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he LegumeSocietyis

delightedto present

this issue of Grain

Legumes Magazine

devotedto lentil, one of the

most neglectedof the food

legumecrops. Our goal for

this issue was to provide

readerswith an overviewof

lentil as a valuable food

legumecrop. The origin of

the crop is examinedalong

with the current state of

genetic informationand the

statusof breedingprograms

world wide. Diseasesand

insectsthat affect the crop

are examined along with

abiotic stressessuchas the

damagingeffectsof drought

and cold. The benefits to

human health are also

examined.

Areasof primeuseof the

crop are in WestAsia,North

Africa and the subcontinent

of India. Rapid increasesin

production of the crop in

developedcountriessuchas

Canada, Australia and the

USA have helped to meet

global demandby an ever-

increasingworldpopulation.

On behalf of the Legume

SocietyI wish to thank the

authorsof the articlesin this

issuefor their thoughtfuland

wellpreparedcontributions.

Fred MUEHLBAUER

Managing Editor of GLM57

T
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The amazing lentil
sau sold his birthright for a pottage of lentiló and so the 

biblical story goes. Esau and Jacob were the twin sons of  

Abraham 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 a 

birthright was of  little value. One day upon returning home from one 

of  his adventures, hungry and exhausted, Esau saw the lentil stew that 

Jacob had prepared. Esau asked his brother for a portion, but Jacob, 

ever the opportunist and uncooperative younger brother, played hard to 

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 

òUpon agreeing to the trade of his birthright, Jacob gave Esau bread 

and lentil stew; and he ate and drank, and rose and went on his wayó 

[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 it 

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 been 

considered the food of the poor people and referred to as òpoor manõs 

meat.ó The high protein content of lentil has made them a nutritious 

substitute for meat. In fact, 100 grams of  lentil has as much protein as 

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)

Carte blanche 
toé

...Fred
Muehlbauer

"

òE
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Lentil origin and domestication

by Richard FRATINI1*, MarcelinoP£REZ DE LA VEGA1 and Jos® I. CUBERO2

Abstract:Based on evidence from archeological 

sites and the presence of wild relatives, the 

accepted view is that the Near East is the most 

likely center of lentil domestication. In summing 

up our data on crop evolution, lentil was 

domesticated in the foothills of the mountains of 

southern Turkey and northern Syria likely by 

selection within populations of ssp. orientalis. The 

influence of other wild relatives cannot be 

excluded. Compared to wild forms, cultivated 

lentil have greater stem and rachis length, more 

leaflets per leaf, greater leaf area, and increased 

flower and pod numbers per peduncle. Diffusion 

of the lentil crop from the center of origin was in 

several directions and traveled with barley, wheat, 

chickpeas, pea and faba bean. The crop was 

shown to be present in Greece around 8000 BP, 

Central Europe 5000-7000 BP, and in Egypt 

around 5000 BP. Dispersion to Central Asia and 

the Indian Sub-continent apparently took place at 

a later time. Introgression from the wild species 

requires further study but represents a source of 

genes needed to improve the cultigen.

Key words:archeology, crop dispersion, 

evolution, gene pools, genetic linkage, 

interspecific hybridisation, Lensspecies, taxonomy

The genus LensMiller

Althoughall thebookson botanysincethe

XVIth centuryusedthe nameLensfor the

speciesthatbecameknownaslentil. Thefirst

botanist to assign genus status was

Tournefort in 1700. Miller (21) who later

verified the designationand becamethe

authority for the genusalso producedthe

oldestavailablebotanicaldescription. There

weremanytaxonomictreatmentsduringthe

XIX century that were derived basedon

similaritieswith other taxa such as Ervum,

Ervilia,Vicia,Lathyrus,Orobusandeven Cicer

_________________________________________________________________________________________________________

1Universidad de Le·n, Departamento de Biolog²a 

Molecular, Le·n, Spain 

(richard.fratini@unileon.es) 
2CSIC,Instituto de Agricultura Sostenible, 

C·rdoba, Spain

(all of which belongto a younggroup of

plantsthat are still in activeevolution). By

the endof that century,the genusLenswas

relatively well established (historical

referencesand synonymsare reviewedin

Cubero(3).

The taxonomyof the genusis far from

easygiventhe closerelationshipsamongits

species(4). At the presenttime, by using

morphological,including pollen and pistil,

characteristics(11) as well as biochemical

charactersandintraandinterspecificcrosses,

taxonomistsdescribesix species: L. culinaris

Medik. (L. esculentaMoenchisasynonymstill

found in many publications),with two

subspecies: culinarisand orientalis(Boiss.)

Ponert; L. odemensisLadiz. (sometimesalso

considereda subspeciesof culinaris); L.

tomentosusLadiz. (ex L. orientalis) (both

odemensisand tomentosushad beenpreviously

includedby Ferguson(9), asa subspeciesof

culinaris), L. nigricans(M. Bieb.) Godr.; L.

ervoides (Brign.) Grande (occasionally

includedundernigricansasa subspecies(17)

and L. lamotteiCzefranova(ex L. nigricans).

All speciesareself-pollinated. Figure1 shows

thegeographicaldistributionof Lensspecies.

Chromosomes and karyotypes

All species are diploids (2n=2x=14).

According to Ladizinsky(24), culinarisand

orientalissharethe samekaryotypewith that

of L. nigricansbeing slightly different.

However,otherauthorshavefounddifferent

karyotypesand even differences among

strainsof culinarismicrospermaand orientalis

(14, 10). Linkage studies have revealed

chromosomalrearrangementsbetween L.

culinarisand L. odemensis(17), which may

explainwhy certainaccessionsof odemensis

canbecrossedwith culinaris(16) whileothers

needembryorescue(12). L. odemensisis cross

incompatiblewith nigricansandervoidesdueto

hybridembryoabortion(17, 24).

ThemorphologicaldifferencesbetweenL.

nigricansandL. lamotteiarelimited to stipule

shape; however,the two speciesdiffer by

four reciprocal translocations and one

paracentric inversion resulting in the

completesterilityof theirhybrids(20).

RESEARCH

Figure 1. The geographical distribution of Lensspecies
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Interspecic crosses 

Crossesbetweenculinarisĭ orientalisare

generallyfertile and the F2 segregatesin

Mendelianfashionfor growth habit, flower

colour, seed colour, and pod dehiscence

althoughthe fertility of the hybridsdepends

on thechromosomearrangementof thewild

parent (16, 20). Some studiesshow that

meiosis is nearly normal and supports

morphologicaldataindicatingthatorientalisas

a subspeciesof culinaris(16,13). However,

when the crossing scheme is widened,

meiotic anomalieslead to the need for

embryocultureto produceseedsevenwithin

orientalis(17, 25). Earlier, Barulina(1) and

Zohary(27) hadindicatedtheconspecifityof

culinarisandorientalis.

Crossesbetweenculinarisandnigricanswere

not viableexceptfor one nigricansaccession

whose hybrid developed normally. That

accessionwas subsequentlyclassified a

distinct speciesas L. odemensis(16). Ssp.

orientalisis readilycrossedwith L. odemensis

and the hybridsarevegetativelynormalbut

are partially sterile due to meiotic

irregularities resulting from three

chromosomerearrangementsbetweenthe

parents(17). L. tomentosusis morphologically

closerto L. c. ssp. orientalisthanto anyother

Lenstaxon. Nevertheless,they are isolated

one from another by hybrid embryo

breakdown, complete sterility and five

chromosomalrearrangements(25), which

supports the idea of speciesstatus for

tomentosus, althoughsomesuccessin crosses

betweenculinarisand tomentosushas been

reported. L. tomentosusis alsoreproductively

isolatedfrom L. lamotteiand L. odemensisby

hybrid-embryoabortion(25).

L. nigricansĭ L. ervoidesinterspecific

hybrids are vegetatively normal but

completelysterile(17). FratiniandRuiz(12)

madeextensivecrossesbetweenL. c. ssp.

culinarisand L. nigricans,L. ervoidesand L.

odemensis. Hybrids betweenthe cultigenand

the other specieswereviableonly through

embryo rescue. The rates of adult plants

obtainedwere 9% with odemensisand 3%

with nigricansand ervoides. Previously,it had

been shown that crossesbetweenculinaris

andnigricansor ervoidesneededembryorescue

to recoverinterspecifichybrids(17, 18, 20).

Therefore,in view of the above,it seems

that odemensisbelongsto the secondarygene

poolandnigricansandervoidescanbeclassified

in thetertiarygenepool (17).

Gene pools

The previousdiscussioncanbe confusing

becauseno clearbarriersaredefinedbetween

the acceptedspecies. The levelsof fertility

andsterilitysofar founddependson thetaxa

involved in a specificcross,but also,to a

greateror lesserextent, on the particular

populations within these taxa. It is a

common situationwhen, as it happensin

Lens, the taxa are closerelatives. Lensis a

genusbelongingto a veryactivegroupfrom

an evolutionarypoint of view. Even with

the exceptions described above,

hybridizationexperimentssupport the idea

of the six differentiatedspeciesmentioned

above.

Besidesthe forms of the cultigen (L.

culinarisssp. culinaris), thoseof ssp. orientalis

obviouslybelongto the primarygenepool.

L. odemensisis assignedto thesecondarygenepool

althoughsuccessin crosseswith the cultigen

may require embryo rescue. This latter

situationcouldalsoapplyto L. tomentosus. L.

lamottei, L. nigricansand L. ervoideswhich

belong to the tertiary genepool, but can

becomepart of the secondarygenepool by

meansof embryorescue. Thisseemsto have

been the casein transferringresistanceto

anthracnosefrom ervoidesto the cultigen

(24).

Cultivated lentil

Alefeld (seereference3) recognizedeight

subspeciesincluding both orientalisand

nigricans: (1) schniffspahni(syn. orientalis), (2)

himalayensis(syn. nigricans), (3) punctata(syn.

culinaris), (4) hypochloris,(5) nigra (syn.

culinaris), (6) vulgaris, (7) nummularia,and (8)

abyssinica. Barulina(1) acceptedthesenames

althoughnot assubspeciesbut asvarieties,

raising instead two of these (microsperma

Baumg. and macrospermaBaumg.) to the

subspecific status. Molecular evidence

suggeststodaythat they arevarietiesof the

subspeciesL. c. culinaris(6).

Barulina (1) described two subspecies

accordingto the sizeof flowers,pods and

seeds(thelatterbeingtheprincipalobjective

of humanselection)andgroupedcharacters

in clustersto defineregionalgroupsor greges

(Fig. 2). The main charactersshe usedto

definethesegroupswerethe sizeof leaflets,

the heightof plants,the lengthof the calyx

teeth and the number of flowers per

peduncle. The Barulinatreatmenthasbeen

largelyunsurpassedalthoughthe subspecific

statusof both macrospermaand microspermais

not recognisedtoday by taxonomists(see

above),althoughadmittedaslargegroupsof

modern cultivated varieties. Since the

Barulinaõsstudytime,all hervarietiesarestill

cultivated except subspontaneaewhich does

not appearin moderngermplasmcollections

andhasnot beenfound.

RESEARCH

Figure 2. Regional groups or gregesin lentil
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The centre of origin

Barulina(1), basedon Vaviloviancriteria

of therichnessin endemicto defineaCenter

of Origin,hadsuggestedthe regionbetween

Afghanistan,India and Turkistan as the

possiblecentreof origin for cultivatedlentil.

Shenoticedthat in that areawild lentilsdid

not overlapwith domesticatedones,at least

to a significantlevel. In fact,no lentilshave

been found in sites dating back to the

seventhmillenniumBP in Turkmenia. The

high degreeof endemismthat existsin the

AfghanistanðIndianðTurkmenian area is

betterexplained,asin all otherspecies,by an

intense genetic drift, typical of highly

diversified environments, coupled with

artificialselectioncarriedout by verydiverse

human populations, with drastic genetic

fixation and losses providing secondary

centres of diversity. The same situation

happensin Ethiopia,whereVavilovsituated

his centers of origin of several crops

including wheat, chickpea,faba bean and

severalothers(26) showinga largenumber

of endemic(in the Vaviloviansense)forms

but neitherwild relativesnor archaeological

remains.

Archaeologicaldataaresummarisedin Fig.

3. Seedsize is, so far, the only character

indicating domesticationin archaeological

remains. The oldestremainsof wild lentils

werefound in Mureybit(Syria)datedaround

10000 BP, those of the cultigen, dated

around9000BP,in aceramicNeolithiclayers

in theNearEast. Giventhecoexistence,not

found elsewhere,of wild and domesticated

forms aswell asthe archaeologicaldata,the

NearEastis the most likelycandidateto 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 relatives. By using

molecularmarkers,Fergusonetal. (8) located

areasof high diversity for L. odemensisin

southern Syria, for L. ervoidesin the

Mediterraneanborder regionbetweenSyria

andTurkey,for L. nigricansin westernTurkey

and, finally, for ssp. orientalisin the border

betweenTurkey and Syria as well as in

southern Syria and Jordan. According to

criteriaestablishedby De Candolle(5) and

acceptedbystudentsof cropevolution,these

data support the archaeologicalevidence

indicatingthe NearEastregionasthe most

likely center of lentil domestication.

Ladizinsky(19) alsosuggestedtheNearEast

as the centre of origin based on the

polymorphismfound in wild accessionsof

ssp. orientalisand the monomorphismof

culinaris. Indications are that some

populationsof orientaliswereunconsciously

subjectedto selection(15) resultingin the

cropweknowaslentil. Accordingto Zohary

(28), based on chromosomeand DNA

polymorphisms,the domesticationevent

happenedonceor onlyafewtimes.

Diffusion of lentil culture

Archaeologicaldata fit a pattern of

diffusion of the crop from the Near East

with thespreadof Neolithicagricultural(Fig.

3). Lentils,asa componentof theNearEast

complex, travelled towards Europe along

with barley,wheat,chickpea,pea,fababean,

etc., through Greece (oldest remains in

Greecearound8000BP, in CentralEurope

5000ð7000BP). The crop arrivedin Egypt

around5000BP in spiteof the geographical

proximity to the Near East. A possible

explanationcould be that conditionsin the

Nile Delta were not favourable for

preservingagriculturalremains. Ethiopiawas

probablyreachedfrom the Arabiancoast(at

that timeit wastheArabiaFelix, morehumid

andfertilethannowadays)ratherthanby the

Nile and was establishedin the Ethiopian

highlands. Once established, the crop

evolved in isolation producing much

endemismthat allowedVavilov to designate

the Ethiopian highlands as a secondary

centre of origin. Indeed, grex aethiopicae

showsveryprimitivecharactersmeaningthat

lentilshadarrivedin averyprimitivestageof

domestication.

IntermediaeformsreachedSicily,andasiaticae

forms Sardinia,MoroccoandSpain(Fig. 2),

suggestingthe arrival in thesecountriesof

lentil stockseither from centralEurope or

from the route of the isles from Levant.

Recentfindingsshow lentils in N.E. Spain

around 7500 B.P. within the typical Near

East crop complex(Triticummonococcum,T.

dicoccum, T. aestivum, barley,pea,grasspeaand

fababean). Basedon seedsize,theselentils

fall within the range of microsperma(2).

Archaeologicalremainsshow the arrivalof

the crop in WesternEuropeby 3000ð3500

BP. As suggestedby the distribution of

forms belonging to macrospermaand

microsperma-europeaegroups (Fig. 2), central

RussiaandSiberiaweremore likely reached

from the westerncoastof the BlackSeaor

from the DanubeValley rather than from

Mesopotamiaor Central Asia. The lentils

probablyreachedthecradleof Indoeuropean

people after the Greek ancestorssplit, as

suggestedby De Candolle(5) on linguistic

grounds. Lentil in Greekis phakos, but it is

lensin Latin, lechjain Illyrian, and lenzsicin

Lithuanian. Ancient Greekscould take its

word for lentil from the aboriginal

Mediterraneanpopulationstheyconquered.

Lentilsdid not reachIndiabefore4000BP

and were probably carried by an

Indoeuropean invasion (5) through

Afghanistan; however, archaeological

findings are scarce. That introduction was

probablyperformedbyverysmallsamplesof

a commonorigin asthe variabilityfound in

the Indian subcontinent in the local

landracesis verylimitedin spiteof beingthe

largestlentil growing region in the world.

The asynchronyin flowering of the local

pilosaelandraces,probablyaconsequenceof a

long reproductiveisolationperiod,hasbeen

broken by plant breedingto broadenthe

geneticbase(7).

Figure 3. Diffusion of the lentil crop from the Near East 
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Althoughstill geographicallylimited,recent

analysissuggeststhat the interchangeof

genetic stocks among regions has been

minimal(23). Thus,theold Barulinavarieties

could be very valuablein order to increase

the geneticbasisof the cultivatedlentil for

plantbreedingpurposes.

Evolution of cultivated forms

Compared with L. orientalis,cultivated

lentils havegreaterstemand rachislength,

more leaflets per leaf, greater leaf area,

increasednumbersof flowersper peduncle

as well as increasednumbersof pods and

seeds. In addition,pedunclesof cultivated

forms are generallyshorteror equalto the

lengthof the rachiswhencomparedto wild

forms. Thesecharactersareassociatedwith

increasedyields similar to that of other

domesticatedfood legumes. The cultigen

showsa higherfrequencyof white flowers,

probablya characterassociatedwith higher

culinary quality and fixed by indirect

selectionfor lighter coloured seed coats.

Some referencesfrom the Middle Ages

mention the existenceof cultivatedlentils

with primitivecharacterssuchasòblackishó

andònotsweetóandotherswith òrounderó

seeds. Although the existence of real

primitive lentils cannotbe ruled out, these

forms could be impurities coming from

mixtures with some vetches and not

necessarilytrueprimitivematerials.

Figures1 and 2, respectively,show the

distributionof wild andcultivatedlentils. All

but threemicrospermavarieties,aswell asthe

macrospermaonesoverlapto agreateror lesser

extentwith all the known wild lentils,all of

them presentin most lentil growingareas.

Three peculiar microsperma(in Barulinaõs

sense)groupsarerestrictedto veryconcrete

areas; all the threeshowverysmallanddark

colouredseeds,violet flowers, few flowers

per peduncle,calyxteethmuchshorterthan

the corolla,few leafletsper leaf and dwarf

plants,but differ in sometypicalcharacters:

pilosae(characterisedby astrongpubescence)

in the Indian subcontinent,aethiopicae(pods

with a characteristicelongatedapex) in

Ethiopia and Yemen (the old Sabean

kingdom),and subspontaneae(very dehiscent

podspurple-colouredbeforematurity)in the

Afghan regions closest to the Indian

subcontinent; subspontaneaeoverlaps only

with orientalis,and aethiopicaewith ervoides;

pilosaedoesnot overlapwith anywild lentil.

As in the caseof chickpeaandfababean,

there is a clear pattern in the regional

distributionof cultivatedlentils(Fig. 2). The

trend from easternto western lentils is

increasedseedsize, increasednumber and

sizeof leafletsaswell as the lengthof the

calyx teeth relative to corolla length. To

explainthis cline,it hasbeenpostulatedthat

introgresion into western forms of lentil

camefrom odemensis(more likely than from

nigricansas odemensiswas given its specific

statusbecauseof its crossabilitywith culinaris)

while introgressionfrom orientalisplayedthe

leadingrole in easternforms. For the short

calyx of aethiopicaeforms, the genetic

influenceof ervoideshasalsobeenpostulated.

The comparisonbetweenthe geographical

patternsof wild speciesandcultivatedforms

(Fig. 1 and 2) seem to verify the

introgressionhypothesisthat orientalisis the

only wild form spreadingeastwards,ervoides

to theEthiopiaandboth nigricansandervoides

to the West. However,the lattertwo species

do not crossreadilywith culinaris, hybrids

resultingin embryoabortion (20, 13), but

sporadiccrossesthrough a long period of

timecannotbe readilydismissed. Besides,in

the sameway that odemensiswas separated

from nigricansbecausethedifferentiallevelof

fertility with the cultigens,other strainsof

nigricansandervoidescouldbehavein a similar

way.

Thus, although crossesbetweenculinaris

and odemensisare feasible and produced

longer(sometimesbranched)tendrilsthan

thoseof culinaris, more experimentalwork,

includingmolecularbiology is necessaryto

showintogression. The geographicalpattern

could simply be an indirect (correlated)

response to different human selection

approachesin different parts of the world

accompaniedwith the usual sources of

variation(mutation,migration,and genetic

drift) andcrosseswith companionweeds. In

fact, molecularmarkeranalysesindicatethe

geneticvariabilitywithin cultivatedlentils is

relativelylow (6, 22) suggestingthat the two

greatgroupsof cultivatedlentils,microsperma

and macrosperma, could only be variantsfor

quantitativetraits resultingfrom disruptive

selection.

Summingup our dataon crop evolution,

lentilsweredomesticatedin the foothills of

the mountains of southern Turkey and

northernSyrialikelyby selection(15) within

populationsof ssp. orientalis. Theinfluenceof

otherwild relativescannotbe excludedasit

occursin the origin of most crops. In the

lentil case,the similarityamongwild species

could have been a factor in favour of

producing companion weeds and

maintainingthem in cultivatedstocks. Ssp.

orientalisandL. odemensisforms arethe most

likely candidatesto have been the main

origin of extraespecificvariability for the

cultigens,but more experimentalproof is

needed. The geneticvariabilitystudiedwith

molecular markers seems to be low,

suggestingacommonoriginfor all cultivated

formsat thepresenttimeandanarrowrange

for artificial selection. Differencesamong

geographicalgroupscould be the result of

limited quantitative genetic variation

resultingfrom a correlatedresponsewhen

selecting for higher yield than the

consequenceof a more basic genetic

difference. The role of introgressionfrom

wild forms, however , requires further

study.ʴ
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On some of the most ancient Eurasian words denoting 

lentil (Lens culinaris)

by Aleksandar MIKIĻ

Abstract:Since the original homelands of the 

Eurasian language families fall within the area of 

the early distribution of lentil (Lens culinaris), their 

proto-languages could contain roots related to this 

crop. The Proto-Indo-European *lent-, *lent-s-

denoting lentil, survived in the modern French 

lentilleor German Linse. The Proto-Altaic root 

*zūņbsa, denoting both lentil and pea, gave the 

Proto-Turkic *jasy-muk. The Proto-Afroasiatic 

*ǜadas-, denoting faba bean (Vicia fabaL.), finally 

developed into the Hebrew ǜ.dńsaand the Arab 

ǜadas-, denoting lentil. The Proto-Caucasian 

*hƅwƲ[ń], denoting faba bean and lentil, retained 

the second meaning only in few modern 

Caucasian languages.

Key words:crop history, etymology, lentil, 

lexicology

Lentil (LensculinarisMedik.) originatedin

theNearEasterncenterof diversity,together

with pea (PisumsativumL.), chickpea(Cicer

arietinumL.) and many other annualcool

seasonlegumes. It wasa part of the dietsof

both Neanderthalsand the ancestorsof

modern humans during Paleolithic (1).

Togetherwith pea,chickpeaandbitter vetch

(Vicia ervilia(L.) Willd.), lentil is considered

one of the first domesticatedcrops in the

world, with archaeologicalfindings from

presentSyriadatingbackmore than 10,000

yearsago(2). Lentil playedoneof the most

importantrolesin introducingthe Neolithic

cultureof the first farmersto thepost-glacial

Europe.
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Institute of Field and Vegetable Crops, Forage 

Crops Department, Novi Sad, Serbia 

(aleksandar.mikic@ifvcns.ns.ac.rs, 

aleksandar.mikich@gmail.com)

There is a complex correlationbetween

human genetics,ethnologyand linguistics

that mayassistin determiningthe pathways

of the field crop domestication. Eurasiais

dominatedby severalgreatlanguagefamilies

such as Indo-European, Uralic, Altaic,

Kartvelian,Dravidian,Afroasiatic,Caucasian

or Sino-Tibetan. The supposed original

homelandsof all thesefamiliesfall within the

area coveredby the early distribution of

lentil,allowingapossibilitythat in theproto-

languagesof thesefamiliesthere were the

roots related to this crop. A brief

etymological survey of the existing

etymologicaldatabasesbrings forth several

examples.

The Proto-Indo-Europeanlanguageis the

ultimateprogenitorof the majority of the

languagesdevelopedandspokenin Europe,

suchasGermanic,Romanceor Slavic. The

ancient Indo-European society was

obviouslyan agriculturalone, as evidenced

by numerous common roots related to

cerealsand grain legumes. One of them is

*lent-, *lent-s-, denotinglentil andretainingits

meaningin themodernwordssuchaslentille

in French, Linse in German and leĻain

SerbianandCroatian(3).

The Proto-Altaic root *zūņbsa, denoting

both lentil and pea,gavethe Proto-Turkic

*jasy-muk, as well as the modern Kazakh

jasimiq, Manchusisaand the Japanesesasage,

with the shift of meaningin the last to

cowpea(Vignaunguiculata(L.) Walp.) (4).

In Proto-Afroasiatic,thereis a root *mang,

denotingboth millet (PanicummiliaceumL.)

and lentil, but retaining only the first

meaningin its moderndescendants. On the

other hand, the Proto-Afroasiatic *ǜadas-,

denoting faba bean (Vicia faba L.), was

developedfirst into Proto-Semitic*ǜadaĢ-,

denotinglentil, and then into the Hebrew

ǜ.dńsaand the Arabǜadas-, with the same

meaning(4).

There is also a Proto-Caucasianroot,

*hƅwƲ[ń], denotingboth fababeanandlentil,

retainingthe secondmeaningonly in few

modernCaucasianlanguages,suchastheLak

hulƝandtheTsakhurhIƯwa.

Although the root words possiblyrelated

to lentil still havenot beenreconstructedin

other proto-languages of Eurasia, the

existing evidence is strong enough to

demonstratethat lentilwasapartof thediets

of the ancestorsof manymodernEurasian

nations.ʴ

For Laure.
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Lentil germplasm: A basis for improvement

by Clarice J. COYNE1*, Rebecca J. McGEE1 and Robert REDDEN2

Abstract:While lentil offers a high quality food 

for human consumption, the lentil crop is 

constrained by low biomass, weakly upright plants 

with poor standing ability, and flowering 

sensitivity to temperature. Germplasm resources 

held ex situ are available to assist in overcoming 

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 

through-put genome-wide 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 resourcesfor breedingresearch

purposesare maintainedat a number of

centers around the world. The most

prominent of which is the extensive

collectionheld at the InternationalCenter

for AgriculturalResearchin the Dry Areas

(ICARDA) with over10,800accessionsthat

includes 583 wild lentil species. This

extensivecollectionis readilyaccessibleand

is distributedunder the standardmaterial

transfer agreement(SMTA) establishedby

the InternationalTreaty on Plant Genetic

Resources for Food and Agriculture,

popularlyknown as the InternationalSeed

Treaty(3). The world collectionwasformed

by extensiveexplorationand collectionof

diverselentil landraces,varietiesand wild

speciesin the centerof origin of lentil and

also in the many countries that produce

lentil.

_________________________________________________________________________________________________________

1USDA-ARS and Washington State University, 

Pullman, Washington, USA (coynec@wsu.edu)
2Horsham, Victoria, Australia

To efficientlystudyandusethis extensive

world collection,a subsetof 1000accessions

hasbeenformedandgenotypedfor available

geneticdiversity (4). Similarly, the lentil

germplasm collection of nearly 4000

accessionsheld by the USDA at Pullman,

USA, has been organized based on

geographicorigin into a manageableset of

234 accessions(commonly referred to as

òthelentil coreó)(4). The ICARDA and

USDA subsets of their germplasm

collectionsprovidea convenientmeansfor

breedersandother plant scientiststo access

thesecollectionsfor traits neededin their

researchandbreedingprograms.

Phenotypic characterization

The germplasmcollections have been

characterizedusing a set of International

lentil germplasm descriptors that was

publishedby IBPGR in 1985. The booklet,

ôLentilDescriptorsõis availableasa PDF file

from Bioversity International,Rome, Italy

(www.bioversityinternational.org). These

standard descriptors are the primary

guidelinesused in recording data on the

USDA lentil collection. Exceptionsexist

wherethephenotypewasnot includedin the

internationalstandards,e.g mineralnutrient

concentrationin theseed. Theentiredataset

is available for downloading at

http://www .ars-grin.gov/cgi-in/npgs/html/

desclist.pl?107. Several of the published

studieshavephenotypedthe entire USDA

collection searchingfor neededand rare

allelesconferring resistancesto fungi and

viral pathogens. An International Crop

Information System(ICIS) platform was

usedto constructa phenotypicsearch-query

databasefor lentil germplasm(ILIS), which

encompassesthe USDA, ICARDA and

ATFCC collections. This is availableat

http://biofire 34.pbcbasc.latrobe.edu.au:8080

/atfcc_qm.

The sourceof selectedgermplasmcanbe

identifiedby the respectiveprefixes,PI for

USDA, ILL for ICARDA and ATC for

ATFCC, with some duplication between

collections.

It is advisableto contactthecuratorof the

collectionyouareinterestedin to learnwhat

phenotypiccharacterizationis availablefor

thecollectionsheldby thevariousgenebanks

(Table1).

Molecular diversity of lentil

Thedevelopmentof finegeneticmapsthat

includedirect genemarkersis expectedto

revolutionize the use of lentil genetic

resources. Breedershavemovedfrom wide

cross/populationimprovementutilizationof

lentil germplasmto inbreedinga specific

gene/allelefrom unadaptedlandraceand

wild germplasm(seeTullu this issueof Grain

Legumes). Microsatellitemarkershavebeen

developed and deployed to characterize

compositeandcorecollectionsat ICARDA

(e.g. 5) and numerous other national

collections. A core of 119 accessionsof

lentil including subspeciesof culinaris(57),

orientalis(30), tomentosus(4) andodemensis(18)

from theICARDA collectionwasgenotyped

using 14 mircrosatellite(SSR)markers(5).

This studyrevealedthat the wild accessions

wererich in alleles(151alleles)comparedto

cultigens(114 alleles)(5). New molecular

toolswill increasethespeedandprecisionof

introgression(moving)thesenewlyidentified

allelesfrom both adaptedand wild lentil

species and subspecies into advanced

breedingpopulations. For example,a lentil

pyrosequencingandSNPdiscoveryprojectis

currently underwayat the University of

Saskatchewan(8). Successfulcompletionof

this projectwill leadto denselinkagemaps

and greatly reducedgene/QTL discovery

time lines. High through-put and precise

genotypingof lentil germplasmresourcesis

in progress.
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Genomics and germplasm

Besides progress in high throughput

genotypingof theworldõslentil germplasm

collections,wecansafelyspeculatethat lentil

will be sequencedwithin the next five years.

The humangenomecannow be sequenced

2x in one run on new platforms,so 10X

coverageof lentil,aboutthesamesizeasthe

humangenome,canbeaccomplishedin one

week(7). New software,longersequencing

readsandsamplepreparationstrategieshave

overcomethe past problem of sequencing

larger repetitive genomes,e.g. soyabean,

maizerecentlyannouncedcompletions. The

high through-put genotypingconductedby

the CGIAR ChallengeProgramand other

national programs will characterizethe

worldõsex situgermplasmresourcesleading

to an understandingof the population

structure from a statistical genetics

perspective(4). This informationcombined

with genome sequencing,SNP variation

studies (haplotypemapping) and detailed

phenotypingof thelentilgermplasmwill lead

to successful genome-wide association

studies. The understandingof the allele

value from any lentil in the gene pool,

adaptedand wild, will dramaticallyincrease

both the efficiency and efficacy of

germplasm utilization in lentil breeding

programs.

Lentil collection, future needs

Of course,for this to happen,the variable

and valuable alleles must be in ex situ

collectionsfor genotypingand phenotyping

to discover new useful variants. One

exampleis recent findings of high genetic

differentiation among accessionsfrom

Azerbaijansuggeststhatthisgenepoolneeds

to be augmented by additional

samples/accessions(1). Another example,

Chineselandracesarenot representedin the

ICARDA nor USDA core collections,

however evidence from other Chinese

landracepulses(e.g. 9) stronglyindicatethat

collectedChineselandracelentil, from west

and centralChina, will be very interesting

germplasmto explorefor traits and allelic

variation(6).

Summary

While lentil offers a high qualityfood for

humanconsumption(summarizedelsewhere

this issue), the lentil crop suffers from

significantdrawbacksincludinglow biomass

andfloweringsensitivityto temperaturethat

ex situresourcesmayassistin alleviatingor

ameliorating. Recentlysummarizedwerethe

geneticbottleneckslentil sufferedover the

millennia, based on archeologicalrecords

and floweringtime and researchconducted

in the Middle East and the Indo-Gangetic

Plain(2). Ex situcollectionsneedto expand,

beyondthefewexamplesof regionsto target

that arepresentedin this article. Largerscale

phenotypic characterization and high

through-put genome-wideassociationstudies

of lentil germplasmis on the cusp of

breaking wide open that historic genetic

bottleneckfor lentilbreedingefforts.ʴ
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Genebank Accessions Follow SMTA4 Web site Curator

ICARDA1 10,800 Yes http://www.icarda.org/GeneBank.htm

Kenneth Street

k.street@cgiar.org

+963 21 2213433

ATFCC2 5,250 Yes
http://biofire34.pbcbasc.latrobe.edu.au:8080/

atfcc_qm

Robert Redden

Bob.Redden@dpi.vic.gov.au

+03 53622151

USDA ARS3 2,798

Yes, for lines 

covered by 

SMTA

http://www.ars-grin.gov/npgs/

Clarice Coyne

clarice.coyne@ars.usda.gov

+ 1 509 335 3878

Table 1. Examples of genebank web sites and curator contacts for initiating, expanding and/or improving a lentil germplasm collection for 

breeding and research.
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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 for 

important production traits including disease 

resistance, winter-hardiness and resistance to 

insects and broomrape. The use of this diversity in 

breeding is hampered by the difficulty in making 

the necessary interspecific crosses. However, with 

the aid of embryo rescue, crosses were made 

between cultivated lentil and L. ervoidesand used 

to develop breeding material with resistance to 

anthracnose while also expanding the genetic 

base. Using this approach and giving high priority 

to maintenance and development of these 

extremely valuable genetic resources for lentil will 

help ensure that lentil can maintain high rates of 

genetic gain and continue to be a valuable 

component of the human diet and agriculture.

Key words:breeding, gene pool, genetic diversity, 

interspecific hybridization

Historical background

Lentil (Lensculinaris) is one of the ancient

cropsof agricultureandoriginatedfrom Lens

culinarissubsp. orientalisin the NearEastarc

and Asia Minor. The earliestgenebank

collection of lentils was undertaken by

Nikolai I. Vavilovwho developedinnovative

conceptsfor the useof plant diversityand

wild speciesto breedbetter adapted,stress

resistant and high yielding crops. His

colleagueand secondwife, ElenaIvanovna

Barulina,wasthe first to describethe wide

lentil diversity of native landraces,local

selections,elite cultivarsand wild relatives

maintainedat the Vavilov Instituteof Plant

Industry locatedat St. Petersburg,Russia.

Accordingto her descriptions(1), cultivated

lentil can be grouped into subspecies

macrospermafor large seeded types and

subspeciesmicrospermafor the small seeded

types.
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University of Saskatchewan, Crop Development 

Centre, Saskatoon, Canada (a.tullu@usask.ca)

The genusLenscomprisesseventaxa in

four species, namely; L. culinariswith

subspecies[culinaris, orientalis, tomentosusand

odemensis], L. ervoides, L. nigricansand L.

lamottei. Crossesarereadilyobtainedbetween

L. culinarisssp. culinarisand the other

subspecies,particularlyssp. orientalisandssp.

odemensis. Basedon crossabilitystudies,L .

ervoidesandL . nigricansareconsideredto bein

the secondary/tertiarygenepool. However,

theselattertwo speciescanbecrossedto the

cultivated species,L. culinarisssp. culinaris

providedembryorescueisemployed(2, 9).

Improved lentil varieties are generally

derived from crossesinvolving genetically

relatedelitevarieties,breedinglinesand,to a

lesser extent, unadapted germplasm

accessions. In many cases,breedingand

selection has progressively replaced

indigenouslandraceswith improved and

uniform varietiesthat meetlocalneeds. For

example,the 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

importancein effortsto find geneticsources

of resistance/toleranceto biotic and abiotic

stressesaswell as improvedyield and seed

quality. Thewild speciesrepresenta needed

sourceof geneticvariation for improving

cultivated lentil and include the wild

subspeciesof L. culinarisaswell asL. ervoides

and L. nigricans. Genesfrom the latter two

specieswill need to be accessedthrough

embryorescueprocedures.

Genetic diversity: Broadening 

the genetic base related to 

diseases and agro-

morphological traits

Much of the lentil literature reports

identificationof resistanceandproductionof

interspecifichybridsbut thereareno reports

of the releaseof cultivarsand theiruseby

growers. Resistancesources have been

identifiedfor fusariumwilt, ascochytablight,

powdery mildew, rust, Sitona weevil and

broomrape(10, 4) . Geneticvariationhas

also been reported for winterhardiness,

uniqueproteinsubunitsand aminoacidsin

wild speciesof lentil (10, 4). In North

America,sourcesof resistanceto raceCt1 of

anthracnosehasbeenreported(Figure1a),

whereas,no resistancehasbeenidentifiedto

the more aggressiverace Ct0 in the

cultivatedspeciesnor in the closelyrelated

subspecies,L. orientalis. The frequencyof

resistanceto raceCt0 of anthracnosewasthe

highestin L . ervoidesfollowedby L . nigricans

and L . lamottei. Unlike the resistanceto

anthracnose,resistanceto Canadianisolates

of A . lentiswasevidentin most of the Lens

speciesincludingL. culinaris, L . orientalisand

L . odemensis(11) (Figure1b). Nevertheless,

the frequencyof accessionswith resistance

to A . lentiswasthehighestwithinL . ervoides.

Advancedmaterialsof interspecificcrosses

of L . culinarisandL . orientalisfrom ICARDA

haveappearedin internationalnurseries. In

India, advancedmaterialsof crossesof L .

culinarisand L . orientalis, and L . culinarisand

L . nigricanswere evaluated for various

agronomictraitsanddrought,respectively(6,

3). In Russia,3 hybridplantswererecovered

from a crossL .culinarisx L. tomentosuswith

theaidof embryorescueandviableseedsof

F1 to F5 were obtained. However,

introgressedmaterialshavenot found their

wayto advancedbreedingstages. Asevident

from various experiments, L. ervoides

followed by L . nigricansaccessions(11, 4)

appearedto havebetterresistanceto various

diseasesand highervariationfor agronomic

traits.

The experiencein Canada,with breeding

lentil for resistanceto anthracnoseprovides

an illustrativeexampleof the valueof wide

crossesin the genusLens. Our attemptto

crosscvôEstonõ(L . culinaris) with PI 72815

andL01-827(L . ervoides) wassuccessfulwith

the aid of embryorescue(Figure2). For

variousprotocols,see(3). Productionof

hybrid seedsfollowedby F2 to F7 seedsled

to the developmentof two recombinant

RESEARCH
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inbred populations (RILs) with varying

degreesof sterility. Theseinbredlineshave

beenevaluatedin the greenhouseand field

(unpublished) and revealed transgressive

segregantsfor various agronomic traits

includingan8% increasein seedsize,which

couldbeutilizedin breedinglentil.

Utilization of allelic variation 

in interspecific crosses

Studiesof introgressionof genesfrom

exotic speciesand the numberof cultivars

from wild germplasmis steadilyincreasingin

major cereal crops, tomato, potato, rice,

sunflower, and lettuce (5). Virtually all

resistancegenes currently in commercial

tomato cultivars originated from wild

germplasm(8). Thereareattemptsin several

other crops, including lentil, to transfer

favorable genes to adapted cultivars.

Resistanceto race Ct0 of anthracnosein

lentil interspecific RILs appearedto be

controlledby two recessivegenesunlike a

single gene (Lct2) previously reported in

cultivated germplasm. From phenotypic

segregation data (resistance and

susceptibility) alone it could not be

determinedwhether the allelesconferring

resistanceto raceCt1 and raceCt0 are the

same. However,exoticgene(s)for resistance

havebeensuccessfullytransferredto the cv.

Estonfrom L . ervoidestherebyexpandingthe

geneticbasefor breeding(5).

Wehavetargetedabreedingapproachthat

combinesevaluationof interspecificRILs(L .

culinarisx L . ervoides) and backcrossesof

selectedRILs to adaptedcultivarsin orderto

transferdesiredtraits. We selectindividual

RILs for traitsof interestandthenbackcross

to adapted cultivars. For example,

backcrossesto cultivarsof different market

classes,such as ôCDCGreenlandõ(large

green)andôCDCViceroyõ(smallgreen)are

currently in advancedgenerations. The

results of the successful transfer of

anthracnoseresistancefrom L. ervoides(L01

827) using interspecific hybridization

followedby intensivebackcrossingindicated

that13% of backcrossderivedbreedinglines

exceededthemeanyieldof checkcultivarsin

field trials (Vandenberget al., unpublished).

Other attributesincludeearliness,seedsize,

lodging, and resistanceto stemphylium

blight,sclerotiniawhitemouldandascochyta

blight. Lentil cultivarswith greatlyimproved

resistance to anthracnose will become

availablein the next few years,providing

increasedgeneticdiversityfor lentilbreeding.

Genomics to better access and 

use genetic variation 

Thegeneticbaseof acropcanbewidened

by exploringthe pool of germplasmusing

allelicdiversityat the nucleotidelevel. In

Canada,wehavebegunto developgenomic

resources for lentil starting with EST

development under NAPGEN

(https://www .nrc-cnrc.gc.ca/eng/programs

/pbi/plant -products/napgen.html), followed

by SNP identificationand mappingunder

severalprojectsfundedby the Canadianand

Saskatchewangovernmentsas well as the

Saskatchewan Pulse Growers. In

collaborationwith the Plant Biotechnology

Instituteof theNationalResearchCouncilof

Canada, we have identified SNPs by

comparing 454-based sequences from

transcriptsof tenL. culinarislinesandtwo L.

erviodeslines againstthe referencegenotype

ôCDCRedberryõ. In collaborationwith D.R.

Cook at UC Davis,we havealsoidentified

SNPsin sequencesgeneratedfrom tentative

orthologousgenes(TOGs) alreadymapped

in severalother legumes. TheseSNPsare

beingusedto screencollectionsof cultivated

and wild Lensspeciesfrom the CDC and

USDA-ARS to assessgeneticvariabilityat

nucleotidelevel. The TOGs arealsobeing

usedto map the L. culinarisand L. ervoides

genomesandcomparethemwith eachother

and with various other model and crop

legumes. This comparativemapping will

allow for leveragingof genomicresources

.

acrossthe legumesfor usein lentil, giving

breederstools neverbeforeaccessiblein a

ôsmallõcrop like lentil. Giving the highest

priority to maintenanceanddevelopmentof

theseextremelyvaluablegeneticresources

for lentil will help ensurethat this crop can

maintain high rates of genetic gain and

increaseas a valuablecomponentof the

humandietandagriculture.ʴ
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Figure 1.  Outdoor screening of wild 

germplasm for anthracnose (a) and ascochyta 

blight (b) in field experiments in Saskatoon, 

Canada
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