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The amazing lentil

sol his birthright for

O Eal story goes Esau and Jacob were the twin sons of
ham and were as different as day and night. While

Jacob became a respected farmer, Esau followed his interests as an
adventurer and hunter. In these early times, the first born son held the
birthright to the family wealth and prestige. Despite having the
unending support of his father, Esau had come to the conclusion that
birthright was of little value. One day upon returning home from one
of his adventures, hungry and exhausted, Esau saw the lentil stew th:
Jacob had prepared. Esau asked his brother for a podtgonpbut
ever the opportunist and uncooperative younger brother, played hard 1
get and demanded that Esau give him his birthright before he would
hand over any of the delicious stew. Thus the passage in the bible
oUpon agreeing to the trade of
and |l entil stew; and he ate and
[Genesis 25:34]. This simplified version of the famous biblical story
attests to the value placed on lentil in those early times and also that i
was a prominent legume in wide spread use.

Lentils, being one of the first crops to be domesticated and
cultivated by man, have been and continue to be an important food
source for over 8000 years. Through much of that time they have bee
considered the food of the poor
meat .6 The high protein content
substitute for meat. In fact, 100 grams of lentil has as much protein ac
130 grams of meat in addition to beneficial dietary fiber. Lentils are
most important to the diets of people in the Middle East and South
Asia where they are placed on the table in some form for nearly every
meal. More recently, lentil has assumed the role as a valuable health
food and improvements in athletic performance.

This issue of Grain Legumes Magazine is devoted to lentil
starting with its origin, domestication, genetics and breeding,
production constraints, and nutritional qualities.

2USDA-ARS and Washington State University,
Pullman, WA, USA (muehlbau@wsu.edu)
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Lentil origin and domestication

by Richard FRATHIMarcelin® £ REZ DElaidAo¥®GA2 CUBERO

A_bstract:Based on evidence_ from e_trcheological(all of which belongto a younggroup of Chromosomes and karyotypes
sites and the presence of wild relatives, the  pjantsthat are still in activeevolution) By

accepted view is that the Near East is the most the en of that century,the genusLensvas ~ All - species are diploids (2n=2x=14).

likely center of lentil domestication. In SUMMING e jatively well  established (historical Accordingto Ladizinsky(24), culinarignd

up our data on crop evolution, lentil was . . . . .
domesticated in the foothills of the mountains 01referencesand synonymsare reviewedin orientalisharethe samekaryotypewith that

southern Turkey and northern Syria likely by ~ Cubero(3). of L. nigricansbeing slightly different
selection within populations of sspentali§he The taxonomyof the genusis far from Howeverpotherauthorshavefounddifferent
influence of other wild relatives cannot be easygiventhe closerelationship@mongits karyotypesand even differences among

excluded. Compared to wild forms, cultivated specieg4). At the presenttime, by using strainsof culinarisnicrosperraad orientalis
lentil have greater stem and rachis length, moremorphologicalincluding pollen and pistil, (14 10. Linkage studies have revealed
leaflets per leaf, greater leaf area, and increase characteristic{11) as well as biochemical chromosomalrearrangementdetweenlL.
flower and pod numbers per peduncle. Diffusioro, , .o e randintraandinterspecificrosses, culinari@nd L. odemengls?), which may
of the lentil crop from the center of origin was in . L - S . . . .
several directions and traveled with barley, Whetaxonomlstsjescrlbesm spemesL. cullngns explainwhy cer.taln agcegsmnsf .odemenS|s
chickpeas, pea and faba bean. The crop was Medik (L. esculeritoenchisasynonynstill - canbecrossedvith culinaril6) whileothers
shown to be present in Greece around 8000 BPfound in - many publications), with two needembryorescug12). L. odemenisisross
Central Europe 50600 BP, and in Egypt subspeciesculinarisand orientaligBoisg incompatiblevith nigricarendervoidédsieto
around 5000 BP. Dispersion to Central Asia ancPonert L. odemensiadiz (sometimeslso hybridembryoabortion(17, 24).
the Indian Suontinent apparently took place atconsidereda subspeciesof culinans L. The morphologicatiifferencedetweerl .
a later time. Introgression from the wild speciesyymentosusadiz (ex L. orienta)is(both nigricarend L. lamotteirelimitedto stipule
requires fughgrtSt.“dy but rﬁpresihts a SOUrce 94 demenaisd tomentosiiad beenpreviously shape however,the two speciesdiffer by
%dejong:aichgégg;?\ﬁop%i‘;:éi?gﬁ’ inc!udgdby Fgrgysor(g), asa subspeciesf four reciprqcal trgnslocations apd one
evolution, gene pools, genetic linkage, culinafjs L. nigricanM. Bieh) Godr.; L. paracentric inversion resulting in the
interspecific hybridisationenspecies, taxonomy €rvoides (Brign) ~ Grande (occasionally completesterilityof theirhybrids(20).

includedundernigricarssa subspeciefl?)

and L. lamotteCzefranovaex L. nigricaps

All specieareselfpollinatedFigurel shows

The genusLenS\/IiIIer thegeographicalistributionof Lenspecies

Althoughall the bookson botanysincethe
XVIth centuryusedthe namelLensfor the
speciethatbecaménownaslentil Thefirst
botanist to assign genus status was
Tournefortin 1700 Miller (22) who later
verified the designationand becamethe
authority for the genusalso producedthe
oldestavailableébotanicaldescription There
weremanytaxonomidreatmentsiuringthe
XIX century that were derived basedon
similaritieswith other taxa such as Ervum,
Ervilia,Vicia,Lathyru€)robusandeven Cicer

" \ N\ \
S [ s W) N
{ T L. tormentosus A\ /
\ L L. lamottei T S *
Wniversidad de Le-n, | | N L migricans o b s
Mol ecul ar, Le-n, Spail \e ST A
(richard.fratini@unileon.es) )2 . Ele Ny R
2CSIC)nstituto de Agricultura Sostenible, = = -
C- r d $phim , Figure 1. The geographical distributidee$pecies
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Interspecic crosses

Crossesbetweenculinaris  orientaliare
generallyfertile and the F, segregateq
Mendelianfashionfor growth habit, flower
colour, seed colour, and pod dehiscence
althoughthe fertility of the hybridsdepends
on the chromosomarrangemertdf the wild
parent (16, 20. Some studiesshow that
meiosis is nearly normal and supports
morphologicatiataindicatinghat orientales
a subspeciesf culinarig1613. However,
when the crossing schemeis widened,
meiotic anomalieslead to the need for
embryocultureto produceseedgvenwithin
orientali§l?7, 25. Earlier, Barulina(l) and
Zohary(27) hadindicatedhe conspecifityf
culinariandorientalis

Crossebetweerculinariand nigricangere
not viableexceptfor one nigricaresccession
whose hybrid developednormally That
accessionwas subsequentlyclassified a
distinct speciesas L. odemengikg). Ssp

Gene pools

The previousdiscussiortanbe confusing
becauseo clearbarriersaredefinedbetween
the acceptedspeciesThe levelsof fertility
andsterilitysofar founddepend®n thetaxa
involvedin a specificcross,but also,to a
greateror lesserextent,on the particular
populations within these taxa It is a
common situationwhen, as it happensin
Lensthe taxaare closerelatives Lensis a
genusbelongingo a veryactivegroupfrom
an evolutionarypoint of view Even with
the exceptions described above,
hybridizationexperimentsupportthe idea
of the six differentiatedspecieamentioned
above

Besidesthe forms of the cultigen (L.

Cultivated lentil

Alefeld (seereferencel) recognizeckight
subspeciesincluding both orientalisand
nigricangl) schniffspah(siyn orientajis(2)
himalayengsyn nigricajjs(3) punctatésyn
culinafis (4) hypochlorigs) nigra (syn
culinans(6) vulgarig7) nummulariand (8)
abyssiniddarulina(l) acceptedhesenames
althoughnot as subspeciebut asvarieties,
raising instead two of these (microsperma
Baumg and macrosperrBaumg to the
subspecific status Molecular evidence
suggestsodaythat they are varietiesof the
subspecids. ¢ culinari).

Barulina (1) describedtwo subspecies
accordingto the sizeof flowers,podsand
seedgthelatterbeingthe principalobjective

culinarissp culinaristhose of ssp orientalis of humanselectionand groupedcharacters

obviouslybelongto the primarygenepool

L. odemenssssignéathesecondaygneool
althoughsuccesi crossesvith the cultigen
may require embryo rescue This latter

orientalis readilycrossedwith L. odemensisituationcouldalsoapplyto L. tomentosls
andthe hybridsarevegetativelyjormalbut lamottei, L. nigricanand L. ervoideshich
are partially sterile due to meiotic belongto the tertiary genepool, but can
irregularities  resulting  from three becomepart of the secondargenepool by
chromosomerearrangementbetweenthe meanof embryorescueThisseemso have
parentg17). L. tomentodasnorphologically beenthe casein transferringresistancedo

closerto L. ¢ ssp orientalthanto anyother
Lenstaxon Neverthelessthey are isolated
one from another by hybrid embryo
breakdown, complete sterility and five
chromosomalrearrangement$25, which
supports the idea of speciesstatus for
tomentosatthoughsomesuccesi crosses
between culinariand tomentosiss been
reported L. tomentosesalsoreproductively
isolatedfrom L. lamotteind L. odemenbis
hybridembryoabortion(25).

L. nigricand L. ervoideterspecific
hybrids are vegetatively normal but
completelysterile(17). Fratiniand Ruiz (12
made extensivecrossesbetweenL. ¢ ssp
culinarignd L. nigricang,. ervoideand L.
odemendiybrids betweenthe cultigenand
the other specieswere viable only through
embryo rescue The rates of adult plants
obtainedwere 9% with odemensiad 3%
with nigricarsnd ervoideBreviouslyjt had

been shown that crosseshetweenculinaris |

andnigricar® ervoidesededembryorescue
to recoverinterspecifichybrids(17, 18 20.
Therefore,in view of the above,it seems
that odemenbiongso the secondargene
poolandnigricarsdervoideanbeclassified
in thetertiarygenepool (17).

GRAIN LEGUMES No. 563 April 2011

anthracnosdrom ervoidesto the cultigen

4.

in clusterdo defineregionalgroupsor greges
(Fig 2). The main charactershe usedto
definethesegroupswerethe sizeof leaflets,
the heightof plants,the lengthof the calyx
teeth and the number of flowers per
peduncle The Barulinatreatmenthas been
largelyunsurpassedlthoughthe subspecific
statusof both macrosperama microsperima
not recognisedoday by taxonomists(see
above)althoughadmittedaslargegroupsof
modern cultivated varieties Since the
B a r u ktudytimé &l hervarietiearestill
cultivated except subspontaned@ch does
not appeain moderngermplasntollections
andhasnot beenfound

+ macrosperma

® europeae \

A asiaticae
CJ intermediae microsperma

*' subspontanea
W aethiopicae
* pilosae

Figure 2. Regional groupgiagesn lentil




The centre of origin

Barulina(1), basedon Vaviloviancriteria
of therichnessn endemido definea Center
of Origin, had suggestethe regionbetween
Afghanistan,India and Turkistan as the
possiblecentreof originfor cultivatedentil
Shenoticedthatin that areawild lentilsdid
not overlapwith domesticatednes,at least
to a significantevel In fact, no lentilshave
been found in sites dating back to the
seventhmillenniumBP in Turkmenia The
high degreeof endemisnthat existsin the
AfghanistadindiardTurkmenian area is
betterexplainedasin all otherspeciedyy an
intense genetic drift, typical of highly
diversified environments, coupled with
artificialselectiorcarriedout by verydiverse
human populations, with drastic genetic
fixation and losses providing secondary
centres of diversity The same situation
happensn Ethiopia,whereVavilov situated
his centers of origin of several crops
including wheat, chickpea,faba bean and
severabthers(26) showinga largenumber
of endemid(in the Vaviloviansenseforms

as the centre of origin based on the
polymorphismfound in wild accessionsf
ssp orientali@nd the monomorphismof
culinaris Indications are that some

RESEARC

Intermedifmmsreachedbicily andasiaticae
forms SardiniaMoroccoand Spain(Fig 2),
suggestinghe arrival in thesecountriesof
lentil stockseitherfrom centralEurope or

populationsof orientaligere unconsciously from the route of the islesfrom Levant

subjectedto selection(15 resultingin the
cropweknowaslentil Accordingto Zohary
(28, based on chromosomeand DNA
polymorphisms,the domesticationevent
happenednceor onlyafewtimes

Diffusion of lentil culture

Archaeologicaldata fit a pattern of
diffusion of the crop from the Near East
with the spreacdf Neolithicagricultura{Fig
3). Lentils,asa componenbf the NearEast
complex, travelled towards Europe along
with barleywheat,chickpeapea,fababean,
etc, through Greece (oldest remains in
Greecearound8000BP, in CentralEurope
500@7000BP) The crop arrivedin Egypt
around5000BP in spiteof the geographical
proximity to the Near East A possible
explanatiorcould be that conditionsin the
Nile Delta were not favourable for

but neitherwild relativesnor archaeological preservinggriculturatemainsEthiopiawas

remains
Archaeologicalataaresummariseth Fig
3. Seedsizeis, so far, the only character

probablyreachedrom the Arabiancoast(at
thattimeit wasthe ArabiaFelix morehumid
andfertilethannowadaysjatherthanby the

indicating domesticationin archaeological Nile and was establishedn the Ethiopian

remains The oldestremainsof wild lentils
werefoundin Mureybit(SyriajJdatedaround

highlands Once established,the crop
evolved in isolation producing much

Recentfindings show lentilsin N.E. Spain
around 7500 B.P. within the typical Near
East crop complex (Triticummonococcdm,
dicoccum aestivyrharley pea,grasspeand
fababean) Basedon seedsize,theselentils
fall within the range of microspern(2).
Archaeologicalemainsshow the arrival of
the crop in WesternEurope by 300@3500
BP. As suggestediy the distribution of
forms belonging to macrospermand
microspermaopeagoups (Fig 2), central
Russieand Siberiaveremore likely reached
from the westerncoastof the Black Seaor
from the Danube Valleyrather than from
Mesopotamiaor Central Asia The lentils
probablyreachedhe cradleof Indoeuropean
people after the Greek ancestorssplit, as
suggestedby De Candolle(5) on linguistic
grounds Lentil in Greekis phakgdut it is
lendn Latin, lechjan lllyrian, and lenzsiin
Lithuanian Ancient Greekscould take its
word for lentil from the aboriginal
Mediterraneapopulationgheyconquered
Lentilsdid not reachindiabefore4000BP
and were probably carried by an
Indoeuropean invasion (5 through
Afghanistan  however, archaeological
findings are scarce That introduction was

10000 BP, those of the cultigen, dated endemisnihat allowedVavilovto designate probablyperformedbyverysmallsamplesf
around9000BP,in acerami®Neolithiclayers the Ethiopian highlandsas a secondary a commonorigin asthe variabilityfound in

in the NearEast Giventhe coexistenceyot
found elsewherepf wild and domesticated
forms aswell asthe archaeologicalata,the
Near Eastis the mostlikely candidatéo be
the centre of origin of cultivated lentil
Besides,lentil diversity in the Centre of
Origin is still very high both for cultivated
primitive forms and wild relativesBy using
moleculamarkersFergusoretal (8) located
areasof high diversityfor L. odemensis
southern Syria for L. ervoidesn the
Mediterraneamorder region betweenSyria
andTurkey for L. nigricars westerriTurkey
and, finally, for ssp orientalig; the border
betweenTurkey and Syria as well as in
southern Syria and Jordan According to
criteriaestablishedby De Candolle(5) and
acceptedby student®of cropevolutionthese
data support the archaeologicatvidence
indicatingthe Near Eastregionasthe most
likely center of lentii domestication
Ladizinsky19) alsosuggestetihe NearEast

centre of origin Indeed, grex aethiopicaghe

showsveryprimitivecharactermeaninghat
lentilshadarrivedin averyprimitivestageof
domestication

Indian subcontinent in the local
landracess verylimitedin spiteof beingthe
largestlentil growing region in the world
The asynchronyin flowering of the local
pilosdandraceqrobablyaconsequencaf a
long reproductivasolationperiod,hasbeen
broken by plant breedingto broadenthe
genetibasq7).
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Figure 3. Diffusion of the lentil crop from the Near East
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Althoughstill geographicallimited,recent
analysissuggeststhat the interchangeof
genetic stocks among regions has been
minimal(23. Thus,the old Barulinavarieties
could be very valuablein orderto increase
the geneticbasisof the cultivatedlentil for
plantbreedingurposes

Evolution of cultivated forms

Compared with L. orientaliscultivated
lentils have greaterstem and rachislength,
more leaflets per leaf, greater leaf area,
increasechumbersof flowersper peduncle
as well asincreasechumbersof pods and
seedsIn addition, pedunclesof cultivated
forms are generallyshorteror equalto the
lengthof the rachiswhencomparedo wild
forms Thesecharactersire associateavith
increasedyields similar to that of other
domesticatedood legumes The cultigen
showsa higherfrequencyof white flowers,
probablya charactelassociateavith higher
culinary quality and fixed by indirect
selectionfor lighter coloured seed coats
Some referencesfrom the Middle Ages
mention the existenceof cultivatedlentils
with primitive charactersuchaso b |1 a c
ando n ¢ v e anddtherswitho r oun
seeds Although the existence of real
primitive lentils cannotbe ruled out, these
forms could be impurities coming from
mixtures with some vetches and not
necessarilyueprimitivematerials

Figures1l and 2, respectivelyshow the
distributionof wild and cultivatedentils All
but threemicrospernaietiesaswell asthe
macrospernasoverlapto agreateor lesser
extentwith all the known wild lentils,all of
them presentin most lentil growing areas
Three peculiar microspermi@am Bar ul
senseyroupsarerestrictedo veryconcrete
areasall the threeshowverysmallanddark
colouredseedsyiolet flowers, few flowers
per pedunclecalyxteethmuch shorterthan
the corolla,few leafletsper leaf and dwarf
plants,but differ in sometypicalcharacters

As in the caseof chickpeaandfababean,
there is a clear pattern in the regional
distributionof cultivatedentils(Fig 2). The
trend from easternto western lentils is
increasedseedsize, increasechumber and
sizeof leafletsaswell asthe lengthof the
calyx teeth relative to corolla length To
explainthis cline,it hasbeenpostulatedhat
introgresioninto westernforms of lentil
camefrom odemenéisore likely than from
nigricanas odemensigs given its specific
statudbecausef its crossabilityvith culinarjs
while introgressiorirom orientaliglayedthe
leadingrole in easterrforms For the short
calyx of aethiopicatorms, the genetic
influenceof ervoidéssalsobeenpostulated
The comparisonbetweenthe geographical
patternsof wild speciesndcultivatedorms
(Fig 1 and 2) seem to verify the
introgressiorhypothesighat orientalis the

Summingup our dataon crop evolution,
lentilsweredomesticateéh the foothills of
the mountains of southern Turkey and
northernSyrialikely by selection(15 within
population®f ssp orientali¥heinfluenceof
otherwild relativesannotbe excludedasit
occursin the origin of most crops In the
lentil casethe similarityamongwild species
could have been a factor in favour of
producing companion weeds and
maintainingthem in cultivatedstocks Ssp
orientalisnd L. odemengisms arethe most
likely candidateso have been the main
origin of extraespecificzariability for the
cultigens,but more experimentaproof is
neededThe geneticvariabilitystudiedwith
molecular markers seems to be low,
suggesting commonoriginfor all cultivated
formsatthe presentime andanarrowrange
for artificial selection Differencesamong

only wild form spreadingeastwardservoidesgeographicagiroupscould be the result of
to the Ethiopiaandboth nigricarendervoideslimited quantitative genetic variation

to the West However the lattertwo species
do not crossreadilywith culinarjshybrids
resultingin embryo abortion (20, 13, but
sporadiccrosseghrough a long period of
time cannotbe readilydismissedBesidesin
lthe sameway that odemensigss separated
from nigricarmecauséhe differentialevelof
fertility with the cultigens,other strainsof
nigricarendervoidesuldbehaven a similar
way

Thus, although crossesbetweenculinaris
and odemensise feasible and produced
longer (sometimes branched)endrilsthan
those of culinarignore experimentavork,
includingmolecularbiology is necessaryo
showintogressionThe geographicglattern
could simply be an indirect (correlated)
response to different human selection
approachedn different parts of the world
accompaniedwith the usual sources of
variation (mutation, migration,and genetic
drift) andcrossesvith companionweedsin
fact, moleculamarkeranalysegdicatethe
geneticvariabilitywithin cultivatedlentilsis
relativelylow (6, 22 suggestinthat the two

resultingfrom a correlatedresponsenvhen
selecting for higher yield than the
consequenceof a more basic genetic
difference The role of introgressiorfrom
wild forms, however, requires further
study

pilosagharacteriselly a strongpubescence) greatgroupsof cultivatedientils,microsperma

in the Indian subcontinentaethiopicg®ds
with a characteristicelongated apex) in
Ethiopia and Yemen (the old Sabean
kingdom),and subspontangagy dehiscent
podspurplecolouredbeforematurity)in the
Afghan regions closest to the Indian
subcontinent subspontaneaeerlaps only

and macrospermauld only be variantsfor
quantitativetraits resultingfrom disruptive
selection

with orientalisand aethiopicagth ervoides

pilosadoesnot overlapwith anywild lentil
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On some of the most ancient Eurasian words denot

lentil (Lens culina)is

Al eksandar MI K

by -

Abstract: Since the original homelands of the There is a complex correlationbetween
Eurasian language families fall within the area chyman genetics,ethnologyand linguistics
the early distribution of Iemﬂg(ns culingritheir  that mayassisin determininghe pathways
proto-languages could contain roots related to t'of the field crop domesticationEurasiais
crop. The Prqt{bndcy_Euro‘pean fert *lents dominatecb " gamili
denoting lentil, survived in the modern French dominateddy severagreatianguagéamilies
lentiller GermarLinseThe ProteAltaic root such as Indo-European, Uralic, Altaic,
*z 0 pdersoting both lentil and pea, gave the ~Kartvelian Dravidian AfroasiaticCaucasian
Proto-Turkic jasymuk The ProteAfroasiatic or SinoTibetan The supposed original
*jadas denoting faba beaviiia faba.), finally  homelandsf allthesefamiliesfall within the
developed intthe Hebrew/. d ans the Arab  area coveredby the early distribution of
(adas denoting lentil. The Procaucasian jentil, allowinga possibilitythatin the proto-
h bifwridenoting faba bean and lentll, retained |, |3 qeef thesefamiliesthere were the
the second meaning only in few modern . .
Caucasian languages. roots rellated to this crop A .brl.ef
Key words:crop history, etymology, lentil, etymological survey of the existing
lexicology etymologicadatabasesrings forth several
examples
The ProtoIndo-Europeanlanguagés the
ultimate progenitorof the majority of the
Lentil (Lensculinaridedik) originatedin languagedevelopedind spokenin Europe,
the NearEasterrcenterof diversitytogether suchasGermanicRomanceor Slavic The
with pea (Pisunsativunt..), chickpea(Cicer ancient Indo-European society was
arietinunk.) and many other annualcool oObviouslyan agriculturalone, as evidenced
seasoflegumeslt wasa partof the dietsof by numerous common roots related to
both Neanderthalsand the ancestorsof cerealsand grainlegumesOne of them is
modern humans during Paleolithic (1). *lent *lents, denotinglentil andretainingts
Togethemwith pea,chickpeandbitter vetch meaningn the modernwordssuchaslentille
(Vicia ervilialL.) Willd.), lentil is considered in French, Linsein Germanand | e ih a
one of the first domesticatecropsin the SerbiarandCroatian(3).
world, with archaeologicafindings from The Proto-Altaic root *z U n Hemating
presentSyriadatingbackmore than 10000 both lentil and pea,gavethe Proto-Turkic
yearsago(2). Lentil playedone of the most  *jasymuk as well as the modern Kazakh
importantrolesin introducingthe Neolithic ~ jasimigManchusisaand the Japanessasage
cultureof thefirst farmergo the postglacial Wwith the shift of meaningin the last to
Europe cowpedVignaunguiculatia) Walp) (4).

In Proto-Afroasiaticthereis aroot *mang
denotingboth millet (Panicurmiliaceutn.)
and lentil, but retaining only the first
meaningn its moderndescendant©n the
other hand, the Proto-Afroasiatic*adas
denoting faba bean (Vicia fabal.), was

developedfirst into Proto-Semitic*da d-a G

denotinglentil, and then into the Hebrew
4d n and the Arab dadas with the same
meanind4).

There is also a Proto-Caucasianroot,
*h bwndenotingboth fababeanandlentil,
retainingthe secondmeaningonly in few
modernCaucasialanguagesuchasthe Lak
h udngithe TsakhuhlOfra

Althoughthe root words possiblyrelated
to lentil still havenot beenreconstructedh
other protolanguagesof Eurasia, the
existing evidence is strong enough to
demonstratéhatlentilwasa partof thediets
of the ancestor®f manymodernEurasian
nations!

For Laure.
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Lentil germplasm: A basis for improvement

by Clarice J. COYNE Rebecca J

Abstract: While lentil offers a high quality food
for human consumption, the lentil crop is
constrained by low biomass, weakly upright plai
with poor standing ability, and flowering
sensitivity to temperature. Germplasm resource
held ex situ are available to assist in overcomin
these constraints. Apparent genetic bottlenecks
lentil during domestication of the crop limit the
genetic diversity in the cultivated gene pool for
use in breeding. Ex situ collections need to
expand beyond the few examples of regions to
target that are presented in this article. Larger
scale phenotypic characterization and high
throughput genomeavide associations studies of
lentil germplasm is on the cusp of breaking wide
open that historic bottleneck for lentil breeding
efforts.

Key words:genetic diversity, genetic resources,
germplasm descriptors, genomics, molecular
markers

Genetic resourcedfor breedingresearch
purposesare maintainedat a number of
centers around the world The most
prominent of which is the extensive
collectionheld at the InternationalCenter
for AgriculturalResearclin the Dry Areas
(ICARDA) with over 10800accessionthat
includes 583 wild lentil species This
extensivecollectionis readilyaccessibland
is distributed under the standardmaterial
transfer agreemen{SMTA) establishedy
the International Treaty on Plant Genetic
Resources for Food and Agriculture,
popularlyknown as the InternationalSeed
Treaty(3). The world collectionwasformed
by extensiveexplorationand collection of
diverselentil landracesyarietiesand wild
speciesn the centerof origin of lentil and
also in the many countriesthat produce
lentil

. McGE&nd Robert REDDEN

To efficientlystudyand usethis extensive

The sourceof selectedyermplasntanbe

world collectiona subsebf 1000accessions identifiedby the respectiveprefixes,PI for

hasbeenformedandgenotypedor available
geneticdiversity (4). Similarly,the lentil
germplasm collection of nearly 4000
accessionseld by the USDA at Pullman,
USA, has been organized based on
geographiorigin into a manageablset of
234 accessiongcommonly referredto as
0t tentilc or @)o )The ICARDA and
USDA subsets of their germplasm
collectionsprovide a convenientmeansfor

breedersand other plant scientistgo access

thesecollectionsfor traits neededin their
researclandbreedingorograms

Phenotypic characterization

The germplasmcollections have been
characterizedising a set of International
lentil germplasm descriptors that was
publishedby IBPGR in 1985 The booklet,
OLeDe s d r ispvailablesaPDF file
from Bioversity International,Rome, Italy
(wwwabioversityinternationatg) These
standard descriptors are the primary
guidelinesused in recordingdata on the
USDA lentil collection Exceptionsexist
wherethe phenotypeavasnot includedn the
internationaktandardse.g mineralnutrient
concentratiomn the seed Theentiredataset
is available for downloading at
http://www .arsgringov/cgiin/npgs/html/
desclispl?2107 Several of the published
studieshave phenotypedhe entire USDA
collection searchingfor neededand rare
allelesconferring resistanceso fungi and
viral pathogens An International Crop
Information System (ICIS) platform was
usedto constructa phenotypicsearckyuery
databasefor lentil germplasngILIS), which
encompasseshe USDA, ICARDA and
ATFCC collections This is availableat
http://biofire 34pbcbastatrobeeduau8080
/atfcc_gm

IUSDA-ARS and Washington State University,
Pullman, Washington, USA (coynec@wsu.edu)
2Horsham, Victoria, Australia

USDA, ILL for ICARDA and ATC for
ATFCC, with some duplication between
collections

It is advisabléo contactthe curatorof the
collectionyouareinterestedn to learnwhat
phenotypiccharacterizatioms availablefor
thecollection$eldby the variousgenebanks
(Tablel).

Molecular diversity of lentil

Thedevelopmenof fine genetianapsthat
includedirect genemarkersis expectedo
revolutionize the use of lentil genetic
resources Breederhavemovedfrom wide
cross/populationmprovementitilizationof
lentil germplasmto inbreedinga specific
gene/allelefrom unadaptedlandraceand
wild germplasnfse€eTullu thisissueof Grain
Legumes) Microsatellitanarkershavebeen
developedand deployed to characterize
compositeand core collectionsat ICARDA
(eg. 5 and numerous other national
collections A core of 119 accessionsf
lentil including subspeciesf culinarigs7),
orientali@0), tomentogdy and odemengis)
from the ICARDA collectiorwasgenotyped
using 14 mircrosatellite(SSR)markers(5).
This studyrevealedhat the wild accessions
wererich in alleleg151allelesromparedo
cultigens(114 alleles)(5). New molecular
toolswill increas¢he speecandprecisiorof
introgressioifmoving)thesenewlyidentified
allelesfrom both adaptedand wild lentil
species and subspeciesinto advanced
breedingpopulations For examplea lentil
pyrosequenciregnd SNPdiscoveryrojectis
currently underwayat the University of
SaskatchewgB). Successfudompletionof
this projectwill leadto denselinkagemaps
and greatly reducedgene/QTL discovery
time lines High throughput and precise
genotypingof lentil germplasnresourcess
in progress
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Table 1. Examples of genebank web sites and curator contacts for initiating, expanding and/or improving a lentiégf@mfdasm co

breeding and research.

Genebank Accessions | Follow SMTA | Web site Curator
Kenneth Street
ICARDA 10,800 Yes http://www.icarda.org/GeneBank.htm k.street@cgiar.org
+963 21 2213433
s e ) Robert Redden
ATECE 5250 Yes gt;gg/blr?qflrem.pbcbasc.latrobe.edu.au.8080/ Bob.Redden@dpi.vic.gov.au
-4 +03 53622151
Yes, for lines Clarice Coyne
USDA ARS | 2,798 covered by http://www.ars-grin.gov/npgs/ clarice.coyne@ars.usda.gov
SMTA + 1509 335 3878

Genomics and germplasm

Besides progress in  high throughput
genotypingof the w o r lledtibgermplasm
collectionswe cansafelyspeculatéhat lentil
will be sequencedithin the nextfive years

Azerbaijarsuggestthatthisgenepool needs
to be augmented by additional
samples/accessiotft). Another example,
Chinesdandracearenot representeih the
ICARDA nor USDA core collections,
however evidence from other Chinese

The humangenomecannow be sequenced landraceulsegeg. 9) stronglyindicatethat

2x in one run on new platforms,so 10X
coveragef lentil,aboutthe samesizeasthe
humangenomegcanbe accomplisheth one

collectedChinesdandracdentil, from west
and centralChina, will be very interesting
germplasmto explorefor traits and allelic

week(7). New softwarejongersequencing variation(6).

readsandsamplepreparatiorstrategiehave

overcomethe past problem of sequencing Summary

larger repetitive genomes,eg. soyabean,

maizerecentlyannounce@¢ompletions The

high throughput genotypingconductedby

the CGIAR ChallengeProgramand other
national programs will characterizethe

w o r lexsiugermplasnresourceseading
to an understandingof the population
structure from a statistical genetics
perspectivéd). This informationcombined
with genome sequencing,SNP variation
studies (haplotype mapping) and detailed
phenotypingf thelentilgermplasmwill lead
to successful genomewide association
studies The understandingf the allele
value from any lentil in the gene pool,

adaptedand wild, will dramaticallyncrease
both the efficiency and efficacy of

germplasm utilization in lentil breeding
programs

Lentil collection, future needs

Of coursefor thisto happenthe variable
and valuable alleles must be in ex situ
collectionsfor genotypingand phenotyping
to discover new useful variants One
exampleis recentfindings of high genetic
differentiation among accessionsfrom
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While lentil offers a high qualityfood for
humanconsumption(summarize@lsewhere
this issue), the lentil crop suffers from
significantdrawbackéncludinglow biomass
andfloweringsensitivityto temperature¢hat
ex situresourcesnay assistin alleviatingor
ameliorating Recentlysummarizeaverethe
geneticbottleneckdentil sufferedover the
millennia, based on archeologicatecords
and floweringtime and researctconducted
in the Middle East and the Indo-Gangetic
Plain(2). Ex situcollectionsieedto expand,
beyondhe few examplesf regiongo target
thatarepresentedh this article Largerscale
phenotypic characterization and high
throughput genomewideassociatiostudies
of lentil germplasmis on the cusp of
breaking wide open that historic genetic
bottlenecKor lentil breedingefforts !
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A walk on the wild side: Exploiting wild species for
Improving cultivated lentil

by Abebe TULLU*, Sabine BANNIZA, Kirstin BETT and Albert VANDENBERG

Abstract: Wild species have genetic variation foi
important production traits including disease
resistance, wintéardiness and resistance to
insects and broomrape. The use of this diversity
breeding is hampered by the difficulty in making
the necessary interspecific crosses. However, v
the aid of embryo rescue, crosses were made
between cultivated lentil andervoidaad used

to develop breeding material with resistance to
anthracnose while also expanding the genetic
base. Using this approach and giving high priori
to maintenance and development of these
extremely valuable genetic resources for lentil v
help ensure that lentil can maintain high rates o
genetic gain and continue to be a valuable
component of the human diet and agriculture.

The genusLenscomprisesseventaxain
four species,namely L. -culinariswith
subspeciegculinarisorientalisomentosasd
odemernsit. ervoided. nigricangnd L.
lamotteCrossegrereadilyobtainedbetween
L. culinarisssp culinarisand the other
subspeciegarticularlyssp orientalsnd ssp
odemensiBasedon crossabilitystudies,L.
ervoidasdL. nigricarsseconsideredb bein
the secondary/tertiargenepool. However,
thesdattertwo speciesanbecrossedo the

growers Resistancesources have been
identifiedfor fusariumwilt, ascochytalight,
powdery mildew, rust, Sitona weevil and
broomrape(10, 4) . Geneticvariationhas
also been reported for winterhardiness,
uniqueprotein subunitsand amino acidsin
wild speciesof lentil (10, 4). In North
Americasource®f resistanceo raceCtl of
anthracnosdas beenreported(Figure la),
whereasno resistanchasbeenidentifiedto
the more aggressiverace Ct0 in the

cultivated species,L. culinarissp culinaris cultivatedspeciesor in the closelyrelated

providedembryorescugs employed?, 9).
Improved lentil varieties are generally

subspecied,. orientalis The frequencyof
resistanct raceCt0 of anthracnoseasthe

Key words:breeding, gene pool, genetic diversitderived from crossesinvolving genetically highestin L. ervoidésllowedby L. nigricans

interspecific hybridization

Historical background

Lentil (Lensculinarjss one of the ancient
cropsof agriculturendoriginatedrom Lens
culinarisubsp orientalis the Near Eastarc
and Asia Minor. The earliestgene bank
collection of lentils was undertaken by
Nikolail. Vavilovwho developednnovative
conceptsfor the useof plant diversityand
wild speciedo breedbetter adaptedstress
resistantand high yielding crops  His
colleagueand secondwife, Elenalvanovna
Barulina,wasthe first to describethe wide
lentil diversity of native landraces,local
selectionsglite cultivarsand wild relatives
maintainedat the Vavilov Institute of Plant
Industry locatedat St PetersburgRussia
Accordingto her descriptiongl), cultivated
lentil can be grouped into subspecies
macrospernfiar large seeded types and
subspeciesicrosperrita the small seeded

types

University of Saskatchewan, Crop Developmen'
Centre, Saskatoon, Canada (a.tullu@usask.ca)

relatecelitevarietiesbreedindinesand,to a
lesser extent, unadapted germplasm
accessions In many cases preedingand
selection has progressively replaced
indigenouslandraceswith improved and
uniform varietieghat meetlocalneeds For
examplethe demandfor higher yieldsby
industryand stringentquality requirements,
particularlyfor greateruniformity of seed
size shapeandcolor,hasled to a narrowing
of genetic variation and increased
vulnerability(6, 7). The use of wild and
exotic germplasmhas taken on increased
importancen effortsto find geneticsources
of resistance/tolerande biotic and abiotic
stressess well asimprovedyield and seed
quality Thewild speciesepresenaneeded
sourceof geneticvariation for improving
cultivated lentil and include the wild

and L. lamottei Unlike the resistanceo
anthracnosegesistancéo Canadiansolates
of A. lentisvasevidentin mostof the Lens
speciesncludingL. culinarjd.. orientaliand
L. odemenéld) (Figurelb). Nevertheless,
the frequencyof accessionwith resistance
to A. lentisvasthe highestithin L. ervoides
Advancednaterial®f interspecificrosses
of L. culinariandL. orientalfsom ICARDA
haveappearedh internationahurseries In
India, advancednaterialsof crossesof L.
culinariand L. orientajind L. culinariand
L. nigricansvere evaluatedfor various
agronomidraitsanddrought respectivel(b,
3). In Russia3 hybridplantswererecovered
from acrossL .culinarig L. tomentoswih
the aid of embryorescueandviableseedof
F, to F; were obtained However,
introgressednaterialshavenot found their

subspeciesf L. culinariaswellasL. ervoideswayto advancetireedingtages As evident

and L. nigricansGenesfrom the latter two
specieswill needto be accessedhrough
embryorescugrocedures

Genetic diversity: Broadening
the genetic base related to
diseases and agre
morphological traits

Much of the lentil literature reports
identificatiorof resistancandproductionof

interspecifihybridsbut thereareno reports
of the releaseof cultivarsand theiruseby

from various experiments, L. ervoides
followed by L. nigricanaccessiong¢ll, 4)
appearedo havebetterresistancéo various
diseaseand highervariationfor agronomic
traits

The experienceén Canadaywith breeding
lentil for resistancéo anthracnosgrovides
an illustrativeexampleof the valueof wide
crossesn the genusLens Our attemptto
crosscv 0 E s Lo auliharjsvith Pl 72815
andL01-827(L. ervoidesassuccessfukith
the aid of embryorescue(Figure2). For
various protocols,see(3). Production of
hybrid seeddollowedby F, to F, seedded
to the developmenbf two recombinant
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inbred populations (RILs) with varying
degreesf sterility Theseinbredlineshave
beenevaluatedn the greenhousand field

Wehavetargeteda breedingapproachhat
combinegvaluatiorof interspecifidRILs (L.
culinarix L. ervoidesind backcrosse®f

acrossthe legumedor usein lentil, giving
breedergools neverbefore accessiblén a
6 s merdpliké lentil Giving the highest

(unpublished) and revealed transgressive selectedRILsto adaptedtultivarsn orderto  priority to maintenancand developmenbf

segregantsfor various agronomic traits
includingan 8% increasén seedsize,which
couldbe utilizedin breedindentil

Utilization of allelic variation
in interspecific crosses

Studiesof introgressionof genesfrom
exotic speciesand the numberof cultivars
from wild germplasnis steadilyincreasingn
major cereal crops, tomato, potato, rice,
sunflower, and lettuce (5). Virtually all
resistancegenes currently in commercial
tomato cultivars originated from wild
germplasni8). Thereareattemptsn several
other crops, including lentil, to transfer
favorable genes to adapted cultivars
Resistanceéo race Ct0 of anthracnosen
lentil interspecific RILs appearedto be
controlledby two recessivegenesunlike a
single gene (Lc) previouslyreported in
cultivated germplasm From phenotypic
segregation data  (resistance and
susceptibility) alone it could not be
determinedwhether the allelesconferring
resistancéo raceCtl andraceCt0 arethe
same However exoticgene(sjor resistance
havebeensuccessfulliransferredo the cv.
Estonfrom L. ervoidéserebyexpandinghe
genetidbaseor breedingb).

[ Leroses

Figure 1. Outdoor screening of wild

transferdesiredtraits We selectindividual
RILsfor traitsof interestandthenbackcross
to adapted cultivars For example,
backcrosset cultivarsof different market

these extremelyvaluablegeneticresources
for lentil will help ensurethat this crop can
maintain high rates of genetic gain and
increaseas a valuablecomponentof the

classessuch as 6 CDGr e e n [laage chdmandietandagriculture!

green)and® C D\Ci c¢ e(snaligi@en)are
currently in advancedgenerations The
results of the successful transfer of
anthracnoseesistancérom L. ervoid€s01
827 using interspecific hybridization
followedby intensivebackcrossinindicated
that13% of backcrosslerivedbreedindines
exceedethe meanyieldof checkcultivaran
field trials (Vandenbergt al, unpublished)
Other attributesincludeearlinessseedsize,
lodging, and resistanceto stemphylium
blight,sclerotiniavhitemouldandascochyta
blight Lentil cultivarswith greatlyimproved
resistanceto anthracnosewill become
availablein the next few years,providing
increasedenetidiversityfor lentil breeding

Genomics to better access and
use genetic variation

The genetidaseof acrop canbewidened
by exploringthe pool of germplasnusing
allelicdiversityat the nucleotidelevel In
Canadawe havebegunto developgenomic
resourcesfor lentil starting with EST
development under NAPGEN
(https//www .nrc-cnrcgeca/eng/programs
/pbi/plant -products/napgehtml), followed
by SNP identificationand mappingunder
severaprojectsfundedby the Canadiaand
Saskatchewagovernmentsas well as the
Saskatchewan Pulse Growers In
collaborationwith the Plant Biotechnology
Instituteof the NationalResearcouncilof
Canada, we have identified SNPs by
comparing 454based sequences from
transcript®f tenL. culinarisnesandtwo L.
erviodémes againstthe referencegenotype
6 C DRCe d b .eln goliatioratiorwith D.R.
Cook at UC Davis, we havealsoidentified
SNPsin sequencegeneratedrom tentative
orthologousgenes(TOGS) alreadymapped
in severabther legumes TheseSNPsare
beingusedto screercollectionsf cultivated
and wild Lensspeciefrom the CDC and
USDA-ARS to assesgeneticvariabilityat
nucleotiddevel The TOGs arealsobeing
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usedto mapthe L. culinariand L. ervoides

genomesindcomparghemwith eachother

germplasm for anthracnose (a) and ascoclaytd with various other model and crop
blight (b) in field experiments in Saskatoorlegumes This comparativemapping will
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allow for leveragingpf genomicresources
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