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EXECUTIVE SUMMARY

Mashua, Tlopaeolum tuberosum, and whIte carrot, ArracaclQ xanthorrhzza, are
tuber and root ClOpS mdigenous to the Andes and are both consIdered to be "lost crops" of
the Incas The tubers of T tuberosum are a hIghly pnzed staple food of Ecuadonan and
other Andean mdigenous peoples and can be grown on the poorest soIls of the regIOn and
have the potential to produce large yIelds wIth lIttle mput The large storage root ofA
xanthOl rhlza IS an Important source of carbohydrate for the mdigenous peoples at lower
Andean elevatIOns and both crops have great potential for commercIalIzatIOn At the
begmnmg of thIS grant, mashua prodUCtIVIty had fallen so low that It was no longer a cash
crop but only a "food" ClOp for self-consumptIOn by the poorest mdigenous people and
was rarely aVailable m the marketplace Both crops had at least one VIruS known to mfect
them and observatIOns of plants m the field and prelImmary tests mdicated that at least
one VIruS was present In mashua NeIther of these plant specIes had receIved much
research attentIOn and very lIttle If any expertIse In the area ofplant VIrology and VlfUS
elImmatIOn was aVailable m Ecuador pnor to the begmnmg of thIS grant Mashua plants
In the field often exhIbIted symptoms typIcal of VIruS InfectIOn, mcludIng chlorosIs, leaf
cuppmg, dIstortIOn, and stuntmg USIng mechanIcal transmIssIOn tests, a VIruS was
determIned to be present In a hIgh percentage of the Ecuadonan germplasm collectIOn at
the NatIOnal InstItute for AgrICultural Research (INlAP) at Santa CatalIna WIth 34 of 46
lInes testIng pOSItIve for the VIrus All eIght productIOn fields tested were determIned to
be mfected by thIS VIruS Isolates of thIS VIruS were charactenzed and determIned to be a
new and unIque member of the pOtyviruS group and tentatIvely named Tropaeolum
mosaiC potyvIrUS (TlOpMV) Polyclonal antIserum was developed to hIghly purIfied
preparatIOns of TropMV and used to screen all acceSSIOns and productIOn fields VIa
enzyme-lmked Immunosorbent assays (ELISA) ThIS polyclonal antIserum and
monoclonal antIsera to potyvuus epitopes were used to determme the relatIOnshIp of
TropMV to other potyvIruses Tropaeolum mosaIC VIruS was determIned to be unIque but
related to maize dwarf mosaIC pOtyviruS, potato Y pOtyviruS, tobacco etch pOtyviruS,
potato A pOtyviruS, and watermelon mosaIC 2 potyvuus No VIruS was detected m whIte
carrot Methods for the tIssue culture regeneratIOn of both mashua and whIte carrot were
developed and shared WIth INIAP and the Center for InternatIOnal Potato Research (CIP)
at Santa Catalma V lrus-ehmInatIon methods usmg apIcal domes and menstems were
developed and employed to generate a total of twelve VIrus-free lInes ofmashua and ten
tIssue cultured hnes of whIte carrot ThIS germplasm was turned over to INIAP Over 50
IndIViduals from government, unIverSity and pnvate sector laboratones were tramed m
baSIC methods m VIrUS detectlOn and ehmmatlOn usmg tIssue culture through three
natlOnal plant VIrology workshops One Ecuadonan student, trammg at the Umverslty of
Delaware, received her M S degree m Plant SCIence m the areas of plant VIrology and
plant tissue culture ExtenSIOn programs and demonstratIon plots were used to educate
mdlgenous peoples as to the value ofusmg VIrus-free tubers to estabhsh mashua
plantmgs ApprOXImately, 100 3-pound bags of vIrus-free mashua tubers of mIxed hnes,
to Simulate landraces of the plant, were prOVIded to mdigenous peoples ofthe provmces
of hIStoncal mashua productIOn, Chimborazo, Bohvar, Tungurahua, and CotopaXI ThIS
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was the remtroductlOn of mashua to BolIvar and Tungurhua Provmces and was facIlItated
by CARE, CatholIc RelIef SerVIces and the extenslOn servIce of The PolytechnIc
Umversity of Chimborazo

RESEARCH OBJECTIVES

The research objectives of thIS project were 1) to tram one Ecuadonan graduate
student m plant VIruS detectlOn and elImmatlOn methodoigies and determme the presence
or absence ofvlfuses m Ecuadonan germplasm ofmashua and whIte carrot 2) develop
technIques for VIruS elImmatlOn from mashua and whIte carrot 3) develop methods for the
micropropagatIon of VlfUS-free mashua and whIte carrot usmg tIssue culture and 4)
mitIate an educatlOnal-extenslOn program to msure that Ecuadonan farmers WIll utIlIze
ViruS-free germplasm

METHODS AND RESULTS

IntroductIOn Isanu, aiiu, CUbiO or mashua (F tuberosum) IS probably the Andean
reglOn's fourth most Important root crop after potato (Solanum tuberosum), oca (Oxahs
tuberosa), and uUuco (Ullucus tuberosus) (NatIonal Research CouncIl, 1989) Mashua
(pronounced mah-shoo-ah) IS closely related to the garden nasturtIUm, and has been
cultivated by people ofthe Andean hIghlands smce Incan tIme Among Andean tubers,
mashua IS one of the hIghest yreldmg, eaSIest to grow, and most resIstant to cold It also
has been demonstrated to have repellent propertIes agamst msects, nematodes and other
pathogens, makmg It a valuable plant to mter crop wIth other plant speCIes (NatlOnal
Research CouncIl, 1989, FAG, 1990)

Tubers of mashua are the SIze of small potatoes WIth shapes rangmg from curved
to comcal and colors from yellow to purple to red Mashua IS a very nutntious root crop
SolIds compnse about 20% and protem as much as 16% ofthe dry matter, wIth a good
balance between carbohydrates and protems and a hIgh content ofascorbIc aCId, 5
carotene and mmerals (Kmg and Gershoff, 1987, TapIa, 1990) Mashua tubers should
have WIde applIcablhty m the food mdustry as drIed slIces, for flour and starch processmg
or for baby food mIxtures (Tapia, 1990)

DespIte ItS potentIal productIvIty and pest resIstance, mashua IS not WIdely
commercIalIzed mtematlOnally Mashua tubers m Ecuador are found m the hIghland
markets dunng the harvest season from the end ofMay untIl September, whereas m the
hIghlands of ColombIa, mashua IS well commercIalIzed, especially m the CItIes of TunJa,
Bogota, and Pasta (VIllamlzar, 1985)

Mashua can be vIewed as an endangered crop m Ecuador because few farmers
cultIvate the tubers due to the low yIelds, long growmg season, and low market prIce
Over the past 10 years, the number of hectares ofmashua planted and yIeld per hectare
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have both drastically decreased due to cultural and envIronmental changes Lack of
productivIty also has been cIted as a reason for reducmg mterest m growmg the crop
(National Research CouncIl, 1989, FAO, 1990, TapIa, 1990)

VIruS mfectIOn of tuber crops IS known to have an effect on productivIty (Van der
Zaag, 1987) and at least one mechamcally transmItted VIruS has been reported to mfect
mashua (Delhey and Monastenos, 1977) and the occurrence of VIruses m mashua IS
belIeved to effect ItS productIVIty (NatIOnal Research CouncIl, 1989) Over the past 10
years, the number of hectares of rnashua planted and yIeld per hectare have both decreased
drastically, and thIS reduced produCtivIty has been CIted as a reason for reduced mterest m
growmg mashua (NatIOnal Research CouncIl, 1989) Field plants exhIbIt vuus-lIke
symptoms WhICh mclude smaller leaves WIth cuppmg and dIstortIOn and mtervemal
chlorOSIS Plants exhIbItmg any ofthese symptoms generally were thought to be mfected
WIth at least one mechamcally transmIssIble VIruS (personal observatIOn) WorldwIde, a
number ofvuuses have been reported to mfect mashua' s close relatIve, garden nasturtium
Nasturtmm rmgspot ViruS appears to be closely related to broad bean Wilt VIruS (Horvath
and SZITmal, 1975) and has been detected m CalIfornia (Jensen, 1959) and BrazIl
(SIlberschmldt, 1953) Other vuuses detected m T ma;us mclude cabbage black rmgspot
tymovuus (SmIth, 1950), beet curly top genulllvuus (Sevenn and FreItag, 1933) cucumber
mosaIC cucumovuus (Schmelzer, 1960), pea early brownmg tobravuus (Beemster, 1960)
and tobacco rattle tobravuus (Uschdraweit and Valentm, 1956) Only a smgle VIruS
dIsease, mosaIC, has been reported m T tuberosum m BolIVIa (Delhey and Monastenos,
1977) Plants typIcally exhibIted symptoms whIch mcluded a mosaIC and malformatIOn of
leaves The causal vuus was reported to be a flexuous rod WIth a mean length of 800 nm
from leafdIp preparatIOns but no serologIcal work was reported

METHODS

VIruS IdentIficatIOn and CharacterIZatIOn

Virus host range Imtially, ten mashua acceSSIOn (BCD 1145, ECU 1141, ECU
1084, ECU 1093, ECU 1115, ECU 1101, ECU 1102, ECU 1096, ECU 1147, and ECU
1098) were mtroduced as tubers to the quarantme greenhouse at USDA-ARS Ft Detnck,
Fredenck, MD from the Ecuadonan lughlands underAPHIS-PPQ permIt Ten vuus
Isolates, one from each acceSSIOn (Tt 1, Tt 2, Tt 3, Tt 4, Tt 5, Tt 6, Tt 7, Tt 8, Tt 9 and Tt
10) respectIvely, were establIshed by mechanIcal moculatIon onto selected herbaceous
mdicator plants (Table 1) Symptomatic leaftissue was triturated mOl M sodIUm CItrate
buffer, pH 7 4, and rub-moculated onto leaves of mdicator plants that had been first dusted
WIth 600 mesh carborundum Plants were observed over a 6-week-penod for symptom
development Inoculated leaves of symptomless mdicator plants were back-moculated to
Nlcotzana benthamzana L, a systemIC host that produces dIstmct vern clearmg, downward
cur1mg ofleaves and stem, and necroSIS ofleaves and stem tissue over a 2-week penod, and
Gomphl ena globosa L , a bIoassay host that produces red-nmmed local lesIOns With
necrotic centers m 10 days, to test for latent mfectIOn VIruS Isolates Tt 4 and/or Tt 9 were
selected for further testmg
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Physical properties LongevIty In-Vltro (LIV), thermal mactlvatIOn pomt (TIP), and
dIlutIOn end-pomt (DEP) were determmed for the Tt 4 and Tt 9 Isolates usmg standard
protocols (Walkey, 1991) For TIP determmatlon, systemIcally mfected leaves of N
benthamlana mOl M sodIUm cItrate buffer, pH 7 4, were heated for 10 mmutes at
temperatures from 50° to 100° C at 10 degree mtervals usmg a heat-block For LIV, crude
sap prepared from N benthamlanum was held at 20° C m the dark for 0, 1,5, 7, 14 and 30
days For DEP, crude sap was senally dIluted WIth 0 1 M sodIUm cItrate buffer, pH 7 4
All samples were tested for mfectlvlty usmg N benthamzanum plants

Virus purificatIOn The Tt 4 Isolate was purIfied from systemIcally mfected leaf
tlssue ofN benthamlana usmg a modIficatIOn of the method developed by Hammond and
Lawson (1988) for potyvlruses SystemIcally mfected leaftlssue (187 g) was tnturated m
lIqUId mtrogen then homogemzed m 1000 ml of0 5 M KzHIKHzP04 buffer, pH 84, wIth
05 % (w/v) NaZS03, and filtered through cheesecloth The filtrate was centnfuged at
8,000g for 10 mm at 4°C m a GSA rotor and the supernatant collected Tnton X-lOO was
added to 2% and the solutIOn stmed for 15 mm at 4°C Polyethylene glycol (pEG) 8000
was added to 6% and NaCI to 2% and the solutIOn stmed for 1 hr at 4°C and centnfuged at
10,000 g for 10 mm at 4°C m a GSA rotor Pellets were resuspended m 50 ml of 100 mM
borate/KCI buffer, pH 80, and homogemzed, transferred to a beaker and stmed at least 1 hr
at 4°C A 25 ml alIquot of the suspenSIOn was measured mto R30 tubes, underlayed WIth 5
ml/tube 30% (w/v) sucrose mOl m borate/KCl buffer, pH 8 0, and centnfuged at 70,000
rpm for 2 5 hr m an TI50 rotor Pellets were resuspended m eIther 100 mM borate/KCI
buffer, pH 8 0, or 10 mM sodIUm phosphate buffer, pH 7 6 After centnfugmg at 10,000 g
for 10 mm at 4°C for clanficatIOn, the suspenSIOns were layered onto 10-40% sucrose
gradIents and centrIfuged at 70,000 rpm for 2 hrs m a SW-41 rotor and fractIOnated usmg a
ISCO (ISCO Inc, Lmcoln, NB) UA-5 ultraVIolet frachonator at 258 nm UltraVIOlet
absorbmg fractIOns were collected, pooled and dIluted 10-fo1d WIth borate/KCl buffer, pH
80, or 10 mM sodIUm phosphate buffer, pH 76, respectlvely, centnfuged at 70,000 g for
25 h m a TI75 rotor, supernatant dIscarded and pellets resuspended m 250 I-li ofthe same
buffer

Electron microscopy The morphology ofvlflons was determmed by placmg
partlally punfied preparatIOns of Isolate Tt 4, from the above procedure, onto Formvar
backed, carbon-coated grIds, stammg them With 2% uranyl acetate or 2% phosphotungstlc
aCId, and exammmg them WIth a PhIllIps 201 electron ffilcroscope at 80 kV Two hundred
partIcles were measured and partIcle SIZe determmed by compreSSIOn With photographs
taken at the same magmficatIOn of germamum-shadowed carbon rephcas made from
drffractton gratmgs With 54,864 Imes per mch and/or grIds contammg punfied preparatIOns
oftobacco mOSaiC tobamovlrus as standard SIze markers

Polydonal antibodies and mdlrect enzyme-lmked lmmunosorbent assay
Polyclonal antIbodIes were produced to hIghly punfied preparatlons of the Tt 4 Isolate
Two rabbIts were gIVen mtramuscular mJectIOns of 100 I-lg ofvrrus m Hunter's TiterMax
(TIterMax, Inc, Altanta, GA) adjuvant every 10 days Test bleeds began 30 days after
mltlal mJectIOn IndIrect enzyme-Imked Imrnunosorbent assay (ELISA) tests were carned
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out usmg purIfied y globulm to the Tt 4 Isolate and goat antI-rabbIt y-globulm conjugated
With alkalme phosphatase (SIgma Co St LOUIS, MO) VlfUS Isolates Tt 4 and Tt 9 were
tested m mdirect ELISA agamst antiserum (Agdia Inc, Elkhart, IN) to the followmg
potyviruses watermelon mOSaiC pOtyvlfUS 1 (WMV-1), watermelon mOSaiC POtyvlfUS 2
(WMV-2), potato potyvIrUS Y- common stram (PVY-C), potato pOtyviruS A (PVA), pepper
mIld mottle pOtyviruS (PMMV), turnIp mosaIC potyvIrUS (TuMV), lettuce mosaIC pOtyviruS
(LMV), dasheen mosaiC pOtyviruS (DaMV), soybean mosaIC pOtyviruS (SMV), tobacco etch
pOtyviruS (TEV), pea seedbome mOSaiC (PSMV), maIze dwarf mosaIC POtyviruS A
(MDMV-A), and maIze dwarf mOSaiC POtyvlfUS B (MDMV-B) A pOSItIve threshold
absorbance Ieadmg of four tImes the mean of the healthy control was used

Monoclonal antibody panel Twenty-sIx monoclonal antibodIes (McAbs) from a
preVIOUS study (Jordan, 1992) desIgnated PTY McAbs, were used separately to compare the
Tt 4 and Tt 9 Isolates ofthe unknown pOtyviruS from mashua and other charactenzed
potyviruses (courtesy R Jordan and J Hammond) Members of thIS panel ofMcAbs
recogruze epitopes that are (a) specIfic to bean yellow mOSaiC pOtyvlfUS (BYMV) strams,
(b) common to members of the BYMV subgroup, (c) dIstmctIve for umque potyvlfUses, or
(d) common to many dIstmct potyvlfUses (Jordan and Hammond, 1991) The format IS an
mdIrect ELISA With the VIral antigen bemg coated dIrectly onto the mIcrotIter plate These
broad spectrum McAbs react WIth antIgemc detefffilllants on VIral subumt regIOns not
exposed on the vmon surface Vmons were dIsrupted dunng the coatmg process to expose
cryptotopes

Antigen-coatedplate enzyme-linked lmmunosorbent assays Indexmg ofmashua
tissue samples for the Tt 4 and Tt 9 Isolates was carned out usmg the PTY McAbs m
mdIrect antigen-coated plates (ACP) ELISA (Jordan and Hammond, 1991) One gram
composIte samples of symptomatic leaves were trIturated m 10 ml of 0 05 M sodIUm
carbonate-bIcarbonate buffer (CB) plus polyvmylpyrrolIdone (PVP), pH 9 6, contammg
o2% sodIUm dIethyldithIOcarbamate (DlECA) The samples were mcubated at room
temperature for 2 hr to dISrupt vmons and 100 !J.l of each sample dIspensed to duplIcate
wells ofNunc MaxiSOrp polystyrene ELISA plates Plates were mcubated for one hour at
room temperature, washed three times With phosphate buffered salme plus Tween 20 (pBS
Tween) before 100 Jll of an admIxture of McAbs to POtyvlfUS epitopes 1+2+3+4+8+10+21
(10,11) was added The plates were mcubated for 2 hr at room temperature or overmght at
40 C and washed 4 tImes WIth PBS-Tween Later, 100 !J.l ofgoat antIrabbit y-globulm
cOllJugate was added and mcubated for 1 hr at room temperature Fmally, 100 !J.10fp
mtrophenol phosphatase (SIgma ChemIcal Co, St LOUIS, MO) dIluted m dlethanolamme
buffer was added to each well Reactions were stopped With 50 I-li of3 M sodIUm
hydroxIde and optIcal denSIty at 405 run determmed after 1 hr The positive threshold used
was four times the mean of the healthy control value

Survey ofmashua m Ecuador for the occurrence ofpotyvlruses A survey of 46
acceSSIOns ofmashua, mamtamed at the National Institute for Agncultural Research's
(lNIAP) Santa Catalma Research Station (SCRS), QUItO, Ecuador and plants from 8 fields
representmg the major productIOn areas m the Ecuadonan hIghlands, for the presence ofTt
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4 and Tt 9-hke Isolates was carned out durmg Apnl of 1993 VlfUS testmg mcluded both
mdirect ACP-ELISA, wIth an admIxture of PTY McAbs descnbed above, and blOassay to
N benthamzanum and G globosa For each acceSSlOn and productlOn field, a compOSIte
sample of symptomatic young leaves from a mmimum of five plants was collected Leaf
samples were trIturated m eIther CBIPVP contammg 02% DIECA for ACP-ELISA or m
001 M SOdIum phosphate buffer, pH 70, for bIoassay on mdicator plants Sap extracts
were dIluted 10-fold and tested usmg mdicator plants as before Plants were mamtamed m a
greenhouse and observed over a four-week pellod for symptom development

Aphid transmiSSIOn Green peach aphids (Myzus perslcae [Sulzer]) were reared on
curly dock (Rumex CrlSPUS L ) m a quarantme greenhouse Several hundred adults and
nymphs were shaken onto mOIst filter paper and starved for 4 hrs Approxlffiately 100
adults and nymphs (3rd and 4th mstar) were transferred to detached leaves ofT tuberosum
(ECU 1093) and gIven an acqmsition access penod (AAP) of30 seconds to 5 mmutes As
soon as aphIds probed, they wele moved m sets of25 or more to 3-week-old N
benthamzana seedlmgs for a 24-hr moculatlOn access penod (lAP) An IdentICal group of
green peach aphIds were allowed the same penod oftlrne to probe on vlfUs-free curly dock
and transferred onto N benthamzana for a 24 hr lAP as a control Plants were sprayed With
a dIlute solutlOn ofmalathlon (O,O-dimethylphosphorodithloate of
dlethylrnercaptosuccmate) (0 2 g a I /L) and placed on a greenhouse bench for a 30-day
observatlOn penod To confirm VIruS transffilsslOn, leafttssue was blOassayed usmg healthy
N benthamzana as prevIOusly descnbed

Tissue Culture Methods

Plant materwl Four potyvrrus-mfected lmes (1093, 1115, 1141, and 1147) from
the mashua collectIOn at the Ecuadonan Institute for AgrIcultural InvesttgatIOn (INIAP),
Santa Catalma Research StatIOn, Qmto, Ecuador were selected based on geographIC
dIstnbutIOn withm the country, and morphologIcal charactenstics such as tuber form and
color Shoot apIces (SA), ca 0 2rnm m SIze (menstem plus 1 or 2leafpnmordIa), were
Isolated usmg a razor-blade shver from virus-mfected, In vitro mamtamed, microcuttmgs
Lmes mitiated from SA were deSIgnated as potentiallY-VIrus-free lmes (PVFL) PVFL
and virus-mfected stock hnes (VIL) were mamtamed m VItro by subculturmg monthly to
prohferatIOn medmm

Culture medza The basal medIum contamed the morganic salts and vitamms of
Murashige and Skoog (1962), supplemented WIth 3% sucrose and 064 % Phytagar For
prohferatlOn, basal medIUm was supplemented WIth 5 mg 1-1 BA and 1 mg t 1 kmetm

accordmg to Fadillo et al (1987) For m VItro rootmg, 5 mg 1-1 (or 2 mg/l m field
Expenment I) ofNAA was added to basal medIum Media pH were adjusted to 5 7-5 8
prlOr to autoclavmg

ProliferatIOn versus virus mfectlOn The effect ofVIruS mfectlOn on m VItro
prohferatlOn was tested usmg hnes 1141 and 1093 The PVFL-denved clones for each
hne were selected based on negatIve Iesults obtamed from a blOassay usmg m VItro
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denved mlcrocuttmgs Each Jar contamed two explants, an apIcal shoot tIp cultured
vertically, and a lateral shoot tip cultured honzontally Cultures were placed under a 24-

hour photopenod (50 /lmol m-2 s-l) and evaluated after one month m culture

Rootmg and reeslabusltmenCTne effect of VIruS mfecnon on ruotmg ablhty m
VItro and survIval dunng acclImation was compared for PVFL and VIL FIve
mlcrocuttmgs were cultured per Jal Cultures were placed under a 16-hour photopenod

(50 /lmol m-2 s-l) for one month before pottmg and placement m the greenhouse
Rooted mashua plants were transplanted mto 3 5 cm cell packs havmg 72 cells usmg a
pasteurIzed soIl mIxture that contamed 32% Pro-mIX BX, 16% field SOlI (clay loam), 16%
peat moss, 16% vermIculIte, 12% perlIte and 8% sand plus fertilIzer Plants were placed
m a mIst tent for one week after transplantmg, after whIch they were moved to a

greenhouse bench and watered as needed ArtifiCial lIghts (32-95 /lmol m-2 s-l) were

used to prOVIde a 12-hour day length, at a temperature range of 18-250 C SurvIval of
PVFL and VIL were recorded after 2 weeks when plants were transplanted to 10 cm pots
usmg the same soIl mixtUle

Indexmg ofm vitro material PVFL-denved clones were blOassayed for the
presence of VIruS usmg Nlcotzana benthamzana as an mdlcator plant Mlcrocuttmgs
generated after 2 or 3 culture cycles were trIturated mimi ofa buffer (001 M sodmm
phosphate, pH 7 0), usmg a mortar and pestle and rub moculated onto young leaves ofN
benthamzana that had been dusted WIth 600 mesh carborundum As a pOSItIve control,
mlcrocuttmgs of VIL were assayed at the same tune

Indexmg ofgreenhouse establzshed material A greenhouse bIOassay was
performed usmg tissue samples from 2-month-old potted plants from each PVFL
CompOSIte samples of4 to 5 mashua leaves were collected from avaIlable plants and
tnturated m 10 ml of 0 01 M SOdIum phosphate buffer pH 7 4, and rub moculated onto C
qUlnoa as a host speCIes

FIeld Experiments III Ecuador The Effect of VIrus InfectIOn

Plant material Mlcrocuttmgs ofPVFL and VIL were rooted m VItro (l2-hour

photopenod, 50 /lmol m-2 s-l) and were transplanted mto pumIce m plastic boxes,
covered WIth a humIdIty dome and placed m a greenhouse for 21-25 days PVFL were
kept separate from VIL to aVOId cross contammatIOn After keepmg covered for a week to
aVOId dehydratIOn, the humIdIty dome was removed progreSSIvely until plants were
acclImated Plants were then potted mto a stenle soIl mIxture that contamed 30% of sand,
30% of composted humus and 40% field soIl (clay-loam) untIl fmal transplantmg to the
field After one month m pots, plants were blOassayed for the presence of VIruS Two or
three leaves per plant were macerated ill a chIlled mortar WIth one ml of 0 5 M SOdIum
CItrate solutIOn Leaves ofN benthamzana were evenly covered WIth carborundum
powder (500-600 mesh) followed by the crude leaf extract and gently swabbed to aVOId
mechamcal damage
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DetectIOn ofpotyvlrus m thefield For VIrUS remfestatlOn, composIte samples
of symptomatic or asymptomatic tissue were bioassayed usmgN benthamzana and also
tested usmg DAS (Double-AntIbody-SandwIch)-ELISA for Potyvuus Group after 7
months m the field A composIte sample of symptomatIc, young leaves was collected and
tnturated WIth coatmg buffer plus polyvmylpyrrolIdone (CB/PVP) MicrotIter plates
were coated wIth an admIxture of 16 potyvIrUS antIbodIes The posItive/negatIVe
threshold was 4 tImes the mean of the backglOund mean value The background mean
was determmed by the average of a negative control of a healthy mdicator plant

Effect ofvlrus mfectlOn m mashua onyleld FIeld expenment I was set up m La
Merced S W of Tunurahua Provmce at an altItude of3,000 m, and for 1993-1994, an
annual average ramfall of 509 to 690 nun and temperature of 10 5C m February 1994
usmg PVFL and VIL of 1147

There were 8 plants per row, and 6 plants per evaluatIOn The dIstance between
rows was 1m and 0 5m between plants The expenmental desIgn was a randomIzed
complete block WIth 4 treatments and 3 replIcatIOns Plots were furrow lITIgated durmg
January to March after WhICh natural ramfall was suffiCIent Plants were harvested 1) at
seed set and 2) two weeks later at the end of the vegetative cycle The tubers were
classIfied by the SIze and weIght

SurvIval m the field was determmed 30 days after transplantmg by countmg the
number of cuttmgs that remamed VIgOroUS and lilltIated new shoots TIme-to-flowenng
was determmed when 50% of the plants of a specIfic lme were flowermg Plant heIght m
cm (from the soIl surface to the most apIcal leaf) from two randomly selected plants was
measured tWIce at 30 and 60 days after transplantmg The number of new shoots/plant
after covenng WIth SOlI was recorded at harvest

FIeld expenment 2 usmg both PVFL and VIL of 1093, 1141, and 1147 was
establIshed at the Querochaca farm of the Agncultural Engmeermg Faculty of the
TechnIcal Umversity of Ambato, Ecuador at an altItude of2868 meters above sea level m
October 1994 A completely randomIzed deSIgn usmg a splIt plot, where the mam plot
was mashua lIne and the splIt plot was VifUs-mfectIOn status, was applIed as the
expenmental deSIgn, WIth a randomIzed arrangement withm mam plots and splIt plots
The expenment had 3 treatments per block WIth 3 replIcatIons Mashua plants were
spaced at 0 75 m between plants and 1 00 m between rows Tubers of purple mashua
were planted around the edge of each replIcate to mIDImize border effects Each plot was

50 m2 (10 m long x 5 m WIde) and blocks had 322 m2 (23 m long x 14 m WIde)
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RESULTS

Virus IdentIficatIOn and CharacterizatIOn

Host 1ange The host range of all ten Isolates ofthe unknown pOtyvIruS were
IdentIcal, WIth most specIes bemg only locally mfected Good diagnostIc hosts were
IdentIfied as ChenopodlUm qUlnoa L ,C amarantlcolor L, and G globosa L servmg as
bIoassay or local lesIon hosts and N benthamzana as both a dIagnostIc and propagatIve host
Isolates Tt 4 and Tt 9 were selected for further study

PhySIcal propertIes In crude extracts, Isolates Tt 4 and Tt 9 were mfectIve after
treatment at 50° C for 10 mmutes but not after treatment at 60° C for 10 mm The DEP for
both Isolates was between 10 ) to 10 6 and the LIV for both Isolates was determmed to be 5

days at 20°C

Purificatwn and electron mIcroscopy PunficatIOn of the Tt 4 Isolate from Infected
N benthamzana yIelded approXImately 10 mg ofvrrus per kIlogram of fresh weight of leaf
tIssue, an absorbance maXImum of260 run and an A260/280 of 1 08 In negatIvely stamed
preparatIOns, Tt 4 appeared as flexuous partIcles 600 to 800 run, WIth a modal length of
750 run and approxImate dIameter of 10 nm

AphId transmISSIOn The green peach aphid (Myzus perslcae) tranSmItted VIruS to
N benthamzana from T tuberosum acceSSIOn ECU 1093 Infected WIth Isolate Tt 4 Controls
were negatIve Symptoms on T tuberosum began as vem-clearmg by 10 days and
progressed to chlorotIC mosaic, followed by leaf deformatIon, petIole curvature and necroSIS
of leaf and stem tIssues wIthm 2 weeks

Polyclonal antIbody mdlrect ELISA The Tt 4 and Tt 9 Isolates reacted pOSItIvely
to PTY-l McAb and polyc1onal antIserum to BCMV and WMV-2 but not to the healthy
control or WMV-l, PVY-C, PYA, PMMV, TuMV, LMV, DaMV, TEV, PSMV,
MDMV-A and B, and SMV In recIprocal tests, polyclonal antIserum to the Tt 4 Isolate
reacted pOSItIvely m mdIrect ELISA agamst Isolates ofTt 4, Tt 9, PVY-C and less
strongly to TEV and PYA, but not to MDMV-A, MDMV-B, BCMV, DaMV, WMV-l,
WMV-2, PMMV, TuMV, LMV, SMV, and PSMV The Tt 4 and Tt 9 Isolates were
determmed to be closely related strams ofthe same aphId-transmItted pOtyviruS The
VIruS has been tentatIvely named Tropaeolum mosaIC pOtyviruS (TropMV)

DetectIOn ofunzque andpOtyVlfUS group-common epltopes The reactIVIty
patterns of a panel of twenty-SIX virus-specrfic and group-cross reactIve monoclonal
antIbodIes (McAbs) WIth selected VIruS Isolates from T tuberosum and other potyviruses
were compared m ACP-ELISA Tlus panel of McAbs has been useful m exammmg the
mtra-vlfus, mter-vlfUs, and mtra-group serologIcal relatIOnshIps among and between dIverse
potyvuuses (Jordan, 1992 and Jordan and Hammond, 1991)
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The reactiVIty patterns ofTt 1, Tt 2, Tt 4, Tt 9 and pepper mottle POtyvlruS
(PepMoV-NC), potato POtyvlruS Y (pVY-3), tobacco etch potyvrrus (TEV-PV69), and bean
yellow mosaIC POtyvlruS (BYMV-GDD) With ten ofthe McAbs (Table 2) The 10 selected
McAbs defme 10 drfferent potyvua1 epltopes (Jordan, 1992 and Jordan and Hammond,
1991) McAbs PTY 1 through PTY 12 each defme umque potyvlrus group-common
epltopes plesent on 33 dlstmct potyvlruses McAbs PTY 21 defmes a umque epltope shared
between specIfic Isolates ofBYMV and PepMoV NC McAbs PTY 35 defmes an epltope
shared between 6 of9 BYMV Isolates The reaction profiles ofTt 1, Tt 2 and Tt 9 are
mdlstmgUlshable from each other but dIffer from the profile ofTt 4 Both reactiVIty profiles
are dlstmct from any of the other potyvlruses tested The reactiOn profile ofTt 1, Tt 2,
and Tt 9 agamst the panel of26 McAbs also are dlstmct from any ofthe other potyvlruses
tested WIth thIS panel ofMcAbs (Jordan, 1992 and Jordan and Hammond, 1991) The
reactiOn profile ofTt 4 IS slITlllar to that of maize dwarf mosaIC potyvrrus A (MDMV-A)
reported m the hterature (JOldan, 1992) mdlcatmg that the epitopes recogmzed by McAbs
PTY 1,3 and 4 are apparently shared between MDMV-A and Isolate Tt 4

Survey for potyVIrus In masltua In Ecuador Forty-three of46 acceSSiOns of T
tuberosum at the INIAP's-SCRS and plants from all eIght productIOn fields surveyed
exhtbited mtervemal chloroSIS, leaf cuppmg, dIstortiOn and stuntmg symptoms typIcal for
VIruS InfectIon ThIrty-four of 46 acceSSIons tested pOSItIve for TropMV usmg ACP
ELISA, and 39 acceSSIons tested pOSItIve by bIoassay to eIther N benthamzanum or G
globosa (Table 3) Four acceSSiOns tested negatIve m both ACP-ELISA and bIOassay tests
CompOSIte samples from all eIght productIOn fields tested pOSItIVe for TropMV m ACP
ELISA and bIoassay

Plant Tissue Culture

VIrus elzmmatIOn The culture of shoot apIces (SA) ca 0 2 nun m SIze was
effectIve for the eltmmatIOn of pOtyviruS TropMV from mashua hnes as determmed
through the screenmg of m VItro generated microcuttmgs and 2-month-old generated
plant matenal on_N benthamzana m the greenhouse and confirmed subsequently by DAS
ELISA when plants were m the field Of 58 SA eXCIsed, 30 survIved and grew After
two months of growth, 24 of the SA-denved clones (PVFL) were bioassayed for the
presence of VIruS by mechamcally moculatmg N benthamzana WIth sap preparatiOns from
m VItro mamtamed microshoots Twenty-two of these 24 clones tested VIrus-free

BIOassays usmg 2-month-01d greenhouse generated plant tIssue of the PVFL and
VIL confirmed the results obtamed from the blOassays that used m VItro generated
mlcrocuttmgs Based on observatiOns 19 days after moculatlOn of C qumoa, VIL of
1093 and 1147 tested pOSItIve whIle hnes 1115 and 1141 were not tested due to poor
plant growth and mortahty VIL plants of 1147 were asymptomatIC, however, moculatiOn
onto N benthamzana resulted m the development of symptoms 8 days later
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ProliferatIOn versus virus mfectwn Lme 1093 prolIferated sIgnIficantly better
than 1141 Although there was no clear pattern of sIgmficance among the PVFL and
VIL, VIruS mfectIOn appeared to have a detnmental effect on general performance The
total number of shoots was not sIgnIficantly dIfferent among the PVFL and the VIL
wlthm a lIne, even though the PVFL were consIstently more prohferatlve The maJonty
of the dIfference between the VIL and the PVFL was eVIdent m the 1-2 cm shoot counts
There were no dIfferences m the number of shoots> 2 cm whIch were not present as
often as the other shoot lengths Shoots < 1 cm were the greatest contnbutors to the
prohferatlon dIfference between the two hnes The FW, DW, FW-DW trends for the
relatIOnshIp among PVFL and VIL were found to be sImtlar to the trends assocIated wIth
the prolIferatIOn rate TIssue of 1093 had more bIomass than that of 1141 for both PVFL
and VIL Explant onentatlon was found to be correlated WIth shoot fresh weIght, lateral
buds cultured honzontally had sIgmficantly more bIOmass than apIcal buds cultured
vertically

Rootmg m vitro and reestablishment There were no dIfferences m VItro
rootmg abIlIty among VIL and PVFL Rooted mlcrocuttmgs ofVIL were sIgmficantly
longer than rooted mlcrocuttmgs of PVFL Percentages ofmortahty were lower for Imes
1093 (1 %), 1147 (1 %) and 1141 (7 %) compared to 1115 (7%) Both VIL and PVFL of
1093 and 1147 and PVFL of 1141 and 1115 survIved and grew over a 2-month penod
after transplantmg At the same tIme, VIL of lmes 1141 and 1115 dId not develop well
and fmally detenorated drastlcally, havmg33% and 50% ofthe plants dead, respecttvely,
2 months after transplantmg

FIeld Experiments III Ecuador The Effect of VIrus InfectIOn

Plant mortality In expenment 1 there was no dIfference between vIrus-free and
-mfected plants for survIval after transplantmg to the field, for plant heIght at 30 or 60
days, for number of new sprouts, or for number of tubers harvested per plant Vlfus-free
plants had sIgmficantly greater tuber weIght (928 gm) compared to vlrus-mfected plants
(235 gm) In expenment #2 the mortahty of all plants was hIgh due to envlfonmental
condItIOns after transplantmg to the field Lmes 1093 and 1141 had survIved
sIgmficantly better than dId lIne 1147 There were no dIfferences m survIval rate between
the vlrus-mfected and vIrus-flee plants

Plant vigor Measurements ofleaflength, WIdth and area of the 3rd and 10th
fully-developed leaves were not slgmficantly dIfferent for the lInes tested However,

length, WIdth and area of the 10th fully-developed leaves from VIrus-free plants were
slgmficantly reduced Mashua plant Vigor evaluatiOn ill the field demonstrated that there
were no differences between the tested lInes whether vlrus-mfected or not

Flowermg VIrus-free plants flowered earlIer (100 days) and were harvested
earlIer (220 days) than virus-mfected plants (155 days and 254 days, respectively)
Differences m flowermg tlme weie due mamly to dIfferences ill hnes Lme 1147 (VlfUS
mfected and -free) flowered first at 145 days after field transplantmg, followed by lIne
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1093 at 154 days and finally lme 1141 at 168 days Flowenng mcreased over a penod of
45 days, at whIch tIme the first flowers had already set frUit

Yield evaluatwn Thele were no statIstIcal dIfferences m field performance for
the three hnes exammed Although there were no dIfferences m overall yIeld between the
virus-mfected and -free hnes, vuus-mfected hnes produced a sIgmficantly greater number
of large tubers (3 4 vs 1 4)

Indexmg offield plants ThIrty-three percent of the VIrus-free plants became
remfected by the end ofField Expenment 2 based on DAS-ELISA tests Vuus
transmISSIon through aphIds may have been the cause, as there was a large populatIOn of
aphIds present m the plots from January to the end of March Surpnsmgly, 24% ofthe
virus-mfected plants tested negatIve usmg DAS-ELISA

IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER

Durmg the tIme span ofthe project several SCIentIfic actIVItIes were held at
AMDE and/or sponsored by the project

- The Second NatIOnal TIssue Culture Congress for 125 partICIpants and mternatIOnal
SCIentIst
- The Second and ThIrd NatIOnal Plant VIrology Workshops for approxImately 70
partICIpants and mternatIOnal SCIentIsts
- 5 Ecuadonan laboratones, Umversity of Cuenca, INEXA, INIAP, Laboplanto and the
TechnIcal Umversity of Ambato (UTA) receIved free consultmg servIces and chemicab
for use m theu research actIVItIes
- 3 students from UTA conducted theu semor theSIS research reqUired for theu graduatIOn
as agncultural engmeers
- AMDE Corp SCIentIsts have piesented talks at many events m Ecuador, as well as
InternatIOnally
- One student receIved trammg m plant vuology and plant tissue culture at the Umversity
of Delaware and receIved her M S degree dunng the hfe of the project and returned to
Ecuador to work at UTA m the area of plant pathology and hortIculture
- 12 VIrus-free mashua lmes were returned to INIAP for mamtamence, propagatIOn and
dIspersal to the agrICultural mdustry and mdigenous peoples
- 10 hnes of whIte canot were plOvided ill tiSSue Culture to ~rrAP vvhteh was havmg a
dIfficult tIme placmg the crop m VItro ThIS wIll allow them to mamtam the germplasm
longterm
-2 demonstratIOn plots ofvuus-free mashua were estabhshed m Bohvar and Tunguruhua
Provmces and presentatIOns made to mdigenous peoples as to the value of startmg WIth
ViruS-free matenal
- 100 3-pound bags ofa mIxture ofvuus-free hnes ofmashua, simulatmg landraces of the
crop, were prOVIded to mdigenous peoples ofBohvar, Tunguruhua, CotopaXI and
Chimorazo Provmces through CARE, Cathohc Rehef ServIces and the extenSIOn servIce
of the PolytechnIC Umversity of Chimborazo
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- AMDE has expanded Its reputatIOn for bemg a well quahfied laboratory specIalIzmg m
the tIssue culture of natIve Ecuadonan!Andean plants to a laboratory able to develop and
certIfy vIrus-free plant matenals AMDE's role m research, educatIOn and extensIOn has
been enhanced through the trammg and research carned out durmg thIS project
- At the end of the project, AMDE had two operatmg tIssue culture laboratones and two
greenhouse facIhtIes, one m Ambato and one m Samanga Each facIhty havmg a
computer center, and fax services available to EcuadOrIan and mternatIonal SCIentIsts
The laboratory facilItIes m Ambato also mamtamed the abIhty to perform ELISA tests
usmg an automated mim-plate reader
- Research personnel at AMDE, mcludmg Ing JaIme ROjas, contmue to work on
mdigenous tuber crops The focus of theu work has shIfted to methods of productIOn of
other Andean tubers such as oca and ullucus and IS bemg carrIed out m conjunctIon With
UTA and CIP at QUItO
- The tramed personnel have and WIll contmue to proVIde trammg servIces for m country
needs Laboratory faCIlItIes will contmue to be used by the focus of the services has
shIfted to meet the needs of the regIOn At the present tIme, the ELISA facIhty IS bemg
used to screen both boIler and egg laymg chickens for a number of Important VIruS
dIseases They have gIven at least one semmar smce the end ofthe project to poultry
mdustry personnel m how to carry out ELISA tests for detectIOn of aVIan vuuses We
beheve that thIS faCIlIty and mfrastructure WIll contmue to be Important to the agncultural
sector ofEcuador m a varIety of dIfferent ways

PROJECT ACTIVITIES/OUTPUTS

Workshops and Congresses

OrganIzed, developed and hosted

- Second NatIOnal Plant Vuology Workshop, Apn112-15, 1993 Ambato, Ecuador - WIth
the partiCIpatIOn of Dr V D Damsteegt and Dr T A Evans and more than 25
partICIpants from UmversIty, government and prIvate laboratOrIes

- Second NatIOnal Congress on Plant TIssue Culture, June 16-17, 1994 Machala del Oro,
Ecuador With the partiCipatIOn ofDr T A Evans, Dr S L KIttO and Dr V D Damsteegt
and over 125 students, faculty and SCIentIsts prImanly from the lowlands ofEcuador

- Thud NatIOnal Plant Virology Workshop, June 9-11, 1995, Cathohc UruversIty, QUito,
Ecuador WIth the partICIpatIOn of Dr Evans, Dr Kitto and Dr V D Damsteegt and 45
students, facility and SCIentIsts from UmversIty, government and pnvate laboratones

Workshops and Trammgs Attended

- VIctor Cortez partICIpated m a 15 day workshop on BIOtechnology ApphcatIOns of
Integrated Pest Control for Horticultural Crops m Cuernavava, MeXICO begmnmg on Sept
25, 1994 sponsored by ONUDI-ONU-UNAM, WIth full scholarshIp
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- CarmIta Taboada was sponsored by AMDE to partIcIpated m a 7 day trammg on
Integrated Pest Management m RIobamba orgamzed by the AgrIcultural Mimstry
begmnmg on Oct 7, 1994

THESES

Masters

Sona, Sandra 1996 IdentIficatIOn and ehmmatIOn of vIruses from mashua (Tropaeolum
tuberosum, RUIz and Pavon) and methods for Its mlCropropagatIOn, Umversity of
Delaware, TheSIS, Newark, DE

Undergraduate

Taboada, CarmIta MicropropagatIOn and effect of VIruS mfectIOn on productIVIty of
mashua (Tropaeolum tuberosum) Umversity of Cuenca, 1994

Montero, Lorena MicropropagatIon ofArracacza xanthorrhzza, Techmcal Umversity of
Ambato 1993

Bermudez, Elsa EffiCIency of productIOn of cuttmgs from mashua tubers Techmcal
Umversity of Ambato 1992

FACULTY INVOLVED IN PROJECT

- Dr Thomas A Evans, AssocIate Professor of Plant Vuology, Umversity ofDelaware
- Dr Sherry L KIttO, Professor of HortIculture, Umversity ofDelaware
- Dr Vernon D Damsteegt, Research Plant VIrologIst, USDA-ARS, Ft Detnck, MD
- Dr Ramiro VelastegUI Professor of Plant Pathology, TechnIcal Umversity ofAmbato
- Ing Rebeca Vega de ROJas, Duector and Plant TIssue Culture SpecIalIst, AMDE Corp
- Ing JaIme ROJas, Professor of HortIculture, TechnIcal Umversity of Ambato
- Ing Edwardo Fmllos, Professor ofHortlCulture, TechnIcal Umversity of Ambato
- BIOI Ligia Ayala, Research Plant VIrology, INIAP, QUIto

GERMPLASM COLLECTION

- ProvIded twelve VIrus-free lmes of mashua to the germplasm collectIon AMDE, the
Techmcal Umversity of Ambato and INIAP mcludmg some new acceSSIOns from BolIvar
and Tunguruhua Provmces AddItIonally, ten Imes of whIte carrot were prOVIded to the
gerrnplasm collectIOn at INIAP's Santa Catalma Research Laboratory m tIssue culture for
long term mamtenance
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CONSULTANT BENEFITS

- Dr Sherry KItto, InternatIOnal consultant, adVIsed m tissue culture to representatives of
the Umversity of Cuenca, Umversity of Machala, INEXA, FUNDAGRO, ClP and INIAP
- Dr Evans, InternatIOnal consultant, adVIsed on plant vIrology to representatives of the
Techmcal Umversity of Ambato, CatholIc Umversity (PUCE), Umversity of Cuenca,
INEXA, ClP, INIAP, FUNDAGRO and PROEXANT
- Dr Vernon Damsteegt, internatIOnal consultant, adVIsed on plant vlrology to
representatives ofPUCE, INIAP and CIP

PUBLICATIONS
Refereed

Sona, S L ,R Vega, V D Damsteegt, L L McDamel, S L KItto and T A Evans 1998
Occurrence and PartIal CharactenzatIOn of a New MechanIcally TransmISSIble VIruS m
Mashua from the Ecuadonan HIghlands Plant DIsease 82 69-73

Sona, S L, C Taboada, R Vega, T Evans, V D Damsteegt and S KItto 1999 In VItro
and FIeld Performances of VIrus-freed and Vuus-mfected Plants of Tropaeolum
tuberosum RUIZ & Pavon (m reVIew)

Abstracts

Evans, T A, Sona, S L, KItto, S L, Damsteegt, V D, McDamels, L, and ROjas, R
1996 Occurrence and partIal charactenzatIOn of a mechamcally translll1ssible VIruS m
mashua (Tropaeolum tuberosum) from Ecuador Second InternatIOnal Congress on
UnderutIlIzed Crops, Southampton, England

Kitto, S L, Sona, S L Evans, T A, Damsteegt, V D, and ROjas, R L 1996
MicropropagatIOn of mashua (Tropaeolum tuberosum) and the el1lll1llatIOn of Tropaeolum
mosaIC VIruS VIa shoot tip culture Second InternatIOnal Congress on UnderutilIzed Crops,
Southampton, England

Evans, T A, Sona, S L, Kitto, S L, Damsteegt, V D, McDamels, L, and ROjas, R
1996 Effect OfpOtyvirus mfectIOn on productIVIty of mashua (Tropaeolum tuberosum) m
Ecuador Phytopathology 86 0000 Presented at NatIOnal APS Annual Meetmg,
IndIanapolIs, IN

Evans, T A , Damsteegt, V D , SOrIa, S , Vega de ROJas, R, Stone, AS, Jordan, R L and
Kitto, S L 1993 Occurrence of a mechanIcally translll1ssible VIruS m Tropaeolum
tuberosum from Ecuador Phytopathology 83 0000 Presented at NatIOnal APS Annual
Meetmg, Nashville, TN

Sona, S and ROjas, R 1993 Rootmg and acclImatIzatIon procedures for mashua QUItO,
Ecuador
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Non-refereed

Evans, T A Impact of plant VIruses on germplasm collectIOn, Second NatIOnal Congress on
Plant Genetic Resources, QUIto, Ecuador, Apnl12 1991

Vega, R IdentlficatIOn and VIruS elImmatIOn m mashua FIrst NatIOnal BIOtechnology
Workshop, QUIto, Ecuador, March 30, 1994

Taboada, C Bwassays for the certlficatIOn of vIrus-free micropropagated mashua
Ecuadonan BIOlogy Journey 18, November, 1994

Sona, S L The classlficatlon and hIstology ofmashua Ecuadonan BIOlogy Journey 18,
November, 1994

PROJECT PRODUCTIVITY

The project has accomplIshed all of the goals for the project ApprOXImately 200
mdlvlduals wele tramed m baSIC methods m VIruS detectIOn and elImmatIOn usmg tissue
culture through three natIOnal workshops held m Machala, QUItO and Ambato The
mdIvlduals tramed were from the pnvate sector, umversity and government laboratones
One Ecuadonan student, lug Sandra Sona, trammg at the Umversity ofDelaware,
receIved her M S degree m Plant SCIence m the areas ofplant VIrology and plant tIssue
culture and returned to Ecuador to work for the TechnIcal Umversity of Ambato
Methods for the regeneration of mashua and whIte carrot VIa tissue culture were
developed Twelve VIrus-free mashua cultIvars and ten vlfUs-free whIte carrot cultivars m
tissue culture and as tubers or stem cuttmgs were turned back to the Ecuadonan NatIOnal
Germplasm program at INIAP, Santa CatalIna ExtenSIOn programs and demonstratIOn
plots were used to educate mdlgenous peoples as to the value of usmg vlfUs-free tubers to
establIsh mashua plantmgs ApprOXImately, 100 3-pound bags ofvlfus-free mashua
tubers were proVIded to mdigenous peoples of the provmces of hIStoncal mashua
productIOn, Chlmborazo, BolIvar, Tungurhua, and CotopaXI ThIS was the remtroductIOn
of mashua to BolIvar and Tungurhua Provmces and was faCIlItated by CARE, CatholIc
RelIef ServIces and the extenSIOn servIce of The PolytechnIC Umverslty of Chimborazo

FUTURE WORK

At the present, no future work IS planned m our laboratones on these two crops
AMDE contmues to work on Andean tubers other than mashua and wmte carrot WIth
ClP A project funded by the MCKnIght FoundatIOn to Pennsylvama State Umversity
and the IntematlOnal Center for Potato Research (CIP) m LIma, Peru IS targeted at the re
development of the lost crops of the Incas mc1udmg mashua and whIte carrot and other
Important Andean tubers We have prOVIded both antIserum and Isolates of TropMV to
the Pennsylvama State Umverslty component of theIr project We belIeve that the value
and cultural Importance of these two crops has now been firmly establIshed as mdlcated
by the fundmg of the Andean tuber project WhICh has substantial economIC support from
the McKmght FoundatIOn
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Table 1

APPENDICES

Host range ofthe POtyvifUS Isolated from mashua (Tropaeolum tuberosum)
m the hIghlands ofEcuador

TEST SPECIES

Chenopodzum quznoa
C amarantzcolor
Gomphrena globosa
Nzcotzana debneyz
N rustzca
N occzdentalzs
N benthamzana

Nzcotzana tabacum
cv Samsun
cv B-21
cvHavana
cvXanthl
Cucumzs satzvum
cv NatlOnal PIcklmg
Phaseolus vulgans
cvTop Crop
cv BountIful
cvPmto
cv Blackturtle Soup
cvMonroe
Capszcum annum
Brasszca rapa
Vzgna unguzculata
cv CalifornIa Blackeye
Amaranthus hybndus
Abelmoschus esculentus
cv Clemson spmeless
Lycoperszcum esculentum

REACTIONA

Red runrned 10caileslOns WIth necrotIC centers
Red nmmed 10caileslOns WIth necrotIc centers
Red runrned 10caileslOns wIth necrotic centers
CWorotIc 10caileslOns
CWorotIc local lesIons
Dark nmmed 10caileslOns WIth necrotIC centers
Systeffilc vern clearmg, downward curlmg of leaves, stern
dIstortIon and necrOSIS of leaf and stern tissue

No reactlOnB
No reaction
No reaction
No reaction

No reaction

No reaction
No reactIOn
No reactIOn
No reactIOn
No reactIOn
No reactIOn
No reactIOn

No reactlOn
No reactlOn

No reactIOn
No reactlOn

A Isolates Tt I, Tt 2, Tt 3, Tt 4, Tt 5, Tt 6, Tt 7, Tt 8, Tt 9, Tt 10 ofTropaeolum mosaIC
POtyvlfUS (TropMV) gave IdentIcal reactlOns when mechanIcally moculated to herbaceous
hosts
BInoculated leaves ofasymptomatic mdicator plants were tnturated and moculated onto
leaves ofN benthamzanum to test for latent mfectIon
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TABLE 2 DIfferential reactIvIty ofPTY monoclonal antibodIes WIth selected vrrus
Isolates from Tropaeolum tuberosum (Tt) and other potyvrruses m antigen
coated plate (ACP) enzyme-Imked Immunosorbent assay (ELISAl

PTY Monoclonal Antibody

1 2 3 4 5 8 10 12 21 35

Tt 1 +++ + + + +
Tt2 +++ + + + +
Tt9 +++ + + + +
Tt4 +++ + +
BYMV-GDD +++ +++ +++ +++ ++ (+) + +++ +++
PepMoV-NC +++ +++ + +++ ++ +++
PVY-3 +++ +++ +++ ++ +++
TEV-PV69 +++ +++ ++ ++ +
MDMV-A +++ +++ +++ ++

AIndrrect ELISA usmg potyvrrus-mfected plant extracts (fmal dIlutIOn 1 30,
w/v) dIluted m carbonate buffer and drrect coatmg ofNunc ELISA plates
Relative ELISA A405 values after 1 hr substrate mcubatIOn were (+++) = > 1 2, (++) = 0 6
to 1 2, (+) = 0 6 to 0 2, (- )=<0 1
BAcronyms Tt 1, Tt 2, Tt 9 and Tt 4 represent Tropaeolum mosaIC potyvrrus Isolates from
mashua (Tropaeolum tuberosum) acceSSIOns ECD 1145, ECD 1141, ECD 1147 and ECD
1093, respectIvely and BYMV GDD = bean yellow mOSaiC pOtyvlfUS stram GDD, PepMoV
= pepper mottle vrrus Isolate NC, PVY stram 3 = potato vrrus Y 3, and TEV PV69 =

tobacco etch vrrus Isolate PV69, MDMV-A =maize dwarfmosaIC potyvrrus stram A
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TABLE 3

SampleA

IncIdence ofmechamcally transmItted POtyviruS ill Ecuadorean acceSSIOns of
mashua (Tropaeolum tuberosum) at INIAP's Santa Catalma Research
StatIOn, Qmto, Ecuador as determmed by bIoassay and ACP-ELISA

BIOassa' ACP-ELISAC

Nb Gg

14 acceSSIOns + + +
7 acceSSIOns + +
10 acceSSIOns + +
2 acceSSIOns + +
4 acceSSIOns +
2 acceSSIOns +
3 acceSSIOns +
4 acceSSIOns

ASIX to 13 symptomatic plants were tested ofeach acceSSIOn and WIth few exceptIOns 100%
ofthe source plants tested posItive
BIndicator specIes mclude N b = Nlcotlana benthamzana, G g = Gomphrena globosa
Symptoms were as descnbed m Table 1
cIndrrect ELISA usmg admIxture ofMcAbs to reactive to TropMV Tt 4 and Tt 9 Isolates
WIth vlfUs-mfected plant extlacts (thull dilution 1 30, w/v) dIluted ill camenate buffer and
drrect coatmg ofNunc ELISA plates A posItive/negative threshold A405 value of4 tImes
the healthy control was used

23



Occurrence and PartIal CharacterIzatIon of a New Mechamcally TransmIssIble
VIrus In Mashua from the Ecuadorian Highiands

S L Soria, Department of Plant and SOIl SCIences, College of Agncultural SCIences Delaware Agncultural Ex
penment StatIon, Umverslty of Delaware Newark 19717 R Vega, AMDE Corp Ambato Ecuador, V D Dam
steegt, ForeIgn DIsease and Weed Laboratory, USDA-ARS Fort Detnck., FrederIck, MD L L McDamel, Amen
can Type Culture CollectIon RockvIlle, MD, and S L Kitto and T A Evans, Department of Plant and SoIl
SCIences, Umverslty of Delaware

ABSTRACT
Sana S L Vega R Damsteegt V D McDamel L L KItto S L and Evans T A 1998
Occurrence and partial charactenzatlOn of a new mechamcally transmissible virus 10 mashua
from the Ecuadonan Highlands Plant DIS 82 69 73

Mashua (Tropaeolum tuberosum) IS a tuber crop mdlgenous to the Andean highlands and of
econOffilC value to ItS native people as a food and medlcmal crop Field plants often exhibit
symptoms typical of ViruS mfectlon mc\udmg mtervemal chloroSIS leaf cuppmg distortIOn and
stuntmg Usmg an herbaceous host range at least 1 mechamcally transffilsslble virus was de
tected 10 each of 10 accessIOns All ViruS Isolates tested reacted to POtYVlruS group antiserum m
mdlrect enzyme linked Immunosorbent assays (ELISA) Results of monoclonal antibody testmg
usmg antigen coated plate (ACP) ELISA where Vlflons are disrupted to expose cryptotopes
mdlcated that Isolate Tt 4 has epltopes 10 common with maize dwarf mosaic potyvlrus A
(MDMV A) Polyclonal antiserum produced to punfled preparations of the Tt 4 Isolate reacted
10 mdlrect ELISA to Tt 4 the COmmon stram of potato potyvlrus Y (PVY C) less strongly to
tobacco etch potyvlrus (TEV) and potato potyvlrus A (PVA) but not to 11 other potyvlruses
lOcludlll.g MDMV A Conversely the Tt 4 Isolate reacted strongly 10 lOdirect ELISA to antisera
to bean common mosaic potyvlrus (BCMV) and watermelon mosaic potyvlrus 2 (WMV 2) but
not antisera to 12 other potyvlruses Our data suggest that Isolate Tt 4 IS a dlstmct potyvlrus
closely related to and sharlOg external epltopes with PVY C TEV PYA WMV 2 and BCMV
and burled epltopes with MDMV A The virus has been tentatively named Tropaeolum mosaic
potyvlrus (TropMV) A survey of T tuberosum 10 Ecuador revealed that TropMV was Wide
spread bemg detected by ACP ELISA m 34 of 46 accessIOns at the National Institute for Agn
cultural Research s Santa Catahna Research Station QUitO and all eight production fields sur
veved

years the number of hectares of mashua
planted and yield per hectare have both
decreased drastlcally and thiS reduced
producttvlty has been CIted as a reason for
reduced IOterest m growmg mashua (10)
Field plants exhibIt Vlrus-hke symptoms
which mclude smaller leaves With cuppmg
distortIOn and mtervemal chlorOSIS Plants
exhIblttng any of these symptoms gener
ally were thought to be mfected With at
least one mechamcally transffilsslble VIruS
(personal observatIOn) WorldWide, a
number of vIruses have been reported to
mfect mashua s close relattve garden na
sturtlUm (23) NasturtIUm nngspot ViruS
appears to be closely related to broad bean
Wilt VIruS (6) and has been detected m
Callforrua (7) and Brazil (13) Other VI
ruses detected m T maJus mclude cabbage
black nngspot tymovlrus (14) beet curly
top germllivlrus (12) cucumber mOSaiC
cucumovlrus (ll) pea early browmng
tohravlrus (I) and tobacco rattle tobravlrus
(16) Only a smgle VIruS disease mOSaiC
has been reported m T tuberosum m Bo
11Vla (4) Plants typically exhibited symp
toms which IOcluded a mOSaiC and mal-

Mashua also known as Isanu cublo or
anu (Tropaeolum tuberosum RUiZ & Pa
von) IS one of the lost crops of the Inca and
currently ranks fourth m Importance
among root crops of the Andean region
after potato oca and ulluco (10) Mashua
IS often grown m a multicrop system along
With other crops and IS a hardy plant that
IS often the prevalent root crop m the poor
est regIOns where pestiCides and fertilizers
are too costly to use (Fig 1) In the past
mashua tubers could be found m almost
any rural Andean market Mashua
(pronounced mah shoo ah) IS closely re
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lated to the garden nasturtIUm (Tropaeolum
maJus L) and has been cultivated for ItS
tubers by the people of the Andean high
lands smce Incan time Among Andean
tubers mashua IS one of the highest Yleld
mg easIest to grow and most tolerant of
cold temperatures It also repels many
msects nematodes and other pathogens
makmg It a valuable plant for mtercrop
plOg Despite ItS potential productiVity and
pest resIstance mashua IS not WIdely
commercialized

Tubers of mashua are the sIze of small
potatoes With shapes rangmg from corncal
to carrot-hke and colors from yellow to
purple to red (Fig 2) Eaten raw some
have a peppery taste reffilrnscent of hot
radishes When bOiled they become rmld
and m some IOstances sweet Tubers are
usually bOiled With meat to form a stew or
eaten as baked or fned vegetables In New
Zealand, where the plant has been newly
mtroduced mashua sets tubers well In open
fields dunng a normal spnng to-autumn
growmg season (10) Mashua IS a nutntlOus
root crop With 20% solids and protem as
much as 16% of the dry matter (10)

The occurrence of viruses m mashua af
fects productIVIty (10) Over the past 10

Fig 1 Mashua (Tropaeolum tuberosum fore
ground) IS often grown In a mullIcrop system
along With other crops such as com (Zea 11UlYS

bac!,ground)
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Table 1 Host range of the pOtyVlruS Isolated trom mashua (Tropaeolum tuberosum) m the lughlands
of Ecuador

say host that produces red-nmmed local
leSions With necrotic centers In 10 days to
test for latent mfectlOn Isolates Tt 4 and/or
Tt 9 were selected for further testmg

PhySical propertIes LongeVity m Vitro
(UV) thermal macttvatlon pomt (TIP)
and dilutIOn end pomt (DEP) were deter
mmed for the Tt 4 and Tt 9 Isolates usmg
standard protocols (17) For TIP deterrm
natIOn systermcally mfected leaves of N
benthamwna mOl M sodIUm citrate
buffer pH 7 4 were heated for 10 mm at
temperatures from 50 to 100°C at 10 de
gree mtervals usmg a heat block For LIV
crude sap prepared from N benthamwna
was held at 20°C m the dark for 0, I 5 7
14 and 30 days For DEP crude sap was
senally dtluted WIth a I M sodium citrate
buffer pH 7 4 All samples were tested for
mfectlVlty uSing N benthamwna plants

Virus punficatlOn The Tt 4 Isolate was
punfied from systerntcally mfected leaf
tissue of N benthamlana usmg a modifi
cation of the method developed by Ham
mond and Lawson (5) for potyvlruses
Systemically mfected leaf tissue (187 g)
was tnturated m hqmd rntrogen then ho
mogeruzed m I 000 ml of a 5 M
KzHIK.HzP04 buffer pH 84 With 05%
(wtlvol) NazS03 and filtered through
cheesecloth The filtrate was centnfuged at
8 000 x g for 10 rntn at 4°C m a GSA rotor
and the supernatant collected Toton x-lao
was added to 2% and the solunon sttrred
for IS rntn at 4°C Polyethylene glycol

[ormatIOn of leaves Based on leaf dip
preparations the causal ViruS was reported
to be a flexuous rod with a mean length of
800 nm but no serological work was re
ported

The objective of the present research
was to Isolate and charactenze the causal
ViruS of this mosaic disease of mashua and
to determme ItS mCldence wlthm mashua
plantings In the highlands of Ecuador

MATERIALS AND METHODS
Host range Imtlally 10 mashua acces

slOns (ECU 1145 ECU 1141 ECU 1084
ECU 1093 ECU 1115 ECU 1101 ECU
1102 ECU 1096 ECU 1147 and ECU
1098) were Introduced as tubers to the
quarantme greenhouse at UnIted States
Department of Agnculture Agncultural
Research StatIOn (USDA-ARS) Fort
Detnck Fredenck Maryland from the
Ecuadonan highlands under Ammal and
Plant Health InspectIOn Service (APHIS
PPQ) permit Ten ViruS Isolates I from
each accessIOn (Tt I Tt 2 Tt 3 Tt 4 Tt 5
Tt 6 Tt 7 Tt 8 Tt 9 and Tt 10) respec
tlvely were estabhshed by mechamcal
moculatlOn onto selected herbaceous mdl
cator plants (Table I) Symptomatic leaf
tissue was tnturated m a I M sodIUm Cit
rate buffer pH 7 4 and rub moculated onto
leaves of mdlcator plants that first had
been dusted with 600 mesh Carborundum
Plants were observed over a 6 week penod
for symptom development Inoculated
leaves of symptomless mdlcator plants
were back moculated to Nlcotzana
benthamlana L a systemic host that pro
duces dlstmct vem cleanng downward
curlmg of leaves and stem and necrosIs of
leaves and stem tissue over a 2 week pe
nod and Gomphrena globosa L a blOas

Test species

Chenopodium qUlnoa
C amarantlcolor
Gomphrena globosa
Nlcotlana debneYI
N rustlca
N occldentalls
N benthamwna

Nlcotlana tabacum
cv Samsun
cv B 21
cv Havana
cv Xantlu

Cucumls satlvum
cv National Plcldmg

Phaseo/us vulgans
cv TopCrop
cv Bountlful
cv Pmto
cv Blackturtle Soup
cv Monroe

Capsicum annum
Brasslca rapa
Vigna ungUiculata

CV Cahfomta Blackeye
Amaranthus hybndus
Abelmoschus esculentus

cv Clemson spmeless
Lywperslcon esculentum

(pEG) 8000 was added to 6% and NaCI to
2% and the solutIOn stirred for I h at 4°C
and centnfuged at 10 000 x g for 10 rntn at
4°C m a GSA rotor Pellets were resus
pended m 50 m1 of 100 ruM borate/KCI
buffer pH 8 a and homogernzed trans
ferred to a beaker and sttrred at least I h at
4°C A 25 ml aliquot of the suspensIOn was
measured mto R30 tubes underlayed With
5 mlItube 30% (wtlvol) sucrose mOl m
borate/KCl buffer pH 8 0 and centnfuged
at 70 000 x g for 2 5 h In an 1150 rotor
Pellets were resuspended m either 100 ruM
borate/KCl buffer pH 8 0 or 10 ruM so
dlUm phosphate buffer pH 7 6 After cen
tnfugmg at 10 000 x g for 10 rmn at 4°C
for clanficatlOn the suspensIOns were
layered onto 10 to 40% sucrose gradIents
and centnfuged at 70,000 x g for 2 h m a
SW-41 rotor and fractIOnated usmg an
ISCO (ISCO Inc Lmcoln NB) UA-5
ultraVIOlet fracttonator at 258 nm mtra
VIolet absorbmg fracnons were collected
pooled and diluted lO-fold WIth bo
rateIKCl buffer pH 8 a or 10 ruM sodtum
phosphate buffer pH 7 6 respecnvely
centnfuged at 70 000 x g for 2 5 h m a
1175 rotor supernatant dtscarded and pel
lets resuspended m 250 fll of the same
buffer

Electron ffilcroscopy The morphology
of vlnons was detennmed by placmg par
tlally punfied preparanons of Isolate Tt 4
from the above procedure onto Forrnvar
backed carbon coated gnds, stalrung them

ReactIOn"

Red nmmed local leSIOns With necrotic centers
Red nmmed local lesions With necrotic centers
Red nmmed local lesIons With necrotic centers
Chlorollc local lesIOns
Chlorotic local lesIOns
Dark nmmed local lesIOns WIth necrotic centers
SystemIc vem cleanng downward curhng of leaves

stem dIstortion and necrosIs of leaf and stem tissue

No reactlonb

No reactIOn
No reaction
No reaction

No reactlon

No reactIOn
No reaction
No reaction
No reaction
No reactlon
No reactIOn
No reactlon

No reaction
No reactlon

No reactlon
No reactlon

Fig 2 The lubers of mashua (Troraeolum
luberosum) are the size of small potatoes and
often COnically shaped
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d Isolates Tt I Tt 2 Tt 3 Tt 4 Tt 5 Tt 6 Tt 7 TI8 Tt 9 Tt 10 of Tropaeolum mOSalC potyvmls
(TropMV) gave Identical reactions when mechanically moculated to herbaceous hosts

b Inoculated leaves of asymptomatlc mdlcator plants were tnturated and moculated onto leaves of N
benlhamlana to test for latent mfectlon



RESULTS
Host range The host range of all 10

Isolates of the unknown potyvlrus were
Identical With most species bemg only
locally mfected (Table 1) Good diagnostic
hosts were Identified as Chenopodmm
qumoa L C amarantlcolor L and G
globosa L servmg as bIOassay or local
leSIOn hosts, and N benthamtana as both a
diagnostic and propagatIve host Isolates Tt
4 and Tt 9 were selected for further study

PhySical properties In crude extracts
Isolates Tt 4 and Tt 9 were mfectIve after
treatment at 50°C for 10 rrnn but not after
treatment at 60°C for 10 rrnn The DEP for
both Isolates was between 10 5 to 10 6 and
the LIV for both Isolates was deterrnmed to
be 5 days at 20°C

PunficatIon and electron nucroscopy
PunficatlOn of the Tt 4 Isolate from m
fected N benthamtana yielded approxi
mately 10 mg of ViruS per kilogram of
fresh weight of leaf tIssue an absorbance
maxImum of 260 nm and an A2601280 of
1 08 In negatIvely stained preparations Tt
4 appeared as flexuous particles 600 to 800
nm With a modal length of 750 nm and
approximate diameter of 10 nm

Aphid transnusslon The green peach
aphid (Myzus perslcae) transrrntted VIruS to
N benthamlana from T tuberosum acces
slon ECU 1093 mfected With Isolate Tt 4
Controls were negative Symptoms on T
tuberosum began as vem cleanng by 10
days and progressed to chlorotiC mOSaIC
followed by leaf deformation petIOle cur
vature and necrosIs of leaf and stem tIs
sues wlthm 2 weeks

Polyclonal antIbody mdlrect ELISA
The Tt 4 and Tt 9 Isolates reacted pOSI
tively to PTY I MAb and polyclonal an
tlserum to BCMV and WMV-2 but not to
the healthy control or WMV-l PVY-C
PYA PMMV TuMV LMV DaMV TEV
PSMV MDMV-A and B and SMV In
reciprocal tests polyclonal antiserum to
the Tt 4 Isolate reacted positively m mdl
rect ELISA agaInst Isolates of Tt 4 Tt 9
PVY C less strongly to TEV and PYA but
not to MDMV A MDMV B BCMV
DaMV WMV 1 WMV-2 PMMV TuMV
LMV SMV and PSMV The Tt 4 and Tt 9
Isolates were deterrrnned to be closely
related stratns of the same aphld-transrrut
ted potyvlrus The ViruS has been tenta
tlvely named Tropaeolum mosaic potyvlrus
(TropMV)

~wlth 2% uranyl acetate or 2% phospho
tungstic aCid and exammmg them with a
Phllhps 201 electron microscope at 80 kV
1\vo hundred particles were measured and
particle size determmed by companson
with photographs taken at the same magm
ficatlOn of germamum shadowed carbon
replicas made from diffractIOn gratings
With 54 864 hnes per Inch and/or gnds
containing punfied preparatIons of tobacco
mosaic tobamovlrus as standard size mark
ers

Polyclonal antIbodIes and mdirect en
zyme hnked Immunosorbent assay
Polyclonal antibodies were produced to
highly punfied preparatIOns of the Tt 4
Isolate Two rabbits were gIVen Intramus
cular injectIOns of 100 /lg of ViruS In
Hunter s TlterMax (TIterMax Inc At
lanta GA) adjuvant every 10 days Test
bleeds began 30 days after Imtlal InjectIOn
IndIrect enzyme linked Immunosorbent
assay (ELISA) tests were carned out usmg
punfied "( globulin to the Tt 4 Isolate and
goat antI rabbit "( globulin conjugated With
alkaline phosphatase (SIgma Cherrncal
Co St LoUIS) VIruS Isolates Tt 4 and Tt 9
were tested m mdlrect ELISA against an
tlserum (Agdla Inc Elkhart IN) to the
followmg potyvlruses watermelon mosaic
potyvlrus I (WMV I) watermelon mOSaiC
potyvlrus 2 (WMV-2) potato pOtyVlruS Y
common strain (PVY C) potato potyvlrus
A (PVA) pepper rrnld mottle potyvlrus
(PMMV) turnip mosaic pOtyviruS
(TuMV) lettuce mOSaiC pOtyVIruS (LMV)
dasheen mosaic pOtyVIruS (DaMV) soy
bean mosaic potyvlrus (SMV) tobacco
etch pOtyVIruS (TEV) pea seedborne mo
salc (PSMV) maize dwarf mosaic pOtyVI
rus A (MDMV-A) and maize dwarf mo
saIC pOtyVIruS B (MDMV-B) A positive
threshold absorbance readmg of four times
the mean of the healthy control was used

Monoclonal antIbody panel Twenty
SIX monoclonal antibodies (MAbs) from a
prevIOus study (4) deSignated PTY MAbs
were used separately to compare the Tt 4
and Tt 9 Isolates of the unknown pOtyVIruS
from mashua and other charactenzed poty
viruses (courtesy R Jordan and J Ham
mond) Members of thiS panel of MAbs
recogmze epltopes that are (1) speCIfic to
bean yellow mosaic potyvlrus (BYMV)
strains (ll) common to members of the
BYMV subgroup (Ill) dIstmctIve for
umque potyvlruses or (IV) common to
many dlstmct potyvlruses (9 10) The for
mat IS an mdlrect ELISA WIth the Viral
antigen bemg coated directly onto the mi
crotlter plate These broad spectrum MAbs
react with antlgemc determinants on Viral
subumt regIOns not exposed on the vlflon
surface Vmons were disrupted dunng the
coating process to expose cryptotopes

AntIgen coated plate enzyme hnked
Immunosorbent assays Inde'{Ing of
mashua tissue samples for the Tt 4 and Tt
9 Isolates was camed out USing the PTY
MAbs III indirect antlgen coated plates

(ACP) ELISA (10) One gram compoSite Identical group of green peach aphids was
samples of symptomatic leaves were tntu- allowed the same penod of time to probe
rated In 10 ml of 005 M sodIUm carbon- on VIruS free curly dock then transferred
ate bIcarbonate buffer (CB) plus poly onto N benthamrana for a 24 h lAP as a
vmylpyrrohdone (PVP) pH 9 6 contalmng control Plants were sprayed WIth a dilute
02% sodIUm dlethyldlthlOcarbamate solutIOn of malathIOn (OO-dlmethylphos
(DlECA) The samples were mcubated at phorodltluoate of dlethylmercaptosuccmate
room temperature for 2 h to dISrupt vmons 0 2 g a I thter) and placed on a greenhouse
and 100 III of each sample dispensed to bench for a 30 day observatIOn penod To
duplicate wells of Nunc MaxlSorp polysty- confirm ViruS transrrnsslOn leaf tIssue was
rene ELISA plates Plates were mcubated bloassayed USing healthy N benthamwna
for I h at room temperature and washea-- as prevIOusly descnbed
three times With phosphate buffered sahne
plu~ Tween 20 (PBS Tween) before 100 III
of an admixture of MAbs to potyvlrus
epltopes 1+2+3+4+8+10+21 (1011) was
added The plates were mcubated for 2 h at
room temperature or overnight at 4°C and
washed four times with PBS-Tween Later
100 III of goat anti rabbit "(-globulin conJu
gate was added and mcubated for I h at
room temperature Fmally 100 III of p
mtrophenol phosphatase (Sigma Cherrncal
Co ) dIluted m dlethanolarrnne buffer was
added to each well ReactIOns were
stopped With 50 III of 3 M sodIUm hy
droXide and optical denSity at 405 nm
determmed after I h The positive thresh
old used was four tImes the mean of the
healthy control value

Survey of mashua m Ecuador for the
occurrence of potyVIruses A survey of 46
accessIOns of mashua malntamed at the
National InstItute for Agncultural Re
search s (INIAP) Santa Catalma Research
Station (SCRS) QUItO Ecuador and plants
from 8 fields representmg the major pro
duction areas m the Ecuadonan hIghlands
for the presence of Tt 4 and ft 9 lIke ISO
lates was camed out dunng Apnl 1993
ViruS testmg mcluded both mdirect ACP
ELISA WIth an adrmxture of PTY MAbs
descnbed above and bIOassay to N
benthamwna and G globosa For each
accessIOn and productIOn field a compos
Ite sample of symptomatIc young leaves
from a mmimum of 5 plants was collected
Leaf samples were tnturated m either
CBIPVP contalmng 0 2% DIECA for
ACP ELISA or m 001 M sodIum
phosphate buffer pH 7 0 for bIoassay on
mdicator plants Sap extracts were dIluted
10 fold and tested usmg mdicator plants as
before Plants were mamtamed m a
greenhouse and observed over a 4-week
penod for symptom development

Aphid transnnsslOn Green peach
aphids (Myzus perslcae (Sulzer» were
reared on curly dock (Rumex cnspus L ) m
a quarantme greenhouse Several hundred
adults and nymphs were shaken onto moISt
filter paper and starved for 4 h Approxi
mately 100 adults and nymphs (3rd and 4th
mstar) were transferred to detached leaves
of T tuberosum (ECU 1093) and given an
acqUisitIOn access penod (AAP) of 30 s to
5 mm As soon as aphids probed they
were moved m sets of 25 or more to 3
week old N benthamzana seedlmgs for a
24 h moculatlOn access penod (lAP) An
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Table 3 InCidence of mechanically transmitted potyvlrus In Ecuadonan accessIOns of mashua
(Tropaeolum tuberosum) at the National Institute for Agncultural Research (INIAP) Santa Catalina
Research Station QUItO Ecuador as deternuned by bIOassay and antigen coated plate enzyme hnked
Immunosorbent assay (ACP ELISA)

• SIX to 13 symptomatic plants of each accessIOn were tested With few exceptions 100% of the
source plants tested pOSitIVe

h Indicator species Symptoms were as descnbed In Table 1
C Indirect ELISA usmg admixture of MAbs reactive to Tropaeolum mosaic POtyVlruS Tt 4 and Tt 9

Isolates With ViruS Infected plallt extracts (final dilutIOn 1 30 wtlvol) diluted In carbonate buffer
alld direct coating of Nunc ELISA plates A pOSItive/negative threshold A40S value of 4 times the
healthy control was used

• Indirect ELISA uSing potyvlrus Infected plant extracts (final dilution 1 30 wtlvol) diluted In car
bonate buffer and direct coating of Nunc ELISA plates Relative ELISA A405 values after I h sub
strate mcubatlOn were (+++) => I 2 (++) =06 to 1 2 (+) =0 6 to 0 2 and (-) =< 0 I

h Acronyms Tt I Tt 2 Tt 9 and Tt 4 represent Tropaeolum mosaic POtyVlruS Isolates from mashua
(Tropaeolum tuberosum) accessIOns ECU 1145 ECU 1141 ECU 1147 and ECU 1093 respec
tlvely BYMV GDD = bean yellow mOSaIC POtyVlrus stram GDD PepMoV = pepper mottle ViruS
Isolate NC PVY 3 =potato Virus Y straln 3 TEV PV69 = tobacco etch ViruS Isolate PV69 and
MDMV A =maIze dwarf mosaic potyvlrus straln A

Table 2 Differential reactiVity of potato VIrUS Y (PTY) monoclonal antibodies With selected ViruS
Isolates from Tropaeolum tuberosum (Tt) and other potyvlruses In antigen coated plate enzyme
linked Immunosorbent assay (ELISA)"

PTY monoclonal antibody

PotyVlfUSh 1 2 3 4 5 8 10 12 21 35

Tt I +++ + + + +
Tt2 +++ + + + +
Tt9 +++ + + + +
Tt4 +++ + +
BYMVGDD +++ +++ +++ +++ ++ (+) + +++ +++
PepMoV NC +++ +++ + +++ ++ +++
PVY 3 +++ +++ +++ ++ +++
TEV PV69 +++ +++ ++ ++ +
MDMVA +++ +++ +++ ++

DISCUSSION
thiS work shows that TropMV IS Wide

spread among accessIOns of T tuberosum
at INIAP S SCRS atld 10 all productIOn
fields surveyed In the highlands of Ecua
dor Because several symptomatic acces
slOns tested negatively m ACP ELISA atld
bIOassay for TropMV other viruses are
probably present Results of phySical prop
erty tests and the determmatlOn of particle
shape (flexuous rod) and modal length
(750 nm) are consistent With the potyvlrus
group TropMV appears to be a umque
member of the potyvlrus group that shares
epltopes with PVY C TEV PYA WMV-2
and BCMV atld 10 the case of Tt 9 cryp
totopes With MDMV A

Tropaeolum mOSaIC potyvlrus IS readily
transrmtted mechamcally and because
mashua IS vegetatively propagated via
tubers TropMV may be spread dunng
propagatIOn of the crop It IS reasonable to
assume that TropMV has been spread
among locations m the Andeatl highlands
by mfected tubers As no attempt has been
made to ehnunate viruses from thiS crop It
IS pOSSible that TropMV has been accu
mulatmg In mashua germplasm for centu
nes Our data mdlcates that the maJonty
(more thatl 50%) of mashua germplasm
accessIOns are contammated by TropMV
and that all productIOn fields surveyed
where tubers are often saved from year to
year contaIned mfected plants WIule
aphids are generally not present at the
higher elevatIOn ratlge of mashua produc
tIOn aphids were noted on weeds atld on
mashua plants at the lower elevation range
of the crop (personal observatlOn) As C
qUlIloa IS a common weed m the Andean
hlghlatlds and IS known to be a host for
TropMV (Table 1) It may act as a reser
VOIr for the ViruS Control of aphids atld
weed species that may act as ViruS reser
VOirs could be atl Important means to matl
age the disease for growers If mashua
germplasm IS to be mamtamed ViruS free
for prolonged penods of hme

We do not known If TropMV IS the same
as the ViruS descnbed by Delhey atld Mon
astenos (4) from mashua m BoliVia be
cause their study did not mclude the phySI
cal properties host range or serolOgical
data Further they made no comment as to
the InCidence of infectIOn Within mashua
Our results are the first report of the mCI
dence atld partial charactenzatlon of a new
potyvlrus tentatively named Tropaeolum
mO~a1c potyvlrus mfectlng mashua m the
Andeatl highlands Because of the lack of

posItive for TropMV USlng ACP ELISA
and 39 accessIOns tested pOSitIVe by bIOas
say to either N benthamlana or G globosa
(Table 3) Four accesSIOns tested negatIve
In both ACP ELISA and bIOassay tests
Composite samples from all eight
productIOn fields tested positive for
TropMV m ACP ELISA atld bIOassay
(data not shown)

+

+
+
+

ACP ELISAC

MAbs PTY 35 defines atl epltope shared
between 6 of 9 BYMV Isolates The reac
tIOn profiles of Tt I Tt 2 and Tt 9 are
mdlstmgUlshable from each other but differ
from the profile of Tt 4 Both reactiVity
profiles are dlstmct from any of the other
potyvlruses tested (Table 2) The reactIOn
profile of Tt I Tt 2 atld Tt 9 agaInst the
patlel of 26 MAbs (data not shown) also
are dlstmct from any of the other pOtyVI
ruses tested With thiS panel of MAbs (8 9)
The reactIOn profile of Tt 4 IS similar to
that of MDMV A reported m the literature
(8) mdlcatmg that the epltopes recognized
by MAbs PTY I 3 atld 4 are apparently
shared between MDMV A atld Isolate Tt 4

Survey for potyvJrus In mashua In

Ecuador Forty three of 46 accessIOns of
T tuberosum at the INIAP s SCRS atld
plants from all eight production fields sur
veyed exhibited mtervemal chlorOSIS leaf
cuppmg distortion atld stuntmg symptoms
typical for ViruS mfectlOn (data not
shown) Of the 46 accessIOns 34 tested

BlOassayb

+

Nu:otzana benthamzana Gomphrena globosa

14 accessions
7 accessIOns
10 accessions
2 acceSSIOns
4 accessions
2 accessIOns
3 accessIOns
4 accessIOns

Sample"

• DetectIon of UnIque and potyvJrus
group common epltopes The reactivity
patterns of a panel of 26 virus-specific and
group cross reactive MAbs with selected
ViruS Isolates from T tuberosum and other
potyvlruses were compared m ACP
ELISA ThiS panel of MAbs has been use
ful m exammmg the mtra ViruS mter ViruS
and mtra group serological relationships
among and between diverse potyvlruses
(89)

The reactivity patterns of Tt I Tt 2 Tt
4 Tt 9 pepper mottle pOtyVlruS (PepMoV
NC) potato potyvlrus Y (PVY-3) tobacco
etch potyvlrus (TEV-PV69) and bean yel
low mOSaIC potyvlrus (BYMV GDD) with
10 of the MAbs are shown m Table 2 The
10 selected MAbs define 10 different poty
viral epltopes (8 9) MAbs PTY 1 through
PTY 12 each define umque potyvlrus
group common epltopes present on 33
dlstmct potyvlruses MAbs PTY 21 defines
a umque epltope shared between specific
Isolates of BYMV atld PepMoV NC
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defimtlvely virus-free mashua germplasm
TropMV was not returned to mashua to
deternune If It III fact causes the symptoms
descnbed III this paper

To date no attentIOn has been given to
the development of virus-free mashua and
the effect of TropMV on mashua growth
and productivity Subsequent work III our
laboratones has demonstrated that ViruS
free germplasm can be generated via the
culture of apical domes and that the
growth and productivity of ViruS Illfected
mashua may be adversely affected under
certam conditIOns (15) Four ViruS free
accessIOns have been developed and are
aVailable to Ecuadonan farmers Mashua IS
belllg grown III the Umted States PaCific
Northwest and III New Zealand (10) and
has potential for commercialiZation The
Widespread occurrence of TropMV III Ec
uador and the POSSibilIty of additIOnal
viruses occumng wlthm germplasm col
lectIOns must be addressed If plant mate
nal IS to move freely between countnes
and mashua IS to be successfully commer
clallzed
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Plant PathologylPest Management

In VItro and FIeld Performance of Virus-freed and Virus-mfected Plants of Tropaeolum

tuberosum, RUlZ & Pavon

AddItional Index Words Mashua

ABSTRACT

Mashua, (Tropaeolum tuberosum), has been a hIgh Yleldmg, low mamtenance

tuber crop, however, the number of hectares planted and yIeld per hectare have

drastically decreased over the past 10 years Ecuadorean germplasm has been found

recently to be WIdely mfected With the potyvrrus TropMV The mam objectives oftms

research were to produce vIrus-freed mashua plants m order to compare growth m VItro

(prolIferatIOn, rootmg, reestablIshment) and m the field (VIgor, yIeld) for vIrus-freed

(VF) versus virus-mfected (VI) germplasm Twenty-three apIcal dome-denved clones

tested VF based on bIOassays usmg NicotIana benthamiana and ChenopodIum qumoa

Plant tIssue from m vItro-generated microcutimgs was Just as effectIve for determmmg

VF status as was greenhouse-generated plant tIssue Mashua hne rather than VifUS

mfectIOn status appeared to have greater effect on m Vitro prolIferatIOn There were no

differences m m VItro rootmg abIlIty amongst the mashua lInes or between the VF

clones compared to the VI clones, With at least 90% ofthe microcutimgs rootmg
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However, rooted mIcrocutlmgs of VI clones were sIgmficantly longer than rooted

mIcrocuttmgs ofVF clones Plants, 99% ofVF and 79% of VI, readIly reestablIshed m

the Ft Detnck greenhouse In field expenment 1, ca 75% of the plants survIved

transplantmg to the field and VF plants oflme 1147 had greater tuber weIght (928 gm)

than VI plants (235 gm) In field expenment 2, plant mortalIty was hIgh one month

after transplantmg to the field Lmes 1093 (59%) and 1141 (54%) had hIgher survIval

than lIne 1147 (44%), however, there were no survIval rate dIfferences between the VF

(46%) and VI (59%) plants of all these lInes There were no dIfferences m field

performance for the three lInes exammed after ten months of field growth Length,

WIdth and area of the 10th fully developed leaf ofVF plants were smaller than those of

VI plants Although there were no dIfferences m overall tuber yIeld among the VI, VF,

and remfected-VF plants, VI plants produced heavIer large tubers compared to VF

plants Surpnsmgly, 33% ofthe VF plants became remfected and 42% ofthe VI plants

tested negatIve after ten months m the field based on DAS-ELISA tests Regardless of

the effect of TropMV on mashua YIeld, the development of relatIvely sImple protocols

for producmg TropMV-free mashua WIll be beneficIal for the mternatIOnal movement of

germplasm

INTRODUCTION

Isanu, anu, CUbIO or mashua (I tuberosum), probably the Andean regIOn's fourth

most Important root crop after potato (Solanum tuberosum), oca (OxalIs tuberosa), and
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ulluco (Ullucus tuberosus) (NatIOnal Research CounCIl, 1989), IS related closely to the

-garden J:1astu.rt1 UW (Tropl'leOh1m~) and IS belIeved to have msect repellent

propertIes TradItIOnally, mashua has been a hIgh YIeldmg, low mamtenance crop

commonly grown m small plots for consumptIOn by women and chIldren Tubers of

mashua are the SIze of small potatoes With shapes rangmg from curved to COnIcal to

long-COnIcal and colors from yellow to purple to red Mashua tubers are a very

nutritious root crop contammg about 20% solIds and up to 16% protem (based on dry

matter), a good balance between carbohydrates and protems and a hIgh content of

ascorbIC aCId, B-carotene and mmerals (Kmg and Gershoff, 1987, Tapia, 1990)

Therefore, mashua tubers should have Wide applIcatIOn m the food mdustry as drIed

slIces, for flour and starch processmg or for baby food mixtures (Tapia, 1990) Due to

Its strong flavor, mashua IS not eaten raw, but IS used m stews With other Andean tubers

or faba beans, or IS used m desserts With mIlk and sugar (NatIonal Research CounCIl,

1989)

In the rughlands of ColombIa, mashua IS well commerCialIzed, espeCIally m the

cIties of TunJa, Bogota, and Pasto (Villamizar, 1985) where large tubers, washed and

packed to offer better quahty, are requested weekly m farmer's markets and

supermarkets Although mashua tubers used to be commonly found m markets dunng

the harvest season, typIcally from the end ofMay untIl September (NatIOnal Research

CounCIl, 1989), they presently are a rare commodIty m Ecuadorean markets (personal

observatIOn) Few farmers presently cultIvate mashua owmg to reduced tuber

productIVIty (NatIOnal Research CounCIl, 1989, FAO, 1990, Tapia, 1990), long
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growmg season, and low market pnce Thus, mashua may be vIewed as an endangered

crop m Ecuador

Over the past 10 years, the hectares of mashua planted and yIeld per hectare have

both drastIcally decreased Decreasmg yIelds m mashua IS a complex Issue (NatIonal

Research CouncIl, 1989) Mashua IS cultIvated at altItudes above 3500 m where

envIronmental condItIons are not optImal for crop development Above 3,200 m,

mashua fields may be exposed to drought dunng the developmental cycle, extreme

temperature vanatIons m the same day, frost, and poor soIl fertIlIty as fertIlIzer use IS

mfrequent Mashua market pnces are not a good mcentIve for growers because they are

the lowest compared WIth other Andean tubers (TapIa, 1990) For all ofthese reasons,

mashua IS exposed to constant germplasm erosIOn

VIruS mfectIon of tuber crops IS known to have an effect on productIvIty

(Walkeyetal, 1982, Wnght, 1970, 1977, Van DerZaag, 1987) Anuncharactenzed,

mechamcally transmItted VIruS (Delhey and Monastenos, 1977) and potato leaf roll

VlfUS (NatIonal Research CouncIl, 1989) have been reported to mfect mashua We

recently have Isolated and charactenzed a pOtyvirus, TropMV, that appears to be

wIdespread m the mashua germplasm ofEcuador (Sona et ai, 1996) The wIdespread

dIstrIbutIOn ofTropMV throughout Ecuadorean germplasm IS not surpnsmg as I

tuberosum has been vegetatIvely propagated VIa tubers by people of the Andean

mgWands smce lncan tIme (NatIonal Research CouncIl, 1989, FAD, 1990)

APICal dome culture IS one technIque that has been used to produce vIrus-free

germplasm m a number of crops (Zapata et al ,1995, De VrIes-Paterson et al ,1992)
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Protocols for mitIatmg and mamtammg mashua m vItro have been developed (Estrada et

al , 1986, Perea-Dallos et al ,1986) The mam ObjectIves of thIS research were to

produce vIrus-freed mashua plants m order to compare growth m vItro (prolIferatIOn,

rootmg, reestablIshment) and m the field (vIgor, yIeld) for vIrus-freed (VF) versus ViruS

mfected (VI) germplasm

MATERIALS AND METHODS

Plant material

Four TropMV-mfected lmes (1093, 1115, 1141, 1147) from the mashua

collectIOn at the Ecuadorean InstItute for Agncultural InvestIgatIOn (INIAP), Santa

Catalma Research StatIOn, QUIto, Ecuador were selected based on geographIc

dIstnbutIOn wIthIn the country, and morphologIcal charactenstics such as tuber form

and color (Sona, 1996) Tubers from the lInes were collected, sent to the Fort Detnck,

Fredenck, MD, quarantme faCIlIty under permIt, and mamtamed there for testmg

ApIcal domes (menstem plus 1 to 2 leaf pnmordIa), ca 0 2 mm m SIze, were

Isolated usmg a razor blade slIver from virus-mfected, m VItrO maIntamed,

microcuttmgs of the four mashua hnes ApIcal domes were cultured m petn plates (60 x

15 mm) contaImng 10 ml of culture medIUm Clones ImtIated from apIcal domes were

deSIgnated as vIrus-freed (VF) clones VF and virus-mfected (VI) clones were

mamtamed m VItrO by subculturmg monthly to prolIferatIOn medIUm
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Culture medIa

The basal medIUm contamed the morganic salts and vitamms of Murashige and

Skoog (1962), supplemented wIth 3% sucrose and 0 64% Phytagar (LIfe TechnologIes,

Inc, New York) For prolIferatIOn, basal medIUm contamed 5 mgl l BA (6-benzyl

adenme) and 1 mg I I kmetm (6-furfurylammopunne) accordmg to Fadifio et al (1987)

For m VItro rootmg, the basal medIUm contamed 5 mgl l ofNAA (naphthalene-6-acetic

aCId) Media pH were adjusted between 57-58 pnor to autoclavmg

ProbferatlOn versus virus mfectIon

The effect of VIruS mfectIOn on m VItro prolIferatIOn was tested usmg two hnes,

1141 and 1093 VF clones for each lme were selected based on negatIve results

obtamed from bIOassays (see ViruS mdexmg sectIOn below) Jars (25 x 50 mm)

contmmng 25 ml of medIUm were used for the prolIferatIOn stage Each Jar contamed

two explants, an apIcal shoot tIp, cultured vertIcally, and a lateral shoot tIp, cultured

honzontally Cultures were placed under a 24-hour photopenod (50 Jlmol m 2s I) and

evaluated after one month

Rootmg and reestablIshment

The effect of VIruS mfectIOn on rootmg abIlIty m Vitro and survIVal dunng

acclImatIOn was compared for VF arld VI clones FIve microcuttmgs were cultured In

Jars (25 x 50 mm) contmmng 25 ml ofrootmg medIUm Cultures were placed under a

16-hour photopenod (50 Jlmolm 2s I) for one month before pottmg and placement m the
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Ft Detnck greenhouse Rooted mashua plants were transplanted mto 3 5 cm cell packs

havmg 72 cells usmg a pasteurIzed soIl mIxture that contamed 32% Pro-mIx BX, 16%

field solI (clay loam), 16% peat moss, 16% vermlcuhte, 12% perhte and 8% sand plus

fertlhzer Plants were placed m a mIst tent for one week after transplantmg, after whIch

they were moved to a greenhouse bench and watered as needed ArtIfiCIal hghts (32-95

Ilmol m 2s 1) were used to provIde a 12-hour day length, at a temperature range of 18

25°C SurvIval ofVF and VI clones were recorded after 2 weeks when plants were

transplanted to 10 cm pots usmg the same soIl mIxture

Field experiments III Ecuador

VF and VI clones were rooted m VItro m Magenta GA-7 boxes (Magenta Corp,

ChIcago, Ill) contammg 30 ml ofmedlUm (9 microcuttmgs/box, 12-hr photopenod, 50

Ilmol m 2 S I), transplanted mto plastic boxes contmmng pumIce, covered wIth a

humIdIty dome and placed m a greenhouse for 21-25 days VF clones were kept

separate from VI clones to aVOId cross contammatIOn After bemg covered for a week

to aVOId dehydratIOn, the humIdIty dome was removed progressIvely until plants were

acchmated Plants were then potted mto a stenle SOlI mIxture that contamed 30% sand,

30% composted humus and 40% field SOlI (clay-loam) untll final transplantmg to the

field FIeld plots were furrow Imgated when raInfall was InsufficIent

Exverzmenf 1 FIeld expenment I was set up In La Merced S W ofTungurahua

ProvInce at an altItude of 3,000 m m February 1994 (for 1993-1994 an annual ramfall
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of 509 to 690 mm, 105°C) usmg VF and VI clones of 1147 One-month-old plants

were blOassayed for the presence of VIruS pnor to plantmg m the field Plants were

harvested after 7 5 to 8 5 months

ExperIment 2 FIeld expenment 2 was establIshed at the Querochaca farm ofthe

Agncultural Engmeermg Faculty of the Techmcal Umversity of Ambato, Ecuador at an

altItude of 2,868 m m October 1994 [from December 1994 to July 1995 avg

temperature 13 °C ± 0 7 (S D), avg hIgh temperature 23°C ± 1 6 (S D), avg ramfa1l46

± 31 (S D) mm] Both VF and VI plants of 1093, 1141, and 1147 were planted,

harvested and serologIcally assayed for the presence of TropMV after 10 months (Vi;. =

VIrus-free plants that became remfected m the field)

Virus mdexmg

BlOloglcal assays APICal dome-denved clones from four mashua lInes were

blOassayed for the presence of VIruS usmg NicotIana benthamiana as an mdicator plant

Microcuttmgs generated after 2 or 3 subcultures from an mdividual apIcal dome-denved

clone were pooled, macerated m 1 ml of buffer (0 01M SOdIum phosphate, pH 70)

usmg a mortar and pestle and rub-maculated onto young leaves ofN benthamiana

(systemIc-mfectlOn mdIcator) that had been dusted WIth 600 mesh SIlIcon carbIde As a

pOSItIVe control, mIcrocuttmgs ofvIrus-mfected parent lInes (VI clones) were assayed at

the same tIme

~1
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A bIOassay of greenhouse-generated tissue used samples from 2-month-old

plants from each apIcal dome-denved VF clone (There were 3 to 8 mdividual apIcal

dome-denved VF clones per lme, e g , hne 1093 had 8 VF clones each denved from an

mdividual apIcal dome) ComposIte samples were collected from mdividual plants (4

leaves for VF and 2 to 3 leaves for VI clones), macerated m buffer (1 amI of a aiM

SOdIum phosphate buffer pH 7 4), rub-moculated onto Chenopodmm qumoa (local

lesIOn mdicator) and evaluated 19 days later

In field expenment 1, two or three leaves per field-grown plant were macerated

m a chilled mortar WIth one ml of a 5 M SOdIum CItrate solutIOn and rub-moculated onto

N benthamiana as descnbed above

Serological assays In expenment 2, leaf tIssue from mdividual, 10-month-old

plants was tested usmg DAS (Double-AntIbody-SandWIch)-ELISA for pOtyvirus A

composIte sample of young leaves was collected and macerated WIth coatmg buffer plus

polyvmylpyrrohdone (CB/PVP) MicrotIter plates were coated With an admIxture of 16

pOtyVIruS antibodIes (Sona, 1996) Sap extracts were dIluted approxImately la-fold,

mcubated for 2 hours at room temperature, and 100 III were added to duphcate wells of

the polystyrene mIcrotiter plates and mcubated for I hour at room temperature Plates

were washed 3 tImes With phosphate buffered salme plus Tween 20 (PBS-Tween)

before 100 III of gamma globolm (lsG) were added to each well The plates were

mcubated 2 hours at room temperature or overmght at 4 0 C and washed 4 times With

PBS-Tween Later 100 III per well of the IsG enzyme conjugate (alkalme phosphatase)
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was added, and mcubated 1 hour at room temperature Fmally, 100 III ofp-mtrophenol

(SIgma ChemIcal Co , St LOUIS, MO) diluted m diethanolamme buffer was added to

each well The reactIOn was stopped after one hour with 50 III of 3M sodIUm hydroXIde

and OD405 readmgs were taken usmg a RIO-Tech (Wmoosk, VT) miCroplate reader

model EL307C The pOSItIve/negatIve threshold was 4 tImes the mean of the

background mean value

Field experiments

Field experiment 1 Survival m the field was determmed 30 days after

transplantmg by countmg the number of cuttmgs that remamed VIgOroUS and ImtIated

new shoots Tlme-to-flowenng was determmed when 50% of the plants ofa lIne were

flowenng Plant height m cm (from the SOil surface to the most aplcalleat) from two

randomly selected plants was measured at 30 and 60 days after transplantmg The

number and weIght of tubers and the number of new shoots generated per plant were

recoraea at narvest

There were 8 plants per row, and 6 plants per evaluatIOn The dIstance between

rows was 1 m and 0 5 m between plants The expenmental design was a randomized

complete block With 3 replIcatIOns

Field experiment 2 Mlcrocuttmgs were rooted m Magenta GA-7 boxes (four

boxes per VF clone, 16 boxes for the VI clones), and the expenment was repeated Due

to lack of balance m the expenmental deSIgn, the SatterthWaite (1946) procedure was
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applIed to adjust error terms and obtam approxImate dIstnbutIOn of estImates of

vanance components

A completely randomIzed desIgn usmg a splIt plot, where the mam plot was

mashua lIne and the splIt plot was virus-mfectIOn status, was applIed as the

expenmental desIgn, wIth a randomIzed arrangement wIthin mam plots and splIt plots

The expenment had 3 treatments per block wIth 3 replIcatIons (plots) Mashua plants

were spaced at 10m between rows and 0 75 m between plants Tubers of purple

mashua were planted around the edge of each replIcate to mInImIZe border effects

Each plot was 50 m2 (10 m long X 5 m wIde) and blocks were 322 nr (23 m long X 14 m

WIde) The total area of the field expenment was 1058 m2 (46 m long x 23 m Wide) A

total of60 plants were used for each plot, 30 VF and 30 VI (180 total plants) Ten

plants were chosen per splIt plot for data collectIOn

Data collectIOn and statIstIcal analySIS

Tlssue culture ProlIferatIOn, In VItro rootIng, and acclunatton expenments were

set up In completely randomIzed deSIgns, With a nested arrangement for the VF and VI

clones per mashua lIne The prolIferatIOn study was repeated, and each treatment had

10 expenmental unItS (jars), and 20 observatIOns (2 explants/Jar) The follOWing In

VItro shoot growth vanables were collected prohferatlOn, VIgor (SIze), and fresh and dry

weIghts ProhferatlOn of the explant was dIVIded mto the followmg categones 1) the

total number of shoots (TOTSHT), 2) shoots that measured less than 1 cm (SHT<l), 3)
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shoots between 1-2 cm (SHTl-2) and 4) shoots greater than 2 cm (SHT>2) Fresh (FW)

and dry weIghts (DW) and ratIOs between water content and dry weIght (FW-DWIFW)

were determmed

Fleld eXDerzments Data collected were plant survIval one month after

transplantmg, number of days from transplantmg to flowenng, plant VIgor, yIeld and

remfectIOn Plant VIgor was evaluated by measurmg the length and WIdth m

centImeters, of the 3rd fully developed leaf and the 10th leaf from the apex of the mam

stern that was at least 25 cm long Number of days from transplantIng to flowenng and

frUIt set was recorded YIeld was determmed by measunng total yIeld of the mashua

plants Includmg fresh weIght of folIage and tuber SIze [large (more than 8 cm m length),

medIUm (4-8 cm In length) and small (less than 4 cm m length) and mIcrotubers] and

weIght

RESULTS

VIrus elimmatIOn

Of 58 apIcal domes eXCIsed, 30 survIved and grew (Table 1) After two months

of growth, 25 of the apIcal dome-denved clones (VF) were bIOassayed for the presence

of VIruS by mechamcally moculatmg N bentharnmna WIth sap preparatIOns from In

vitro-mamtamed mIcroshoots Twenty-three of the clones were apparently VIruS- free
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The 23 VF clones were then establlshed-fer two months m a Ft Detnck greenhouse and

assayed usmg C qumoa, all 23 VF clones agam tested negatIve for VIruS

ProlIferatIOn versus virus mfectIOn

Although there was no clear pattern of sIgmficance among the VF and VI clones,

VIruS mfectIOn withm a lIne appeared to have a detnmental effect on general

performance m VItro (Table 2) The total number of shoots was not sIgmficantly

dIfferent among the VF and VI clones withm a lme, even though the VF clones were

conSIstently more prolIferative The maJonty of the dIfference between the VF and VI

clones was eVIdent m the number ofmicroshoots >1 cm, however, most microshoots

were <1 cm m length The FW and DW trends for the relatIOnshIp among VF and VI

clones were found to be sImIlar to the trends asSOCiated With the prolIferatIOn rate

Lme 1093 prolIferated better than 1141 (data not shown) Shoots less than 1 cm

were the greatest contnbutors to the prohferatIOn dIfference between the two hnes, 1141

and 1093 Lme 1093 had more bIOmass than hne 1141 for both VF and VI clones

(Table 2) Explant source onentatIOn was found to be correlated WIth bIOmass, lateral

buds cultured honzontally had more bIOmass than apIcal buds cultured vertICally (data

not shown)
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Rootmg and reestablIshment

There were no differences m m Vitro rootmg ablhty among Imes 1093, 1141,

1115, and 1147, or between the VF and VI clones with at least 90% of the mlcrocuttmgs

rootmg, however, rooted mlcrocuttmgs ofVI clones were longer that rooted

mlcrocuttmgs ofVF clones (data not shown) Plants, 99% ofVF and 79% ofVI, readIly

became reestabhshed m the Ft Detnck greenhouse (Table 3)

FIeld experIments m Ecuador

Once It was determmed that all apical dome-denved clones were apparently

ViruS free wlthm a mashua Ime, VF clones Wlthm a Ime were pooled for the field

plantmgs

Exverlmenf 1 Field survival after transplantmg (85% VF vs 65% VI), plant

height at 30 (ca 5 cm) or 60 (ca 7-8 cm) days, number ofnew sprouts (6 VF vs 3 VI),

and number of tubers harvested per plant (65 VF vs 55 VI) were not different between

VF and VI plants of hne 1147 VF plants had sIgmficantly greater tuber weight (928

gm) compared to VI plants (235 gm) VF plants flowered earber (l00 days) and were

harvested earher (220 days) than VI plants (155 days and 254 days, respectIvely)

Plants were not remdexed for ViruS status at the end ofthe study
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Expenment 2

SurvIval after transplantmg Plant mortalIty was hIgh one month after

transplantmg to the field (Table 4) Lmes 1093 (59%) and 1141 (54%) survIved better

than dId lIne 1147 (44%), however, there were no survIval rate dIfferences between the

VF (46%) and VI (59%) plants (Table 3)

Plant vIgor Measurements of length, wIdth, and area (length x Width ratio) of

the 3rd and lOth fully developed leaves were not sIgmficantly dIfferent among the

mashua hnes (Table 5), however, length, Width and area of the 10th fully developed

leaves from VF plants were reduced compared to VI plants (Table 5)

YIeld evaluatIon After ten months of field growth, hne 1147 yIelded more

small and mIcro tubers (Table 6) Although there were no dIfferences m total yIeld

among the VI, VFr and VF plants, VI plants produced heavIer large tubers compared to

VF plants (253 vs 70 gm/plant), and VFr plants produced heaVIer microtubers compared

to VF plants

Indexmg offield plants ThIrty-three percent of the VF plants became remfected

and 42% of the VI plants tested negative after ten months m the field based on DAS

ELISA tests A large populatIOn of aphids was present III the plots from January to the

end of March
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Flowering DIfferences m flowenng time was due mamly to hnes and not to

virus-mfectIOn status Lme 1147 flowered first at 145 days after field transplantmg,

followed by hne 1093 at 154 days and finally by hne 1141 at 168 days Flowermg

mcreased for all lInes over a penod of 45 days, at WhICh tIme, the first flowers had

already set fruIt

DISCUSSION

Tissue culture

The culture of apIcal domes ca 0 2 mm m SIze was effectIve for the elImmatIOn

ofTropMV from mashua lInes 1141, 1093, 1147 and 1115 as determmed through

bwassays usmg N benthamiana plants rub maculated With sap from m vitro-mamtamed

mICrocuttmgs To be assured there were no false negatIve readmgs, a subsequent

screemng, usmg C qumoa as the mdicator plant, of these same apICal dome-denved

clones usmg tissue from establIshed 2-month-old greenhouse-grown plants confirmed

the VIrus-free nature of the apIcal dome-denved plants There was 100% corroboratIon

between the two bwassays Brown et al (1988) also have shown that m vItro-generated

tIssue IS efficacIOus for the determmatIOn ofvIrus-free status

Nearly 50% ofthe apIcal domes cultured dId not survIve (Table 1) whIch could

have been due to apIcal dome SIze, some apIcal domes may have been too small « 0 2
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mm), or could have been due to the use of a medIUm not developed for apIcal dome

outgrowth

Apparently TropMV IS an easy VIruS to ellmmate from mashua compared to

other plant-VIrus combmatIOns (Zapata et al , 1995, De Vnes-Paterson et al , 1992) as

83% of the apIcal dome-denved plants were VIruS free ThIS may have been due to the

ease wIth wmch mashua apIcal domes could be cultured, charactenstics of TropMV,

and/or to the SIze of apIcal dome we were able to Isolate Although apIcal dome

eXCISIOn IS very labor mtensIve, and may result m delayed outgrowth and low survIval

(Matthews, 1992), the use of apIcal domes alone for VIruS ellmmatIOn from mashua IS

beneficial as It aVOIds the use of antlvrral/chemotherapy chemIcals that can be

phytotoxIc and el1Ill1nates the tlme and the space requrred for thermotherapy (Zapata et

al , 1995) The ease With wmch VF plants of mashua were obtamed may m part be due

to usmg tlssue culture-denved shoots as the apIcal dome source In some plants, It IS

pOSSIble to Isolate smaller apIcal domes from tlssue culture-denved shoots compared to

greenhouse-denved shoots (Brown et al , 1988)

TIssue culture IS a good system for the study of some plant-VIrus mteractIOns

(Grefio, et al 1988, Duran-VIla, et al 1989, 1991, and De Vnes-Paterson et al 1992)

and, m the case ofmashua, the mfluence ofTropMV on the abIlIty of explants to

prolIferate, root m VItrO and acclImate ex VItrO was tested Mashua lIne had a greater

effect on prolIferatlon m VItro than dId virus-mfectIOn status, wIth lIne 1093 out
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performmg lme 1141 m shoot number and shoot weIght (Table 2) Although there was

no clear pattern of slgmficance among the VF and VI clones, VIruS mfectlOn appeared to

have a detnmental effect on the general performance of the mlCroshoots

MIcrocuttmgs ofmashua readIly rooted m VItro and survIved pottmg and

greenhouse acchmatlOn condItions, however, field SIte had an Impact on subsequent

survIval In field expenment 1, greenhouse-acchmated plants survIved transplantmg m

the field qUIte well (75% overall), however, m field expenment 2, survIval after

transplantmg m the field was much lower (ca 52% overall)

Field experiments

In field expenment 1, VF plants out yIelded VI plants ofhne 1147 m tuber

weight Although not slgmficant, the larger number of lateral shoots generated from

below the soIl surface (tuber productlOn reqUIres the productlOn of lateral shoots below

the SOlI surface) and the larger number of tubers produced by VF plants compared to VI

plants surely may have contnbuted to greater tuber weIght as found by others (NatlOnal

Research CounCIl, 1988)

In field expenment 2,33% of the VF mashua plants became remfected WIth

TropMVafter 10 months m the field VIruS transmIsslOn VIa aphIds may have been the

cause as there was a large populatlOn of aphIds present m the plots from January to the
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end of March TropMV has been shown to be readIly transmItted by the green peach

aphId (Myzus persicae, Sulzer) m a non-persIstent manner when gIven an acqUIsItion

access penod of 30 sec to 5 mm (Sona et al , 1996)

It was surpnsmg that such a large percentage (42%) of the VI plants tested

negatIve dUrIng the final screemng usmg DAS-ELISA, however, VIruS tIter has been

shown to vary based on season andlor explant evaluated WIthm plants of apple (Malus

pumI1a, tomato nngspot VIruS) (BItterlm et aI, 1984), rhubarb (Rheum rhapontIcum cv

Timperley Early, aphId-borne turnIp mosaIC VIruS) (Walkey et aI, 1982), and tobacco

QhcotIana tabacum cv Samsun, potato-A~pOtyviruS) (Bartels, 1954)

In field expenment 2, although not sIgmficant, mashua lme rather than ViruS

mfection status appeared to have a greater effect on field performance (Tables 5 & 6)

VF and VI plants performed SImIlarly m the field except VI plants produced heaVIer

large tubers and had larger 10th fully developed leaves compared to VF plants

Although there was no dIfference m FW of folIage among VF, VFT and VI plants m thIS

study, plant bIOmass has been correlated With tuber yIeld m mashua (NatIonal Research

CouncIl, 1989)

It IS dIfficult to draw broad conclusIOns about the effect of TropMV on yIeld

based on these two field expenments especIally If one exammes the varIance m yIeld

between the VF and VI plants of lIne 1147 WhIle the NatIOnal Research CouncIl
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(1989) reports mcreased yIelds when vIrus-freed mashua plants are grown, field

expenments wIth vIrus-freed vs virus-mfected potatoes (Solanum tuberosum), a much

more wIdely grown and studIed tuber crop, have not produced consIstent correlative

results at all field locatIOns wIth regard to mcreased yIelds and vIrus-freed plants

(Wnght 1970, 1977) In rhubarb, yield was mdirectly correlated WIth the rate of

remfectIOn ofvIrus-free field plants (Walkey et ai, 1982) After three years, VIrus-free

plots havmg 36% remfectIOn had sIgmficantly lower yields compared to virus-mfected

stock plants Walkey et al postulate that reductIOn m yIeld assocIated WIth remfectIOn

may be related to long term selectIOn of germplasm that is tolerant to the VIruS

Mashua, hke rhubarb, IS vegetatively propagated, and hIgh YIeldmg, vIrus-tolerant

clones may have been selected over the years In the present study, both field Sites were

chosen m the best mterest of mashua Field expenment 1 was set up m a locatIOn that,

for 1993-1994, was more envlfonmentally SImIlar to that recommended for grOWIng

mashua (National Research CouncIl, 1989) The condItions at the second SIte (field

expt 2) were not optimal m 1994-1995 for grOWIng mashua Mashua prefers a mIsty,

mOIst enVlfonment for optimal growth (NatIOnal Research CouncIl, 1988) and although

the plots were furrow lITIgated to compensate for the droughty soIl condItions, the

relative humIdIty was surely lower than optimal The unexpected drought dIrectly after

plantmg no doubt affected survIval after transplantmg and may have had long term

effects on general growth and VIgor and may account m part for the crop matunng late

Normally, mashua tubers are harvested after 6 to 8 months (NatIOnal Research CouncIl,
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1988) and the fact that m field expenment 2 plants were not ready to be harvested untIl

after 10 months suggests that thIS was a less than perfect field site

Regardless of the effect ofTropMV on mashua YIeld, the development of

relatively sImple protocols for producmg TropMV-free mashua wIll be beneficial for the

mternatIOnal movement of germplasm
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Table 1 Virus ehmmatlon Via culture of the shoot apex of four accessIOns of Tropaeolum

ZIn VItro = negative bIOassay results usmg In vitro-denved microcuttmgs, greenhouse = negatIve

bIoassay results usmg 2-month-old greenhouse-establIshed plants
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Table 2 ProlIferatIOn, and fresh and dry weights of mlcrocuttmgs obtamed from apical

dome-derived and vlrus-mfected clones of Tropaeolum tuberosum lInes 1141 and

1093

LINE DW' FW-DWfFW

1093 VF2 40 69a 36abe 20a 14a o30a o023ab o89ab

VF3 40 62ab 34abed 16ab 12a o29a 0025a o91ab

VF4 40 63ab 44ab 16ab o4a o30a o026a o9Iab

VF8 39 65ab 47a 1 3abed o5a o32a o24ab o92a

VI 32 50abe 37abe o7ed o6a o22ab o20abe o89ab

1141 VFI 40 48be 1 5e 15ab 1 8a o13be o019abe o85b

VF2 40 47be 25ede lObed 12a o13be oOI5bed o88ab

VF5 40 47be 22ede 14abe lOa o16be oO13de o90ab

VF6 37 53ab 30bed 12abed lOa o18be o017abed o90ab

VI 38 3 Ie 19de o6d o6a oIOe o008d o9Iab

z ID = apIcal dome-denved (VF) clones vs vlrus-mfected (VI) stock

Y Number ofJars, 2 ffilcrocuttmgs/Jar, one honzontal and one vertical, expenment repeated once

x TSHT Avg total number of shoots prolIferated from each mlcroeuttmg

W SHT<1 Avg no of axIllary shoots smaller than 1 em

v SHT 1-2 Avg no ofaxl1lary shoots between 1 and 2 em

u SHT>2 Avg no of axillary shoots greater than 2 cm

I FW Avg fresh weight of mlcrocuttmgs



Table 3 Survival of four mashua hnes that were rooted III

vitro and then potted and placed III a greenhouse for two weeks
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1093

1115

1114

1147

StatusZ

VF

VI

VF

VI

VF

VI

VF

VI

93

8

34

6

55

6

73

6

SurvIval (%)

987

100

100

50

100

67

987

100

ZVF = VIrUS free, VI = VIruS mfected

YN = number of plants potted 1093 VF = 8 apIcal dome-denved cones

tested, each clone had 10-13 plants bioassayed, 1115 VF = 3 apIcal

dome-denved clones tested, each clone had 9-13 plants blOassayed,

1141 VF = 5 apIcal dome-denved clones tested, each clone had 10-12

plants blOassayed, 1147 VF = 7 apIcal dome-denved clones tested, each

clone had 8-12 plants blOassayed



Table 4 SurvIval of three lInes of mashua plants (Tropaeolum tuberosum)

1 month after transplantmg In the field
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1093

1141

1147

VF

VI

60

60

60

90

90

17 Sa

163a

13 2b

13 Sa

17 Sa

ZVF = VIruS free, VI = VIruS mfected

YN=number of plants per plot

XMean number of plants to survIve out of three replIcatIons



Table 5 Mashua (Tropaeolum tuberosum) vIgor by leaf measurement
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LD

LengthY

LflO LD LflO LD LflO

1093 6

1141 6

1147 6

VP 9

VI 9

288a

287a

302a

289a

295a

508a

467a

524a

353b

416a

216a 389a

225a 353a

238a 4 lla

226a 456b

226a 536a

633a

633a

744a

672a

688a

2078a

1695a

2335a

1717b

2355a

Z N = number of splIt plots, 1-10 plants/splIt plot

YLength m em of the 3rd and 10th fully-developed leaves

x WIdth m em of the 3rd and 10th fully-developed leaves

W Leaf area (length x WIdth) expressed m em2

v VF=vuus free at the begmnmg and end of the field study, VI=VIruS

mfeeted at the begmmng and end of the field study



Table 6 Mashua (Tropaeolum tuberosum) yIelds 10 months after field plantIng In Ecuador

Tubersx

~
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No Wt No Wt No Wt No Wt Total

Trt NI FolIageY bIg bIg med med small small mIcro mIcro yIeld

1093 6 1292aw 3 7a 265a 17a 678a 22b 400a 31b 194a 1537a

1141

1147

VP

VFr

VI

6

6

9

9

9

870a 1 6a 82a 12a

1334a 2 2a 134a 23a

1150a 1 4a 70b 14a

1302a 2 Sa 145ab 20a

1045a 3 Sa 253a 18a

313a 28b 300a 43b

593a 54a 568a 62a

376a 34a 374a 37a

544a 45a 499a 60a

649a 28a 405a 42a

126a 822a

190a 1484a

124b 944a

232a 1420a

158ab 1466a

~

~,

IN = number of splIt plots, 1-10 plants/splIt plot

YFolIage=welght of foliage mgrams

XBlg tubers = >8cm In length, medIum tubers = 4-8 em, small tubers = 2-4 em, mIcro tubers <2em, weIght

In grams Total yIeld=tubers In grams

WMean separatIon In columns by Duncan's multIple range test, 5% level

VVF = vIrus free at the begmmng and end of the field study, VFr=vlrus free at the begInnIng but vIrus mfected

at the end of the field study, VI =VIruS Infected at the begInnIng and end of the field study


