l* Nationas Library of Eanada

. Biblicthéque nationaie du Canada )
Collections Development Branch Direction du développement des collections
Canadian Theses on Service des théses canadiennes

:  Microfiche Service sur microfiche

NOTICE

*The quality of this microfiche is heavily dependen
“upon the quality of the original thesis submitted fo
microfilming. Every effort has been made to nsure
the highest quality of reproduction possible.

If pages are missing, contact the university wh:ch
granted the degree.

Some pages may have indistinct print especially

if the original pages were typed with a peer typewriter

rlbbon or if the university sent us a2 poor photocopy.

Previously copyrighted materials (journal articles,
published tests, etc.) are not filmed.

Reproduction in full or in part of this film is gov-
erned by the Canadian Copyright Act, R.S.C. 1970,
c. C-30. Pleasé repad the authorization forms which
accompany this thesis. .

PR

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED.

"Qrtawa, Canada
K1A ON4

AVIS

La qualité de cette microfiche dépend grandement de
la qualité de la thése soumise au microfilmage. Nous
avons tout fait pour assurer une qualité superueure
de reproduction.

S'il mangue des pages, veuillez communiquer
avec |'université qui a conféré le grade.

La qualité d'impression de certaines pages peut
laisser & désirer, surtout si les pages orlgmales ont éte
dactylographiées a I'aide d‘un ruban usé ou si l'univer-
sité nous a fait parvenir une photocop:e de mauvaise
qualite,

Les documents gui font déja !'objet d'un droit
d‘auteur (articles de revue, examens publiés, etc.) ne
sont pas microfilmés.

La reproduction, méme- partielle, de ce microfilm
est soumise a la Lol canadienne sur le droit d’ auteur,
SRC 1920, c. C-30. Veuillez prendre connaissance des
formules d’autorisation-qui accompagnent cette thése,

MICROFILMEE TELLE QUE

WAVONS RECUE

"

NL-339 (Rev. 8/80Q)



FLAVONOIDS OF THE GENUS
MEDICAGO

by "’

DEBBIE C. CLASSEN

Ay

A thesis
presented- to the School of Graduate Studies
of the University of Ottawa
in partial fulfillment of the
requirements for the degree of
‘ -Master of Science
in
Biology

_Ottawa, Ontario, 1981

© Debbie Classen, Qttawa, Canada, 1981



DEDICATION

The <hesis is d2dicated to <threeo veCy special pe2ople who

I
[+1]
«
M
H
[+1]
&7
V]
[ 2]
it
g ]

o0ssible for m2 to complete *his werk: my 1=ac

husband 724 ané ny vpacents James, and Catherine ~Fletchar,
Theis love and understanding wara a constant scurce of ap-

couragement.

LT

e i e b

PN



"ACKNORLEDGEMTINTS K N

-
I have bzen very fortumate to lLave worked ander tha gui-

dance of Dr. Constance Nozzolillo ducing +ht =igps i- has
takzn to complets <this thesis. Z would like tc thank her

for gznercusly sharing th2 benefits of hsr expeociconce. I

ot

also greatly appreciate +k: financial assistance throughous

; T2st2TSs as well as the allowances provideséd for confer-

the s

b

ancz travel.

I would also 1lik2 %o thank the mpenbe-s of my ccmmittes,

——

Dr. Z. Small and D-. - #. Collins ¢f ig-icul*ur=2 Canada,
- -

Lb) |

1t

-
-

anc P, J. T. ATnason of the Tniversity 0f Ct+awa fer =

My thanks go o Mr. J. Hzliz for preparing <hé illustra-

“ions and <o Mr, Ben-Tchavschvdzs fcr the photographs of wh

Wb

th
t
o
]

-laboratory z=quipmsrct ané fcr preparing <+hs nega*tives o

Lank my huspand, T

rt

[»H

chrocmatograms. I weculé alse like +o

Classen Zor colour matchirg <h: prin=s of +=he chrematograns.,

(R

[

o+
]



ABSTRACT

. Flavonoids Zfrom dried leas tissus ¢f 47 of <he aprcoeximataly

=281cado ware exapined using 2-dimensional

th
ke

S5 spacias ¢
chkrematography on polyamide plates. On2 species of ¥alilo-
zus and twe speciss of Trigonella ware alsc s+tndiad as <1382

“hrea ganara Medicago Melilctus and ~rigon=lla are vary
r ’ ——-g——— -

closely Celaz=d., Egp?sﬁfds “2ntativaly identifisd as cyani-

din, gu2arce<in, kdenpferél, luteolin, apig@nip, chryscoariel,
wricin and. coumes:<zol wer> found. Proanthocyanidins wars
not de+ic=zd Lo =he leaf :iésue oI any of +h: -spscizs cf
¥zdicags, Y¥elilotus or Trigen=lla. Apigenin was Zcund in

all species of ¥adicago exc:ipt M. crztac=a bu* not ip +ka

cn2 specia2s cf Mel

T¥o compcuncs designated #23 and #2¢ occurrad only irn Madi-

cage. 31l of +he Zlavcnoids were de+teac=ed as aglyconzs wisi
the possible.excsptions 0z glucvronidas and C-glycosid:s
which are stzengly resis*ant =o hyd:olysié. iof *hz phsnol=~"
ics dstacted, 27 were used as charactars in nuimerical ana-
lyses. The results ars presented In the Zcrm 2f dendrograas
of *h: avsrage linkage analysis, nminimar spanning tTr2:s,
principal cocrdinate analyszs and as maxiral cennected sub-
graplis, all baszd cﬁ the simple ma*tching coefficisn<, Tha

chemistry rzflsctad the three major ¢croupings cf ¥a3dicage

7.



«ke annual roup Spirocarpos,  tke perennial reep ‘Falcago
g 2P1rocarnos : g : icago

and the group of umusual spacies tznding <owards Trigezella.
-k2 Zlavonoid chemistry of M:dicago proved %o b2 cf taxonoaz-~

. !
ic importance. Tk2 chemical rzelationships were higkly con-

sistan*t witk morphological Telationskips <for Subgeaus M2d:i-

cago, Subgsnus Czbiculazia ard s2v2ral ccntrovarsial

speciss, Hewever, Tesults weTs'relativaly pcor for tha Sub-

whick ars morphologically quite similar, proved to be highi

divezgent chemically. The single spacies of M 1z
th: two speciss 6f rTrigenzlla were dramatically diffarcan=
frem Medicago in their flavonoid composition, -
Ll
]
Ca -
, .
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RESOME

L2s flavcnoldas oxtraits de fauillses dess3chafes 3z 47 desx 55

esp3cas da ¥3dicags lons 3%

\
ﬂ)\

exapinds & I1‘aide d2 chromatag-

-

raptia2 3§ deux-dim2nsions sur plagues de polyamidn, Ja: 33~
r— . L}
pice d=a Melilotus 2% deux espéces de Tr onella ont aiussi
- . - . . -
3tf e=udia, car ces tro;s g2nres; Medicage, Melilosns =t
P -~ -,
ZTrigonz2lla scat tris ~appa entds. Un:s série de COMpPOSES pro-

visoirement identifils comm2 c¢yanidins, quarcétina, kazmp-

‘s

- - - - - - > .
ferol, 1luzlo ine, ap;gén:ne, chryse2riol,. *zicine 2z« 'coumes-

e - .~ - * -
<zol' cnt 2¢f rewzcuvés a  travars  tout -lo J=ara. lz2s

: .o ‘o P | .
prcanthocyanidines d¥ent pas Zté detecties dans lus tissuss

des Zf2uilles d“aucune des 2sp3ces ds Mz2dicage d= M2 1il zus

. L
ou d2 Trigonella. L apigénine a. 4t€ dicouvart cans Toutzs

W

- - " . . - -
les 2spec2s a l%exception de X. gretacea mais n'a pas A3

trouv€ dans 1l espice d= Mzlilorus ni dans les daux ¢spic:zs

)

. - . ) -
de Crigonzlla €tudiées. D2ux composés appeles 223 2+ $21
= -
- - -
ont E&+é decouver:t dams ¥edicago =ulem=2nt Tous les flavo-

- s -~ - L
detectes comme des aglyconas a l1%axcap=ioxn

12s glucuronides et dzs G~glycosides. L hydreclyse .a 2té of-

F 4 - . ”~
Tapportes present dans le genrs Medicago, .scnt 2xirlmemoencs

, . - 4 i . .
résistant 3 1 Lydzelyse 2t 1les C-glvcosid=ss .subissen* un-
’ . " g
2

isom2risation =% pon un:z hydrolyse sous c2s condi+tions., Dzs

Fa



. . ” - PR . B ) .
phenocligues détectdes, 27 ont §t3 utilisdes comme caractdces

) -

- . > . - -
dans les aralyses ‘numeriques. Les resultats on* &t2 pra-

) ”, . . L .
sentes sous forme @3 darndrograames &+t de graphigues docivas
€

D

'_n
E.

'de tests s+tatis*iques mcdernes. la ch

H

e
principaux groupsments de Madicaqo, le g“cup des aanuz2iles

§g;gocargb§. le groupe des vivaces galcacg 2% l2 group= das

Pspaces p2u  CcomIUResS ] rapprochant de zCigeca=1lla.
“ ”, . - - - . .
Lanalyse numarigus <révsls tn2 benne corrdlaticr en==> la

- . -
Stfucturatlicn dv gygroup: Falcage =+ du group2 des =sSpecas
;

- ~ . . - . -
ressemblant a Izigcnella bas3az soit sur la mcrpheleogis, sois

sur la chimie des :lavono_d_s. Quoi gqu*il en soix, la chi-

mie des flavonoidss du group: SE_rocaLoos reli= les espacas

dAifZerzmmen+ dont le foit'la wmorphkologie bian gu il ¥y avait

- - - . - - s . <
des aZfinit2s parai les especes *raditionpellamen: groupes

&

. . = -
coams Pachvspirae. Quelgues—unes des especes gui A= s3

-~ -~ - . . P

grcupset pas la ou la morphologie les plagait tradition-
v ‘ -

nellement, 'ne se regroupent pas noaplus selan 3 autraes -i-
sultats soit de phytoalexin2, d= pellen, soit @ informaticn

. - - L} . 7

secolegicales cu Zlorale. le groupe Lupulacia n2cessiztz das
- . . . -~ . i
rtudes plus app-ofondiess a cause de la divargence da25 mo-

- R - a - . -
del=2s d= flavenoides 2+ des donnees de di€firentes sourcas,
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“Section I
IKTRODUCTION

Scme aspects of thc taxonomy c¢f th: genus M=dicago ar

—— "

oy

well undecstcod, hcweve;, thsr2 agre major disagrzemz2nts con=--
éériing a2 ntmber of specis;. To gairn addi;ional information
in the ﬁope that it woutld aid im Ze2lipmiting +th2 genus moca2
cleazly, .a.chkemotaxcnomic s=tudy inv;&égi; the‘gqnus Medicage

and a vary small sagpls from <he =wo closzly zelat=d §knera

. -
.

Trigonszlla and Mzlilotus was undertaken.

N PN ‘ . .'.'.__
A study of the chemistry oI Medicago would bd of intaras:
*c bo%th taxcnomists and plant br:eders. X hatter descrip-~

ticn of the spezciss of y¥edicage wouvld simplify the iden<ifi-

caticn of introducsd plants ané weoulé provids infermation on

the variation within <Lz genus. This weuld aid hybridiza-

or improving crop lin2s(Beclten 1%€2). Cramosaxonomic

o+
b
O

(&

ns
studiss may iIndicate ©rossiblz crossss tha*= cculd raduce or
. i !

2liminate estrogeric ceompcunds and sapenins bot*k  of whick

have undesirable affects on livestock.

The genus RMegdicage is a membar cf ths

Al
e
1

[te]
=
B
(B8
=]
8]
0
[0Y]
14

-
o

larg2 and economically impor<tant family (Hartornsz 1%67).

¥edicage spacies that ar:z naturalized 3in “he Citawa arcsa
are M. sativa, (escaped from cultivation) and M. lupelina
{6leason and Cronquist 1973, Gillett and White 1978). -

-1 -
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;.' sativa, more comhdnly known as alfalfa, is said o b2
the 'only forage crop cultivatead before recerded Liszory,
wEich makes it difficuvlt to deotermine accurately its ori-
gig(Boltcn 19€2), but it pfobably origirat2d in Tran(Bol<wca
2%+ al, 1972) . 1alfalfa was transportisd to Greece along wi«h
the Pe;sian' iegions w¥he grsw it to feed +<heir horsas angd
fatten <heir cattle. It zventually spread +o Feme and ThEm
thrcughcﬁt Eﬁ:épe, Scuth Ame:ica;apd‘ Mexico{Hanson 1972) .-

Suring +he gclé rusk inp the 1850*s, alfal?®a was carrcicd €r-on

[ X

Chile to San Francisce and Irom there it spread 'to othar ar-
@as of ¥eorth America(Eanson and- Davis 1972) . T+ was firs<+
introduced irto Canada in 1871 in  <ke province of dntas-

lo(Armstzong e al. 1948).

—_—

AlZalfa is largaly confined =o temperate regicns aad 0%

¢< the total worsld acreags: is grown in Yortk America. ~ In
Caggda in 1971, <otal alfalfa sseded, alore and ip mixtur=s
was approximazely 5.4 million acres wi<k Cp+arics acccunt;ng
fof closs w0 1.5 milliorn a r2s(inonymen 1971); Szed prc-

c
N [ Y
duc*tion is ceptred in Westarn Canada,

Yost of the alfelfa crop is used as hay and scme is usad

as silage and pasturage, howasvarg, *he dangzr 5f le¢ssss Itom

kloat restricts'its'usg 4s a pasturs crop. Nomethel=ss, al-
.\a-

Zer livesteck, with- sarcly

i

W

falfa is a valuabls pretzip sourc
cut plants(bud stage <o 10% blocm) having a preotein ccntant

of 182 or higher. Under normal cenditions, good hay or

T e e et Eo it mdem e = e et e s e
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grass silage can be the chzapest form of £e3d enec3y and

protein (Anonymous  1973). Members of the geonus M23icage

1]

Jther than M. sativa ac=s also vsad as forage crops. X. lu-

pulina was onc: grown as forags in Capada aad is still somz-~

tiaas g-cwn ia o:her countries. XNumerous acnual spacilas ars

grewn for- feorage in Aus=ralia and cultivars cf %. litzoral-
=§: pelymozpha, M. rvgosa, ¥. scuiallata, and . trunca-
ttla have b2en selzctad. Wild plants usad for foragz are Y.
acakica, ﬁ. laciniaza, M. oipima, N. czbiculacis and M.
RZaggex. 3Scm2 of thise specias are also grown in <he Scu+h-

alfalfa, ©because it is a nitrogen fixing plant, can b2

us=d tc impreve soil condi<ions and it is ap excell an+ henay

d
b :

ccop ZOr bass, It can be used to increase +he vitamin con-

tent of prepared Icods and it may even bs includzd in =ho

human die%f,. In China, the young leaves are 2aten as a vags-

tablz{Hendrick 191¢, KcCollum z= 2l. 1939) ané alfaifa +tza
and alfalfa flour are also available. The Zflecur has be=n

vsed <o mak: cak?s, crackars and muffins bu+~ +khe grezolish

celeur mak=as :hem,undesirable. Cther sugg=sst2d zecipzs in-

c¢lud2 alfalfa crsar scup, alfalfa creguas<+ss, al ailfa pué-
3ing and alfalfa scuffle.

., <0 the g=nus Mzdica®

[+

¢ thar2 is fairly gocd agreemant as

~-

“o th2 composition of the four Secticns corprising =he largs

anc distinctive group of arnual species, ceferredi to as Sub-



g2nus Spirocarpos (EHeyn 1963. Lesics and Lesins 1979, Small

1°81). Tkece is alsc gcod agzeament +tha+t the two spec

r: *

€ ‘Subgegus Lupularia, M.-lupulina and %. secuniiflora, are
L4
closely r2lated norpholcgically and should be separated Zfren

all otbk:r species. There Is noder;tpii‘gcod agreenernt that

-

that another largs group of species, *h2 pera2annials -z2fzrc-zd

ct
V]
1]
O
0
o]
-
o
14
Q
=]
.
3]
s
V]
H
[

=0 as Subgeonus Medicago desarvs separa

is scmz éisagr

{0
\
LiT]

=

nt, however, regarding +he lomne=-lived p:ac-
znnial . arbor2a which is placed in a separa*= gepus oy

vassilczehko(1972).

Tha per=pnnial M. hybrida is considerzd to be <%ransi+tisnal

- -
* L]

to the genus Trigonslla ({Small 198171)7, howesvzr, i+ is closely

T2lated to M. suirfruticosa, which clearly bzlonas in Subgan-

us Macéicage. Thzre arc several cth

cf species ¢f vary upcertain rcelation
specles are occasionelly placed in Trigomella, <ft:n plac:2é
in a sepacate g=nus Pocockia (Seringe 1825, Boissi:r 1849

and frequerp+ly placed ip M=di caco. These speciszs Includz &,

cacstiensis, Y. hayriape, M. orbicularis

anéd M., rzadiaza.

"l.

The accurate i1dentification of cror plants is becoming

2ven mcr2 impportant now tha=z patants carc bz ob%ain:d on cul-

tivars, Obssrvable morphological ancé physiclogical charac-



)

o

1

[ %

[

7]
o
e

[4 7
W
=]

]

ters are often insufficient in ttemselves for *k
, : .
*ification of cultivars. Biochkemical data are scm2tinmss

helpful in the identification 6f spacies ané cultivars, and

scmetipas evar the parentag2 of hybrids (Turner and ilston,

1959) .  Bicchemical information can bas obtaiped at 2aTly
stag2s in +he plant growth cycle and wmay ceflac* variation
that is ne* morphologically or physiologically oksecvabl»

(Monties 2% al. 1%879).

~ Chzmical characters <har are of +*axcnceocic valve =2nd =o

have th2 Zellowing characta2cistics 1. <chemical cocmplaxit

arnd structural variapility, 2. pkysioclogical stability no*
b2Ing easily modified by th2 environment, 3. widespread dis-
tribuzion . and variation ba3twesn poprlaticns comsidzarably

greater than within populations, 4. easy and rapid idzn<«if

cation (Harkorne 19€7), 5. corrzla+ion with o*k2r charac==zrs.

(E) ]

or the above rzasons, many chemical stuwdies devotzd primar-

lJv

ly t0 sys+=z2matic prcblsms in plants use seccnéary Flan<

croducts.

Flavonoids fall ircte tha aboves class and mee+ all =ha

"
o
|

-
-—

[Ya]
[wd
'Jl
|0

nents for uss as taxonomic characitaers. They show grzax

vt

(D

[o M
tl
<
]
H

sity, with 5C0-600 flavonoids having been charactszsro-

(o8
0
@
[o N}

Harbornz 1971). Qualitatively, flavonoids are snviron-
m2ntally ané physiologically stable (21lston and Turnzr 19€3,
But+ery and Buzzall 1973, nowzver light and <hz ag2 of

plant may caus: quarntita+iv: differ=cces (Singh acd Thompscn
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19€1, Statham-ané Crowdéan j97u). witk regards tOjﬁispgibuf'

.

tion, flavonoids occur throughout the angiosperms, gyanos-

raraos ané pteridophytesfﬁafbo:ne 1967).

oot
-

- -
LI

Soma biochemical teckniguas %xe@uire long and delicat=
‘methods wﬁich-makes theic 1a:g$:ééale use difficult. Howave-
>r, low mclacular wiight d$mp$§nds tha= can casily bz s2pa-
rated by choecmatography, such as flavoroids, alkaleids and

tarp2nes, ar2 wsll sui+:z=d to chemo=axcnonic s+udia=s, C=h

i

-
- -

analytical factors <+hat make flavcnoids good %C  WwOTk with

ar2 that they are chemically stables (Hacborne 197%), and rce-
lativaly simple to extrace. Pure compounds can b2 guanp+«i-
Zied using thk2 spectrophorcmeter (Monties et al. 167€) .

tlso, theis choeratograghy can be rapid and consistantly Ze-

produc2d anéd a numbsr.. cf colour rzactions can he us2d :

Q

characterise tham(Szith 19€0, Siekel 19€4, Dass and W=zaver

1972, Xismano 1979).

Flavoncids aze C-15 compounds consisting ¢f +*we b2nzen=z

rirgs cennscwad by a thre=2-carbon ckain. They FRava bzar

»

B

found practically every species of higher plant examined

{(Ydarborne 19€7). The various <types of flavoncids az: 2ig-
tinguisked by the oxicdation states of +ke (-3 chain. Thz

most T2ducad +yp2 of flavonoid examined Im this stucdy is tha

s ms 4 . ~ .
rroanthrocyanidin; the flavenes and isoflavones are Qpor: oxi-
o

dis2d and the flavonols ars the mos+ highly cxidisad (Tiguc2

1} (Fobinson 1975). -

~

:
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* Phenelic compounds ir ¥edicdgo species have beer studizd

by several au+tors. Selationships in arnual species of Ned-
icago were analysszé by Sizon (1967)" and Simon ard Gao- .

3al1{1968) . They reported no clear correlation bztwearn tha

henolic cheoaoistry and thke zorpholegy of +he species stu-

o
dizg,

Tlow=2rC cc¢lour ipkerzitance in diploid and te+trasloid al-

falfa was r=viewed by Barn

14

S(13€€) and {r2e and bound pkz-
nolic acids of M. sativa w2re studiad by Yewby ¢t al.

(198Q) .

-

Isoflavoroid phytoalexins of alfalfda have bean examinad

by Pewick and Martin{157é as well as by Ingham and ¥il-
1ar(1953r:_bphytcaloxins ar2 phenolic substarces <hat high::

plants arz inpduced to produc:s ir response o micrebial iava-
- .

siomn. They are not detactable or ars fourd in low concen~-

‘trations in kealzky plants, Inghkam(1979) studied <h2 iso-

[
E

s ¢f ¥adicacge.

flavonoid phytoalexins of 25 speci

The isoflavonzs daiézsirp, Zormencnetin, genis+cin and bhi-
ochanin I produce estrogzn-like raspons2s and along with

coupestrcl cropably contzibut2 to reproductive disturtances

i

in animals whose 3diet ccntains a high percen+ace of alfalfa.

hese compounds hav:z been studiazd in forages irncluding X.
saziva by Adl:r and Trainer(1960) and by Guggeolz 2% al.

(1961) .
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flavonoids have bBeen raported =o occur in

Most classés of
| flavonols kaempferol and guarccat-

23 al.

~he

and the £lavones {Ferguscn

alone,
F 4

alfalfa
in(Barna2s 1966)' tricin
u',7-dihydrcxyflavqne(Bickcff et al. 19€5a) , 3'.3
.7—§Eihfd:oxyflavone(Eickoff 2t al. 1%65¢) , chrysoer~
(h@:borna 1979 T=2pre

iocl{Aarborne 1367)
Iscflavones are almost axclusivaly fcund

1250y,

and lu+z20lin

sen+ed,
and those report2d +*¢ occur

quainosa=2 (Hactborns 1971)
&, formonone%in, genistein and dicscra-

sativa 2
15€1) .

Isoflavonens s, pterocarpans and isoflavans ars all close-

fFepresentatives of each, namaly,
as a

ly relazed te isofiavones.
sqt;vcnz-as ac isoflavanon2 (Ingkam 1979y, medicarpia
sterocarpac(Smith 2% al. 1571) apnd vestitol and sativan as
‘;7 isoflavansf;ngham 1977) all occur im alfalfa.
Coopar gnd Eliio:t196uj z2poxt the presenc2 of the antho-
. Cyanidins delphinidipr, pe+unidin and malvid;n in %, saziva
pa2tals. Phecpolic acids raported by Newby of al. {1930y ,
vanillic, p-kydzoxy-

sinapic, Zarulic, p-coumaric,
The chalcone iscliquiri-igz-

beazoic and salicyclic acids.
the flavanore liguiritigenin occur in alfalsa as ==~

Ingkam (1979 ) K. sa*iva lacks
according Batz~

portad by
tke lzaves
9 are

rroanthocyanidins in

ther

but ot 2embass o Medica

Smith (1954)
possess them(Gibbs 1974).
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Several unesual plant constituents appear to te tiogenet-
ically rela+2d to the flavonoids and may be classad either
cl . =N . g . . .
with the furanocoumarins o- with the flavonoids. iCoumasdtrel

is +he best-kncwn of +this g-oup known as coumes+=ans {Fohinson

1975). Ccumestrol (Bickoff = zx al. ‘19é01, madica-
gol(Livingston T al. 1965), lucernol and sativel (Sp2ncec
2+ al. ,19€6a) are all coums=stans and ar2 repercted to occur
in alfaiza. <her ccumes:ans repert2d aze +he 3}9- diz'—
droxy-8-methoxy (Spencer 23 al. 19€€Db) and  =<ke

3-kydroxy-9-mathoxy~coumestans(Bickoff =2t al. 19€5b). Tiis

brief lit2racture survey icndicatas tha+t over 30 phenclic com-

=]

the species M. sa-

pounds have bean reported as occurring i

.£iva alcnpe. Thz pressnt study under+aken is primarily con-

cerned with £flavcnols, flavones, isoflavones, anthocyaniiins

anmd precanthocyaridircs,

Wit<hip a particular taxonomic grouvp, the presencz of cer-

tain urcusual coupournds may help delimit thz greoup. Some-

-
vk

’II

mes chamical feazures can b= used to speculatc asout avo-
letZonary affipi<ies but many seccndary corpounds arz2 %20

widzsly distributed among grcups whichk have no 2volutionary
13

S =¢ bz possihla. For exampl=2, cartbon=glyco-

.

-~ & -—
tiles oz %

[ £
(Bl

sidas oI £flavones may <ceflect one +to sevzral independent
< .

evolutiopary lices(ilston :x al. 19€3) . Similar paralle-
lisms also occur in =he cy*ology, moc-phology and physiology

c¢f plan< groups.

£
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The groupings of Medicago acco*c-ng toc Llesins and L=-

-
-

s_ns(1979) -are found in Table 1 wit: species of controver-

-

ial positions marked witk ap asterisk. This classificazion
bas2d on traditional characters will "be usad for cemparison
with tke chemical resul+ts bscavss it is the npost Tecantly

publisk2d classification to include bo=k perennial and dpnu=-’

al groups as wsll as +the Tzigonella =~like species. TLe
1 groug Izzgonella A

Aeyn {19€3) classificaticn involves -only <:e annual ElhocaL
pos groupl. Small (19é1) Zollows +his classificat;on faifly

clcsely excep: that he cdeces no* acknowledg= +he Subgernus Oo-

-bzcularia but instzad places M. crestacea, M: plazycaroa and
M. heypiana In their own monotypic groupns. Small also

segr=gates Y. arborea into its own group aand nlacos ¥, noea-

cl-

Ra In with the Packyspirae zatker than in the

I'n

r
rel
L} ]
e
(=
o
»

¥umezical <axonoric techniques wsre usa2d +*o svaluats +<ha

chemical data collected. Numerical taxonomy is dzfi

=]
W
(o V]
o)

Sneath and Sckal (1973} as the grouping by numerical mathods
of taxcnomic units ipto taxa on the basis of thzitr cha-ac+er

States,

Numerical taxonory has saveral advantages, 1. it allows
stbtl2 relationships to be objectiv:zly zvaluata2d, 2. T al-

lows the assessment of variation in a large number of taxa

to obtalrn rcatterns coi correla%ion(Briggs and Hal%ers 1969y,
3. it can In=egrate data from a variety ¢f sources such as

morphology, physiology and chexzistry &, i+ is more offi-

-



A
cient since a large amount of the +*axonemic bIocess can be
autcmated (Sokal and Spzath 19€6) 5. it fc:cgf Tka2rs to

use mcr: and bettar describad charac+ers.

<

-

-

Th: <axa used in pumerical taxcnomic studies, bz tkey
cultivars, spacies, genera etc. are referred to as opara-
= " tional taxcncmic uaits(C.T.U.s). Iz this study thz 3.T.U.

is the spacies.

All of +*ke nuamsrical t2chnigues used in this stuly r2-
guired thas "similazity coefficients"™ ba calcula+ed betwesn

the 0.T.0.'s, Similarity coefficiants are a quantific ation

of the ra2ssmblances bstween the C.T.U. s(Sneath and Sokal

1¢73). Th2re ace a great number of similarci+y cezfficianets
that could be «tesad. Za this swudy +k= Jaccaré and simpla
matching cosfficisnts wers calculatzé. The da*a in chkaco-

taxonomic studies is most ofzan =c-ecerdad as preszncz: of a

compound (and repr;sentéd by <ke numker 1) or as absencafand
Tepresent2d as ). The information recozded in +ris was is
used to <calculate +he similarity coefficisnfs as shown in
Figure 2. Tha2 d;:fe;enc= between the Jaccard and th= s mol=

-

atcking coefficient is th

- %

v

1]

former ignores co-occuzrcing .
absences while the latter taka2s +tkenm into accouant (Snzath and

Sokal 1873;.

Szvezal. basic numerical T taxonomic tachpiquss wer: enm-

rl

ployed <o evaluata the chemical data o9ollec=ed. Thkesz2 in=-

cluded réinazion by vprincipal ccordipa+e 2nalysis(Sneazth
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and Sokal 1973) andé SAHN(seQ6en§iai. agglcmerative, hier-’
arckic, nor- overlapping) clustering methods(Sneatk and Sok-

*

al 19?3;. The grapkical'methods of <h2 wminipunm spanning

- tree and maximal connected subgraphks were aﬁso used, Final-

. - : . . A
lvy, a techknigque for comparin ke data from studiszs of
: P g

different sets o craractacs of #xactly the same s2: oF

. 4
0.7.0.'s (Gower 1971) was used %c compare the flavonoid daza

collected ip this study with morphological‘data for the2 same
species report:d im the lizarature (Small 1381, Small ez al
1981a,b). Methods in this area of numerical taxonpoay aca=

not yet wall developed{

pae

Crdina%tion analysis refa2rs to a set of gultivariate +ech-
niques applizd to C.T.U.'s scorad for numerous charactaTts in

Such a way that the variation is simplified. Simplification

i i

AN

. SN L.

is based on €finding a reduc2dé numbar of axes of varia+tion.
It ofzen Lappens that the firs: +wo or thra2s ax=s previde a
simplified and usaful picture of tke variaticn Fattarn which

was incoaprahansible in i+ts origiral form. The technique

T

g

adopt2d ners known as “principal coordinate anal sis, was
[ ] :

develop=2d by Gowaz (1866),.. It is good for ass=ssing larzge

-,

group +r2nds but poor <fer ass2ssing cleszly ralatzd
.

¢.T.0."'s. Clustzr analysis has exactly the reverss: proparc-

ties., Therafors the two tzchniques compensa+te for each o+h-

n
r
Ui
(o}
’J-
h
th
©
i

ENCes,
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Th2 post widesprcad set of techniguess used ' in numarical

‘taionoﬁy ar2 the SRHX tecknigues =eferrsd o above, 2varags

linkage clustaring £falls into this cat2gory of numarical

mothoids, £S with most SABRY tackniques in ' currer< usa ths

€3 r

-2ISt step consists of grouping the +wo C.TelU.'s whick 2xhi=-
bit t:he smallest diss{milafit + *hen grouping ¢f +tha pexe
least dissimilar Pair Is carcied ous. Whan linkagsz of a naw
C.?.d. is proposad tken irs distance to zack m2mbar of tha
praviously fermed clustsr is considersd,  The 0.T.0. Zusss

witk ttL2 cluster cr simple O.T.U. giving the shortess mean

j* 1}
[ Kl

stance, This procass is continuszd uptil all C.7.U.'s ar=
jeinad in*o a group(Clifford and Sta2pkanson 1975). The re-
lting brancheé figure is known as a dandrogram apd illus-

trates iIn  hierarchic fashion the relationstips of <the

ficients may produce diffa-

tiy
=
[l
[+1]
in
[a T}
rll
th
I
m
[}
1]
s
ot
0
’n
B
)
[
v
H
44
ot
g
O
&)
1]
Hh

Tent results. Thereéfors it is important +kas additicnal

techriques be usa2d to confirm the fipdings.,

. ' | )

Th: piaipum spanning 4rez is a very us2ful graphic

H

22IT2=

tr

'_Io

is a set of po

e

sentation.of relationskips. grap nts
whes2 ralationships are expressad in terms of linss connzact-
iﬂg thke points, Once_again the twe C.T.0.'s wi*h <ha small-
28t dissimilarity are lipkzd and +khe succeedingly lacgsr
dissimilavities are used as a basis for furth=c 1linking.
However, no closeéd loops are allowzd :o form. @ The proc:zdyre

continues until all 0.T.U.'s are linked. The <resalting

i
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graph represents the shortast direct path jeining . all “he
0.T.0.'S. The mirimum spahring tree reveals vhick 0.T7.0.'s
are most similar to other 0.T.U.'s and may act as a ‘check

for any distortion in the principal cdecordinat2 analysis when

¢
superimposed on the lat+er.

Yaximal connected subgrzphs are grapks lipking C.7.U.'s

at or below a given lsvel of diggimilarity., it selac=ad re-,

“lativaly low levels of dissimilafity the figure can vary

usefully portray :elationshiés‘but'at high levels of dissi-

milazity so many linkages may be present tha+t the fiqure is
difficult tc interpret. _ .

- -~ F- .

Flavonoid variation iZm 47 species of Medicage, .on? spa-

cies of-Melitozus and two species of Trigomella, .was ana-

-
lys=d using these numerical taxonmomic tgchniques.

{



TABLE 1

i Zke Taxa of ¥edicago
-.g\-, ‘:' i, "

~ .

?.

Subgenus Medicago Lrboreac

Falcago

Saction
Sec+tion

Section Marinae

Section

Suvbgznus Lupularcia
Subgenus Crbicularia Szction
K Section
Sec<ion
Section
Section
Section

Subgenus Spirocarpos Secticn

Section Totatae

Section

Section Pachyspiras

*=gpacies whose position is in dispute

Groupirngs arec those of lzsins and l=sins
was not treated in that work. I+ should

M. ncz2ana in Section Packyspiraz and not.

Suffrutifosae

Carstiensae
Cretaceae
Hzynlanas
Hyamz2ncarpos
Orbicubares
Platycarpae

Leptospic

Intertexta

-

i

« arboreax .

¥. canc2allata
daghestanica¥
piTcnaa¥

. prostraza
Sativa’
saxatilis
maTina
hybrida
suff-usicesa
lupulina
secundiflora
catstiensise
¢crataceax
heyriana#*
radia*ax
crbicularis
platycarpax
ruthanicax

[ e R St S JEE F4 I SRS IEE IS AR5 28 ¢ B S+
® 4 ¢ » & B = ® 4 % ° ¥ e & @

.
[ 2
.

=
*

Pubzscens*

a-abica=
ceronata
discifornis
laciniacra
lanigera
minima
polymorphas*
DLaecCoX*
sauvagei
tenor=ana
Elancheana
nocanax*
rotata
Tugosax
scutallatax
granadensis
interctexta
mucicolzptis
cons+tricta
. dolia=%a .
. lit*toralis
. muUrsx
rigidula
soleirpliis*
—nata
Jincatula
turbinata

(=3
.

.
L] L . L] - L[] L] L] L] L] L[] [ ] L

‘{“

h
- a .

-

T'I.’!:‘{;IT{:.!TIIZ.’!!‘I.’Z:‘{'.’i:!:!.’!:‘!:'!!!f!?!!{

1979 except for M. pubesca2ns which
be noted that Small(1981) places
in Secticn Fotatas=.
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major classes of flavonoid aglycones s+ud:
proantrocyanidins, *he anthocyanidins;
isoflavones ard the flavonols.,

Classas of Flavonoids. .

/d were
flavones, .

17
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HO 0
Flavone

R=R'=H ; apigenin

R=0H, R'=H luteolin

R=0CHz,R'=H; chrysoericl
R=R'=0CHjs; tricin R

Flavonol

— E)
o R - B TP AR YL
L JL R N ) § IV B I e e e

R = OH; quercetin

+
0
™~

~

OH
HO Anthocyanidin

R=0H ; cyanidin

Isoflavone
R=0H, R'=R"=H;daidzein
R=0CH3,R'=R"=H; formononetin
R=R"=0H, R'=H; genistein
R=OCHs,R'=H, R"=0H; biochanin A
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The Jaccard coss

ficient doss not use scor2s of (C,0) when
calculazting similacity coafficiants but +he sinple materhing
co2fficient does.
Figura 2: Similazity Ceofficiants usad in «~ks ¥umecical



Jaccard coefficient
a+b+c

Simple maiching coefficient
a+d
a+b +c+d
a = joint score of (1,1}
b = joint score of (O,])
¢ = joint score of (1,0)
d = joint score of (0,0)
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Sectiomn IX
BATERIALS ARD METHODS
2.1  PLANT MATERIAL
2.1.1  sSpecies study
I the approxirmately 55 sp3cizs of ¥z2dicago, 47 wzr=

availlable for sampling as w2ll as one speciss of delilotus

and twe of Izigonzlla., .41l of the Medicago species were

grown f-on seed (appendix Tabl2 8). Most of +he specles wera

grewn In six inch pea* pots osu=doors at the Central Zxna

maﬁtal Farm, Cttawa, during +he summe= of 1972, :! numbsc of

species, howevar, rad =o b2 grown ip the greenhouse (mirtigunm
) .

11 hour photoperiecd) irn o-der for flowering to occuc (F

igucs
3). M. carstisnsis is known *o Icguirz zxposur:? tc cald o

4

induce Ilowa2ring sSo it was g-owa in ¢
summer of 1980 ard tho chizomes wsre collected in the Zall.
These ware cold trezated for <three wesks at 50C, =cz~planted

and placad in a growth chamber. tHowever, it s+i111 €ailed +=o
g

flower, Flowering mat:=rial of M. rznor2ana and <kz +two 3pa-

cies of Triacn=1l1a, T. caecuiza and . cornicula*a was also
unavailable. Vouchexz specimens of species studizd werz col-
lectad and deposited in th: vascular plant herbarium of =he

C2pactment of igriculture, ttawa, [Th2 collections of

D
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vouchers were made. by B. Brookes, B.%.I,. "Agriculture Cana-
da, Ottawa.] Ths sample of Jelilotus alba was from a uni=

form, wild population near Ottawa and a voucker was also

+aken.

The samples of zack specias consista2d of leavas of haal-
<ky plants at a flowering and fruiting stage (stace 4.5 Tig-

1T

W1

4), =2xc2pt Zor those previously mentioned species wihich

b

Zazléd <o flewer ané had =0 be collacted at stage 3.9 (Figur:z

4). ZLe plants wzre cut off just abovs ground level and <h-
flowass and fruits were removed. The vegetative nmaterial

was placed in'pape: bags in a dryer at 27-280C fcr approxi-

mat=2ly 48 Lhours, ifte

tH
(24
| g
|.l|
0
ot
'J
B
[
ot
r
fir]

samples weze rCenmoved,
th2 leaves were strippeé from the ster and the lattar g-ound
t¢c a powder, The samples were siored iIa "whirl pack” bags

in +ke dark.

S 2.1.2 ;gg;g§gécies Study

aAn attempt was pads to cellact a+t  leas+t “we populations
eI each specles. However, this was only possible with 26 of

the 47 Medicagc spaciss.

2.1.3 Developmental Study

Addi+ional lecaf material was collect:d from thres spe-

a2 and M. sativ

I
th
o
"
=]
th
i
(v
=]
fu
foF
11}

[}

velopmental study. Co=yledons -+ and tk= fics«

-
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leaf (unifoliate) £rom tke seedlirngs(stagzs 2.0 Figure 8) of

Lo .

cach of the M. lupulina and M. sativa species wer< ramoved

(1

[{Y]

and dried separazely. 2 v g

tative plant witk approximatzly
nine branchkas(stage 3.9 Figu

H

2 8) was collect2é from tkia

I’z

22 and ¥. saxiva specie

= —

L]
.

Plants at stage 4,5(Figjursz
4) wa2re sampled <from-all thires sp=cizs, Tha rplants were
<h

a

h

5}

e leaves were s=ripped, ground an? ster S

above,

2.2  EXTRACTION METHODS

ot

Zach of the ether, ethyvyl acstate and a theccyanidin ex-

2% HCl and 3.0 =l ¢of 95% 2thanol ip a 15 21 sScrew tToOp test
“ubs and placed iz a 1000C watar batk Sor 250 pinutes ({ar-
borne 1965). it ke 2nd of this time all O-glycosidas
sheculd have been cooplstely hvdcclysed (Harborne 1965): This

flavondid extrace was allowzé to cool, was centrifugad and

the supsrnatant was decanted, The residus from soms spacies

(]

wag retaiped for an alternate test Zor proantkocyanidins.

2.2.1 Ether Zxtract

Approximately €.C ml of distilled watar was addad <o <he
flavonoid 2xtract supernatant o rendar +he cklcrophyll in-

soluble, The chlorophyll was cemovad by centrifugation and
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r

discardead. Tke flavonoid 2xtzact was axtracted twics w

0.5 ml of diethyl exker.

2.2.2 Etkyl Acstate Extract

The flavecnoid extract was then ax+tractad witk 1.0 al of
2tkyl acetat=, The ether ané 2¢hyl aceta*e axt-aces wiI 3
2xamined for flavenciés usizg thin-layer chromatograpkhy.

2.2.3 Isoamyl Alcobhol Extract

e — —

The Zinal extractior of the ‘lavonoid axtract was with,
i B
1.C ml isoamyl alcotol. This =xtract would con*ain any an-

thocyanidirs present whick wera identified using raper chro-
. -~

mazcgraphy.

2.2.4 ¥ater Extract .

~n water extract cf cachk popula=ion was prepared using 1.9
g ¢f dried leaf material Zmmersad in 10 pl 0of distillzd wa-

2. The water solution was centrifuged and here the Sup

u

o
-

t

[iH

natant was decan=ed ané fil==zrad through glass wocl =o

move fine par+ticlss that did no

ct

sedimznt during low sp2cid

ceptrifugaticn. The superZnatatt was xtractzad wi<k 1.2 nl
g -

of iscamyl alcohol +to remova any 2nthocyaniéins rzsant.
The solution rCzmaining was used +d test Zor preanthocyani-
dirs using coluzn chromatography <c yepara+e them from ozhz:r

compounds and boiling in acid for thpir datection.
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2.3 ARALYTICAL METHODS

2.3.1 Alterpnate Method for Testing for Proan;hoczaniﬁ;né,

Four populations did no* khave enough leaf ma<+erial avai-

lable to test for proarnthocyanidins using the wa*er sxtracts

SC an alt2-nate metlod was used tc =est +hanm.

- Approximaszaly 370 ml of 2% HGl was acded to th=2 rasidue
€rom the ipitial csrctrifugation of the flavonoid =x<«race aad
+he .cclcur of <«hz solution was obseroved, Th= zub2 was
rlac2d In a 1C00°C water bath for 15;20 minutss. Tha tﬁbe
was r2movad and appreximatz2ly 1.0 ml of wa*er was added to
ke solution.and then it was centrifuged. Th2 superna*an+
was decanzed and exzracteé oncs wi*k 1.0 al of iscamyl alco;
hol €5 remove any anthocyanidins present presumably duz to
the hydrolysis of proan<kocyanidins., Howaver, wizh this
method, a positive indication(i.=. .a rad solEtion) could
also b2 duz <«c¢ anthocyanin aglycores no+ removzd bafoca

beilirg im 2% HCL.

2.3.2 Thin-layer Chromatography /—\\,)
“ Th2 ether and ¢thLyl acetat2 ex:tracts wers chrematographad

cn 75mm X 75mm skeets of polyamide microlayer ML 1515 (Man-
d2l Scientific Co. Lté.). The velume spotted was approxi-

Batz2ly 0.017 wml of ethyl acet

o
ck
D

=xtract and approxipately
0.02 a1l of 2ther exTract. . Standards wz2rz alsc spcttad for

2ach direction with apigenin, chryso=riol, luteclin orisn-
’

-y
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tin and vitexin rur ir ore lane;‘biochanin;h, genistein, ka-
empfa:ol, myricetin, gquerca<in and *ricir runm in the =2iddl»
lace and coumss:rol, dikydroguercétin and isorhahnetin ren

in tha outside lane.

The chromatograms were run in chloroform-m2thamal- buta-
gone (CMB 12:2:1 30 ml) {(Egger and Keil 1965) as thke first di—
cection, dciad and tun in the secend dirsctioen using mstha-
nol—agetic acid-watert&:i 18:7:1 40 ml) (iabry er al.
1970) {(Figurz €). The polvamida sheets werz dried, examined

undez ultraviclet 1igk+ and <h=sn spray=2d with +h: flavon=

-

»

rsagsnt, diphenylboric acié =thanolamine cemplex (1% in watsT
with 9.5 ml of 337 ammonia hydroxide) (Collins 1979) and re-

zxamin=ad under ultraviclet light.

-

A "lipits of d=tsction™ test using +th? s+tandacd genis=ain
was periormed tc =xamine the sensitivity cf this on=2thed.
- mhe initial solution was mad2 =0 a concantraticn of 2 ¥ 10-2
gsal in m2thanol and dilut2d sc tha* concsntraticns o0f 1 X
10-2 g/m1l, 5 X 10-3 g/ml, 2.5 X 10-3 g/zl, 1.25 X 103 g/ml,
6.3 ¥ 10~+ gsml, 3.1 X 10-* g/ml, 1.6 X 10-% gs/ml, 7.8 % 10~
g/ol, 3.9 X 10-5 gral, 2.0 X 1%;5 g/21 and 1.0 ¥ 10°5 g/;l
war< cbtainsd. Egual amounts (2.5 X {0'3m1) c¢f all tk=
above dilutions were spottad on polyamid2 , run ascendingly
by chlorofdrm-methanol butaponz (CMB 12:2:1) acd <hen sprayad

Witk the flavens ceagent.



2.3.3 Paper Chromatoqraphy

§ 4 .
The anthocyanidin extracts and +hke iscamyl alcohol ax-~

tracts from tke alterpate =2st for proanthocyanidins wers

72}

sportad oﬁﬁhii&iiijgaper 1 using\sfringas and a Unimatoic
multi-spottar., Standards of cyinidin, malvidin and d=lpki-
nidip wer2 also gpotted and +h2 papers were run dascendingly
by For=stal(glacial acetic acid-watar-hydfcéhlcri acid,
30:10:3'?giume/volume). |

-

2.3.4° olggé hromatography

Polyvinylpyrrolidons (PVP) columns w2T2 prepar=d in dispo-

sible Pasteur pipettes. The PVP powder was washad with ta

0

water to r2pove the fine particlas. -~ if+ter 10 minutes o

th

ge

Ia
cl
| nd
-
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-
ot
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W
=
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ot
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was decanted and thz process was rap2az-
ad 19 tipes(Vicrma d2 Bezada 1980). Glass wool.was placed
in th2 bottom of the pipettss and PVP suspanéed in watar was
pipetied into thz colunmn unfil thz bsd he2ighkt was approxi-
mately 3 ¢m. . Tke water extract (5.0 ml) was allawed <o run
-int§ the cclumn which was <her eluzed wish metkanol-1% HCL.
This acidic <slution mixturs makes any. anthocyanins visible
s¢  thelr g:ogzéss through +he column could be fol-
low2d (Figurzs 7). Lfter the anthocyanins kad been 21u+==4
from :1? column, <the whol: cclumn was blown ou+t from +hs
narrow =ad using air pressurz and collect2d in a papar *ow-

21 {Thakur 1980).
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The top 1 cm ¢£f the column was cut 0ff, <ransferrad o a
test  tube and boiled ian 3.0 ml ¢f 2N HBCl for 10 @i~

notes (Bate-Smithk 1954). IFf proantkocyanidins were pres2nt a

:éd toldur wculd app2ar in th2 solutién du2 to *he foraation
of anthocyanid;hs: It stould be- neted, howavar, that in
que cases anthocyanin aglycones were detectad in the vatazs
2xtracts of som: species showing particularly high concan-
trations of.anthocyanins. Thz aglyconres appeared as a pink
bané at the top of =he P;P .éolumn and couwld not bée 2luted
witk ths .methanol— 18 HCl. Therefore,‘wheh k2 top 0f th=e
cclumn was boileé in acid ané +he solution was initially

ink, a colour change o a dsepsr pink or red colour would
_ g

have indicated th: presence of proanthocyanidins.

-
.

2.3.5 Tentative Identification as Flavonoids

Ithyl acetate extracts oI a numbar of specias( M. rotaza,

K. rugosa, M. rythanica, ¥. sativa and M. suff-uticosa) wsr=

spott=d on polyamid2 microlay=zrs. (This conbinaticn cf spa-
cies containéd ths 26 compounds sslected to cons:ruct_the
refarence pattirn.) TLe ch:omatog:ams.uere zen in <wo di-
mensions using CB and KAW as in the otker chromatograms bu<
instzad of spraying with th=2 flavone reagem%, +hess gH:oma-
tograms were sp:éyed with a solution of 1% FeCly~1%K, F2 (CN),

in water (Krishknamurty 1980). This spray is also known as

Turnball“s blus reagent (Dass and Weaver 1972). k=2 com-

-ae

'pounds were allowed to <r2act Zor 5 minut=2s and then <th2

»E
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- chromatograms were cinsed under 2 geontlz stream of distilled
‘water until no more colour was washad off, Most phanolic
ccopounds stain dark bilue on a white background. Howevar

catechol derivatives bhave a g:eeiﬁsh“v;colour(Eobinson
1975) (Figure 8). An indication of a mor2 specifically Zla-

vonoid nature is obtained by 2xamiring *he compcunds unde:s
-uvltraviolet light before and a‘fter spraying with *h2 flavonae

Zeagant. This rzagent reacts wi*h flavenoids to causs a

i 1]

.

" colour changs.

2.4 ANALYSTS OF DATA - L

2.8.1 Pecording of

In total, the prescnce or absenc: of 28 cempcunds of sack

k.
Fopulation was recordad. Two of thesz chemical characters
atz répresanted by anthocyaridirs(chkaractor $27) ané by

‘-
.

Prcanthocyanidins(crharactesr #28). The «repaining 26 con-

w

pounds w2I2 ob:taineé using th2 ether and 2thyl acetate chro-

fatograms and were .ussd to construct < rafersnce pat-

tern (Figere ¢) (Table 2).  Zack chrémato%;am vas ‘compared <o
Jathe r2ferancc pattarn and the popula*ion was *hen Scorzd for
thz prezsencs or absenc: of zach chemical ckaracter. Ta2np*ta-

‘tive identification of compounds was based on compa:isoﬁs
betw=2en the colours of <tka spots and th2 colours of <+he
standards Iin ultravioler 1ligkt aione and Iin wultraviolet
light aftar spraying withk <he flavonz reagent. Tft's 0f <h:

spots had to ba witkin 10% of <he °f's of the standa=d cog-

pound {Table 3).

R ~



2.4.2 - Humerical Arnalysis

-

The presence of a cempecund was recordad as a 1 anpé the

absence of a compound was ceeozded as a 0. The data ware

PIoc2ssed in the computing facilitiss of =he Paginreering and

b4

Statistical Fassacch Institui2 (ESET) and the Data Processing

caliturz Ca-

g

Division, Finance arzd administraticen Braachk, igz

(R4

nada using programs in tke library of <he ®SFI,

. Jaccard ard simple matching coéfficients wzTrz caleylatad
_and used in principal coo:dinaté:analysis, avé:agc linkage,
minimum spanniﬁg Tree and magimal‘connected’subg:aph-analys-
2s. . Thres sets of analyses ware conducted. - The f£irst ara-
lysis used all 50 spocies studiad ipcluding *ke thres: non=-
Y¥a2dicago spécies. ks second analysis invcléed only ma2mbszr

of <he Subganus §girocaggg§ (since they tend to be wzll sa-
paratad morphologically) aad <¢hz thirad used'allfths r2main-

ing species. In the second and +hirgd analyses, <tk2 =hr=e

non- Medicaqo species were no: included.

Ttk " A
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Some species were grown with long=r protopzciods
gr2€enhouss
b2 sagmpled.
fereground

in th2

in Cttawa so thaz flowesing and fruiting <
The zall, woody branches in tha left

b2long to M. arborea, the ornly skhrueb in <h:

ial could

i 1]
5]

g=2nus ¥3dicago.

ago Spaclizs Under Greenhouse Conditions ase

Figure 3: Medic
“Le Centrzal Txpzsrimental Farm, C++*awa.

k
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The swedling plant ccnsistzd of the twe cotyledens an

d th:
fizst leaf{wkich was unifolia*2) and was referred zo as
stage 2.0. Th:s middle pot cortained a strictly vegatativs
Plant, corsisting of approximately nine main branches
and all trifcliate lzaves. This represent2d s*ag:s 3.9, Ths
peT on the far right containzd a ma*ure plan+ of all tzifcliaxe
lzaves, L2aring both- flewers and frui+. This represznted
stage 4.5 which was the stage collesc*ted for peos* spaciss

for Zlavenoid analysis.,

]
[

gure 4: The Da2velopm2atal Stages of M, sa*iva.
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O OLOURED “Prerurss




Afrer hydrolysis of th: leaf <issue for 25C minuzes in
2¥ HCl and 95% ethanol, ethar, ethyl acetats and iscamyl
alcohcl extracts were obtainad for chromatographic
acalysis.

'lj

igure 5: Initial Leaf Tissu2 and Subs2guent Ex*raczions
Ob+=air2d Zor Analysis.
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feur hurdr2d ml jacs were used as charbers for the Chromatogcapthy
of 75zm X 75ma polyamide platas. The first dicection
censist2d8 of 30 al ¢f chloroform-me+tanol-~butancne

{CMB 12:2:1) apé +he szcendéd dirzcrticn consisted of 4@

ml of methanol-acstic acid-wazar (MXIW 18:1:1).

Polyamide Microlayer Chromatography.

53]

igurs &:
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Water extracts from dried leaf material ware rlac=g
on PVP coluans and <levted with metkanol-1% HCl. “h=
acidic 2luticnr sclvent allowad the visualiza+ion oI
any anthocyanins(the pink at the *op of <ha cclumn) .,
When the anthocyanins had bean eluted, the Top cf tk
column was boiled in 2N HECl to detsrmine ig,
proanthccyanidins were presant,

-
.

Pigure 7: Polyvinylpyrcolidone (PVP) Colunmms.
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Most pherolic compounds appz2ar as blue spots aftec
beirng spray2d with FaCly-K sfe(CN), .

Figuze 8: Chromatograms Sprayed with 1RF=Cly - KyFz (CN).:
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Twenty-six compounds {all but 1(tenta+ively identifiad

as coumestrol)
were ph2nolics] were used to construct a basic pattern ¢ :

ho
which eack chromatogran was compared. i
Figure 9: =zferzmc: Pattarn of Coampounds S=udiag.
w ) -
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TABLE 2

Charactezistics of Teferancs Spers

Uv ligh; only

dvll orange
black
crange
black
invisible
black

Elack

black

dull ‘orangs
black

dull crange
invisible
black
yellcw orange
kElack

Elack
yellow

‘black -

invisidle
invisible
invisible
yzllow

blue

black

bright puzple
Blue -

28 proanthecyanidip

Cecloucs

UV light and
flavone spray

d-ight orangs
bright yellow
greep

dull green
yellow grean
green~brown*
g-een-brcwn*
golds

bright crange
y2llow grean
czd ozangs
nink

yellow

brighkt greer
dull green
dull gr=en
bright green
dull orangs
blue

olue’

blue

g-ea2an

oright purcpls
vzllow grean
bright purple
blue

‘initially yellow green

F2Cly-K, F2 (CN

spray

blue
blua
blyse
blus
tlue
gold
blye
blua
rlus=
blu=
hlu=
blua
blue
blue
blra
Elu=
blue
blue
blue
blue
blus
blue
blue
blue _
bright purple
blye

36
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TABLT

Charactaristics of S*andard Compounds

Tempeurd Colcurs rfts
UV lighkt ornly UV lighk+ and CMB Faw Spoz
‘ flavene spray Numb-z

- apig=anin 1 black g-zen-brown#* U0, 08 ,29%,04 #6

chkrysceriol 2 black gre<n=-browns 58,04 ,28%.05 &7

luteolin 2 black brighkt ysllow ,192,02 .,22:.03 2

tricin 1 black ' gold= . 732,05 ,25%.03 #8

kaznpferol 3 yellow crangs green «20=,04 ,18¢.03 3
. myricetin s orange red orangs LoUx, 01 ,132.83

quercstin ¢ cull orang= brigk+< orangs ,09:.02 .1€:.03 £1

blockanin 2 black dull gr=:=n «86:,35 ,uu:x_Q7

g=nis<ein 3 black dull green - LU43:,04  L362.05

orizneip 2 dull ocang: brighk+ y=2llow °.08:.02 .43t.06

vitexin 2 black green brown .122.02 .51=.0€

1ikydrco black orarge «072,.02 .10+.03

quercstin 7

coumss+tzel ¢ pucpls purpls 272,035 ,10%.01 #25

*=spots ar: initially yellow grean

Scurces »

1. Dr. H.G. Krishramurty, Univezsiszy of Balh néia

2. W. Xichols, Univezrsity of Britis: Columb:

3. K an3 K Labs

4., aAldrick

5. Fluka

6. Dr. Morti:a, Central Ixpzrimental Tarm, C+tawa

7. Kock labs
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RESULTS

Typical chromatograms of cachk Secticn of +the genus Ma2di-

gago are shown in Figure 1C. The chroma*ograms were run in

the two solvents as described ip +h

u}

Matz2rials and Xethods,
spraysd with the flavone rzagsnt and exposed to vltravioles
lighe.

when sprayed with the FeCly-R4Fe (CN), solution (Figure 8),

-

all ccmpounds stained the blu2 cclour characteris+tic of Pk~

nolics z2xcspt for ceompounds #6 and #25, Compocund #€ davel=
oped a golé colour. weil:z compcund. #25 retained it brigkh*

purpl= cclour. 3asad on PL valuzs and colour reac+ions,
these two compounds wire tentativaly identifisd as apig=-
nin (46) and coumestzol (#25). Apigenin bzlongs to the fla-
vone clasgs of the Zlavcnoids and it has a differans staining
FIepecty than othzr rlavonoids{Dass and Wzaver 1972). Couam-
2gtrol belongs to the ccumsstan class of compounds. Thess
compounds are? occasionally groupad with the <lavonoids bz~
caus2 they arz biosycthitically related(aobigson 1975). Tor
the above reasons, evan though <*hs=se twd cempeuncs did not

stainp as <ypical phenolics, *hzy w2r2 included in this s+u-

dy. 211 tke <compounds(with the <excaption of coumestrol
which is no+ a flavonoidé and'compound #26) showed colour

chang2s with the flavone r=zagent.

- 38 -
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e

s menticnedlabove, coampound #6 Nas tenta*;vnly ident

fied as ap icenln.and $25 as coumestrol. Compourd 1 was ten-
tatively identifizd as querca<in, 22 as lut=zclin, #3 as ka-
ampferol, #7 as chrysoériol and #8 as tricinp., -Cempounds #4,
#5, $9-24 and #2€ cepain %o be identified. Chavacters #27

ané #28 <representsed cyanidin and proanthocyanidins raspec-

ively.

Flavecnols and flavenes botk seemed %o b2 common in the

Jgenus Ma2dicago. Quercstin and kaempferol occurc2d in ovar
kals the species :xamined (aithough rox. necassarily toga~her)
. . . - = Py hF‘F'
bvt myricetin was not detsctag Ir the ganus, The four fla-

vores tzintatively Ié:ntifiezd as apigenin, Chryscaricl, +ri-

c¢in ard luteclin provsd tec be

=
[ E1]
[N
1
n

pread Iin Medicage. Tha
covmestan, coumes:irol was also quite common. The cencap+ra-

3
S

e

the compounds vari:z reotic2ably but this aspect of

th

oLs o
the flavoneid chemistry was merely obssrved ané no atzempt

was mad2 to quantify tkis variation.

Biockanir % arnd genistein{isoflavenss), orien*in and vi-
2xin(C-glycosides) ard dihydccqusreatin (flavanonol) could
net be detected iIn any of the chroratograms using the stan-

dards available

The standazd of genistcin was used in +the limizs of de-
tection test. Ce the polyamids micreolayars, using tke fla-
vOoL= re2agant spray, the lowss*t concentration detz2cted was 2

X 10°s g/ml. sSincz only 2.5 X 10-3 ml was spotted, th=n +h=
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spot detectad represented 5 X 10-8% g er 0.5 ng of genistairn.
The same approximate level of detecticn was assuned for oth-

er flavonoids.

The 1.0 ml 2x:tract of =:zthyl acetate raprasentad tha fla-

vonoids in 0.5 g ¢f leaf material but 0.01 ml of *he

Q

=]

L
g

2XTract . was spotted cn th2 chromatogram, <hersfore 2ach
h Y

chromatogram actually ceprecsen+ed 0.8505g of tissue. Giv

[
=]

that approximately 0.5 ng of a flavenoid could kbe det2cted,
if a compound was cecorded as presesnt, i+t occurz2é in +k=

lzaf tissus 3in a concentration of a+« lsas+ 10 E.pP.o2. (dCy

th

same spscias was

1]

Thz va:laticn batween populations of tk
calculated by detecmining <h? number of timss “he Two popu-
lations disagreed as to the prasence of a com?ound and di-
viding by thz zo=al numpber of compounds (28). This valu= was
thern éonvertsd t0 a percentag2(Tabl> 4). The avirage varia-
ticn betwz2en prpulations was approximately 14%, however some
spacizs revzalad much more variaticn than others. TFor =xanm-

ple, M. Zinzertzxta showved 4€3% va-iation and M. cancella*a,

M. carstiemsis, M. hybricda, M. prostra=a and M. scuzzllaxa
all showed over 20% variation beotween populations. Three
compoends, #19, #2C and #2271 were difficult te d=ztact on

ciromatograms and could account for up *o 11% of tae va-ia-

ot

ion. Some of ths variation could also probably be a+tri-

-;;)ed t0 concentration differances. Specimen misidzan+i‘fica-
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tion 1is still a possible, +thoughk =ze2mote, sourc= of

variation., - When assessing a spacies, if the compenund occur~-
red in at least one population, <+hen the species as a whols
was scored as possessing the compound. The imgertant con-

sideration was that the spacia2s showed <he ability t5 mak=z

~the compouné in at lzast som=a portion of its variation paz-

tarn.

»

Th2 chromatograms <from zhe developmzntal study revsalzd
that @van at the sz2edling stag2, the plant possessad a con-

siderakble array of phemolic compounds (Figur= 11).  The Medi-

cago lrpulina seedlings had seven flavonoids and one othas

pkerolic whils thke ¥, sativ s€edlings had eight flavonoids

—

and cne other pkenolic. Ik the mature stage(8.95) M. lapuli=-
Da leaves contained 15 compounds ard M. sativa lzav:s at <k=
sames stage had 18. The s=2edling pa**tern was “ouné to be apn-

th tih2 mazu-a

(30

tizely contain2:d in the mature leaf patzarn w
12af adding compounds to this 2arly pat:ern. Mo ccmpeunds

were obssrvad to disappear with maturity.

-

Laah "IN

The vegstative plantl of M. sativa (stagz 3.9 aaéd th2
flowering and fruiting plant(stage 4,5) di<fered only in the
presanc? of one axtra compound in the moras pature plan< (k= .
flavonoid 4#16). The cther spscies examined at <hess +wo
growth stages, M. arborea, showed both stag2s *c¢ have idzp-
tical flaveroid patterns consisting of 15 compounds. Thase

,

T2sults wers important since a few of the species, as indi-
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cated earlier in the Materials and Mezhods, tad to be col-
lected at stage 3.9 wkile the majority of <the species were

harvested at stage 4,5,

Anthocyapnidins were found to occur in 33 of thke 47 Magdi-

€ado species axamined. These 32 species were scattared
among all the Secticns o0F =he genus. Howaver, nc an<hocyan-
idins were detected in  +the ¢ne species of 2lilo-

tus (Melilotus alba) or in <h2 +wo specizs of Trigon

caezula and 7I. corniculata) sucveyed,

-
The species that posscssed anthocvanidins appearzd to
have tke same aglycone. The aglycon=z co=-chromatographzd
with a cyaznidin standard both on paper in Fereszal ané on

polyamide ip Miw.

Proanthocvanidirs were no=

n
@
ot
1]
0
ot
D
[eT}
'J
=]
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of tke ¥edicago, N¥elilotus or Trigenella sp

i
0
[
(1]
0
1l
>
[+T}
=]
fre
o
[1H
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The chemical data was ccmpiled in the form of Tabls 5 and
presented tc ISEI for numerical analysis. (Th2 cemplete ra-
sults using all populaticns is given in Appendix Table 9.

The calculations performed using =2ithec *he Jaccazd or-

eptical =~

9 T]

simple matchking coefficient gavs victually =
sults., Both <tLe presence angd the absence of ccmpounds con-
tributed #Information regarding rzlationships so <+he simple

matching coefficiznt was pr2sentad in +tha rasules.
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Sinc=2 principal coordinpate analyszs is good for assess: ng
larga group trends, it proved to be best =c sxamine Figur=
12 whap studying tke genus as a wkole. The ‘analysis rov-~

2alsd that for the first two axes, tke Subgenus Madicago

Sections Falcago, Arborea= and Marinae along wiskh Subgzanus
L3

Spirecazpes Section Pachyspiras +*ended to s2parate from =}

other sp2cies cf Medic

,l’b
IF'
lm

8¢. Th2 Subgenus Qrbicularia groups

at the opposite pole <o ths Subgenus Medicago group. The
Subgenus Spirocarpos Section Lzrrospiraa, Section 3ozata-=

and Saction Iptsrrextas alcng with Subgenus Msdicagqo Sectiom

Suffruticosas ard Subgznus Lupula-ia were sé&%te:eq Through.
the centra. .

By cornrnecting <tk species in the same manner as thzy ware
in "tkz pinimum spanning tresz, relationships wers se2n more

clearly and the distortion that occurs2é was visualizzd.
Frem the way the species plozted aleng %he first ané s2cond

coordinatas, it appsaredé thaz M. cz3tacea wvas the intsrma2d4:i-

.

atzs betwezn the Trigerzlla and Kelilox gensra and th=2 gen-

us Medicago, but uitﬁ the wminimum sparning *:ee addad, it

was s2en that X, g¢osrtacea was the closzst Meadicago <o M21i-

lotus but that it was k. muricoleptis' that was the closess
Medicago to igonella -

n the study of tke non- Spirocarpos sp2cies alons, tha
tlp* of ths first +wo axes of the principal cocrdinat:z ana-

lysis revaaled <two broad groups separatzd along +the firs=



axis (Figure 13). Cne gzbup was cémposed of members of tke

fubgenus Medicage and the other consisted of species of tha
- =
Subgenus Orbicularia witk X, hykrida acting as a link b=zz-

ween th2 two. Rere agair ths over- lay wi+t the minimunm

spanning tr22 halps visvalize di -stortion. Tor =2xaapla, in

“ke Subgenvs Medicago, K. daghastanica and M. marina plo%tted

close togethar bur in fact =h:sy arz lipked as fcllows; x.

daghestanica-M. pros:trata-M. sativa-¥. arberzca-M. marina and
net dirzctly as was suggested by <heir clese croximity on

+~he grapk. | A

A
The plot o¢f the firs:t two axes of the Subgenus Spizocac--
20s species only(Figure 14)rev2aled a <endancy fer the Sec-

tion Pachyspirae t¢ s<para%es from the rzpmaining speciss

along the first axis. Madicage prascox grzpuped wi

Section Packyspiraz ané althougk Y. lapnigera also appzarad

as a distortion-as it was clossst ¢ M. co-

Zonata in its relationskips accerding to the aminimun span-

Iy

igidula as it was
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The resuylt of the averag: linkage clustaring analysis
are presented as’'dendrograas. Th2 dendrogram rasul<ing fronm

he analysis of the non- Spirocarpos species(Figure 15) also

ravealed good separation of the Subgenus Medicago and the

Subgenus Orbicularia as éid <the principal ccordipa=e analy-

sis. A1) members of the Svbganus Crbicularia groupad +*o-

S
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Gethar except Zor M. cretacea which is comsidsred a diver-

gent species. M. prbescens whick is often corsiderad a Tri-

genella, £i+ ip with the Subgz2nus Orbicularia, Ma2dicago suf-

fruticosa and M, hybrida acred as links betwesn the two Sub-~

™
o ]
Y]
j= o
1]
)
1]

genera. Traditicnally, M. secundiflera and M. lupuli

been placed together as the Subgenvs lupvlaria but zha ayver--

age linkage analysis had M. lupulina grouped wis+h tha Supb-

genus Crbicular

Ij—a.

bvt M. s2cundiflora group2d witk Subganus

¥a2dicago.
Thke suUbgenus Mzdicage was very cchasive al<whougk sub-
gIoups wers obssrved. ¥edicagc parina separated off fronm

i

the repmainder of ths Subgenus Medicaqo as did M. arborsa

while ¥. pironasz, M. 2rostrata, M. sativa, M. cancellacza,

b=

daghsstanica and ¥. saxatil:is clusterad teogetier, This las=-

ter group of six species all balong to S=2ction Falcago.
_ B

Th2 cesults of trLa averag2 linkage analysis on th2 Sub-

genus gpirccarpos (Figure 16) reveal=d no clear separaticns

betwean the Zour Szctions. However, it did Suggest somez af-

£3Tities for soms controvsrsial sp:zcies, Medica gg nosana
: azi(;,n\fo 2irolii appeared to ba closash in tkeir rela+ion-

\s._ S to members of the Sec ion Pachysoirae.

The pinimum spanning tres of +Le pop- Spirccarpos spe-

cles (Figuce 17) once again 2mphasiza2d thz strong specias ra-
lationships within the Subganus Medicago azd Subgenus QOrbi-

.cularia, It also confirmed +that <+he Subgenus Lnpularia is

.



Al

e,

Le
composed of two species whick are ckemically highly divar-

gent.

Th2 2ininmum spanning treaz ¢f +ths Subgenus gSpirocarpos
Tigure 18) revsealed something tk
average linkage dendrogranm. A1l the species tradizionally

placed in Sec=ion Packyspiraz exccpe Zfor . gmurax aad M.

Lapreospirase formed subgroups of one species (M. t2nor=ana)

OI. twWo sp2cizs (4. aciriata and ¥, sauvagel, ¥.  lanigera

Some structure within Scctio:n =erzospirae through ¥. zozaza.

‘de2dicage praecox, M. arabica and M. minima are usually con-

sidered as membars of Saction Lectospiraz bu+ <+hey did no=

4Fpear t¢ group w2ll with +<h= o+he-s. Th2 species of S=2c-

tions Fotazae and Intsrtextas ware scat<cred and only M. ru-

qosa and M. blanct beth of Section 20zatae stow=d som:

La

ferm of the traditicnal affinities.

Th2 maxizal conrnscted subgrapk ¢f the non- Spirccarpes
spaci:s(Figure 19) again =amphasized .tttz many relazionships
among tke Trigonzlla- liks spzcies and among th2 spscizs of

Subgenus Medicago but the Faw Telationships be+ween tha +wo

groups. |

’

N ’

Th2 same kind of grapk for +the Subgenus Srirocacpos (Fig-

ire 20} revzaled a complex sa2t of ip*errelationships with no

clear structyra.



An analysis of the amount of agreement between classifi-

- a7

~

caticns bas3d on the lavenoid data of this s+udy and vari-
ous subsers of morpholegical data are givan in Table 6. Th=
pollen morpheology p:oduced’the pco:est'agré;ment with any of

the other s=2ts ol characters. The remaining subse:ts ¢ mor-

phological ckacactazsg (vegetazive charac=2rs, fruis charac-

oy

ters and flowar- characters) were somewhat more consistant
witt 2ach other <than witkh flavonoid ckemistry, bu+t flavoncid
chemistry showed much better agreemsnt <+har did pollsn mor-

phology.

Table 7 ‘'przsznts the indiv dual compounds in +hz specias

of Medicaco, the one specias of Melilctus and thes two spe-
cies of T rigopzila.. Compouni #6, tantat vely idenzified as

apigenin appearsd irn all Madicago specizs zxcep:t for M. ©

z=
tacz2a and did pot appear in the M¥elilo*us ané Trigen=lla

specia2s. Compoulds #23 and #24 also occurrzd in all M=2dica-
go spacies(irncluding M. cra*acza) but thsse +wc compounds

-

werz absen+ fzom Melilotus ard Trigonella.

Medicago cratacsa was s_gn_-_can*ly different Izcm other
members of Subgenus Orbicnlaria‘inp that ccmpeunds #4, @26,
#13, #15 and #2Z7 could not be de*ected. All membecs of Sub-

epus Crbicularia con*ained compounds #71(tentatively id=nti-
g Lrb.cuzarzxa

fled as gquaccatin), #1C and #11.

[ 7]
wn
4]
it
} o
0]
=]

Witkin the Subgenus Medicago +hz two species in

n
e
H
1
=
I
O
O
14}

ae diffsered <from the <rzmaining species in tha<«




. the Subéenus ¥edicagec and in some members c¢f Subgenus Spiro-

-

T - . | 48

v

tkey possessed compound #2(tentatively , identified as luveo-

cin)

th

WD

iiny, lackad conpornd #8 (tenta<tively identified as tr

and.lacked ccmpound #18. Compound #18 was detect2d only in.
carpos Section Packyspirae. 1ll menmbers of Subgenus Madica-
go-contained compound #7 (tzntatively identified as chrysoec-

iel).

.t

aw’ ¥

) .



Percant cf Intraspecific Variasicn <

— . ", )
M. arabica 4 M. orbicularis 4
M. arborcnaa 11 ¥. piccnae L
M. blanchz2ana - 14 *. platycacpa 14
Y. cancslla-=a 21 ¥. pelymerpoka . ?
M. cars+tizesis 25 M., prostra%a 25
M. coronggziwf 18 M., rigidula 14
¥. doliaza 11 M. zZotata 7
¥. hybricda 2e ®. Tugosa . 4
M. intertsxta LUg M. scutzllata . 25
¥, lizteralis 4 _ . M. suffruticosa- 14
M. lupulina 7 & ¥. =ecrnata 18
.®. pacina 14 M. trfuncatvla =7

M. pminima 14 M. =urkinata 7

Th2 zable glves- th2 per cant variatiorn between the <wo popula<ions
of 2ach ¢f the apove speciss calculatz2éd as.follows; b+c X 1co
. - atb+c+d
c -
a=joint scoze of (1,1)
b=jeiat scores of (1,0)
c=joint score'of (0,1) "
d=jo0iazt score c¢f (0,0)
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Arboreae
Falcago
Marinae

Section
Section
Section

¥adicage
M2éicage

Subgenus
Subganus

-

o DM TS WK

£ . |
Wiy —a

Subganusg
Subg:zpus
Subg=nus
Subg=2nus
Suanganus
Subgenus
Subgenus
Subgsanus
Subgenus

Subgenus,

Subgenus
Subganus
Subgenus
fubgenus
Subg=npus

Mzdicago
Yadicago
Orbicularia
Orpiculari
Crbicularia
Crbicularia
Orcbicularia
Crbicularia
Orbiculazi
Spirocarcpos
Spirocarpos
Spirocarros
Spizocarpos
Lupularcia
Lupulazia

Genus Melilo<xus

Sectico

Section
Sec=iorn
Section
Section
Section
Sec+tiorn

Section
Sa¢ction
Sec+ion
Section

Suffruticesas

Haynianae
retaceaa
Cacstiensae
Hymenocarpos
Crbiculares
Platvcarpae

lzptospirae
Totatae
Intartextao

D . >
Pachyspirae

Tes

Genus Tzigonella

tracts were ctromatograpkad on polyamide, sprayed with =he
€ r2ag:nt and illumina<tsd by ultraviclet lighkt. '

Tyg@ical Chrematogranms Tepresenting %he Genus
Trzigonslla, Genus Melilo*us and Fach Section of
the Genus Medicago.
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14

patterns Ipdicate that as +he plant patures, it diversifiag

e basic flavonoid pattern detect2d at the se2dling stage,
should bs poted that M., sativa, stage 3.9 and stage 4.5

v2 identical patterns excapt for <he de=t:iction of cerpound

6 in stage 4.5 omnly.

#* . 4t 1
T

Cna=chlc:ofc:m-me;hano;-butanone(
MAd=m2thanol-acetic acid-water (18"
X=eorigia

12:2:1)
:1:1)

Figurz 11: Spot Pat:ierns.Obtained from the Tevalopmental



M. lupulina , seedling-stage 2.0

M. lupulina, mature-stage 4.5
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M. sativa, seedling-stage 20
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M. sativa, vegetative and mature-
- stages 3.9 and 4.5
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M. arborea,vegetative and mature-
- stages 39 and 4.5
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Compcund Number

TABLE
nterspecific Detection of Phenolic Compounds

T
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oellEmerv

non Gerus Medicage

Subgenus
Subgenus
Subgenus
Subgenus
Subgenus

Subgenus-
Subgenus.

The overlay of the minimum spanring t
distortion. X list c¢f full spacies na

Medicago _
Orbicularia
Lupvlaci
Spirocarpos Section
Spirecarpos Section
Spirocarpes Saction
Spirocarpos Section

N

Intectextae
Pachyspirae
Rotatae

Leptospirae

ez
Be S

-

helps wvisualize any
is given in lpp2ndix Table 10.

Figure 12: Plot on First Two Axes of Principal Coordinate
Analysis of 3li Species Txamined.
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- * (
) ’ . ’
- ) : w, O
A Subgenus Medicago . . _ Sl
@ Subgenus Orbicularia . - ‘
M Subgenus Lupularia . . - o o

- The overlay of tke minimum spanning tree helps visualize "any distortion.
 list of Zull spscies rames is giyen in Appendix Table 10.

Bl

L4

. Figurs 13: Plot on First Two Axes of Principal Ccordinate
Aralysis of Non-Spirocarpos Species. '
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O subgenus Spirccarpos Section Pachyspirae
£l subgenus Spirocarpes Section Intertextae
O Subgenus SpirocCarpos Section La2rtospirae
Subgenus Spirocarpes Section Ro+tatae -

Tke overlay of the ainimem spanning tree helps visualize any distortioan.
53 list of full species nam2s is given in Appendix Tabla 10.

-

-

t Uwo Axes of Principal Coordinate
Spiroccarpos Species,
>

Figure 14: Plot onp Firs
zhalysis of
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A Subgenus ¥edicago
. @ Subgenus Orbiculari
M Subgenus Lupwularia
The derdrogram is thke resul+t from the average linkage clustering
based on <he simple matching coefficien*, 2 list of full species
names is given in Appendix Table 10. - ‘

ty
'J
[Te]
(=}
3]
1]
pury
wn
)

Dendrogram of Non-Spirocarpes Species.
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[] Subgenus Spirocarpos Section
F3 Subgenus Spirocarpos Secticn
O Subgenus Spirocarpos Sectica
® Subgenus Spirocarpos Section

The dendrogzam is the result
based on *he simple matcking

Pachyspirae
Tntertaextae
Lertospirae
Eotatae

from the avarige linkage clustering

coefficiernt. A list of full species

names is given irn Appendix Table 10.

®igure 16: D2ndrogram of Spirocarpos Specias.

‘.
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A Subgznus Medicago
—.@3Subgenus Orbiculari ‘ )
Subgenus Lupularia

The minigum spanring .tres is based on tha siople
matching coefficient. <Tke limss dc noet reflect relativs
.distances, tkat is, the lengthk of tke lin=s

ar2 not proportionmal to +tk2 dissirilari+ies.

A list of Zull spacies names is given inp Appendix Tabla

Figur2 17: Minigunm Spanning Tree of ¥on-Spirccarpes
_ ) Species. .

—————— e e e
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€0

[J.subgents Spirotarpos Section Pachyspiras .
@ subgenus Spirocarpos Section Intertextaa

O Subgenus Spirocarpos Section Legptospiras

@ Subgenus Spigpocarpos Section Zotatas

The minimum spanping tree is based on the simpla - -

matching coefficient. Tke linss do not reflect relaziva
- distancaes, zhat is, the length of the lin‘es

are nct precportional to the dissimilaritias. -

-

4 1list of full species names is given in ippendix Table 10.

Figure 18: Mipnimum Spanning Tree of Spirocarpos Species.

#
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The grapk is based or analysis using thz simple matching coefficiens,
\A 1lin2 joining twe species indica*tes that they lipk a+ a
dissimilazity leval no greater =han 0.60. A list of full specics

is given in Appsndix Table 10. :

Grcup 1=Subgenus Madicage Sactions Falca¢o, Marina=, Arboaceas

Group 2=Subgenus 4=dicago Sacztion Suffruticosae | - -

Group 3=Subgenus Grbicularia * ) .

Group 4=Subgenus Lupularia :

-

Figur2 19: Maximal Connec*ad Subgrapt of Non-Sevirocargpos
Specizs,






adlin: joining two species indicates that “hey link at a
dissimilarity lsvel no greater thanm €.55. 2 list of full species
names I1s given io dppandix Table 10.

Greup 1=5ubg2nus . Spirocarpos Secticn Packyspirae
Greup Z=Subgenus: Spirocarpos Section Inter+eoxtas
G-oup 3=Subgerus Spirocarpos S2ction Fotatas

Group U4=Subgenus Splrocarpes Section leptospirae

-~

Figurs 20: Maximal Connesc*2d@ Subgraph of Spirocarpos
Specizs, '






Square-Distances(Gowar 1971) Retween

Nuobaz of
Ctaractars

Moopholegy

Zxcluding
Pollex

Vagetativs
¥ozphology

Fruit-

Merpholegy

Floral |
“crphology

Tollisn .
¥ecophelogy

Tlavenoid

Chenistroy

A score of 0.0 indicates perfect agreemant.
RO aggreement whatscever.
The morpholegical data ars . from Small(1981), Small =+ ai,

- Species:Txamine

Morpkology WegatatTive Fruis

Ixcluéding
Pcllien

£.337¢55
0.280445
-0;356;35
0.734128

C.483836

e

"TABLE €

T tn

B

I

Merphology

2.0

0.639957

C.58577¢

0. TEE€EET

. 0.650316

Tha €f1a

-~ b T d

63 .

- i N Y
\ : N
s
\.

Sazs of Data for'tha 47 .
a s :

-~

Flcral

Poll=zn
. Morphdlegy Merpiology " Mocpholegy
" 48 ' € 12
. ’ )
3.0
C.617€31 0.2
0.TETT8E 0.766102 0.0
0. 6684620 C. 594685 0.820864

A'sccra c® 1.0 indicates
vonoid data is from this study.
(1881a,b) .

Flavono
Chepist

-
-
-

d
Y
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TABLE ?J

Cozpounds Iin +h2 Xajor Taxa
% of ' . Cempcund ﬁumba:
specias 1 2 3 456 7 89°% 10 11°12 13 1t 15 1€ 17
Genus X=2dicago

Suvbganus 4:é8icago

Section Falcago € ¢C L2466 € 2 6 1 1T 5 3 & 4 1
Sectian Arboreas: Tt o011 1T 1.t 0 0 C 0 0 0 9 1
* Sectior Marinae 1 eCcCce1TT T TS 1T 0 0O 0 0 0 9 1
Sac¢tion Sufiruticosa:z 2 221212 2,00 0 90 2 1 2-2 1 1
Svubgenus Orbiculacia
Section Carstizpsas 1 T111¢01 0 €1 1 1 2 1 1 1 0 1
Section Platycarzpas 2 222202 2 12 22 1 2 1 2 1 2
Section OCrbicularces T "101101 C 01 1 1 0'T 4 1 9 1
Secticn Hymenocarpss 1 1117101 1 01 1 1.0 1 1 1 9 1
i Section Heynianas it 101111 0 C1T 1T 1 0 1T 1 1 08 ¢
Seciion Crezaciae 1 101010 0 1 1 1 0 0 1 2 ¢ 0
M.~ prbescens 1 110101 1 19 11 0 1t 0 1 0 2
Subgzanus Lupulifia P 112162 2 11 1 1 1 1 1 1 9 2
Subgenus Sgirocarpos ‘»
Section Zo*atas . 4 3384174 4 01 4 1 2 4 3 3 9 2
SactiondIntartextas 3 213213 3 02 3 2 1 2 2 3 0 2
Saction Pachyspirzae 10 34578101086 7 2 0 5 8 B 0 6
Saction Laptospirae 10 74296 10€ 4€10 7 2 € 9 7 1 7
Gznus M=lilotus 1 110020 0 00 0 0 0 0 C 0 0 9
Ganus Trsigcnella 2 oOoctToo0o0C 90 00C 90 O c ¢ 0o o o

-~

The numbers indicate the number of speci=2s iIn that Section posssssing tha<
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Section IV

. ) . | DISCUSSION -

e

-

The use of polyamid=2 microlayecs- ‘and the flavon=

Tzagent
frovide a geod <==chnigue Zor +<he spudy of. fThvoncids in Mad-
icage., Paper and ¢olumd‘chromaiog:aphy are alse Eractical.

;s

The ‘compeounds datected - using these. technigues acte of valute

"

in +h:z study of

3
D

scoring
Presenca is ‘clear cnough but
- in

tracg=2

amounts and complets,

12 compeunds -presents a few problams.
or the
<0 _dis*inguisk

abksence Is difficuls.

th< -taxonoay of ths cenus.

-~
-3T2

absence of a flavonoid.
etwean presiac?

Some-

“imes this probler cah be :liminazed by using chemical char-

-

acters <that replac: one anotk

act as resplacemsnt characters with the general trand in\%eaf

the «we classes of

sive ang in <tk

being <he zeplacemen+ of flavonols by flaveonzs. How-

flavopnoids are not mrtually exclu-

as § case of Medicago beth occurred Im mos=t
"specles (Harborne 1975).
Usirng spot founting caza wi<hcut idaa+tifying <ke coa-

potnds can l=ac
2restimation of

cult +o be sure if the sane

to predblems as well,
thz number of compounds because i+

compound always

Often it cavsas an ov-
r
is difii-

cccupias th=2

A Y

Flavonols ard flavonas ca:n
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'same position in the ckromatograms. -

'.. ‘. .. 66

This would lead to. ar-

Tors in calculating tke <axeonomic distance- between species.

Also,

2xtraction-procedure.

:Xtra spots may be presant

that are artifac:ts of tha

For sxample, glycosides may bz pac-

tially broken down in<c pcssibly a numbsr ‘¢f intermediatas

as w21l aswfﬁe aglycones so what is actually = 1siﬁgle com=

- peuwnd may appzar as ythree¢ or more. in 2- dimersicnal chroma-=-

tograms (Rarborne 19759).

raducad

=

as

time Iin hkopes that only agiyconszs are present,

- E
=

=

c-glycdsides arT

In th2 present study, +his problan

pPTesent im the

o) tydrolysing the tissue Zor a long psriod o<
Y Eydrolysing . _ 9 p

If, however

tissde thenm amcther problem

arises, that of Isomesrisation products. C-glycosides would
: - .

arp=2ar as tWwo Spots{as k2 6=glycoside and as =he

8~-glycoside) and again lead te an overestima*icr in number

of ccmpounds. in vnderestimation '3

is alsc

'
rt

sita. Fo

4

H

id

7]

ntify at lzast

ct

uents(Hq:hoine 1$75) .

b

ver the sesdlings of

dow2d Wwith £lavonoids.
ccmpounds to the originmal

fore sesns plausible +khat

cur z2arly in the biosynthetic

only in the mature plant a

possibls as twe or

-~
A

th2 above reasodns,

ke wmajor

-

in tke nunber of compoundi'

cozpounds may occupy oas

is always bes* to try and

more variabls constic-

are well =n-

species

plant magures i+ acéds new

of compounés. It

thare-

compounds inftkre s=edling oc-

s= t.ai‘ifﬂﬁg

he pathwvay.

Ly
o]

i

pathway and

13

-
'

ot

‘0

Zarther along

-
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. - ' - © . ; €7 .

g - r

Sgle o= *he compouncs appear *o shkew interdeperndenca for

a;./ . .
their occnr-ence. For ﬁqstance, at leasuuhuo series seam to
be pra2sent #6-9#7-9#8-+t18 and #26-4#10-4w20-9¢21 Tha de-
y S % :
valopmen tal rasults do not contradict this schema, Th2 co-

.

*yl=dons cf gsth X. lugul*na and M. sativa seedlings pOSSass .

ct detected in +ha firse unifo=-

liat2 leaf of either speci

). In +ke pmature plants, - €19,

225, #20 and #21 are ih add@ition <o #26 in beth sp

. 4

2S. -t is 1nts oS

J)‘

0
pae

“0 nmotz that at ':ke s324ling s<a

(IJ

*

ag
2 in ﬁ. lupplina and #5 in M. satriva.are fcunéd only ia thsz
' ‘>

fizst unifoliate l2af and iﬁa‘in th2 cotyledons.

-
- -1

Wh2n sugg2sting poss~bl= n*osyn:hetlc pa_uways.'it sbould

b2 kept in mind that intermediates may b2 necessary but be-~
L] - . .

cause they are rapidly used and dc no* accumulaze, tkay may.

go undetac+t2d, or the in+t:rmediatzs may remain attached <+

(]

2nzymas and @not bz sxtracted. Since +the la+te v

2getative
stag2(3.9) differs little or not a+ all frem thke flowering
and fruiting stage (4. 5) th2n <the diversification 2o thz

Flavono*cs “Lat takes placz must occur rather rapidly during

the 2arlier vegetative period of growth.

More work is nza2dad <o idan+i £y all the comrcurds and to
sample many moere intermediats vegatative stages to detarcaminz
“he pathways cf productionm. It would also be interesting >

sampl2 senescing tissues to see if compounds disappear with

age. ) '. .
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The developmental results indicate that

most part valid to compare séage 4.5 matesrial

o " _ . . ‘ —

it was

-

68

.

(flowaring and

-fruiting)- which was collected for most spaciés, to the stage

3.9 material (vegetative with approximately 9

P . .

'is possible \though that" compounds produced

along .the bicsyathetic pathway may

becenme datectable,

qualizative” flavomoid

. .
Stag2 3.9 had to bz collected for two

as for

;_ti sis and M. tenoreana.as well

not  be dc*ac*ad« n s*ag*

‘However, the results do ne+-indicat2 anf
va;‘lticn batween <+he +wo

ggigaao species,

)

-branches). - I+

at points - facz

the two Trigo-

n2lla spaecies examined becaus?2 no flcwering cccurroid.

- -
- »

v

-2

\\ . In the proscnh stucy chd—ac*e*s #27 arnd #28 correspend to

cyanxdin and pboant“ocyanid :espectlvely.

uidespread presence»cf
d the absence’

'¢1967) <zeported that cyanidic

#xcept Subgenus Medicaac

and when i+ did-—-occur ke indicated

the hyérolysis of p-oantkiocyanidins,

- Proanthocyanidins are repcrted to
o C o TN
universally irp Leguminosae (Gibbs 1974). g

leaves, the proanthocyaridins are also almost

“in the seads but +thke- re2verse is n¢

*:ﬁeJBate~Smith and Ribereau-Gayon 1959). F

cvanidin across

and Subgenus

that i+ was of<

The results re-

ths WHG1l-

ci proanthocyanidins in leaf

occurts in all
Lupulazia

28 du=2 ‘to

occur cemmonly bu+ not

necessarily

2xample, - thsz

for tha
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seeds of M. lupulina are raported as positive €for procyarni-
din (Bate-Smith and Ei *eau-Gayon 1959) bu*t as negative for

proanthécyapidiﬁ;’;;—;he laaves(BateLSmi:h ané Lerner 1954).

Simon{19€¢7) differentiated the origir of cyanidin(either
. : from anthocyanirs or prcanthocyanidiné) .on the basis of tta

[

traction. Ho sta*ed +hat if <ha

(,) v e idin s=ill anp=2are tten ke assumed i+« was

canthocyanidins. - Antkocyanins may

occur iﬁugreen tissve but have their colcur obscured by cth~

er_pigmen:s(ﬁa:borne 1975). In ordasr to'éete:mine ths pres~

2ncs2 of Ercanthocyanidirs, <the tissues pus:t firs+

bly ext:acted and tested for anthocyarnians. It
. {

Pres=nt, the anthocyanins mus+t bo removed before

A -

fer proarthocyanidins is performed. By d= ini+icn,
4

ourless maﬁérials isolat=d from plants whlch qum anthg
4
idins when heated with acid are prcanthocyanidins (Freudan-

. berg and Weinges 1960) . Therefors, only £ an

(=8

. anthocyanidin=-Zree extract +urns ced aftar being .Bciled in

acld can i+t bz said <hat proanthocyanidins occwr. /)

»  The methods used in this study did nos detect proantho-

cyan*dlns in +he leax +lssa~ of any of tk2 Medicaco, ¥21lilo-
e '

"fus or Trigonsila spnc_es zxaminad., Howa2ver anthecyanidins

are widespr=ad and, as was noted by Simon (1967, thke 2gly-

i
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cone is cyanidin, This study must disagree, however, with a

.

number of the <findings of Simon even if it 3is assumed tka+

.

-wkat he reportad as proanthocyanidins were actually attri-

. butad " to anthocyanidins. Th2 present study detect2d antho-
: T T .
cyanidinz ‘dn , a2 nupbar of species of the Subgenus Medicage

k-../ -

-including M. sativa, M. cancellata, M. pironase, M. acborea,

=

. hybrida and p. sufireticosa whick Simon ceporsed %o b2

*qtally lacking 3in these flavonoids. The differancas aca
probably du=2 to populational variation since the presenca orw
absence of anthocyanins s determined by a singls 1locus

- [with possession of recessiva "cM alleles ¥ielding acyanic
' Y
- 13 ‘ -
plants(Barnes 19€€) ]. Differing “eckniquas would affec:t the

-

detection of anzhocyanins, if present.

~
| The populations of this-study ~ere g-own under similac
/ ccoditions and variation s:till is 2vident (Tabla. ). Sinc~»

e- the same populations were not used in the “Wo stud;es, ths
Simon work and this vork, some differences could be expac::
ad. It is irteresting to. note, howsver, tha< Sfimon also
found hi§ populations of M. intartexta and . scutzllaza <o
be kigkly variabla. ilso -since plants wers growc under
£ield conditions in twe very different 2nvironments (Iield.
conditions im Australia in th%‘case of Simorp and-fieldfébﬁeh'
ditions in Canada in the case of +ihis stﬁd?) than the dif-
fezing'conditions_ could also bz expactéd TC centribute to
concentrazion differences(Singtk and Thémpsqn 1961, Lls=cn

and Turner 19€3, Buttery and Buzzell 1973, Stathem and Crow-



. ' . g

~

den 1974) and, therefore, <=c.difficulties in detecting some

-

ccarounds.,

In this tudy quercetin, kaenpferol and coumastrol as
woll asga number of other compounds wera tentét;vsly iden:i-
fied., In addition +*o tﬁe 26 compounds indicated in tk: mas-~
t2r chromatcgranm, other éohpounds wefa detected but thase
compcunds vers difficuit to datact, or were= founé in parckaps

one ¢ two specla2s and were considersed unreliable. Thara

ware probably =2¢ mcrz than five compouads that ware occa-

sionally deteccted. Lut rot used as characters. It s=23mms,
>3

‘therefore, <that many of the 53 compounds recorded by Siamcn

and Gocdall(1968) probably were unhydrolysed or cnly par=-

*ially hydrolysed compounds).

Simon and Gocdall (1968) <rTaported that guercetin occurred
all througk +<h: gz=nus Mzdicago and, ‘whils the ﬁresent study
finds guercet;n to bc widesprzad, it is apparentiy lacking
from th2 Ssctice Falcaggo and Section Marinae of +<he Subgarus
.ggdicaco. it occurs In some species, but net in all of <he
remaining Subgenera.

Simcn[T9€7)_ Téporteé kaempferol as absarct from th2 Sub-
qends ;gg;gggg'and Subgenus Spirccarpos Ssctions Pachyspiras
and Rotatae,. Tkis stucy finds it in at leas+t som: mambzars

of all the Subgenera. .



~

Simon (19€7) reported cbumestrol as present in all Mad:s

Qg species he studied except in one population of M. orbicu-

<&
laris and net at~all in M. lupmlina. Ha stated that the
concentration varisdrwidely and this study also £inds Toe
to bes so. However, this study finés coumes+trecl +¢ hbe

. .. T, ‘ .
from ‘Subgenus Spirocarpes Secrtion Pactyspirae ard Szctiorn
' -,

e
S

Interzexra-z. It 1s present it Subgerus ;gggiggég&%nd scat=

ot
w

ered <through thz2 otker Seczions.

- -

In additicn to the flavonols guercatin and kaeampfarcl,

Harborne (1971) also reported the. flavones 1luteolin and

\
aplgenin ip some specias. Th2 present study €£inds apiganin

in all M2dicago speciss :xcap: M. cretacea ané lutaolin

}ae,

+hroughecut ?he gsnus exc:zpt in cn

tedicage Sact

Falcago. Tke flavcnes chryso=zri icin were also da-

tected, ;‘\

Isoflavone accumﬁiab?/////

Ion was reported +tc¢ be absent Fron
M=dicago (ﬁa:bcrne 19€9) . Gdggclz <t al. (1961) studiagd
the pres=nc: of daidzein, fccmoncne+tin, genis+ein and bio-
chanian i ip M. satriva. Thay reportéd the presence of daid-
z2in, ganistein and .biockanin A in 1 PPE®, 1_ppm and 1-5 ppm
respectively which is less tham 10 ppr which was the limic

of detection <Zor the technique used in =hz present studry.

Standards of gsristein and biochanin ! were available but no

.similar compounds were detzcted in a y ©£ the Medicagqo spe-

cies.
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N ) . : . N " . -
Th2 taxonomic Structure .suggasted by the flavenoid chem-
istry supperts tie <axonomic groupings using <c-aditional

craracters for the Subgenus Medicago and the Subgenus Q9-bi-

celazia (cefer to Table 1). Tke analysis of phenolics by
L£ilaztia | ;ﬁ

Simon and Gpo@alliTQE&L also reported that +k=2 parennials
showed strong affinitiss. Y. arborea .belongs in wit:i the
Subgenus Medicayjo ‘not only as indicated by the presen+t fla-
onoid study but also from the se:blogical data of Si-
mony(1879;, and foem the phytoalsxin data of Incham(TQ?Q).

L) ' .
The’ latter study ravealed tha< M. arborsa produc-d mei;;arx\

vin ané v2s+itol which were ths yphytoalexins ctaracteris+=ic

-

of Kedicago spacies., Tka positioning of M. arborsa in Sub-

- q.p

genus Yadicage was rot acceptable to Small (1981).

thke averags linkage qend:ogram cf non- Spiroca;nos spzcizs
stpports th; concept that 2ack species in this group Is vary
different Zrom +he others and is cerrectly placad in its
own, mcnétypic Se€ticn(zef=r to Taﬁle 1). The cinioum span-
ning =rse also places M. zuth2anica and ¥. platycarpa clossz
as deas the morpkolegy. This does not contradict <ke clas;
of the2 two species to gether in oane Section, tkz Sec-
fion Blatycarpeac. A pkytoalzx Study by Ingham and Har-

borne (197€) shkowa2d that ., platycarpa bmlongad in gdicag

o

as did M. cradiata. Thz flavoncid results alsc suppozt +h
-
positioning of these two contToversial sp2cies in Madicago.

t
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"XM. spffruticosa and H. hybrida are considered as links

betwesn Subgents Ozbicularia and Subgenus Medicago.
flavonoid chemiszry supports <h: concapt bu% thesa <wo

transitional species appear closer to Subgenus Orbicula ia

thkan tle Subqenuggﬁihicago. Some of the Subgenvs Orbicula
gt K - -

Ila& specizs -are oﬁbiéisly morphologically relats@ +o Irigo~

nella (Small 1981) acd p. hybrida has ©%tan been placad in

Trigonella ratker *han in f2dicage itself but the flavonoid

chemistry indica+tes that it bilongs with Yedicagc.

. —-—

“h2 structure of the Subg=nus Lupulazia corsisting of M.

—

lvpulina and M. secundiflora is not vpheld by the flavonoi
chemistry. The phytoalexin study of Ingham(1979) indica=as

t

hat 8. 1lvoulina is significantly diffarem= frep mecst o<hsro

23, The waol

M2dicage and M=lilotus spa OfuUs sp2cies accu-

0}
[N

o7

nulates only =medicarpin an as mzation2d above, Med
- .
specias accumulats medicarpin and vestitol and/or sativan,

kowevyar M, lupuiina accumulates none of tkese, Heyn {19€3)

éonsi er2d ¥. lupulina as doubtfully located in Medicago aad
pollzan studizs by Small gt al. (1981a) iﬁﬁgcate that +he

pollen morphelogy of M. lupulina and M. secund¥fiora ara di-
{\_..J’ g
vergent, ‘

The flavonoid rzsults do not corroborate +the +radi+ional
) ..
Secticns of Subgerus Spirocarpos (re2fer to Table 1) although

*he chemis+tr doss separate Subgenus Spirocarpos from the

cther Subganera +o a lipi<ad degree. The Section Pachvspi-
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_gg’ however, doss shkow closer Eilaiionships within,it than

4

do ths Sﬁc*‘cns Leprtospirae, Rgta*ac and ;nt«*tnxtae. Tke

-

i A rasults of Simon and Goodall(1968) also suggestad that the

" Dachyspiras are .chemically distinctive.

Sé:clqgical daza of Simon(1979) has tka Sec+ion Pachyspi-

z2mbers M. truncaxzula, X. ternata, M. turbinata and X,
ittoralis close tog=ther., The averag?: inkage dandrsogranm
oducz2d from the <£lavcnoid data has M. litteralis as the

lossest ¥edicago species to R moeana whichk is placzd in
:otatas by Lesins and lLesins (1979) and H=2yn (19€3)
while the minipum spanning traz has it closzst +o n.

3ir=
i

s2L2
=d

Q
[ur]
(8

[#4+
.

¥. noeana skews th2 phytcalexin Tesponse of Mzdicago

.‘l

spe¢iesj;ngham and Earberone 1976)'_and b2cause o s closa-

-— —— e

ness to the two Scct;on Pactyspiracs members ¥, litzoralis
and M. soleirolii, them =zhkis st —cngly Sng=sts that M.” poea-

na also bslcngs in Section Pacgkvspiras. Sméii44?&{{ placad

M. nozana in Sactlon Pachyspizas based on numerical analysis

R
= of 753m *oh@lbg cal characte:s. Zt should be nec*2¢ howavar
that %« is not placed in Section Pachyspiras by
all taxondhﬁééé. Heyn(19€3) places it in Section Sotatas

‘ - ' . . . . . . . .
while 1esins and lLesins (1979) »place it in Sectien Pachyspi-

e

rae. The £flavornoid chemistry tends to support ,the L=2sgins
and Lesins(1979) classification of *his species. Cytologi~-

cal evidenc:z of Simon and Simon (19€5) also suggestad <hat M.

. seleirolii belongs in Section Pac chyspirae. k2 *wc species

M. murex and M. constricta are comsiderzd +o be nmenmbers of
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the Saction Pachxsg-‘.ac bv.r. +he flavong‘i data o‘.;. ths pre-~
sent study snggests that thesa sp2cies do not'bel:pg here,
The s2rological dgta of Simon(1979} and an analysis of flb-
ral cha:ac‘e:15'1c=($mall ét‘;i 1981b) also suggasted +ha+

:-’hg;g; does not b: lomg wiz *h the Section Packyspira

L..

again, botk the serolcgical da=a and the fldfonocié data com-

. \‘c
Plemznt eack otker and indicate <hae M. purex is ¢losely o2

iﬂted to M. corona_a (Snct on ch*osnlrae) and ¥. grapadsn-
v - /
$is (3ecticn Tpter textas), - . ‘

|

gical data and flavonoigd data

m'\m

¥. granadensis are very differen

Tha Sa3ction Ectat dn‘trad'*lona’ly ccasists of <=ha sp2-
-~
cies, k. scutella:a, B. zotata, M. Zhgosa and ¥, blanch=ana

Witk L2sins anad lesins (1979) and Heyn(1963x also including

Iz

Ty,

+ BOzana. In =hs minimunm spanning tre2, only k. Zugosa and

-

M. blancheana appear to b= close}g;related. Actually, one

m=mbar of S2ction 2oratae, 4. Cotata previdszs a c2ntral lirk

r—

b2twe2n mambars of the Sec+ion lertospiras 2xcept for tha
Species M. pr Ia=cox, M, minima and M. arabica. Szrological

daza of i mon {1579) also Suggest +hat E. Dpraecox dozs not
belong witk the Ssction Laprospiraz and that M. arabica is a

"peculiar" species.

rdnce

.?

i
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Heyrn {1963) considers <ha Subgenus Spitocarpes to be mor-

phologicaliy advanced, evolving through the Section Falcago
of the Subgsnus Madicago. Cross pollica<ion by inscc
7
vails In +h2 Section Falcago whkereas Subgenus Spirocarpos is
’ = .

2xclusivaly self-pollinated. A ¢t

rt

S pre-

pping mechanism occurs in

H
[ 3

X,

both. Heyn(19€3) cites this as s

rt
H

cng evidence *hat Subgenus

Spirocarpos 2volved Zrom Sz2cti Falcago since the proper
) : . . : 3

functicning of <hs <tripping mechanism is =28sen+ial for re-

production in th2 lat<e<r but 2t is a relic ir <ka2 former,

self-pollinating g-cup.

Th2re ar2 <thought to be two %rends in flavonoid evolution

1. a =zeduction in structuzal comple%Xity and in numbzr of

flavorcid structurss, 2. divarsification in +the flavonoid
nuclsus involving extra ~Ooxygenation, O-methylation

2*Cc. (Gornall ané Bohnm 1978).::These trends lead <o difficul-

L
-

[N
'Jl

n

b

€S nterpreting flavonoid patterns bacavse? thz pres2ncs

of simpla flavoroid tructures could <represent sither a
primitivs statz or a s2ccndary zreduction and +herzfora an

advanced s+tate.

Wichi th:z Laguminosag thare are woody and herbaczous
gepera, The poz2sencz of proanthocyanidins Is corrzlatad
with wcodinzss, a supposedly primitive character and there-

Zore specias possessing tham are considzrzd to b

thy

o
]
',4
H
H
(43
P
<}
W
L

The g2nus :icacia is wocdy and possasses ayricatin, quercatin
S

and kaeméfarol but no £flavones (Harborne 19771). Th2 g=anus

r

R

.



™~

+*he ggrolut

. . p . 78

Genista is hac-baceous and possessas quarcatin, kasmpferol as

.

vell as 1luteolin and othar flavones but no amyrice=-

in(Harborne 1971). Tke geaus dedicago shows “he latter paz-
-

tern of flavonoids and lacks proanthocyaridics in the l:=avss

J > - - - . )
and- so-kay b= considered an advanced genus within <he Legum-

inosas, -

.

It is difficulr to assess chemical evolutiorary trends in

- ]
“X€ g2aus on the basis of <h2 <zw compounds <*“ha+t havs be2n
“entatively identified. Howavsr, the peremnials of Medicago

show a *endency toward lacking £lavenols and possessing fla-

vonss., This would sugg2st an advancad state espscially

since tricin is prominert in this Subgerus and *his compound

has two C-methyl groups on <h2 B-ring. This Is ceatrarcy o

oL tkha

e
ct

Hayn (1963) suggesgs basz& on morphology.

b
¥,

To be useful as taxonomic characters, £flavcnoids shoulg

be correlatsd with other charactors(Harborpe 1575). 1 com-

. 4 .
parzson of the degree of agreament with each other of saver-

al subs=t of morphological characters of the 47 ¥edicago
spacies examinad and witk <khz . flavenoid data of <he presant

study, reveal. that the flavonoid chemistry is not quitz as

-

consistant with the traditicpal classifica“ion cf ¥=dica

~ o :
as ars /yegetative'mo:phology, Iruit morphology and flower

” .
morgﬁology. This is to be 2xpsctad sincz it is mostly thess
i

charact2rs +that have been used to give +the +raditional
,t

; -

structure to the geznus. Or the whole, +h2 flavonoid chamig-

L
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try shows strong agreement witk *ke traditiopal classifica-
+icp of ggdicégg especially with éubgenus gadicago,.Subgencs_

Orbicularia and Subganus Spitocarpos Sectivn D yspirag,

The2 flavonoid chemistry also supperts some suagsstad af-

finities of constr-oversial specias(refer to Table W), .

orea balongs in Subgenus Medicago, XN. sola2irolii .and

c2ana belong it Subgenus Spirocarpos Section Dachyspirae,

a4

=]

the preblamatical species X. platycarpa, M.«futhspica and M.

Zubascens bslong in the Medicago genus, the divergen: spe-

cles M. cars*iensis, M. radia+a,

I

. orbicularis and M. hey-

« Blatycar-

bicularia along-with

I'x

brida is a link be+twsen Subgznuys
¥bzida

]

‘adicaao and Subgsnus Crbicularia.

'Th2 flavenoid chemistry suggests zhat ¥. lrpulina and Y.

secundiflora are not as clLose as +he norphelogy indicates,

that ¥. mursx does not . belong in Subgenus Spirccarpes Sec-

*ion 2achyspirae, tkat X. murex is close to M. ceoromnata and
: ' s T v
¥. granadersis, that M. grapnadensis anad M. Znterzexta are

very differapt, that ¥ prascox does not belong wftl Subgan-

Us Spirocarpos Saction leptospirac and that 4. arabica is a

"p2culiar" spacizs. ALl the above results are supported by

>
-

sipilar ‘results from other sources such as phkytcalexin, s=o-

-

ological, pcllan and floral studies.

. Th2 flavomnoid chemis<ry and numerical analysis ace strong

*cols in the study of the  taxonomy of the genus Madicaqo.
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The various numerical technigues did give sligh+ly differen+

rasults but gezeraily thz s<rongly definaad groupings are

-
% . maintained agd cnly tke ¥ara kly defined relat;onsh*ps tand to .
ot . Y i )
be unstable. - 'i@ : :
The idep:ification' ‘of more'of the aglycones prasent in

: T N :
the g2nus Madicago as::well as tke flavoroids of the two

P
closely related gnne'a Trigonslla ané E21l:lotus mayiﬁilou

better separation of Hhe gégggi and species. Full iden=ifi=-

cation of t¥e ¢ mpounds would also revcal_i any phytoalax-

ins aze presean:. Th;jproduc tion of phytoalexlns would bo a
reflection of thsz physiological s a¥ of the plant. and in-
this'wag igﬁld distorz ;hp :axonomy S0 proéuced unless all
specizs under study could ba induced to'producé them. Only

o then would <hey be taxonomically =significant. Individual

compounds toc be stucizd more closely as possible markers of
Medicago species include apigenin and compounds #23 and #24.
ilso studies'involvgng glycosides would probably provids ad-

ditionaX informazion which would be useful iIn taxonomically

structuring the genus, ‘

”;
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Population

{r

]

Y

M.
4.
M.
M.

coronata 12

arabica 625 ’
ges
arborea 103
220
tlanchoana 353
" 859
cancellata 150
1024
carstiensis €8
constrictsa 343

1¢19
crztacea 56
daghestanica 1023
disciformis 1016
deliata 333
3€8
grapadensis H2964
beyniana 342
tybrida 57
350 .
intertexta S¢8
965
laciniata 594
lanigera K298u
littoralis 100
§55
lupulipna 311
318
£71
marina 110
120C
cinima 332
381
mursx 1021
muricoleptis 347
nozana 338
orbicularig 31¢&
400
pirona= 159
672
platycarpa 161
1€4
polymorpha 360

-

Growth
Conditicns

*7
fu

£
1]

ay G Y d"tj"J'*}"}G)"J"II"JOG)'I!"IJ*'!.‘JG')"J'!J'UOG)“]"J

MOQMMEH YO OO0 0O Y

- .

Sourccs

.I.289937
P.I.315458
UAGEL3

UAGR1272

J2GEE7

UAG#1974

DEG#2303

GLGR768
UAG#832

P, T.253449
?.I.253449
P.I.258759
P.T.2€0994

88

" France

Gra=ca
Uss=
Hungary
usse

Morrocco

Hungary

Denmarﬁ

Tmnisia

Gresce

unknowvwn

Yugoslavia
Yugoslavia
Usse

J355%

Kreta



w

89
J L34 . - F 8 France
praejcox 337 TP € UAG#957
progtrata 699 F 8 Hungary
700 F 8 France
pubescens 957 3 28 P,I.2u5002 . India
radiata T177 F 8 . Holland
-rigidula 711 = P 8 Jaffa
98¢ F 17 .
rotata 335 F & TAG#280
723 F 8 . Portug
rugesa 39 v 20 .
1018 - F 20 Crete
G 6 JAG#53¢

ruthanica 1025

;

&

\
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r
M. sativa 5223 F 21
M. sauvagei 334 F 6~TAG#S30
M..saxa*ilis HS58€ . ' .
M. scutallata.899 ¢ r T4 )
. 1620 ) G 20 Grescs
M. secundiflera 339 G 5 TDAG#553 .
M. soleirolii 336 1 6 UAG#567
M. suffruticosa 199 G 23 p,.I.299)Q54 »innesota
750 r € Francz
M.. tenor=ana 341 G 6 UMG#140Q0
M. tcrpna<a 929 F 24 P,.I.3B4640 Morrocco
8479 . T 19
M. truacatula 939 F 24 P,T.283662 - Z+aly
943 F 24 p,T,292436 Israzl
M. turbinaza 366 ¥ 25 . cssz
945 13 20%p.T,197387 Aus*ralia

Grow:th conditions; G=grsenhouses, T=field
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" TABLE 10

~ Abbreviations Used feor Speciss

r |
~ ARAB=Mé&dicaqo arabica

AT50=MY

BLZN=N.
CANC=N,
CARS=N,
CONS=M.
CCRO=Y,
CPET=M,
DAGH=N.
DISC=A,
_DOLI=M,
GFAN=N,
HTYN=x,
HYBE=K.
INTE=N.
Lacz=x,
LANTI=H.
LITT=N.,
LOPO=H.
MIRI=N,
MINI=N.
MURZ=H,
MORI=N,
NOEL=Y.
ORBI=N,

arbor»a
Elanckaaha
cancella<za
carstiensis
constficta
coronata
cmatacsa

-

daghestanica-

disciformis
doliata
grapadensis
heyniana
hybrida
intertexta
laciniata
tanigera
littcraiis
lupulina
marina
minima
gursx
ruricolepti
noeara
orbicularis

~

PIEC=M. pircnae
PLAT=F. platycacpa
PCLY=NM. polymcrpka
PFAZ=X. praececx
PROS=M, prostra+a
POBEZ=". pubescens
RADI=NM. radiata
RIGI= cigidula

30TA=M. rotata

ROGC=M. rugosa

RUTH=X. rutkenica
SATI=N, sativa

SAUV=¥, sauvagei

SAXA=M. saxa+ilis iy
SCUT=M: scrtella*a
SECU=M, sz2cundiflora
SCLZ=M, soleireoli:s
suffruticosa ™
TENC=K, +tenor=ana
TCEN=M, torna+*a

T5UR=r., trurccatula
TUXB=¥. turktinpa+a
MELI=Melilo*us alba
ZCrEZ=Trigcn21lla ‘casrulza
TCOF=Trigonella corniculaza

Ruthorities may be found in Small(1981).
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