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The Origin and Evolution of Lotus as Revealed
Threugh Ecology, Cytogenstics, Cvanogenesis, Herbivores,
Fhenols, Rhodanese, and Tannins

A regort an oa Bvnpasium: Biology and Microevolution of Lotus
({Leguminosaa)l’, Organized by Erystyna M. Urbanska, Zurich,
switzerlend, and held during the Thivd International
Congrass of Systematic and Evolutionary EBiolagy, University
afF Sussak, Brighivon, England,

July 7, 15985.
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The genuws Lotus conptaine. 3 heterogeresus assranlage of annual and
parannial species nuRbering clese ta 200. The species are distributeas
Wwidely throughout the world. The taxa ake extremely eivarse in farm .and
are dospted to 4 wide range of ecological navitaks. These vary trom
zalt-toleranl annual spacies that yrow at se2a level tu ones adaoted to
serophytic deseri conditicns. Thers are perennials with desen baproots
round growing in arid desert nabitats; also 3t pregressively higher
alavations wnkil you reach species 2t very hian =2levations grawing under
elpine copditions (Brant; Cen. J. Senet. Cytpl. 71457-47i, 19a&3),

Lotus cormicusatus, 3o widely distributed 1n Eurepes and was
recognized by Linnseus. In esstern HNorth Aeerica, L. corpiculatus, has
esarged from an introduced weed in the 1920°'s to become 2 npighly
spccessful rorage crop f@rant and Marten 19850, Two other epecies; L,
tenwis ang L, wiiginosus, are also grown to zome extent and aore
recantly, some hybrids and allopoiypletds o+ species found withim the L.
corniculatus group have recegived attention. Interest im the origin of
the tetraploid L, corniculatus has generated considerable research since
Dawson’'s classical paper in 1941, The Zvmposium has made a2 significant
coentripution ko the rasgluticon of tnie topic., Drs. [oss and donas (Mol
FOESE, ROt2llung fur Forstdensgtik und Forscprianzenzuchtupg der
bnjvarsstat Gottingen F.R,G. and W. T. Jones, Applied Biocpemiskry
Division, lepartsent of Sclentisic and inawstrial Fssearcn, Falmerstion
Morth, Wol.! reperl on canmin predquction, self=-incoapatidility, pRenaolic
content apc Rhizasium specivicity of species 1n the Lotus corniculatus
grovp, Thetr study virtually stcludes ths possiciiizy that L,
cornicul atus arose through autopalwploidv &5 L, tenuis (which sgraes
Mithn Ehe praviods studies an phenolic Content o+ tne soecies and hyorias
by Harney and drant 1565 ana Soeeroo and Grant (57.. 15737 or L.
aiginue.. Ross and Jones suggest thab L, coerpisslssos csrose Lh=owan
nybrldizetion o7 L alpanus angsor L, Ltenuis ‘prosably s
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parent) with L. uligiposus (provabily az the male parent), +ollowed by
chrzmosons doubling 16 the hyorid.

Brant reported on some of tre cytogenstlc features thnabt have oeen
foeund 10 the gsnus Lotus., Chrosozane nuabers are known for 108 species
cut @F kthe approximately 200 described for tae genus. This represents
an increase of 42 species since 15&8% (A Chromgsose Atlas and
interspecivic Hybrigization Indes ror the Genus weius, Gan. d. Genet.
Cytol.T: 457-471). Chrosmosoms numbars are naw known vor 76 Eurasian
snecies, 3¢ North fmerican and I Australiany 71 are diploid, 12 have
poth diploid and tetraploid cytotypes, anc 25 speciags are tetraploid.
Thus since 1%&5, chromosome numoers for 32 new species have ceen
reporkted. Fhis represents a 29.8Y% ipcrease in the nuaber ot species for
wilch chromosgae nusbers nave heen determines since 1585, However, at
this rate — one new SpEC125 per year = 1t wiil reguire aleost anather
century tor the chrososose nusbers to be determined for the resaining
sgecies ot Ene genus. A bBasic chromdsome number of 5 fNas alsa bEen
Ciscovered, making basic chAresascme numbers of 5, & and 7 for the genus.
Of tne 12 faxa with both diglord and tetraploid cybtatypas, 7 nave
cytotypes with napleid numbers of both & and 12, and § tawa have
cytotvpas with haploid chrameseme numbers o+ both 7 =znd 14, Mo
polyploid tazs have psen ropoarted to date in Mortp America. The anly
two Australian speciss are poth tetrapleoids with besic numbers of 7.

Brant nhas showh that interspeciric hybrigizatiaon pas reésulted in
the phenomeénd of cytomixis (Nettdncourt gnd Grant 19463 aso aiso 8
chrososomes (Somaroo and Grant i971, Small, Grant and Crospion 1584).
Both phiznomena have occurred in progeny wnen L, alpiaus (Ixs was ane of
the parents,

raryotype anaiyses, cytapnotoastiric ano chissma Tregquency
mE3surgeanis have been carraed aut on L, corpiculetus @nd cirosely
related diploid speciss., A recent siudy «Therrien end Srant, Gytologira
47y 27-3Z, 19B4) on guadrivalent frequency in L. corniculatusz indicakted
a lower guadrivalent =reguency Iin this species than praviously reported,
suggesting soae selsgtion for i1ncreased diploldization. DNA waluas
lobtained througn cytophotometryl correlated wall with tatsl complement
igngkths ILheng and erant 1¥73). Braat suggesied that
classicel karvotvpe analyses may not be & sultasle method to invaescigate
the paraniage or L. corpiculatus pecsuse ot chramgsomal repatterning
Wilon fas accurrsd during the svolubtiunary davelopaent orf the clasely
related diplold species.

Frgt., 4. A. dones (8. 6. Comnton, %, &, Paesley and David A. Jonss:
uggarineni @f Flant Bieloogy and Genstics., Wniversitv ar Hull, Aull Hus
rhady Englangl reporesa s 80 exgerimental investigation oOf fhe Fesponsss
of insects and maliuses to the polymorpaic cparacter “cyanagesesis® in
legvas and +lowers of Lotus cormtculstus. Frot. Jones had previcusly
snoWh Enat kLA spp2arasd to he 3 detsnce mechanism 1m thnat @aolluscs raed
grefaragly an acyanogenic plants and that there i3 & relaciansaip
getwegn densitias of molluscz apd the dtstribution of the cvanogenic
rarm, Ieseets I spsciss of grassheppers, esrwigs, sukter+liss, broam
Baths, ssetlies: and aglluscs, were QIven 2 cholce babwean faeaing on



Lotus Newsletter (1985). Volume 16, 3-7

cvanggenic and acyanogenic leaves or flowers. In general, the
grasshoppers ware raluctant to feed on the |lesves of L. corniculatus but
when starved shewed only & siight preference for Ehe acyanogenic form.
In contrast earwmligs raadily ate L, cornicelatue, But had & distinct
preference for the acvandgenic farm. In the case of ftlowers, the
arasshoppers, as well as the sarwigs, preferred the acvanogenic forms.
The larvae of the ¢ species o buiterrviles ate tha L. corniculatus
ieaslets irrespective or nCN ppenotype. Adults or Fhellooiag
robarstanue ard P viridiasris soth preterred acyanogentic leaves and
flowers, Larvae gf Hypara plantsainie showed no preference for the
acyvanogenic marph. In the case of some molluscs, conditioming the
phanaotype showed that after six days, the degree ot aversion tp
cyandgenic patsls was sianificant 1n those individuals maintained on
acyanogenic leaves, The ronclusion was that cvanaganesis indicates that
a plant 1s potentially vnpalatable to the general herbivare, and thus
acte 3¢ a “fegailng anhibitar amd not 2 cLoxin.,

in & comparison of sicrohabitakts investigated in a section oF a
chalx quarry wneare theé vegetation ranged from plonesr SpeCies grosing on
gimost bare chalk througn Co a2 satur® grassiand assemdlage, Frof. Jones
srated tnat leat cyanmaogenic ang dark keeled plants occurred at higher
fpzguencies 1n qrassland areas than in the sore apen canditions typical
af sarlier successional stagss &t the guarry., ke concluded bhat
va@riacian ia harbivore activity was unlikeiv to o8 a majar factor
inslusncing the pattarn oOr disSCrLbUtion Of Cyapagentoc jnuaividusis an the
quarry. " )

. Cartier apd 3. Blaise (Upiversita Faris=-3ud, Orsav, Frapcel
Feparted an J80qraghical distrldution, scalagy and cyanogdenasils

poivaorpnuse 10 L, cornicuiatwssl, aipinus from 5w France, p ostudy of
oV populations of L. corniculatus (2n = 4x = 24) / L, alpinds (20 = 25 =
12} proved the plants to be palyserphic for cvapggenesiss The highest

Treguencies at HON® indiwviduals were gsnerally 4ound wpon caroonate, in
goen wvegetsktian {in contrast %o the previgus reported stuoy oy Frof,
vones) and at hign aitituda (sparp separaktion at leJy mi. Howaver,
pooulatians from various substrata in the upper valley of the Var
carnsistently nad far fewer cvanagenic plants tham the colories furkher
ta tha Sowth., The spthars supposed Ethat this distribution pattern might
be i1m-luenced by khe gccurrence ot ancestiral populatieons o7 L. alpinus
at Mt, Ventoux and Montagne de Lure,

in apocher stuay, &rystyna M, Urbansks iGept. Geobotany, 9wiss

Feceral Institure ar Tachnology, 35 Iurichbergstrasse, du44 Jurich,
gWitzerland! reported an the polyaorphise of Cyenooenesis in L. a3lpinus
fros tne alpine wvegetalien belt in the Swiss Alps and showead
Cyanogenescs Lo oe abtrangliy IatTlusncBd oy Lthe substracum LCype,
Cyanogemic plants tfeli} containing borh cyancaenie glueasides apo the
corresponding bets-plucosidase occurred only ip V.75 upan acldic
silicate, but represanted Fei wpon carosanate, Acwvanodszpic plants Acii
iglucoside preseni out l[acwking #anzyme! reorecanied only L, 9% troa
grircate but corr2sponded to rearly Balt of the material -row carbonate
(63, 150§ acli inGiv slz tizcking glucaside, 2nzyas gresantl Gocurred

a7 ioan cairbanats

idy
in 37.8% upon silicste. their fraguency De2ing much lower
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i8.7%); nlants with neither glucoside nor enzyme (acli) were well
represented upon both substrata (silicate, &60.2%; carbonats, 43,281,
Thus populations growing in acidic silicacepus soils at high altitudes
are essentiaily different 4rom colonies accurring upan csrbonate sail
Wiign taey carry Lhe dominant allele {&4c) for the locus controlling the
biosynthesis of cyanoglucoside. Thus, nat gonly cyanogenic individuals,
but glucosidic plants have an sdvantage upen carbonate sotl. It i&
conceivable that the preducticon of cvanoglucoasides represents an
tapgrrant element in the lite strategy of alpine plants inhasiting
carbgniteraus sodls 1n extreme alpine ecosyvstems.

Rhodanese 15 a sulphurtransferase which catslyres in vitre the
formation of thiocyvanate from cyanide and thiosulphats or zoae other
sulphur donor, far less 15 known about 1ts occurrence and activity in
plants than in mammals. (One assumed function 1n vive cencerns cyanide
detoxification, |Its metabolic activity in leaf exktracts o+ L,
cornscuiatus wes reported on by Jan Der¥ G. Smit amd £. M. Urbanska
ilept. of Biocnemistry and Deot. becbotany,

S.F.1.T.. Iuricn, 3wit2eriand)., f§ao discinguish between the taour
cyanocgenic typse, wiz. Agli (cyanogentc plants with bots cyanoglucoszides
and the appropriate peta-glucosidasel, Acli facyanogenic with
cyanoglucasides but withoukt enzyme, azli {scvancaenic withour
cyanodlucasides but with enzymse: and acli tacysnogenic wizh neither
glucasides nor enzymel, ditésrentisl fests with sodium plcocrats paper
were carried gut on plants from various matural natitats (n Switzerland.
thnzymatic thiocysnate foreation was 83zl wy detected from leas extracts,
The differances seemed Lo 0e corrslated with the polyamorphiss of
Cygnagemesis: cyanogenic plants Acli showed much higher rhoganese
activity thas the acyanodenic types Acli and acli, The results suggest
i possible mechamisa of cyanlde detoxidication 1n cyanogenic plants.

Flavonoid compounds are geneiically determined markers that have tha
petential to reflect a highly integrated response of the plant to itz
Nvirenasnt and may serve a4s Glachasicai ladicakors of a givan
ecoiogical niche., Therae is a diversity of tlavaonoie patterns in L.
cornteulatius and Jo Raynawd apd W, Jay llLaboratoirs ge Fhvtachimie,
Univarsits Claude Pernard, Lyon |, Francel presented a classificaktian
of some populations of L. corniculatus bssed on their flavonoLd
ehardacters. Flant material was collecked fram Ze natural sites srom Lwo
dittarant geographic regions in France: the Massi¥ Central (surrcuncing
saint-Etienne) and the southarn fips (Briancon), Folyasid thin-fayer
chromatograpny was used to stuay thes giglycosidesmonoglycosige B/
ratiz, the r2sdlt o7 genstically conkralled glyvcasvitranzferass

attivity, ln tne case of the Maszif Central plants, tnsre was an
L aargase 10 the BN ratic which was signt+icanmtiy correldated with
altitude §2.,3 to 14,8 between 700 bko 1,330 mi. In the populations in
2 mlpgy 2 significant dacrease of the D/M ratic carrsspondea with an

4
1acr23s2 in sltitude. @ thermal qragient i3 generally 2ssnciated with
glifrrucinal variation, put sines the altitudes in tpe Massi- ceperal are
ill rejatively laow kney considersd water supply 25 tha factor
tn=lusncing tne ratic, They faound Lorus plants 3t lower altitudas {(7Qu
Loy m) mad the lowssi D/R razioo ang were (ahabeido by nygroorilic
saciatiers af glants, whereas piants at nigher altitudas 1L, 100 ta

30 @ hag hign U/A ratios angd corresponded teé drier soils. In The



Lotus Newsletter (1985). Volume 16, 3-7

Alps, the metzbolic balance was very different and temperature was
constdarad to play the most important raole in the wide altitudinal range
(1,200 te 2,800 mbl. Ih tne Alps, ancestral populations probably
survived the last giaciations 1n distant refuges, out in the courssa of
post-glacial extension &t Jow and aiddle altitudes, the diglvcosylatiaon
pathWay Was acvantageows. Inm concluesiaonm, 1! diglycosylatiaon sesmad to
b2 “avored in stabie apvironments

vin bath regilansiy low diglycosyviation aignt characterize either
unstable or stressed environagnts in both regions. 21 Assuming that the
fAlps was recolonizsa érom refuge sites Isuch as Monmt Ventouxi, thers
warg two évolubtionary trends: i1n the most advantageous ecological
sttuations, the colanization was by tetraplords apparently batter
cgapetitars. Diplioids occurred mastly in disturbed or stressed sites
above Z,000-2,200 a. Tonese plants ip the Alps are still able to adapt
as shown by their requiation of polyphenolic metabolisa, different froe
the diplaoids from Mont Ventous,



