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ABSTRACT

Cowpea, Vigna unguiculara (L.) Walp., is an important grain le'

gume grown in tropical and subtropical regions, primarily Africa. The

parasitic weed Srnga gesnerioirles (Willd.) Vatke is one of the nost

imporlant constrainis to cowpea production. Host plant resistance is

the only practical control method. Five Yirulence genotypes (laces)

of S. gesnerioides lrave been identil ied in dilferent regions of Alrica.

Several host resistlnce genes have also bcen identif ied lhrt are €ffec-

live against specific races of S. gesnerioides. The rapid spread of

this parnsitic weed creates an urgenl nced for cowpea varieties with

multiple resistance genes. A rccently identif ied cowpea breeding l ine'

IT93K-693-2. has rcsistance to all known raccs. The objective of this

research was to develop DNA markers that arc useful for marker-

asristed seleclion (NIAS) in breeding cowpea for resistance to S. gesnari-

oides. An F, population developcd from the cross betwccn IT93K'

693-2 and the susceptible cultivar IAR1696 was characterized for

resistancc against racc 3 oI S. gesneritt ides for genetic analvsis and

molccular nrapping. IT93K-693-2 was found to have a single dominani

gcne for resistance. Four amplif ied fragmcnt length polymorphism

(AFLP) nrarkers, designatcd E-ACT/M-CTCr1., E-ACT/NI-CACrs'

E-ACA/M-CAG16 and E-AAG/E-CTArri,, were identificd and mapped

3.2,4.11, 13.-5 and 23,0 cM, respectivcly, t ionr Rsgl, a gene in IT93K-

693-2 that gives resistance to race 3 (or Nigerian strain) ofS. gesneri-

oides. Thc first tx'o Inarkers were validated in a second F2 population

developed from crossing the same resistant parent with 'Kamhoinse

local', a differcnt susceptible cultivar' The AFLP fragment from

marker combination E-ACT/M'CAC, which is I inked in coupling wilh

RsgI was cloned, sequenced, and converted into a sequence character-

ized amplit ied region (SCAR) marker named SEACTlllCACtl3/tts'

which is codominant and useful in breeding programs.

1t - f  t - ,wrue,  rs  AN i rnpor tan t  l cguminot ls  c rop  in  var ious

\--,  rcgions of thc world, including tropical and sub-

tropicaiareas of Asia, Afr ica, and Latin America, as
well  as parts of southern E,urope and the USA (Singh

et al. ,  1997). The high protcin contcnt represents a maJor
advanlage in the use ol cowpea in nulr i t ional products.

Ior inlant and chi ldrcn's food, and to compcnsatc lor
thc large proport ion of carbohydrates o[ten ingestcd in
African diets (Lambor, 2002).

Cowpea production is l imitcd by scveral abiot ic and
biot ic factors, including parasit ic wceds, among which
Alectru r,ogel l i  Benth. and .t .  gesnerioides are the most
irrportant. Alectra t,ogel i i  is restr icted to Afr ica while

S. gesnerk; i t le.r '  is found in Afr ica, and in parts of Asia

and the t lSA (Musselman et al. ,  I991; Parker and Riches,

O. Boukar.  L.  Kong. and H.W. Ohm. Agnrnomy Dep..  and L.  Mur-
dock.  Entomolog,v Dep.,  Purdue [Jniv. ,  West Lafayet te,  IN 47907:
B.R. Singh.  Internat ional  lns l i tute o l  Tropical  Agr icul ture.  Sabo Bakin
Zuwo Road, PMB 1112, Kano, Niger ia.Qrnlr ;but ion I rom I 'urdue
Llniv. Agric. Res. Progrants as Jnurnal r\rticle No 17087. Received
25 Sept.  2003. *Corresponding aulhor (hohnr@)purdue.edu),

Published in Crop Sci. 44:1259 1264 (2001).
.  Cr i lp Scicncc Srrc ig l t  , t ,  Amcr ica
677 S. Segoe Rd.,  Madison.  WI 53711 I - lSA

1993). In West Afr ica, S. gesnerioides is an increasingly
scrious problem. When thcre is drought, i ts impact be-
comes even more signif icant (Obilana, 1987). Yield
losses due to S. gesnerioides range from 15 to 100%.
Aggarwal and Ouddraogo (1989) have recorded 3i l%
yield losses while farn.rers in northern Nigeria cxperi-
enced 100% losses because of Str iSa (Emechebget al. ,
1991). Furthermore, i ts rapid sPread to new regions
consti tutes a severe threat to cowpea production (Ag-

b o b l i , 1 9 9 1 ) .
Control measures including cultural practices. cherni-

cal control,  biological control,  and host plant resistance
have bcen reviewed (Dub6 and Alain, 2001; Boukar,
2002). No single method seems to provide a complete
cont.rol of this parasite, although host plant rcsistance
appears to bc the most effect ive and economical ap-
proach. Signif icant progress toward dcvcloping Str iga-
resistant l ines has bcen rcported in dif lcrent breeding
programs and by the International Inst i tute for Tropical
Agriculture (f ITA), but imporlant constraints l ingcr.

To al leviate these constraints and for other reasons
(e.g., speeding breeding cf iorts, possibi l i ty ol ide nt i fying
other strains of the parasites, reduction of environmen-
tal factors on the parasite's development), MAS has
been proposed as an alternative solut ion for pyrarniding
resistance genes (Haley et al. ,  1994; Ou6draogo et al. ,
2001). Several molecular marker technologies have been

exploited for MAS. Ampli f icd fragment tength poly-

morphism (Vos et al. ,  1995), combined with bulkcd se-
gregant analysis (BSA) (Michelmore et al. ,  1991), has
bcen used to discover markcrs closcly associatcd with
cconomica l l y  impor tan l  l r i l i t s  in  many c rop  spcc ics  i l l -
cluding cowpea. Recent studics conducted by Ou6dra-
ogo et al.  (2001) using these tcchniques (AFLP and
BSA) identi f ied three markcrs t ightly l inked to the rests-
tance gene Rsg2, effcctive against S. gasnerioides race
1 lrom Burkina Faso, and prcsent in IT82D-849; and
six AFLP markers associated with the resistancc gene

Rs,g4, effective against S. gesnarbide.s race 3 from Nige-
ria, and present in Tvu 14676. Two of the markers,
E-AACiM-CAA1, and E-ACA/M-CAT'r,, ,  were l inked
to both Rs,g2 ancl Rsg4, respectively.

To improve the eff icie ncy of molecular marker
screening, AFLP markers and other molecular markers,
such as randomly amplified polymoryhic DNA (RAPD),

can be converted into SCAR markers (Paran and Mi-
chelnrorc, 1993). In sevcral specics such as carrot (Dau'

cus carota L.) (Bradccn al ld Simon, 1998). mustard

Abbrevialions: AFLP, amplif ied fragment lenglh polymorphism;

BSA, bulked segresant analysis; CTAB, hexadecyltrimethylammonium

bromic le ;  EDTA,  c thy lened iamine te l ra -ace t ic  ac id l  I ITA.  In te rna-

t iona l  Ins l i tu te  o f  Trop ica l  Agr icu l tu re ;  MAS,  marker -ass is led  se lec-

t ion :  PCI { ,  po lymerase cha in  reac t ion ;  SCAR.  sequence charac ter ized

anrp l i l i ed  reg ion ;  TBE, ' f r i s -bora1c .
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lBr t tss icu i t t t t t r t r  ( l - . )  Czern. l  (Negi  et  a l "  2000) '  sovbean

iCh,r in ,  nux (L. )  Merr . l  (Meksem et  a l  '  2001) '  apple

iUi , tu t  , l , , tne i t icu Bork-h. )  (Xu e j  a l  '  2001) '  har ley

ii;; irr^ vulgare L.) and wtreat (Trlricum aestivu'nL')

iStrnn "t al., i999), and rice (Oryza sotiva L') (J\a et

l i., ZtlOf l, thc' amplif ied AFLP band was cloned and

i"q,,.n..d and thsn used to producc cxtendcd pti-: l i :

The use of a pair of specific primcrs lo amplily genomlc

ONA otto*t ihc dcvelopment of SCAR markers' These

;;tk.;t arc useful to plant breeding and genome analy-

sis bccausc of their simplicity, low cost, and efficicncy'

Depending on crop species,'SCAR markcrs generally

generate isingle polymorphic band that is more repro-

Suliut. across"lab;, is easier to scorc' and applicable to

".. *ittt low-quality DNA obtained through rapid DNA

extraction procedures than polyrnorp-hic bands gener-

.i.J t 'y RiLp or RAPD markers (Kelly 111 Miklas'

ie-Vi). fft. codominant feature of certain SCARs has

u air..t application for MAS in plant.breeding' As a

.onttitrutibn to the <levelopment and implementation

of MAS approaches, the objectives-ol this study were

i" -"p nsgl anO devclop an .AFlP-derived 
SCAR

markei to facil i tate MAS for this gene'

MATERIALS AND METHODS

Plant Material and Phenotypic Data
- f l tc  p lant  tnater ia l  uscd in th is study was obtained f rom

f  f f ,A ,  f ^ "o  S ta t i on '  N igc r i a .  Rcs i s t an t  pa rcn t ^  l i n c  IT93K-

i !3-2,  ut .a in th is study,  is  an inblcd sclect ion f rom a threc-

*uulrorr, (rr88D-867:1 I x I'I'90K-76) x l1'89KD-374' of

itr"." tttt."'purents, I'I'90K-76 is an inbred selection frotn a

Uu.k.rorr, (b:Ot x l'790K-2246'1) x f.l-90K-2216-4 Antong

ittese. f-f'gsb-S67-11 has resistance to the strain of S' gesnert'

,,iJ.i ntieinutins in the Benin Republic, but is susceptible to

ftr.  t t tnin thar oi iginated in Nigcria nnd lhat rvas.used in tcsts

in this study. B3d1 has thc rei istancc gcne ttrgT (Singh and

Ernechetre 1990; Atokple et al ' ,  i995), which is cffect ive

*ui^t fout strains of 3. gesn<:rioides originating.in tsurkina

F?r., Ha"fi, Niger/Nigeria. and Cameroon, respectively (l ane

et at., tSqZ).'flie cowpea varieties l'190K'2246-4 ancl l'l'89KD-

3J4 are susceptible io all live strains o{ S' gesnerioides but

i,uu. looA agronc,mic attributes 
'Ihe llTA breeding line,

11'93K--693-2 has resistance to all of the five known strains oI

S'.'iit,,iri,iar' (Singh, 2002) and thrl1-..^['1s-Rsg/ from 8301

,r,3 ti,. resistance oi t'rsgo-tl6z-11. l1'93K-6q3-2 was crossed

l" " t"*.ptifrle line. IAR1696, selected frorn a .local lancl

iu"" nt t i t" in.t i tr-rte of Agricultural Rese arch ( lAR)' Ahrnadu
g"l ln Uniu".t i ty, Zal ia, Nigeria. ancl an F- populat ion (popula-

t ion f ;  *ut develope<l. A sccond popr'r lat ion (populat ion 2)

lvas dcveloped from a cross of thc samc resistant parenl'

l iq:f-cq:-2, by the susceptible parcnt '  Knnrb.oinse local (a

suscc l r t ib lc  cowpca l inc  r l i f fe rcn t  f rom lARl ( r t )6 ) '

Populat ion 2 was used to val idate the l inkcd rnolecular

marklrs obtaincd from populat ion l ' ' fhe F2 populat ions de-

rived front both crosses were scrcened for resistancc to the

Nip.erian strain of S gesnerbides (preailing in Nigeria)' Thus'

,l.rc.i-o"f .ti."s wcrel chatacterized for res'istance conditioned

;i' ft;;1 irom pa."nt line B30l and not for resistance fronr

I ' isSrj ' -Sof-t1. Plants wcrc grown with the pot-culture tech-

n iouc  ts ineh and Emcchchc l  1990 '  A tokp lc  u l  a l  '  1995)  
' l 'wo

i ' ,-r ; ; ;  ;?t" plnntecl in each plast ic pot,,13-cm diam' and

i i  .rn J..p.ontoining about 1 L of unstcri l ized sieved sand

nna rnp soil lsancly ioam) r'r-rixturc (l:1 volivol) previously

inoculated unitorrnly with about 800 S gesncrlc'fu1es sceds

nt,out ttl wk after pianting. the soil was washcd of{ the plant

roots aftcr submerging each pol in a 2U-L bucket of watcr 1or

.i""il *i". 
'l'he ioois of eich plaut were gently scparated'

.ut"t"ffy freecl from any rcmaining soil and .examined 
for

Sirlsa aitachment. Plants allowing attachment' healthy devcl-

oo.ff."t, unO "-ergence of Strlga were classified as susceptiblc

Tiose without any attachment and free ol inlectton were cate-

gorized as resistant.

DNA Extraction

Five weeks atter planring, one young tiesh leaflet from eacl.t

pl,rnt *u. collecled in an Eppenciorf tube ancl.put on iqe 
'I'he

i r ro f . t  werc  taken 1o  l lTA l teadquar te rs '  lbadan '  N iger t r '

where thev were lyophil izecl.  Dry leaf samples were trans-

i.ii"a t" Pirrdue Universitl', where they were stored at -80"C

be{ore their use.
Leaf tissues from individutrl plants were ground to a fine

p"*A"t under liqui<i nitrogen lttf:T.?),A 
isolation. Total

senomic DNA was extracteJby the CTAB (hexadccyltrimethyl-

;;r;t.<.lnit.t bromide) method (Saghai-Maroof et al'' 1984)

inffo*ing the proceclure of I Ioisington et al' ( 199'{) with nrinor

modificniions. Trvo-percent CTAB extraction bulfer [100 mM

i. iGCf buffcr pH'8.0, 2o/o (wlv) C' l 'AB' 10o mM Na,EDTA
(ethvlenediarnine tetra-acetic acid), and 1 4 M NaCll was used

i;;i;;J of the 1 67ol., CTAB outlined bv Iloisington et al

I  lgg . l ) .  l  hc  DNA conccn l ra t ion  in  cach sampl t 'was  n luasurcd

*i i fr  , i ' "  t locfcr DyNA Quant 200 Ir luoromcter ( l loefcr Phar-

n* . iu  g io t . . l t  Inc ,  Buck inghamsh i rc '  UK) ,A  - to ta l  
o f  62

^rJ iS e., individuai plants frorn thc crosscs l-l'9'lK-693-2 x

inrf lese tna IT93K-693-2 x Kamboinse local '  respectively'

*ere scrc"ned against S. gesnerioides 
'Ihe first population

was uscd to ideitify *utk"t, linked to thc targeted striga

,"rlt,*t" g.n., und th" second population wasrtsed to vali-

ant. iitltng! t "tween the striga resi'stance and the SCAR marker'

Bulked Scgregant AnalYsis

I;or BSA (Michelmore et al. ,  1991). equivalcnt amounts of

n.nonti .  DNA from 10 resistant F: plants and 10 susceptiblc

F, plants from the population derived from the cross between

ii i j i  oqlz and teRl6qo wcre pooled to fornr rcsistant and

susceptible bulks. Both bulks rvc'rc used along with the parcnts

io identify mzlrkers shorving polymorphisms between the lour

srmples. 1'hese polymorplr i i  markers rvere. lur lhcr usetl  to

onr ty r .  ind iv idua l  i '  p l , in ts  to  de tc rmine  l i r l kages  hc lwcer t

AFiP markers ancl the S. gesnerioides resistance gene'

AFLP AnalYsis

Anpli f ied fragn-rent length polymorphism analysis was per-

fo.-",i accordirig to the proiedure dcsclibc'd by -Vos et al'

(1995). with a comnercir i l lv avai lable kit  (AFLPo Analvsis

\uri . i i  r ,  lnvitrogen, Lifc ' icchnologics, Car. lshucl '  CA) ancl

f.jff.*itg the maiufacturer's instruclions with minor modifi-

; ; i i ;" t .  ipproximatelv 500 ng DNA of each sample was di-

eested with ticctRllM'sel rcsti'iction enzyme solution Aftcr

ihe l igation of thc digested DNA' the reaction mixture was

dilute"d f ive-fold rathcr than 10-fold with ' I 'E buffcr containing

iO nlnA'f. i t- l f  Cl pt l  8.0, 0.1 mM LDTA' Ihe nunber of cycles

*u, in.r"u..d to 2.5 cycles for prearnplification- reaction and

30 cvcles for the seleciivc anrplification rathcr than 2o and2i

.u. i l i .  t . tr t . . t ively Primer l ibe l ing was performe d bv phol

;'h;;;i";;; the -5; end of EcoR I primers with [1-rrPlA'l'P
ind.iori . .-5'-tnphosphate cl isodium salt) and 

- l '4 kinase in

l.L.t*.  ampli t icat ion. ' l 'he preampli l icat ion product was also

diluted 1 :20 rather than l :50. l'he amplification products werc
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separated on 6'lo (w/v) polyacrylamidi e9t-1 colllining 29:1

aciylamidc: Bis-acrylarnide (Fisher Scienti f ic, Chicago, IL) '

7.5 M urea, and 1 x 'l-tsq (1,1'2,2-letrabromoethane) buffer

usecl with 0.4-rnm spacers and a sharktooth colnb' 
'Ihe gcls

were preelectrophoiesecl tbr about 20 min with 1 x l'BE'

L,lectrophoresis was performed at constant tenlperature and

wattage (45-50"C, 100 W) for about 2.-5 h The gels were

translierrecl onto 3-MW gel blot paper (Midwest Scientific'

Val lev Park, MO) and di ied at 80"C for 2 h on a gel-drier

(Bio-ilacl, Hercules, CA). 
'I'he dried gels were exposed to

x-rav f i lm (X-OMAI'AR, Eastman KODAK Corp, Roches-

t"r. 
-Ny) 

for 2 to 3 d at -80"C withor.rt an intensifying screen
'Ihe bancls were visualizecl with a transluminator (Fisher Scien-

t i f ic, Chicago, IL).

Marker Segregation and Linkage Analysis

Data were analyzcd bv the chi-square (1' �)  tcst to ascertain

the eoodness o{ fit betweerr the expected ratio for a single

dominant gene, and the segregation of the phenotypic data'

Linkage analysis between the AFLP markcrs and the S ges-

nerir.,ilies resiilance loci was performed with the sof tware pack-

age MAPMAKERiEXP version 3.0 (Lander et al ' ,  1987)'  Map

u"nit, *"r. computed by applying the Kosambi lunction (Ko-

sambi, 1944). ' l 'he LOD score ol 5 and the maximum distance

of 25 cM were usecl in the detern-rination of linkages'

Cloning and Sequencing of thc Target AFLP Band

The gel sl ice containing the DNA fragntent was cxciscd

from thi dried AI]LP polyacrylamide gel rvith a sharp-edged

clean razor blade. and then eluted with 30 p.L of I  x ' l 'E'  (10

mM Tris-HCl, pH 8.0 ancl 1mM ED'IA pH 8'0) for overnight

at.1"C1. From this. L0 pL of supernatant was used as template

for polymerase chain reaction (PCR) amplification with the

.u*. pti-"t combination and PCR conditions as that ol the

selective amplification with the only diffe rence of not labcling

the EcoRl Primer (E-ACT)'
'I'he ampiificd products were electrophoresed at 70 V in a

1.2% lorv-melting-point iigarose gel. The critical fragment was

excised from the gel ancl puriliecl rvith QlAquick gel-extrac-

t ion Kit (QIAGEN lnc., Valcncia, CA) fol lowing the manufac-

turer's instructions. An aliquot o{ 3.0 p.L ol the purified DNA

was l igated into a pGIJM-'I 'easy vector (Prornega, Madison'

Wl) a"ccording to ihe procedures described by the manufac-

turer with minor mociificalions. The host strain DH5cr was

usecl as competent cells for transformation The recombinant

plasmicls weie platecl on selectivc Luria-Bertani mcclia con-

taining ampicillin {(25'5R,6R)-6-[(R)-2-Amino2-phcnylaceta
rnido]i3,3-<iimethvi-7-oxo-4-thia- I -azabicyclo(3 2'0)heptane-2-

carboxylic acid) and X-gal (5-bromo-4-chloro-3indolyl-B-D-
galactopyranoside; BioVectra' Charlottetown, PE' Canada)'- 

QIApiep Miniprep Kit (Qiagen, Inc., Valelcia'  CA) was

usecl loi piasmid bNA extraction. 
'l-o check 1he presence of

the targei insert, PCR amplificatic.rn was performed with 2-5

pl- totai volume of 1 x PCR buffer, 1.5 mM MgCl., 200 mM

dNTP.0 .4  pMTl  ,O.4pMSP6'02  pL<>f  Taq, l0ngof  templa te

DNA. The arnplification profile cofisistecl of one cvclc at 9'1'C

for 2 nin, folioweci by 36 cvcles o{ 45 s at 9'1"C' 1 min at

62"C ancl i.5 rnin at 72'C. with a final extension ol 7 rnin at'72'C'

Al l  10 sarnples shorved a singlc arnpl i f icat ion product in a

1.2olo aS,arose gel inrmersed in 0.5 x TBE buffer (90 mM Tris-

Borate]1 m,v Eo-fR, pFI 8.0). The 1en corresponding purifiecl

olasmid DNAs were sent to the DNA Sequencing Laboratory

at the Genornic Center (Purdue University) for sequencing'

Designing SCAR Primers
'Ihe following oligonucleoticle primers, clesigned on lhe ba-

sis of the i<ientical sequence of plasrnid DNA, led to polvmor-

phisns between the parents and the bulks

Primer-reversc:

5'-ACAGACACAGTTGTAGTTTATCAGC-3' (25-mer) and

Primer-forward:

5'-CTATACTTTTGCTCCTTGTGTGcC-' l '  (14-mcr)

The 5' encl of the reverse and forwarcl pritncrs contairled

lwo selective bases (AC and CT) of MseT and EcoRl'prirncrs'

respectively. Thcse primcrs were synthesizccl by Integrated

DNA Technologies (Coralvi l le, IA) and were uscd.to screen

the Darents, botl i rcsi i tant and susceptible bulks and individual

F. piants. The optimal PCR amplification was conducted with

23'pL of reactions containing 2-5 ng of template.DNA; 10 mM
'lr is I{Cl, pII  8.3; 50 mM fCt; t ' -s rnM MgCl,;  2\) vM ot

each clN'I'Pl 0.3 p"M of each prirner; and I unit of Ta4 DNA

nolvmcrase. After an initial heat dcnaturation stcp at 94'C

tor 2 min, DNA fragment anrplification was perfonne d for'13

cycles, comprising 45 s at 9'1"C, I rnin at 62'C, and l 5 min at

7i"C. Itinal-extension was for 7 min at 12'C 
'1'o separate

the ampli f ied products, 3.5% Metaphor agarose gels (BMA,

Rockland. ME) stained with ethidiurn bromide were used and

the products were visualized by illumination with ultraviolet

l ight.

RESULTS

PhenotYPic Data

At about 6 wk after planting, S. gesnerioides cmcrged

in pots with susceptible cowpea plants'  These cowpea

olants showeci leafchlorosis, reduced growth and vigor,

ind part ial  defol iat ion. Some plants developcd symp-

torns, but Str iga did not emergc from thc soi l '  However,

since each pcrt naa two plants, the roots were washed

and attachment clf S. Sesnerioides to plants was verified

before classifying cowpea plants as resistant or susceptible'

F2 populat ions I and 2 segregated 43-resistant:19 sus-

.eoi i i , t"  ancl 28 fesistant:7 susceptible, respectively'

Thesc segregations f i t  a 3:1 rat io (Xt :  ]  9l '  P : 0 30

and x: :  0.47, P : 0.49, respectively) indicating that

resisiince to the Nigerian strain of S. gesnerioides in

7Tg3K-693-2 is rnonoge nic and dominant' The gcne pro-

viding resistancc to the Nigerian strain of S' gesnerioides

in these populat ions is Rsg1, which is frorn B3()l '

Marker AnalYsis

The AFLP analysis conducted on the populat ion de-

rived from the crois of IT93K-693-2 x IARl696 showed

that there werc about 65-120 clcarly readablc bands for

each EcoRI and Msel primer cornbination' From the

64 AFLP primer combinations used, 20 showed poly-

rnorphism^betwcen the parents and the bu.lks, and were

used to screcn individual F2 plants. Ol thcse 20, four

primcr combinations produccd bands that werc l inked
'to 

Rssl. Primer combination EcoRI-ACT/Msel-CTC

showed an approximatcly 115-bp ampli f icat ion product

prcsent in the susccptible parent IAR1696 and the sus-

ceptible bulk but absent in the rcsistant parent and
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fragrnent of 115 bp was confirrned by PCR-reactioh with
thc eluted plasrnid DNA as template. A single band
was obtaincd orl  an agarose gel. Of the 10 colonies from
a single transfonnation plate, scven inserts were found
to be identical fol lowing a mult iple scquence al ignment
produced by the soltwarc Clustal X (Jeanmougin ct al. ,
1998). Al l  the result ing sequences contained thc EcoRI
adaptor at one end and the MseI adaptor at the other
end. The ol igonucleotide primers, designed on the basis
of the identical sequence of plasmid DNA, led to poly-
morphisms between the parents and the bulks.

These primers were used to screen the parents, both
resistant and susceptible bulks and individual F2 plants.
An 8.5-bp DNA fragment was ampli f ied from the suscep-
t ible parent, bulk and individual F, plants while an t l3-bp
fragment was ampli f ied from the resistant parent, bulk
and some individual F2 plants. Other resistant F2 plants
showed both bands, representing heterozygous plants
(Fig. 3). Thus, the AFLP markcr was converted into a
codominant SCAR markcl designated as SEACTM-
CAC83/85, rneaning SCAR markcr of sizc 83 to 85 bp
dcrived from AFLP primer combination E-ACT/M-CAC.

Validation of the Identified AFLP and the
Converted SCAR Markers

The f ianking markers were used to screen an F2 popu-
lat ion derived lrom thc sanle resistanl parent, IT93K-
693-2, crossed to a susccptible l ine, Kamboinsc local.
Linkagc analysis performed by Mapmakcr confirmed
the associat ion of these markers with the resistance
gene. Their f lanking status was maintained and their
distance fron.r the resistance genc o[ 2.9 and -5.7 cM
for markers E-ACT/M-CTCrrs and E-ACT/M-CACus.
respectively, was similar to that obtained from the f irst
popu la t ion  (F ig .  3 ) .

BSbp

83bp

80bp

Fig.3. Metaphor agarose gel (BMA. Rockland, ME) showing lhe
results of polvmerase chain reaction amplif ications based on thc
use of the sequcnce characlerized amplif icd region markcr ton-
vcrted from E-ACT/M-CACI,.M, P, P,8.,8,, R, H, and S rcprc-
sent 20-bp ladder, susceptiblc parent, resistant parent, resistant
bulk, susceptible hulk, and resistant, hcterozygous, and susceptible
in<lividuals, respectively, lrom the population IT93K-693-2 x

I;\R1696.

100 bp

115  bp *

140 bp tl
-rrtri irltlt rIiltlt* * * ;!!!tEf;b,

r l t ! .

*
Fig. ln Anrplitiod fragnrent length polymorphism pattcrn on polyacrylamidc gels around the polynorphic products (arrow) obtained hy primer

combinations E-ACT/M-Cr\C. M, Pr, Ps, Br, Bs, R, and S represent DNA laddcr, resistant parent, susceptible parent, resistalrt bulk, susceptible
bulk, and resistant and susceptible individual F2 plants, respectively'

resistant bulk. This rnarker l inked in repulsion phase to
the resistance al lcle was designated E-ACT/M-CTC15
fol lowing AFLP rnarker nomenclature dcscribcd by
Outidraogo et al. (2001). The threc other prirner combina-
tions EcoRI- A AG I M s eI-CTA, EcoRI-A C't I M s eI-C AC
(Fig. 1), and EcoRI-ACAI MseI-CAG revealed poly-
morphic fragments oI 190, 115, and 108 bp, respectively.
These primer combinations generated polymorphisms
that were linked in coupling phase to the resistance allelc
with the marker present only in the resistant phentt-
type. They were designated E-AAG/M-CTAre{), E-ACT/
M-CACrr5, and E-ACA/M-CAGr08, respectively.

Al l  62 F: individuals were analyzed and the Map-
maker compore command determined the most l ikely
order within the l inkage group cornprising the rcsistance
gene (Rsg/). Thc Maprnaker command nmp indicated
the rnap distances between thc resistance gene Rsgl
and the associated AFLP rnarkers (Fig. 2). The entire
l inkage group spanned a distance of 36.5 cM. Two f lank-
ing AFLP narkers, E-ACT/M-CTC11-. and E-ACT/
M-CACIr.,  werc cst imated to be 3.2 cM and 4.8 cM from
the resistance gcne, respectively.

Conversion of AFLP Marker E-ACT/M-CACr1.
into SCAR Marker

The 115-bp fragment obtained by AFLP primer com-
bination E-ACT/M-CACr,, was l inked in coupling with
the str iga resistancc gene, and i t  was cloned and se-
qucnced to dcvelop a rapid, inexpensivc and rcl iable
PCR-based marker. Thc succcssful cloning of the target

E-AAG/M-CTArm B

5 . 7

Fig,2. ll{ap showing amplified fragment length polymorphism mark-
crs assrrciated with thc S. gesnerioides rcsislance genc Rsg-l. The
Inap distances are displaycd in centitnorgans at the left side fbr
(A) population IT93K-693-2 x IARI696 and (R) IT93K-693-2 x
'Kanrboinse local'.

E AC. l , 'M-C ACr  rs

Rsgr

E-ACT,'M.CTCIIS

l - l -ACA/M-CAG roa

2.9

E - A C T / M - C A C r r s

R.sg/

E-ACT/M-CTCil ,



The SCAR marker SEACTMCAC83/85 was also
used to screen the F2 populat ion of IT93K-693-2 X Kam-
boinse local. Similar band patterns to that of the t irst
populat ion were obtaincci.  The genotypes of plants
based on the SCAR marker wcrc thc same as observed
for the original AFLP marker. Al l  the susceptible plants
showed the i35-bp ampli f icat ion product. The re-sistant
plants showcd eithcr thc 83-bp band (hornozygous) or
both the 8-5 and 83 bp (heterozygous), exccpt that two
resistant plants. which were assumed to be recombinant
plants, revcaled only the 85-bp band.

DISCUSSION

Striga g,e.snerioide.s is a severe constraint to cowpea
production in Afr ica, and at least f ive virulence geno-
types have been identi f ied. Gene pyramiding offers an
effect ive strategy for the development of cult ivars resis-
tant to S. gesnerioide,s by pyramiding resistance from
different genetic resistance sources. The results reported
here and in the l i terature show that the AFLP technique
is a rel iable, stable, and rapid assay for use in molecular-
marker screening (Jia et al. ,  2001). On thc basis of l ink-
agc analysis, four primer combinations associated with
the dominant resistancc gcne present in lT93K-693-2,
wcre idcnti f ied. The two f lanking markers closely associ-
ated with the resistance gene were confirmed in the
second populat ion used in the present study.

Markers l inkcd at a distance < .5 cM to the target
gene, as those obtaincd in the present study, can be
effect ively used for indirect select ion (Weber and
Wrickle, 1994). The eff iciency of MAS can be increased
by employing markers f lanking the gene of interest. This
has been demonstrated for bacterial bl ight resistance
gcnes in r ice (Huang et al. ,  1997) and suggestcd, for
example, for common bean (Kelly and Miklas, 199ti)
and wheat  (Schachermavr  e t  a l . ,  1997) .

In the present study, we were ablc to convert AFLP
markers into easy, incxpensive, and rel iable PCR-based
markers l ike SCAR. Scveral studies in thc l i terature
rcvealed thc inabi l i ty to convert AFLP fragrnents with
sizes < 200 bp (De Jong et al. ,  1997; Ncgi ct al. ,2000).
According to Horn ct al.  (2003), the possibi l i ty oI con-
vert ing AFLP rrarkers into sequence-specif ic markers
is often restr icted because of the very small  size of the
markers and the fact that most AFI-P polymorphisms
seem to originate in dif ferences within the restr ict ion
sites. Bradeen and Simon (199t3) pointed out that the
AFLP fragment is too short tor designing an appropriate
PCR primer to ampli fy a polymorphic band, while Prins
et al.  (2001) reported that di l ferent AFLP fragments of
the same sizc may migrate together in the gel, and a
target polymorphic band may contain contaminating
fragments from adjacent bands. Shan et al.  (1999) found
that thc restorat ion of the originl l  polymorphrsm rc-
mains dif f icult  sincc the cloning procedurc rcquired tbr
the AFLP convcrsion often contr ibutes to thc loss of
the original polymorphism (Wei et al. ,  1999). Scveral
procedures havc becn proposed to solve these problems.
In the case of AFLP markcrs which are of l  -50 to 300 bp
in size. Negi ct al.  (2000) pointed out that i t  is essential to
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isolate the f lanking regions for the conversion to SCAR
markers. These authors suggested the use of a PCR
walking approach to isolate fragments adjacent to the
AFLP markers. Other groups havc reported the use of
inverse-PCR to isolate the t lanking regions for convcr-
sion to SCAR (Bradeen and Simon, 1998: De Jong et
al., 1997). Recently, Brugmans et al. (2003) describc a
general protocol for the conversion of AFLP markers
into single-locus PCR assays and state that in principle,
there is no mininal size of an AFLP marker as lon-q as
thc internal sequence of the AFLP band is sufl iciently
long to al low the design of a highly specit ic PCR prinrcr.
Thc codominant naturc of thc SCAR obtaincd in the
present study is an important factor for rel iabi l i ty in the
l inkage analysis. I t  has been reported that the use of
dominant markers in l inkage analysis with an F2 popula-
t ion can lead to errors, as the arnount of information
created by each data point is decreased in situations
where heterozygous genotypes are found (Beaumont et
al. ,  1996). Thc conversion of thc AFLP markcr into a
SCAR will facilitate thc transfer of the S. gesnerioides
resistance gene to desirable cowpea l ines via MAS. Se-
lect ion in segregating populat ions with this SCAR
marker wil l  be more eff icient and less expensive than
with AFLP markers.
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