil
Jasmonato (SIGMA-ALDRICH, S Louis, Mo, USA) v ETEFON
(SIGMA-ALDRICH, 5t Louis, Mo, LISA) se hize segon Park gf
al, {20007,

Adslamiento del ARN

Eotodos [os casos el ARN se obiuve a las 72 h post-inceulacian
medianie ¢l promeole de RNEASY (QLAGEN, Hilden, Alemiania).

La mtearidad ¥ tamaio del ARN se analizé por electroforesiz en

geles de agarosa con fermaldehido, La cuantificacion v purers se
midin espectrotoometricamente mediante la relacion de ahsorbancia
(260 280 nomb.

Andlisis tipo MNorthern

Seorealizd segin Anaye-Lopez o8 al (200531 Aun cuando las
variables de este estudio son cualitativas, se hicieron tres replicas

ndependientes de les tratamicnias,

Preparacion v marcaje de sondas de ADNe
¢ hibridacian de membranas

Con la finalidad de explocar =i algunos otres EST diferenies
a B30 v RIGD, también sen inducidos en plantas de O cfinense
BCe-3821 por algunos de Jos factores hidticos y abioticos evaluados
en este wabaje, se hize un esdio de hibridacian de arreglos del
ADNMe de 66 EST de un banco abtenido por S5H en interaccion

incompitible entre O clifnense BG-3821 y PHYYY . Se lnbridaron

kL WOLUMEN 22, HUMERD 1

utilization. The experiments were carried outl on three independent

QLSS

Waler stress

It owas conducted according we the procedure of Casallo e
el 420000, For the condition of majzture excess, the plaots were
incubated in flower pets and placed on a ray with water excess
during one week at 28 O noan incubator {Buwstrenswe, Lab Line
[nstruments, Melrese Park, 11} with a phetoperiad of 16 h light and
8 hodark. The experiments wene conducted on three independent

LSS,

Application of abiotic elicitors (salicvlic acid, jasmonate methyl,
and etefon)

With the purpose 1w conteibute elements Tor recognizing e
possible rowe of signaling, in which the genes corresponding
i the EST's RS0 and K100 participate, an analysis of theic
ran=cripiional expressicn was made in response 10 treatments with
grovwth regulators: salicylic acid, jasmenate methyl, and ethylene
{etelony, which are malecules, parlicipatng o the ansdocton
rowtes of signaling in plant defense response (Park ef af,, 2004,
The application of salicylic scid (SIGMA-ALDRICH, 3t Loms,
M, USAL, jasmonate methyl (SIGMA-ALDRICH. S0 Lows, Mo,
USAY and ETEFON {(SIGMA-ALDRICH, 5t. Lowis, Ma, L5SA)

wis made according e Park e al (2000,

REMA isolation

[ every case, ENA was obined al 72 h post-inoculation by
the RNEASY protocel (QUIAGEM, Hilden, Germanyd. Inegricy
amd size of RNA wers analyeed by electrophoresis moagaross
ael with formaldelyde, Quantification and  purily were spectio

photometrically measured by relaton of shsorbance (2600280 nm).

Morthern type analysis

It was conducted according o Anava-Lopez er af. (20053 Even
when the variables of thiz study are qualitative, three independent

replications of the treatments were carried oul.

Preparation and marking of ¢c[DNA probes

and hybridization of membranes

With the purpose of cxploring i any other EST different from
RS0 and BRI are also nduced o O chinense BG-3821 plans by
some of the bictic and abionc Faciers assessed in this paper, a soudy
of hybridization of arrangements of 66 EST= from a bank ablained
by 55H was performed i incompatible ineraction between O
chinghse BG-3821 and PHY VY. Replicates of the gene collection
of O chinense BG-3821 by mfection of PHYYY obtained by 535H
were hvbridized by southern-tvpe analvsis (Sambrook e ol 198D

with probes abtained fram cDMA proklem or control, or with the
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réplicas de la biblicieca de los genes de O chivense BG-3821 por

la infeccion del PHY VY oblenidas por S5H, mediante a
rin A Sambreok er of . 1989 con sondas oblenidas de ADNc

prablema o testigo, o bien con los fregmentos de los ESTs B30

1505 tipo

South

(317 ph, nomero de accesidn DOSA2TE4L G RIOD (635 ph, nimero
de accesidn DONMTIA35, sepin ¢l caso, Estas sondas 2e gencraron
incarporgndo dUTP-]-flnoresceinag medianie un protocole m-
narie (Gene lnages COP-Sr Bandem prime labeling modele:
Amersham Pharmacia Biotech Ing, Fiscataway, NI, USA} La de-
tece1on de la senda se oo mediante ¢l comueade antifluoresceina-
fosfatasa alealing v ¢l ceactive de deteccidn CDP-Star (Amersham
Pharmacia Bioech Inc.. Piscateway, NI, USAL Para constroir los
arreglos de clomes se usd un dispositivo multcopiador conectada
aoung bomba de vacio (Heefer PR G645, Amersham Biosciences,
Buckinhamshire, UK.

ResuLrapos ¥ Dhscusion

Sintomas de plantas de C. chinense BG-3821
a los diferentes tipos de estrés

Se evalud la expresion de sintomas en plantas de
O ochinense BG-3821 inoculadas de forma indepen-
diente con el PHYVV, X compestris pyovesicatoria,
F. solani v P. capsici. En la Figura 1 se muestra la
presencia del PHY WY detectada por PCR en las plan-
tas inoculadas. Las plantas se mostraron asintomdaticas
a este virus como se esperaba, segin lo reportado por
Godiner-Herndnder er of. (20000 En la Figura 2 se

Figura 1, Confivmacién de la presencia del PHYVY en plantas
de O0 chinenye BG-38210 Panel A, Carril 1-4 confir-
macion de la presencia del PHYYY en O chinense
BG-3821, Panel B, Careil 1 marcador de tamagie
mueelecular (MTHE 2 v 3 testizos negativos, La flecha
imdica 350 ph. O+ (festigo positival, carril mosirandoe
wna amplificacion para el PHYVY a partic del ADN
clonade del componente A de este viros,

Figure 1. Confirmation of PHYYY presence in {0 chinense
Bi-3821 plants. Panel A, Track [-4 confirmation
of PHYYY presence in O chinense BG-3821 plants.,
Panel B, Track 1 marker of moleenlar size (MTM); 2
anil 3 negative contrals. The arvow indicates 350 ph,
C= (positive controll, track showing an amplification
for PHY VY from cloned DNA of the A component of
this virus,

EST fragments RS0 {317 ph, accession number DOEGATIA) or R100
(625 pb, accession number DOGTIA35)1 according w0 he case.
These probes were generated incorporating dUTP-11-Nuoreseein by
a reutine protocel (Gens lmages CDP-Star Random prame labeling
module: Amersham Pharmacia Bictech Inc. Piscataway, N1, USA),
The detcction of the probe was made by the conjugate alkaline-
artitleorescein-phasphatase and the COF-Star detection reactive

{Aamersham Pharmacia Biotech Inc., Piscmaway, N1 USA) Inorder

o eonsiriet clone arrangements, a duplicator device, comnected 1w

a vacuun pump was used (Hoefer PR 648, Amersham biosciences,
Buckinghamshire, UK

Resurts ann DscussioN

Symploms ol C. chirense BG-3821 plants at
different tvpes of stress

The expression of symptoms was assessed in O
chinense BG-3821 plants independently inoculated with
PHY VWV, X campestris pv_ vesicatoria, £ solani, and
P.ocapsicl. Figure 1 shows The presence of PHYVY
detected by PCR in the moculated plants, 15 showamn in
Figure 1. Planis appeared asvimpromatic to this virus as
expected according to what was reported by Godinez-
Herndneez ef af. (2001). In Figure 2, necrosis caused
by dnoculation of X, campestris pv. vesicatoria s
ohserved, the plants presented hypersensitive response
in the noculation wone (stem and leall. & sodani
presence in the plants was proved by re-isolation of

Lesion necranica

Lesiom por
X, rampestels

Figura 2, Confirmacidn  de la g winn e Xeawihomartias
campesteis py. vesicatoria. Fanel A, lesiones necroticas
tipicas en talle mostradas por X, campesids py. vesi-
catoria cn las plantas de O cfifrernse BG-3821, Panel
B, acercamiento de lesiones neerdticas mostradas cn
hajas,

Figure 2, Conflirmation of presence of Xaathamones campesiris
pv. vesicatoria, Pancl A, tvpical necrotic lesions on
stem, shown by X, campestis pr. vesicatoria in
chinense BG-3821 plants, Panel B, close-up of necrotic
lesinns shown on leaves.
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observa la necrosis causida por I inoculacion de X
campestyis py. vesicatoria: las plantas mostraron una
respuesta hipersensible en la zona de inoculacian (tallo
v hoja). La presencia de & solani en las plantas se
comprobd mediante reaislamiento del hongo en medio
PDA v por PCR, un mes post-inoculacion ya que las
plantas de O chidnense BG-3821 no mostraron sinto-
mas para £ sedani al menos hasta el tiempo mencio-
nado. Fimalmente, P. capsici fue muy agresivo v en
3 d post-inoculacidn las plantas murieron, por lo gue
al sepundo dia post-inoculacidn se womd la muestra
respeciiva.

Estos resultados sugieren que la recolecta BG-
3821, ademis de ser resistente a PHYVY, también lo
B85 4 cepas de X campesieis py. vesicatoria y FLosolani
usadas en este trabajo. Asi, es posible suponer que al-
aunes de los genes cuya expresion es sumentada por el
PHYWVY en las plantas de O cliinense BG-3821, pue-
den también serlo por X, campestris pv. vesicatoria v
Foosodand, pero no por Ty cepa de Poocapsicr, como se
ha sugerido para las respuesias de defensa de plantas
@ virus, bacterias, hongos y oomicewos (Leg ef al.,
2000 Park ef af., 20041, Las plantas de C. chifnense
BG-3821 no soportaron el esteés érmico a 10 °C va
gque a las 8 h las plantas estaban muy estresadas; por
tanto, a las 24 h se hivo la recuperacion del 1ejido, A
40 *C las plantas no presentaron alteraciones a simple
visla, siempre y cuando vieran suficiente agua, el
tejido se recolectd a las 24 b para su andlisis. Para ¢l
estrés hidrico las plantas se mantuvieron a 28 “C v
las sometidas @ exceso de agua no presentaron estrés
aparente; sin embargo, las plantas sometidas a déficit
de agrua, presentaron sefiales de marchitez (flacidez de
la planta) a los 10 d de incubacion,

Anilisis de la expresion de R30 v R100 en plantas
de C. chinense BG-3821 sometidas a estrés

En la Figura 3 se muestran los resultados del and-
lisis tipo northern realizado para la expresion de los
genes correspondientes a los EST RS0 y R100. Para
B30 se observd la induceion especifica por PHYVV
v ademds una leve mnduccidn por infecciones con F
solgni (Figura 3, panel A, nimere 5). Para R100 se
conlirmd la induccion especifica por el PHYWVY, ¥
ademds induccidn por infecciones con X, campestris
pv. vesicatoria (Figura 3, panel B, nimero 3). Tanto
R30 (Figura 3, punel A) como R10D (no mostrado)
no fueron inducidos por infecciones por P.ocapsic;
ademds, ningune de los genes para B30 y R100 fueron
inducides en las condiciones de estrés abidtico evalua-
das (Figura 3).

Los resultados anteriores indican que al menos los
genes correspondicentes a los ESTs RS0 v R100 no
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the fungus in PDA medium and by PCR one month
post-inoculation,  since the O chinense BG-3821
plants did not show svmptoms for F. solari, at least
until the time mentioned. Finally, P.capsicl was very
aggressive and within 3 d post-inoculation the plants
died; therefore, the respective sample was taken on
the second day after inoculation,

These resulis sugpgest that the BG-3821 collection,
besides being resistant o PHYWVY, is also resistant
o the strains of X, campestris py. vesicatoria and F,
sodand, utilized in this study. So, it can be assumed
that some of the genes, whose expression is increased
by PHYWY in O chinense BG3-3821 plants, may also
do so by X campestris pv. vesicatoria and F. soland,
but not by the strain of P, capsici, as suggested
for the defense response of plants wwards viruses,
bacteria, fungi, and oomycetes (Lee er af., 2001;
Park e af., 2004 O, chinense BG-3821 plants did
not withstand thermal stress at 10 "C, since at & h the
plants were highly siressed; therefore, at 24 h tissue
recovery was performed. Just looking at the plants,
at 40 *C they did not show alterations, provided that
they had enough water; the tissue was gathered at 24
bt be analveed. For water stress, the plants were
kept at 28 *C, and those subjected 1o waler excess
did not show apparent siress; nevertheless, the plants
subjected w lack of water presented signs of wilt
{plant withering} at 10 d after incubation.

Analysis of RS0 and BRI expression in O chinense
BG-3821 plants subjected to siress

The results of the northern type analysis, conducted
for the expression of genes corresponding to K30 and
R100 EST, are shown in Figure 3, For RS0 the specific
induction by PHYWYY was observed, besides a ligh
induction by infections with . sofani (Figure 3, panel
A, number 3), For R OI00 the specific induction by
PHY VY was confirmed, and furthermore, induction
by infections with X, campestris pv. vesicatoria
(Figure 3, pancl B, oumber 3y, R0 (Figure 3, panel
Ajas well as R10O (not shown) were not induced by
infections with P, capsicd; besides, none of the genes
for RS0 and RIO0 was induced under conditions of
evaluated abiotic stress (Figure 33,

The previous results indicate that at least the
genes corresponding 1o the RS0 and R100 EST s are
induced to the BG-3821 planis not only by PHYWY |
but also by the strains of F. solani and X, campestris
pv. vesicatoria. Ooly etiological agents, against which
the plants showed incompatible interaction, could
induce one or hoth studied genes, since the strain
of P ocapsici used, against which © chinense BG-
3821 was susceptible, did not induce the expression
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solo son inducides por PHY VY en las plantas de BG-
3821, sino también por las cepas de F. solani v X,
campestriy py. vesicatoria, 5010 agentes ctioldsicos,
contra los cuales las plantas presentaron interaccion
incomparible, pudieron inducir alguno o ambos genes
cstudiados va que 1z cepa de Poocapsicd usada contra la
cual C. chinense BG-3821 fue susceptible, no indujo
la expresion de ninguno de los genes evaluados. Estos
resultados sugieren gue algunas de las rutas de senali-
zacion de la interaccidn planta-patégeno respectiva son
compartidas, como se ha demostrado en otras plantas
de chile infectadas por virus, bacterias, oomiceos u
hongos (Lee ef @f., 2001; Shin ef af., 2002; Kim er
al., 2006a,b), Ademds, las condiciones evaluadas de
estrés abidtico (érmico e hidrico) en estas plantas, no
indujeron la expresidn transcripcional de estos genes,

Park e af. (2004) aislaron ¥ caraclerizaron un gen
que codifica para una proteina tipo germina (GLP) a
partir de plantas de C, annwgen ov, Bugang resistente
al patotipo PO del virus mosaico del tahaco {TMV)
¥ a una cepa de X campesiris pv. vesicatoria. Ellos
enconiraron que este gen era especificamente indu-
cido en interacciones incompatibles pero no en com-
patibles, asi como en respuesta al tratamiento con
moléculas involucradas en rutas de sefalizacion re-
lacionadas con defensa en plantas {dcido salicilico,
metil jasmonato v etileno). Este fue el primer repor-
te gue involuera & una GLIP en la respuesta de una
planta a wvirus fitopatbeenos. Dicha proteina fue la
base para crear una nueva familia de proteinas rela-
cionadas con patogenicidad (PR-16). La clona R100
estudiada en el presente trabajo presentd homologia
con una proteina tpo germina; ademdas fue inducida
poT un geminivirus v también por X compesiey py.
vesicatoria. Por ello se puede sugerir que este gen
debe ser considerado como un posible miembro de la
familia PR-16.

En cuanto al B30 (Figura 3), aunque no se iden-
tificd en la base de datos homologia con algin gen
invilucrado en mecanismos de resistencia en plantas,
presentd un patron de expresion donde se indujo por
PIYWVY y por F. solani. Por tanto, se debe conside-
rar como un gen gue posiblemente esté involucrado
en algin mecanismo de resistencia de C. chinense
BG-3821 contra estos patdgenos. Respecto a la nula
induccion de los genes R30 v R100D ante los tipos de
estrés abidtico evaluados, posiblemente estos genes
no son parte de una ruta de respuesta importante de
la planta a estos vpos de estrés, a diferencia de lo
sugerido para genes como piruvato cinasa 1 de C.
annuunm, que 1 responde a estrés bidtico por TMV
v aplicaciones de reguladores de crecimiento como
acido salicilico, etileno v metil jasmonato (Kim ef
al., 2006a),

of any of the evaluated genes. These results supgest
that some of the routes of signaling of plant-pathogen
interaction, respectively, are shared, as has been
demonstrated in other chili pepper plants infected
by wviruses, bacteria, oomycetes, or fungi (Lee er
al 2001: Shin er al ,2002: Kim et al . 2006a,h).
Furthermaore, the assessed conditions of abiotic stress

Figura 3, Expresién inducible de genes RS0 (Panel &) v R100
{Fanel B) en plantas de €, chinense BG-3821 erecidas
con estrés Didtico v abidtico, Pamel A: muestras de
ARMN ohtenidas de plantas de O cfinenye BG-3521
infectndas por el PHYVY {1} ¥ testigo (2); infectadas
por X, campesiris py. vesicatoria (3) y testigo {4); in-
fectadas por F. safani (51 v testipe (6); infectadas por
P. capsici en tallo (73 ¥ hoja (8). Lineas % a 12, corres-
ponden a muestras de ARN de plantas de O chinense
BG-3821 sometidas g estoés abidtico (40 °C, 10 *C,
excesn ¥ oausencia de agua). O+, testigo positive de
hibridacidn (ADN de la clona R50). Panel B, mismao
orden de tratamientos como en el panel A desde las
lineps 1-, Lineas 7 a 10 corresponden a muestras de
ARN de plantas de O chinense BG:-3821 sometidas a
estrés abidtico (40 “C, 10 “C, exceso ¥ avsencia de
agual.

Figure 3, Inducible expressions of genes RS0 (Fanel A) and H100
(Panel B) in O, chinense BG-2821 plants grown with
hiotic and ahintic stress. Panel A: samples of BENA
obtained from O, chinense B(z-3821 plants infected by
PHYYY (1) and control (2); infected by X, campesiris
pv. vesicatoria (3) and control (4) ; infected by F.
solani (5) and contrel (6); infected by P. capsici on
stermn (71 and leaf (%), Lines 9 to 12 correspond to RNA
samples of O, chinense BG-3821 plants subjected to
abiotic stress (40 *C, 10 “C, excess and shsence of
water), C+, positive hybridization contral (DNA of
clone RS0, Panel B, same order of treatments as in
panel A from lines 1-6. Lines 7 to 10 correspond to
BMA samples of O, chinense BG-3821 plants subjected
to ahiotic stress (4 “C, 10 “C, excess and absence of
water),

BARRERA-PACHECO eraf, | 10
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Expresion de R30 y R100 como respucsta
a tratamientos con reguladores de crecimiento

En la Figura 4 se muestran los resultados de la
erpresion transeripcional de los zenes correspondien-
tes a RS0 v R100 con respecto al tempo de aplica-
cion de dcido salicilico en las plantas de O clinense
BO-3321. Los mismos cxperimentos s¢ realizaron con
aplicaciones de meril jasmonato v etefon, pero se pre-
sentd solo una leve induceidn de los dos EST a las 6 h
v despuds desaparecio la sefal de induccion. Respecio
a la induccién por dcido salicilico, se observd que
aungue fenue, comensd desde las & h post-aplicacion
en las plantas para ambos EST (Figura 4). Para R50
el nivel de expresion fue creciente desde 6 a 18 h, v
seomantuva on un nivel similar hasta las 48 h (Figura
4. Para K100 el nivel de expresidn presentd una ten-
dencia creciente de 6 a 30 h oy oo Tus 48 h mostrd una
ligera disminucion (Figura 4).

Lztos resultados sugieren que la induccion de am-
bos genes es ripida v sostenida ol tratamiento de las
plantas con Acido salicilico, ¥ por tanto, se espera gque
sEan genes gue participan en respuestas de defensa de
o ocliimense BG-3821 contra los patdgenos estudia-
dos por la ruta de sefializacion del dcido salicilico.
Esto se sugiere con base en resultados de interacciones
planta-patdgeno de plantas de © auneas con viras v
bacterias (Lee et af.. 2001 Park ef of.. 2001; Kim e
af o, 2006:a,b). Estos resultacdos indican que al menos

ENT-RA0

EST-R10

Figura 4. Andlisis de expresion de los ESTs RS0(panel A) v K100
(Panel B) en plantas de O, ofifeerse BG-3821 tratadas
con dcido salicilico. Para ambos paneles: Lineas 1 a
f, seial de hibeidaciin ehtenida en muestras de ARN
obtenidas a 6, 12, 18, 24, 30 v 48 b post-aplicacion de
dcido salicilico. Linea 7, planta sin aplicacién de seide
sulicilicn, T+, testigo positive (AT de cada clona
respectivi segiin el panel).

Figure 4, Analvsis of expression of FESTs RS0 Panel A) and K100
(Panel By in O clinense Be-3821 plants treated with
salivylic acid. For both panels: Lines -6, hybridization
sign obtained in sampling of BRNA obtained at 6, 12,
15, 24, 3, and 45 h post-application of salicylic
acid, Line 7. plant withowt salicylic acid application,
C+, positive control (DNA of cach respective clone
according to the panel).
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{thermal and hydric) in these plants did not induce the
transcriptional expression of these genes,

Park er af (2004) isolated and described a gene
encoding for a germin-like  protein (GLP) from
Cooannueen oy, Bugang plants, resistant 1o the PO
pathotype of tobacco moszaic virus (TMY), and a
strain of X, compesivis pyv, vesicatoria. They found
that this gene was specilically induced Lo incompatible
interactions, but not to compatible ones, as well as
in response o the treatment with molecules involved
in signaling routes related to plane defense (salicylic
acid, jasmonate methyl, and ethylened, This was the
first report involving a GLP in a plant response o
phyvtopathogenous viruses. Said protein was the base for
creating a new protein family related o pathogenicity
{PR-16}.

The RI100 clone studied in the present paper
presented  homology with a0 zermin-hike  protein;
besides. it was induced by a geminivirus and also
by X, campesivis pv. vesicatoria, Therefore, it may
be susgested that this gene moast be considerad as a
possible member of the PR-16 family.

As for R3O0 (Figure 33, though in the data base,
homology with any gene involved in plant resislance
mechanisms  was not identified, it presented an
expression pattern, where it was induced by PHYWVY
and by £ solani. Therefore, it must be considered as
a gene possibly involved in a resistance mechanism of
O chinense BG-IB21 against these pathogzens. With
respect o zero induction of genes K30 and R100,
ziven the assessed tvpes of ablotic stress, these genes
possibly do oot form part of an important route of
plant response o these types of stress, unlike the
one suggested for genes like pyruvate kinase 1 of O
anra, which does respond o biotic stress hy TMY
and applications of growth regulators such as salicylic
acid, ethyleng, and jasmonate methyl (Kimoer al.,
2006a)

RS0 and RI0D expressions as response Lo
treatments with growth regulators

Figure 4 shows the resulis of transcriptional
expression of genes corresponding o B30 and R100
with respect to time of salicylic acid application 1o O
clitnense BG-3821 plants. The same experiments were
carried out with applications of jasmonate methyl and
ctefon, but only a slight induction of the tao EST was
presented at 6 b, and afterwards the signal of induction
disappears, Regarding the induction by salicylic acid,
it was observed that ~though wenuous— it began since 6
b afier application w the plants for both EST (Figure
41, For B30 the expression level was growing from
Gt 1E by and a0 madntained o similar level up o 48
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Expresidn de R50 y R100 como respuesta
a tratamientos con reguladores de crecimiento

En la Figura 4 se muestran los resultados de la
expresian transeripeional de los genes correspondien.
tes a RS0y RIOOD con respecto al tempe de aplica-
cidn de acido salicilico en las plantas de C. chinense
BG-3821, Los mismos experimentos se realizaron con
aplicaciones de metil jasmonato v etelon, pero se pre-
sentd solo upa leve induccion de los dos EST alas 6 h
v después desaparceid la senal de induccidn. Respecto
a la induccion por Acido salicilico, se observd que
aungue tenue, comenzd desde las 6 h post-aplicacion
en las plantas para ambos EST (Figura 4). Para R30
el nivel de expresion fue creciente desde 6 a 18 h, y
s mantuvo en un nivel similar hasta las 48 h (Figura
43, Para R100 ¢l nivel de expresion presentd una ten-
dencia creciente de 6 a 30 h v a las 48 h mostrd una
ligera disminueion (Figura 4).

Estos resullados sugieren que la induccion de am-
hos penes es rapida v sostenida al tratamiento de las
plantas con dcido salicilico, v por lanlo, s espera que
senl 2enes que parlicipan en respuestas de defensa de
O chinense BG-3821 contra los patdgenos estudia
dos por la ruta de sehalizacion del dcido salicilico.
Esro se sugiere con base en resultados de interacciones
planta-patdgeno de plantas de O annenn con virus v
hacterias (Lee e af., 2000 Park er af., 2001 Kim &
af., 2006a,hy. Bstos resultados indican que al menos

EST-RE0

EST-R 1K

Figura 4. Anailisis de expresion de los ESTs B30(pancl A) y R100
(Pamel B en plantas de £ chinense B-3821 tratacdas
con acido salicilice, Para ambos paneles: Lineas 1 a
i, sefal de hihridacidon obtenida con mocestras de ARN
abtenidas a6, 12, 15, 24, 30 v 48 h post-aplicacion de
acide salicilico, Linea 7. planta sin aplicacion de jcido
salivilivo, O+, testige positive (ADN de cada clona
respectiva segin el panel}.

Figure 4, Analysis of expressien of ESTs RS0 {Panel A) and K100
(Panel By in ©. chinense Be-3821 plants treated with
salicylic acid. For both pancls: Lines 1-6, hybridization
sign ebiained in sampling of RNA obtained at 6, 12,
18, 24, 3, wnd 48 b post-application of salicylic
acid, Line 7, plant without salicylic acid application,
CH+. positive conteol (DNA of each respective clone
acearding (o (he panel),
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ithermal and hydric) in these plants did not induce the
transeriptional expression of these senes.

Park e af (2004) isclated and described a gene
encoding for a germin-like  protein (GLP) from
O anmpnen ov, Bugang plants, resistant w the PO
pathotype of lobacco mosaic virus (TMY), and a
strain of X, campesiris pv. vesicatoria, They found
that this pene was specifically induced w incompatible
nleractions, but not w0 compatible ones, as well as
in response to the reatment with molecales mvolved
in signaling routes related o plant defense {(salicylic
acid, jasmonate methyl, and ethylengi. This was the
first report involving a GLP inoa plant response 1o
phylopathiogenous viruses. Said protein was the hase for
creating a new protein family related 1o pathogenicity
(PR-16).

The RIK clone studisd in the present paper
presented  homology  with a germin-like  protein;
Besides, i was induced by a geminivirus and also
by X campesiris pv. vesicatoria. Therefore, it may
be suggested that this gene must be considered as a
possihle member of the PR-16 family,

As for R30 (Figure 3). though in the data base,
homalogy with any gene involved In plant resislance
mechamisms  was not  identified, it presented  an
expression pattern, where it was induced by PHY VY
and by & sedani. Therefore, 10 must be considered as
a gene possibly involved in a resistance mechanism of
O ochinense BG-3821 against these pathogens. With
respect 1o vero induction of genes R30 and R100,
given the assessed tvpes of ahiotic stress, these genes
possibly do not form part of an important roule of
plant response o these ypes of sress, unlike the
one suggested for genes like pyruvate kinase | of O
anmans, which does respond w hiote steess by TMY
and applications of growth regulators such as salicyvlic
acid, ethylene, and jasmonate methyl (Kim er ol
20060

R50 and R100 expressions as response Lo
treatments with growth regulators

Figure 4 shows the resulis of transcriptional
expression of genes corresponding o R3O0 and R100
with respect to time of salicylic acid application o (.
chinense BG-382] plants. The same expenments were
carried out with applications of jasmonate methyl and
etefon, but only a slight induction of the tao EST was
presented al 6 b and afterwards the signal of induction
disappears. Regarding the induction by salicylic acid,
it was observed that - though 1enuous— it began since 6
balier application w the plants for both EST (Figure
41, For B30 the expression level was growing from
Gt 18 b, and it maintained o similar level up 1o 48
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los genes correspondientes a los EST RS0 v R100
deben estar participando en la respuesta de defensa
de O chinense BG-3821 a los patdgenos estudiados,
mediante 1a rula de sedalizacidn por el dcido salicilico
principalmente. pero también por las rutas mediadas
por metil jasmonato o clileno. Las matas de sefaliza-
cidn para respuestas de defensa en plantas hacia algin
estrés hidtico o abidtico pueden o no ser compartidas
por lo que los resultados mostrados en este trabajo son
consistentes con otros reportes (Mlong e al., 2005;
Kim e e, 2006 a, b,

Andlisis de hibridacidn de arreglos de cIMNA

Se evalud el perfil de expresion de 66 EST de C
chinense BG-3821 en respuesta a X, campesiris py.
vesicatoria, £ solani v aplicacidn de dcido salicilico.
Se usaron como testigo negativoe plantas sin tratar (Fi
guraz 5 v O}, Las clonas de R0 v R0 se incluyeron

64 69

110 111

X campestels py, vesicaioria

1 111

Acicdo salcilico

b iFigure 4). For RIO0D the level of expression had
a growing tendency from 6 to 30 h, and at 48 h, it
showed slight diminution (Figure 4),

These results suggest that the induction of bhoth
senes (5 quick and sustained ar the treatment of the
plants with salicylic acid, and therefore, 1t is expected
that they are genes participating in defense responses of
O chinense BG-3821 against the pathogens studied by
the signaling route of salicylic acid. This 15 suggested
bascd on results of plant-pathogen  interaction of
C.annun planes with viruses and bacteria (Lec e al.,
2000 Park e al., 2000; Kim ¢ af , 20060a.h). The
results indicate that at least the genes corresponding
i ESTs B30 and R10O must be participating o the
defense response of O chinense BG-3821 w the
studied pathogens, mainly through the signaling routes
by salicylic acid, but also through the routes mediated
by jasmonate methyl or ethylene. The signaling routes
for defense responses in plants wards any biolic or

10 o 110 111

102

Foaolani

Figura 5, Patrdén de hibridacion de arreglos de DN A de 47 EST de un hanco sustractivo proveniente de interaccion incompatible entre
. chinense-PIIYYY, Cada panel conforma ¢l arveglo de Ias 47 clonas del banco sustractivo; ademdis se indica ol ocigen de Ia
soncla empleada en cada caso. Los namerss imdican ¢ nomers de cada clong del banea.

Figure 5, Hybridization pattern of ¢DNA arrangements of 47 EST of a subtractive bank Trom incompatible interaction between ©
chfrense-PHY VY, Each panel makes up the arvangement of the 47 clones of the subtractive bank, besides, the origin of the
prohe used in each case i indicated. The npumbers indicate the number of each clone of the bank.
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X campesteis py, vesicatoria

Planta testgn

Acido salicilico F. solani

Figura 6. Patrén de hibridaciin de arreglos de ADNe de 19 EST de un baneo sustractive proveniente de interaceion incompatible entre
o elinense-PHYVV. Cada panel conforma el arreglo de los 19 clonas del baneo sustractive; sdemids se indica €l origen de la
sonda conpleads en cada caso. Los nimeros indican ¢l nimero de cada clona del baneo,

Figure 6. Hybridization pattern of eDNA areangements of 19 EST of a subtractive bank from incompatible interaction hetween ¢
ehitense-FHY VY, Each panel constitutes the arrangement of the 19 cloncs of the subiractive bank, besides, the origin of the
probe wsed in each case is indicated, The numbers indicate the number of each clone of the bank.

como estigos positivos, v en wdos los casos se volvid a
reflejar el patrdn de expresion descrito en las secciones
anteriores para estos genes en cada condicidn evaluada
iFigura 6). Respecto a los niveles de expresion de los
EST colecados en los arreglos, fue evidente que varios
de ellos que no son B30 & R100, respondieron con una
induceion a diferentes niveles a los tratamientos por X,
campestris pyv. vesicatoria v a la aplicacion del dcido
salicilico en las plantas de C. chinense B(-3821 (Figu-
ras 3 v &), Para el caso de F. solani se observd un nivel
induccion bajo (Figura 53,

Estos resultados se pueden explicar con base en ¢l
comportamicnto que twvieron las plantas a los diferen-
tes tipos de estrés evaluados en esta seccidn, donde,
para la inoculacion con X campesiris pyv. vesicatoria,
presentaron ung fuerte reaccion de hipersensibilidad
en el sitio de inoculacion. En las inoculaciones con F
sodand las plantas no presentaron sintomatologia evi-
dente, por lo que su respuesta se podria considerar
ligera, manifestando un bajo nivel de induceidn,

CONCLUSIONES

Los EST R30 v RI00D fueron inducidos en inte-
racciones incompatibles entre O chinense BG-3821
y PHYVV X campesiris py. vesicatoria o F, solani,
mieniras gque no presentaron induccion en interaccio-
nes compatibles como la observada con Poocapsicd.
Asimismo, estos EST respondieron con una induccion
ripida al fratamiento con dcido salicilico, v en menor
intensidad a metil jasmonato o etileno, sugiriendo que
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abiotic stress may or may be not shared, for which the
results shown in this study are consistent with other
reports (Hong e al., 2005; Kim er af., 2006a.b).

Hybridization analysis of cDNA arrangements

The expression profile of 66 EST of O chinense
BO3-3821 was assessed in response o X, campestriy py.,
vesicatoria, . soland, and salicylic acid application.
Untreated plants were used as negative control (Figures
5and &), The clongs of R50 and R100 were mncluded
as positive control, and in all the cases, the expression
pattern described in previous sections lor these genes
under every evaluated condition, was reflected again
iFigure 6). Regarding the expression levels of the EST
placed in the arrangements, it was evident that several
of them, not being RS0 or R100, responded to the
treatments by X, campestris pyv. vesicatoria and to the
application of salicylic acid in C. cliinense BG-3821
plants with an induction at different levels (Figure 5
and &), For the case of F. sodand, a low induction level
was observed (Figure 5.

These results may be explained based on the
behavior of plants towards different types of stress
assessed in this section, where they presented a strong
reaction of hypersensitivity on the site of inoculation
for inoculation with X, campestris pyv. vesicatoria. In
the moculations with F. solani, the plants did not show
evident symplomatology; therefore, their response
may be considered light manifesting low level of
induction,
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las rutas de senalizacion mediadas por estos compues-
s son importantes en el sistema estudiado. Varios
EST diferentes a R0 y RIDD, que también provienen
de una coleccion de fragmentos de genes inducidos en
. chinense BG-3821 por infecciones con el PHYVY,
mostraron patrones de induccion en respuesta a la ino-
culacidm con X campestris pyv. vesicatoria v la apli-
cacidn de dcido salicilico. EI hecho de que varios de
los EST evaluados en este rabajo (diferentes a R0
vy R1000 fueron inducidos en plantas de O chinense
en interacciones incompatibles por infecciones por ¢l
PHYVY, X. campestris pv. vesicatoria v . soland,
sugiere que estos genes pueden estar involucrados en
la respuesta de defensa a cstos patdgenos, por lo que
st deben caracterizar a mayar detalle posteriormente.

Los resultados sugieren la presencia de una res-
puesta sistémicn adguirida en las plantas evaluadas,
debido a que el dcido salicilico resultd un fuerte in-
ductor de la expresion de estos genes en interacciones
imcompatibles, de la misma manera comoe ¢ ha repor-
tado en otros sistemas de interaccién planta-patdgeno,
Sin embarge, no se puede descartar que algunos de
los penes estudiados diferentes a RS0y R1I00 tengan
participacidn por alguna otra ruta de sefializacion adi-
cional.

Con este trahajo se presentan varios genes candida-
s a estar involucrados en mecanismos de resistencia
en plantas de C. chimense a varios patdgenos, Asi,
es actible que al estdiar la regulacion de la expre-
sion eswos genes se encuentren rutas de sefializacidn
comunes para la proteccion de estas plantas conira
patdeenos gue pudieran ser dtiles en el disefo futuro
de estraregias de proteccion de estas platas (v quizd
otras) a infecciones por virus, hongos v bactenas.
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