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ABSTRACT 
J' • 

.. -
JOHN ~. RAELSON Plant Science 

AN lSOENZYME STODY, IN THE GENUS LOTUS CFABACEAE) 
" 

, 
An isoenzyme survey of severai taxa witbin the genus Lotus 

~ , 

was undertaken to Pfovide markers for gen~tic research and to' 

test hypothes~s concerning the phylogenetic origin of Lotus 

corniculatus L. . A preliminary study identif.ied seven enZYDIe 

systems ~I, TP1, PGM, MDH, IDB, 6-PGDH and ME, that produced 

consistent clear phenotypes in ~. uliginosus Schkuhr. Variation 

in phenotype with tissue type and stage of development suggested 

the presence 0; severai isozyme zones itithe phenotypes. Enzyme 

phenotype was 'constant for shoot tissue of plants older than six 

weeks. A second studY examiQed recombination and segregation of 

isoenzyme phenotypes in interspecifio hybrids, ~llo- and 
• 

autopolyploids, and in ~. corniculatus. Duplication and 

quadruplication of ~ loci in hybrids, amphidiploids, and in 
. 

L. corniculatus was used as evidence that the latter i8 a 

'segmental allotet~aploid. A third study surveyed the occurrenèe 

of various isoenzyme alleles in L: alpinus Schleich., ~L. 

japonicus (Regel) Larsen,-·-à-. tenuis Waldst. St Kit. 1 L. 

~ginosus and L. corniçulatus. Lotus ul!sinosus had unique , 
~ . 1 

distinct alleles fo~ severai enzymes tbat_~id not ooeur in ~be . , 
/ 

oth~r speeies. This evidence ~gues ag~inst the involvemeDt of 
• L. u1iginosus in the origin of L. eorniçulatus. 
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RESUME 
4..-"'_ 

Ph.D. JOHN V. RAELSON , Plant Se1ence 
, , 

UNE ETUDE D'ISOENZYMES DANS LE.GENRE LOTUS-(FAB~CEAE) 

Un examgn dtisoenzyme~ de plusieurs taxa du genre. Lotus a ~té en~re~ris 
...... ~ ~ -

afin de fournir ëes marqueurs génétiques et de v~rifier certaines hypoth~ses 
• h , J 

concernilp.t 1 'ori-gine phyloKénéti~ue de ~ corniculatus L. ~ Une étude 

préliminaire a permis d'identifier sept systèmes d'enzymès: PGI, !PI, PGM, 

MOH, IDH, 6-PGDH et ME, lesquels ont produit des phénotypes clairs avec 
, 

régularité chez L. uliginosus Schkuhr. Des variations phénotypiques sont 

apparues selon le stade de développement et le type de tissù utilisés 
). 

suggérant la présence de plusieurs zones d' isozymes dans les phénotypes. Le 

phénotype enzymatique fut régulier dans les tissus des pousses de plantes 

agées de plus de six semaines. Une deuxième étude a permis d'examiner la 

ségrégation et la recombinaison des phénotypes d' isoenzymes dans des 

hybrides interspécifiques, dans des a110- et a~totétrap1oides ainsi que chez 

1.: porniculatus. La duplication et la qua.druplication des loci Pgi2 chez 

" les hybrides, les amphidiploides et L. cornicu1atus ont ~is en évidence la 
; 

. " 
nature a1lotétrap1oide segmentaire de ce dernier. Une troisième étude a 

pèrmis l'examen de plusieurs allèles d' isoenzymes chez 1.. alp~nus Schleich., 
. '" 1..' ~aponicus (Rege1) Larsen, ~. tenuis Wa1dst. & Kit., ~. uliginosus and 

1.. comicu1atus. "~ u1iginosus a présenté des allèles distincts pour' 
, 

plusieurs enzymes, lesquels étaient absents che~ l~s autres espèces. Cette 

dernière constatati~ rend peû probable la participation de L. uliginosus 

quant __ l l'origine de L. corniculatus. ' 
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.C~ÀI" ,. ORlBlNAL RÈ~EA~CH 

1 lIo.nzy •• '.!tctrophor •• h i~ a N.ll •• hblhh.d ",t.chniqu. Nhich hl.. , 
, - 1 l,1 . 

-blln ulld ~I an lid if!. th. biaIY~~'.luc .nI1YI" of 1 nu.b.r'.of hu. 
, 

HOMlv.r. ta th. but of the authO"!',' 1 knoMhdgl, i t hu not; prlvioull y ,bl.n 
1 • 
\ 

,.ppUld on • IYltll.ttc bllis in th. g.nui L§!td." Thl only prlvl'ctully 

rlport.d U'I of t,àlnzy ••• in the ,enui Latus th.t the luthor coyl~ find NI' 
1 

th.t of 1 Itudy by D. Llutour It Il '. ,11978'. Th ... r .... rch.r. obh,l nlci 
, 

phenotypl' of phenoloxid',., phosphlt.,., I.t.r ••• , Ind p.raxida •• for 

tttraploid Lotu. t'Inuit Ind 6.. cornicuhtul, Ind fpr hybridl bthlln th ... 
, , 

taxa. Th.y u •• d thl hozy .. ph.natyp .. ta nc.rtAin t'hlt hybrid plants Nlre 

abtlinld Ind na Itt •• pt MI' •• d. ta InalYZI Ilor'Qation of ph.natYP.I or ~o 

•• hbllth thl Qln.Uc buis of th ••• patt.rnl. 

Drlginal flndingl Ild, in th. cour •• of thi. rl",r~h 'inelud. th. f0110.,1ng. 
" 

" 1. D.tlr.inltian of carrlct buff.r. for obtaining c~n,i.t.n~ il~~nzy.e 

ph.notyp •• for PSI, PB", IDH, "DH, "E, 6-PSDH, Ind TPl Nithin' th. lotus 

carnicul&tui group. 

)-

2. Analylh of thl glnltic bali. for ph.notYPI for PSI, IDH, "DH. Ind 

6-PSDH. 

3. D.tlrainltian of cytalolic Inl\"gln.l11 •• qullt.r.d !sozy •• forll of 
-' 

1,,/ , 

PB'" ud TPI MUhin thl glnu. ~. 

,4. DhcaYlrY,of duplication af thl Pgi2 locu. withln th. inhrlp.cific 
M' 
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'tiybrid ~ ... l'pinù. X ~r Japanicui thlt dU not occu~ ~i.th'n th. oth.r:
< , 

dlploid:tlxa, .~d of dileb~~ry of th. qu.druplieation ~f th!. locui Nit~in 
" 

L. c\rl!iculatui. . " • , 

's. Prl •• nt.\lon of additionll 1.0.n~YII .vidlnc. that L. eornieulatu. i. 1 

•• g •• ntal Illot.traplDid. 
, 1 

6. Pr'l.ntat~on of ilolnzy ••• vid.n'. that app •• rl ta dilcount ~. uliginolui 
c 

•• 1 po •• ibl. diploid anc •• tor of ~. corniculatu •• 

7. DI.an.trltion thlt PB" and P6I phtnotypt' can ~ ul.d ta confira th •. 

hybrid natur~ of thl putative hybrid. Nithin Lotui. 

8. D •• an.trl~ion thlt PBI ph.notyp •• cln be ~ •• d ta diltinQuilh bet.een 

dlff.rent Icc ••• ian. ar cultivar. of'L. cornieulitui bl~d upon frequ.nci.l;

of Pai2 .lhll,'. l' 
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Enzymes usad in this study 
0. ... " .. 

~-~~~----~---~------~~~---~~--~---~-------~------~-----~---~---. '... - ~ , . 
------~--------------------~---7---r-~--------------------------

Enzyme' . 
----~---------------------~---~------------~-----------~--~~~---. . 
~co, A'coni tase '(EC 4.2. 1. 3) 

:ALI)'; .Aldolasa CEC 4.1.2.13) 

AAT (GOT), Aspartate aminctransfera •• (EC 2.6.1.1) 

p0 -EST" -Esterase <f::C 3. 1. 1. 1) t 
DI~, Diaphor&sè (EC 1.6.4.3) 

l ~ 

FDP, Fruçtose 1,6:diphosphatasè (EC 3.1.3.11) 
. ~ 

G~PDH, Glyceraldehyde-3-phcsphate dehydrcgenase (EC 1.2.1.12) 

G:zDH, -al ycer!lte-~-dehydrcgenase lEC 1.1. 1.29) 

GDH, 61~tamate de~ydrcgenase (EC 1.4.1.2) 

IDH, Isocitrate dehydrpgenase (EC 1.1.1.42) 
1 

LDH,· Lactate dehydrcgenase <EC 1.1. 1.27) 

LAP, Leucine aminopeptidase (EC 3.4.11.1) 

MDH, Malate dehydtt';oganase CEC 1.1:1.37) 
\ 

ME, Malic enzyme ·(~C 1.1.1.40) 
"':. \ 

MR, Menadi~e reduc\aseo <ÉC 1.6.99.2) 
ft .. 

NADH, Nic~tin~mide a~ënine dinUcle;tide 
dehydrogenase (EC 1.6.99.3) 

PGM, PhCSpheglU~cmuta~etase (~C~2.7.5.1) 
. . . 

6';:'P8DH, 6-'PhospA-ogl uconate dehydrogenase -(EC 1.1. 1.44) 

\ P6~, Phc~phegluccà~ i~omerase (EC 5.3.1.9) 
1 \ ... . 

SKDH, ?hikimic dehydrogenase (EC 1.1.1.25) 

1 TPl, Tri'osephQsphate i semer"se (EC 3.3.'1. 1) 
. , 

--~-~-----~-----------------------------~---~---~~~-~--~~~~-----~ 
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8ENERAL INTRODUCTION 

Blrdsfoot TrefoU (Lotu, co,.nicuhtus L.) il 1 tetrlploid (2rt.. 24) 
aW 

forlQ' leQu., Nhich has diltinct Idvlntlgl. for forage production on wet, 

nid, or IhillON loill. Dt! luch litll, it outproduell alfllh ("edielgo 

Iitiva L.) Ind II lanQ.r llv.d than altirnativi IIQu'l cropl luth Il r.d and 

NhU. elov.r. Th. Igrono.ie IdvlnhQII of birdsfoot "tr,foil have bun ""Il 

r.vi .... d (S.aniy and Hensan 1970, Brant Ind "artltn 19S:5). 

, 
Dllpi t. th ... advlntlQIS, birdlfoot trlfoil hu tMO serious 

diudvantagel that lflit ih UII. Th. first of th .. e is poor I •• dling 

vigor, .. king shnd IIhbl1shllnt difficult, the .. eond il poor sied yield 

r"ulting frai indet.r.inate groMth and seed pod dehiscence. SOie progress 

hal bltn achiev.d in brtldinQ for increalld vigor through rleurrent 

III.cUon <TwII1.y 1971, 1974J Drap.,. and Willl. 19b5), and a gen.tte 

co.ponlnt for d.t.r.init. groNth has blln identifi.d (Suzzili and Willi. 

Nithin th. 'plCin. Seeause of thh flet, Iueh •• phnil hu bun plaeed 

upon intlrlp.cifie hybrldl ulion for th. iepraYI •• nt of lied Ihatttring ln 

birdlhat t,..foil (BIr,hon 19611 Philllpi and Klte 19681 60llroo and Brant 

1972. O'DonouQhu. 1986). 

S.n.tic tlproY ••• nt oi birdlfoot tr.foil hll b •• n hind.pfij by 1 lack of 
. \ 

qu.lltlt~vl·o.n.tic I.rk.r •• Th. f." gln.ticilly controll.d ch.rlet.r. that 

have bltn Ituditd includ. cYlnag.n.'it (DI"lon 194\1), 111"'01 veri'Bl 1 .. 11 

liaf ,iz. (Donav.n 19S9, Donov&n .nd "cLlnnan 1964>, l.af eolor (Pooltchi 

and "lcDonlld 1961), kl11 tip color (Juzz.ll Ind Nil_i. 1963. Bub.r 'Bd "iri 
/ Q 

1 

o 



o 

l .. ~ ,) ~ 

· .". . ," '1 ' " , 
~ ~ f • 

, " , 

1965) and .. U ineolpaUbility (Buna11 Ind Nillh 1963). Th, .. ch.rut.rl 

havI III been found to ngregate in .. tltrasolic lanner. Thil paucity of , 

charaeter. hinders rlsearch in hd distinct way.. Firstly, "!th fe" 

qualitative characters, selection can be .ade only on the desired 

quantitative character. luch AI vigor or ued yield. Thus, sel.ction can 

only be aade after a grO"in9 Blason in the field, and the'shortcut of 

selecting for sOie correlated qualitative character can not be carried out. 

Secondly, the lack of genetic markers has hlndered the deterl1nation of the 

phylogenetic orlgin of the tetrapl01d cultivated specin. The deterillnation 

of the orig1n of Lotus cornieulatus Nould be useful in illproving birdlfoot 

t r e f 01 1 t h r 0 U g h i nh r s p e c i fI e h yb r i d i z a t ion • 

The task of introducing the dnired genetic IUterial into the 

cult1vated Ipeclu,~ecolles complu, because birdsfoot trefoil il a 
, , 

tetraploid and aIl known Lotus .pacies "lth non-dehiscent podl are diploids. 

,The strategy for 5uch a transferal of genetie .aterial "ould be to cross the 

Nild non-deh1scent species wlth one of the dlpl01ds in the Lotus 

eornicuiatui oroup, And then double the chromosome number of thll hybrid 

Nith colchlCine and cross the resulting amphld1ploid luth birdsfoot trefoll '\ 

(O'Oonoughue 1986; Somaroo and Brant 1972). If one of the diploid parents 

of the hybrid "as ancestral to L. ~rn1culatus this task Nould be easier 

becùu~ .eiotic regularity and fertllity of the final product would be .ore 

likely (Souroo and Brant 1972), Furthermore, luch of the selection for 

desired charaeters and lIeiotie regularity eDuld be achieved It the sÏllpler 

diploid ~evel through backcrossing befort the d"ir.d 'glr.plall "as 

introducec: at the tetraploid leve!. 

o 
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VerlDUI luthorl hlv. prapalld ~ff.r.nt Ip.cl •• Il th. proQ.nitarl of 

th. t.trlplDid cultiYI~.d pl.nt. It hll ba.n prDpa •• d th.t ~ 

" cornicul.tui i •• n autot.tr.plaid of h. tlnuis (D ••• on 1941) lnd 

.1brn .• Uv.ly, th.t it il an allohtr.ploid of ha Ip.ci •• (Bttbblnl t9S0, 

Hlrn.y .nd Br.nt 1965. SOI.rao .nd Br.nt 19121 ROll Ind Jan •• 1985). Th. 

v.rloui .rgu •• nt. hlv. b •• n bll.d upan th. f •• Q.n.tic •• rktr. Iv.il.bl. or 

upon •• iotie .n.IV", of hybrids. V.rioui diploid Incistari hlYI b •• n 

propoled ineluding !:... Ilpinul, L. J.ponicus, ~. hnuis, .nd L. ullQin,olul. 

Ho •• v.r, th.r. il no canl.nlui an the lubject bleaui. th.r. il liltt.d 

nid.nce upon whie\h ta bu. th. yariau. prapauh. 

l 
ln vi ... of th •• bov. con.ider.tian., it "u dlCidtd ta und.rt.k. in 

ila.nzy •• lurvey "!thin thl Qlnus~. A knaliflldg. of varioui i.olnzy.e 

loci .nd .11111. wauld iner •••• th. d.t. aYlil.bll far Q.netie Itudy of the 

oenui. Firttly, an. praetic.l lev.l, a knoNhdgl of isoenzyll .. rklrs' 

wauld providl p.rhlPI • t"afald incr"'1 in Iv.ilabll ehar~et.rl th~t eauld 

bl u.tful for luch talk. al I.I.ction in th. or.,nhoul' and pClitive 

id.n'HUc.tian of putltiv. interlp.cific hybridl. S.candly, a Itudy of 'the 

.eor.gatian of tla.nzy •••• rk.rl cauld clarify th. cantrov.rlV lurrou~dinQ ( 

th •• utatltr.pl ai d naturi of ~ cornieuhtui whj ch "II band upon 

abllrv.d tttrua.ic inherihnci. Thirdly, a co.puilon 04 i!lalnzy •• 

phlnotYPl1 far 'atol corniculAtuI, .nd th. varioui put.tive diploid ,-. ~ 

,.nclltor., lieht b. Ibl. to Ill.tnlt. lOI. of th. propond Ans::tltor., 1J 

their phenatypu N.rt not cOlpatibl •• !th t~e rolt of palli blt InclStorl. 

(J 
halnzYIi dltl Ir, po".rful Il Qlnetic taah. InfotnUan t. obhin.d 

by abllrvJng th. ehctro.a'rlity of .pecific prattinl on • gel. BtcAull of 

thl colin.lrity of infor'ltion bltN"" DNA Ind prottin, tllctrolobility 
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which ts a 4unctian of pri •• ry prat,in .tructur. i. 1 r.fllctlan of 

nucllotld. Ilquencl within th. Qlnl. A chanQI in lability r~fl.cts lut.tian 
.L. 

Nithin the Qlne. ln addition, isoenzyae Illeles Ire codolinant, that h, / 

heterozygatel c,a'n be distinguished frai hOllazygotes sa that i'loenzylle dlta 

arl lOri prlcite than i nforllt i on obtai nid frol phanotypn control1.d bV 
, ~ 

dallinant a11ele5. Seeause of these faets, Genotypes ean be direetly ~educed 

frol ilOl!Ozyll phenotypes (Gottlieb 1977). 

Th. purpose of thil iloenzy.e Itudy Nas specifieally ta anlNer four 

questions. These arel 

1. Nhat are th. laboratory protoeoh that Ni Il produe. di stinet 

reprodueible lloenzyle phenotypes 1n Lotus for Il lany enzY"1 il 

pOllible ~iven constraints of fime and Ixpenle? 

'. 

2. Cin it b, de.onltrated that thesa iloenzy.e plilnotYPIi s.grlgate 

according to Mendelian elCpeetatlon and, thul, tJtat they·a~curately 

reflect genotype. 

" 
3. h segregatiari of established isoenzylle lIarker! tltrua.ie or dilolic in 

\ . 
Lotus corniculatus? 

4. -is the isoenzy"e phenotype of any af the putative diplaid ancestral 

s.pec1..ls !:.. alpinus, !:... Japanicus, L. hnuil, and !:... uliginolul 

incollpatible Nith the possibl1)ty that it contributed genetie .aterials 

to th, tetraploid LDtus eorniculatu5? 
r' 

1 

Th. rel~ltl of th. study fallo" and are pr'llnted ln th. fora af thr.e 

.anulcripts. rhe firlt af the •• prll.nt~ the findinQs of a .t~dy of 

labarltory hchni qUIl that produci the c:1!ar.st iloenzya. p~.notype •• ! 
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ini Uil It~dy Ilia lU.' n.d th. conli .t.ney af tht •• ph.notYPIl during . 

varioui lUI.cyell IhO" of th. d1plaid \:.. ul1ainalul, in ard.r ta vlrUy 

thlt dlff.rlnt.~ 'n p~.notyp. r.prll.nt.d tru. Qtn.tic diff.r.ncii r.th.r . - \ 

thln ontoOlnltic dHftr.n,... Thl I.cand linulcript pr ... ~h ftndingl fra. -

1 ltuct,Y of Qln.tie .. gr.gltian of lIa.nzy ••• .,k.r. in diplaid inttrlplCific 

hybridl in ord.r ta Iddr'il qU'ltion nu.b.r 2, Ind in Irtifieill 

lutotttr.ploidi. Irtiffc_ill Illahtr.ploidl, .nd in L. eornieuhtul, in - . -
ord.r ta anIM., qUIIU on nu.b.r 3. Th. tht rd unulcri pt prnlntl thl 

rllultl of 1 lurVly of ho.nzy •• ph.notyp .. in uv.rd lee.Slionl of th. 

vlrioUI diploid' f and in L. carnieul.tus, in archr ta addrUs qUlltian 

nUlblr 4. 

Th. UII of horizantll .hreh Q.l .ltetrapharlli l 'uy be qU.IU aned, and 

1- eonclud. thil introduction by 1 jUltification af th use, It cln b. 
,J'-

Irguld th.t pol y.cryl .. i da .1Ictrophar.si 1 pravi d .. fi ner ruaI uUan of 
, , 

enzy .. dUftr.ne •• than th. al d.r Itarc~ 911 •• \hodl. 1 .oul d anlnr thh 

crUici .. by .. king thr .. paints. First, a IIr91 body af data alrlldy exilt , 

for Ihreh gll el.C!trophorttlh ~ thl lihratur. ln thl f1tld of plant 

t.xona.y .nd genetici. Th. ule of Itarch g,l .llctrapharlsis in this Itudy 

provi d .. rllul h that Ire ealpArlble !li th exi ~ ng dlta. Sicandl y, though 

Id.1tt.dly 1.11 prlei •• , stlreh g.l .l,ctropharelil pra~id'I r'lultl with 

l.pll ,fllolution ta Iddr," theareUcal qUlltianl, Ind 11 luch Inilr and 

le ... xp.nsivl ta UII. Thirdly, th.' Icryla.id. lono •• r il a nlurotolCin, 

Nher.al .tarch oeIl .r. r.llllvely non-taxie. Thl .nzy ••• taini~o eh.liciii 
1 

are tallic but u .. af Ihrch dlcrullI th. Ixposurl ta taxin. whi 1. lU 11 

providing ad.quit. Ind r.l table infarlltian. 
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An ilalnly •• lurvly af la.1 tlXI in thl g.nui ~ {FablcIII~ wa. 

undlrtak.n in Drdlr ta inerill. thl nu.~~r ~f glnltie •• rklrl IVlil.blt to 
, ' • ./~'% 0 i:. 

brlldl" an~ ta Itud.ntl' af !:..2!!!.!. p.~tl~. Thl rllulh af 1 prlli.inlry 
t .\~'" r"," .. \ • 

ltudy using thl IplCt .. ~; Ul'lginalut Schkuhr Ire p" .. nhd. THlnty-onl 

InzY.I. Nlrl IXI.inld ulinQ Itlrch Q.l Ilectraphar •• i. and nin. bufflr 
1 

Iy.tl". Cltlr, con.i.tlnt blnding pattlrnl Nlrl obtlinld for PBI, TPl 

(LiOH·barat. bufflr pH 8.1-B.4), "DH, and IDH (tris-citrate bufflr, pH 7.1) 

and pa"" 6-PSDH, And l'lE (histidin.-citrate bufftr p~ 6 .• 5). ' Char· but 

incon.t.tlnt banding pattlrn. M'ri obtain.d for FOP .(Iorpholin.-citratt 

buff.r, pH 6.1) S~PDH (histidinl-citrite bufflr, pH S.7) Ind for 'DIA, ~E8T, 
9, 

LAP, "DR and NADHDH (hl.tidlnt-tltr~tl buffer p~ 6.S). PhtnotYPI. of thl 

.Ivln conlilt.nt Inzy'l Iyst'IS Mer~obtlinld for difflrlnt tissuel fDr IAch 

of leverll Qenotypes at different stlQel of dlvlloplent. Variation in 
"-

ph.notypu of 'the 1 .. 1 i ndl vi duall undlr difhrlnt candi Qgnl inti catld t'hl 

pr.l.ncl af dlfflrlnt llozy.ie forl. of thl .nzY'I. Shoot ji'IUI of pllnt. 

aJ.r lix Nllk. of agi Nil found ta b. luitabll Iltlrill for furthlr Itudil', 

.inci phlnotYPI for thi. ti •• UI Nil con.tant dl.pite day-Ilngth chlngl'. 
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IntrodueU on 

. \" ~ 
~ cornieulalui L., Birdlfoot Tr.foil, i. a forlg. 11gUI' ~ith lany 

Idvlntl," for UII in, th. eDal ••• t cltllt. of north-'llt.rn North A •• ricI, 
/ 

./ hDM.var, il hal clrtain diladvlnta~1 thlt lilit 1 h un. Ptrhapi th. IOlt 

•• rioui of th.l. il ••• d-pod ~.hilc.nc~-Nhich Ilk •• I •• d hlrv.st difficult, 

and thu., Ilk •• Il.d .xp.nliv. (S.an.y Ind H.nlon 1970, Brant .nd "Irten 

1985). Att.lpt. hlYI bl.n I.dl ta av.rea'l thil lilitltian by Illnl of 
\ 

III.ction Mith!n the Iplci.s (P'icock Ind Wil.il 19S7, 1960), hONlver, th. 

IOlt praliling rautl ta ilpraYII.nt Ippllrl ta b. int'f'p.cifie 

hybridizltian uling c.rtlin .p.ci.1 Nithin th. Q.nui Nith non-Ihatt.ring 

",d padl (Phillipl and Kt.iI Inaa O'Donoughul Ind Brlnt 1987). 

Th. f.ct thlt l. cornieuiltui i. 1 t.tr.ploid (2~· ,24), "he~\I' 

Ip.ct •• thlt llck pad dlhilclnc. Ir. III diploid" cOlplieltl' th. talk of 

tnt,rlp.cifie hybridtzltion. It hll b.en luOgl,t.d th.t thl id.ntific.ti~n 

of a diplaid IpiCil' Inclltrll ta ~. cornieuiatui Nauld provida 1 bridgl for 

trlnlparting th. for.ign diplaid o.rlpla •• into thl culttvltld tltrlploid 

(BollrDo Ind Srlnt 1912). Jhl nan-Ih.tt,ring diplaid;.p.ci •• Nould b. 

cro ••• d with th. diplaid Inclltrll Ip.ci'i and lubl.qu.nt to (folloMing?) 

chroaolo.1i doubling, th. interlpleU}c hybrid Nould the" b. croued Nith !:.. 

carnleull~u., U •• of th •• ncl.trll ,p.ct •• Nauld r.lult in 11.1 I.totie 

irr.gul.rity in prag.ny of th. tltriploid crOII. 

S,verll .Plct .. hlVI blln propolld -II puhti v. proQ.ni tOrt of b. • 
.. 

cDrnl'cuhtu •• Thlll.lncludl!:.. tlnu!. "lld,t. ~ Kit. (Dinan 19411 R-o ... Ind 

Joni' 1ge5), !:.. 11pinui Sehl.ich. Ind !:.. Jlpanicui (R.g.I) llf'ln (Sol.roo 
• 1 

Ind 8r.nt 1972) Ind 1::,. u'li Oinolu. Schkuhr (Rail Ind .Jonll 198~). Ith 

t. • ~ , \ '" '. 1,_ 
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difficult ta t •• t thl corrietnl" of th. v.riou. hypothl"1 eone.rnlnQ th. 
/' . 

~ri,ln'of ~. corniculitui bICIU'1 of thl plucity of genltic datl. 
') 

FI. qUllitltivl gln.tic chlrlcterl hav. b.ln .tudl.d in thl ,.nui Ind 

th. cytology 11 difficult du. ta th. I.all chra_o.o •• 11z. Ind Il.111rity , 

laong klryot~'1 for diff.r.nt Ip.cil' (Zlnd.trl and Brant 1968, Srlnt 
\ ~ 

19S6' • Thl f.w chlrlchrl for which far .. 1 g.n.ti c In"al Y'" hln blln 
~ 

und.rtlk.n hlVI b.tn found ta I.greoat. in an i.perfect t~trllo.ic .Inner in 

~. cornicuiatui. QUllitative eharletlrl that havI blln noted ine1ud. 

cylnooenllh, largl vs. lIall 111f liZl, hlf color, klii Hp co10r, floN,r 

Itriltion, pub •• c.nel, II1f inco.patibility, ph.naltcl, pr"lnc. of tlnnin., 

InA Rhlzablu. Ip.cificlty (DINlan 1941J Donovan Ind "cL.nnln 1964, Pooltthi , 
Ind "lcDonlld 1961, 8u~z.11 Ind Nil,i. 1963J 8ublr and "iri 196~, Hlrn.y Ind 

Brlnt 19651 ROll Ind Jonll 19S5). 

Th. purpo •• of thl pr ••• nt Itudy tl ta dilcover poty.orphie i~olnzy •• 

loci thlt cln b. "II"eful in eharlchriuUon of ~ glnotyp ... , Ind thul, ta 

tner.i •• th, nUlb.r of g.nl~e I.rklr. IVlillbl. Nlthin th. Q.nui. 

llo.nzya'i hlv, provtdld 1 llro. nuab.r of o.n.tte .Irk.r, for ottr., tlXI 

.(Tlnkll.y Ind Orton 1983). but th.tr .tudy in Lotui hl. blln lilit.d. Onl , -
1 

of th. f'," rlPQrttd USII of' ilolnzy •• 1 in Lotul WII 'r.porhd by DI Llutour 
" -

!!.!.l. (1978). Th.y .Xllinld !:.. hnuit Ind !:.. corniculitui for 
--

ph.noloxidl.l, phOlphltlll, Ist.rll. Ind plroxidll' .nzy.... ND Ittllpt Nil 
. 

_adl ta dlt.r.in. ph.notypl l'Qr.gltion Ind th. gln.tic bllil for thl 

• lIDlnzv •• pltt.rnl, nor did thlY Itt.apt 1 sVlt'lltie Itudy af t~ tlXI fro. 

th. 110enzy •• dltl. 

h: 11 Inticlpltld thlt lU ch • long d.l.V.d .tudy of l~à~~Of Lotui 
o 

Mill produc. n.w Qln.ttc Ilrk.r. thlt "'11 pray, u'tful, bath practical1y 
- < 

'. t ~ 

," , 

.. 
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far br •• dinQ and •• l.ction, and for t •• ting th. vlrtau. hypath •••• ., 

~ -condrninQ th. odgtn af b.. carnlcuhtui. 

• ln thll pap.r Ir. pr ••• nt.d th. findings af 1 pr.li.inary .tudy # 

" 
d .. ign.~ ta d.Unt th. pratacah for abtalninQ ho.nzy •• ph.notyp •• u.lnQ 1:.. 

) 

ulialna,ul. Tw.nty-on. 'Dzy"~;N.r. IXI.in.d uling horizontal Itarch 9.1 

Il.draphDrlli. w!th nin. diff.r.nt bûff.r ,ly.tt.l. In Iddition, th •• nzy •• 

ph.notYP'1 N.r •• xl.ln.d durinQ diji.rlnt lifl-cycl; Itlgl' Ind far 

difflrtnt ttllUIi in ard.r ,ta v.rify thlt di fhr.nc •• i~ ph.notyp. rtfl.c:tld 

Qln.tic rather than ontaglnie difftr.ne.l. 

"at.rill. and •• thad. 

Phnt .âtlrill 

p.rfDrI.d on •• v.ral g.notyp .. of Lotui ullginalui (Ace. No. 193) 'whleh N.r. ' 

abtlinld fro. th. Lotui world s •• d call.ctian .tintainld by N. F. Brlnt It 
.... - ... 

"aedanlld edl1.g1 of "c8i11 Univlrllty. Acc.s.ion nu.blr 193 ariginlt.d in 

"arocca .Od N" abtlin.d frai th. 8.rvic. d' 1. R.chlrch. Agrona.iqu •• t d. 

l'Exp.ri •• ntltion Agrical. in Rablt. 

Pllntl thlt Nlr. u •• d in tht Initill Ixp.ri •• nt ~o dltlr.in. Dpti'II 

.1.e~raPhar.tie bulf.rl far vlriD~1 In/Y"I N.r. ~awn" ln th. grl.nhoui. 

und.r ,hort-dIY, nDn~flaN.ring, can4itianl Nith nlturll diylight. Pllntl 
~ .. '. 
~ us.d far thl 1if.-cycl. ,xplri •• ntl N.r. groNn und.r contrall.d cond1tiqnl 

Short-dlY r.oil" TN.lv. haurl und.r caà1 .hitl fluor'lc.nt lioht It 
~ , 

ln lnttnlity Df 83.S uEinstlins SIC~' .-2 Mlth 1 ~ight tllp.rltur. af 23-C 

\. 
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- a dark t •• peratur. of 20°C. EI.~trophoresil Nil perfar.ed on Intir. 
,,! • 

•• edllngl (Nith two leaves), And on bath shoots and rootl, .eplflt.Iy, for 

siX-MaIk old plants. 
# ,,"-. 

Long-day (floHering) regilel EJghteen hOUfS under eool Mhjte 
o 

- . 
fluorescent light "ith Ippraxilately 101 int~nd.scent li9~t It 1 tot'l llght 

• intenBity of 2~5 uEinsteins lec- 1 .-z with 1 light t'Iperatur. of 24-C In~ 1 

- , 

d.rk te.perature of 20°C. El ectr:o'phoresi s HIS perfctrle,d an" bath shoots and 

roots of pl~nts ~hat Nere 12-Neeks ald. 

Electraphoresis 

Enzyles Mera extracted ~ro. young shoot tipi Ind Illves Ind 
L ~ 

fro. roots '. '1; 

l' 
by grinding approximately 100 .g (fresh Neight) of tissue in 350 uL pf an 

extraction buffer consisting of 0.1 ~ tris-Hel, Idjusted ta pH 7.5, 1.0 .~ 

EDTA (disodium lalt)i ~o I{ "gClz.HzO and 10 e!KCl ta which 100 .g of 

~ po~Yvin~l pyrolidone per IL of buffer Nere added (Gottlieb 1981). Ten uL of 

2-aercaptoethanol Nere 1150 added Just priar to grinding. Tissue Il.ples 

Nere kept cold during thil procedure by placing on ice. Thil crude 
iL 

homogenate "as applied directly t2 gell by Ilanl of .lal1 Nicks .ade,of 

Nhahan No. 4 fi lter paper •. 

AlI electrophoresis Has perfor.ed u,ing horizontal starch gels. Sel~ 

" l 
Nere prepared by suspending 40 9 of hydrolyzed starch (Connaughi 

Lab~ratories,' W.ill!i1ttdale, On,tario) in 123 .L of cDld buffar, 175.L o( 
, . 

boiling buffer Mas th en added to the slurry and the lixture "as heated . "" app-roxhately 1 lin until a' decreu!! in vile'olUy indicahd that the ltarch 

had dissDlved (total w/v starch/buffer ratio Nal 13.3X). Th. starch 

10lutiDn "as degassld by Ipplyin~ a vacu~. far appraxi.ately 2 .in, and th en • 

poured into plexigliis frames. Bel. N.re then cooled to 4-C prior to 

i. ~ . f 1 ... 1., =~,': ,~": ., l' l-f.'~i ~:~~\.~ t{": .ili;1~"w~: .. :;;~I: ~ ~t,'~,~~ 
1t~1,"}riiit' (~'\.1h ~~:::''''fœy&:;,;'!jib'Mi:tijh~V_~'C' 
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ta.ding. EI.ctr01- buff.r MI' plac.d lnto r ••• rvalr •• ach cantaininQ a 

plltinui Nlr.. Th.t. H.r •• tt.ch.d to • con.tlnt paN.r .upply. Th. 0.1 ~ 

fr •••• Nlr. pl.c.d Ibov. th. r ••• rvalr. Ind .1.ctrod. buff.r Na. trlnspart.d 

ta th. 0.11 bv,o .lIftS of Htlndy tUpi Mic:h. Th •• ltctrophartUc Ipplritui il 

d •• cribld by O'"allIY .t !le 1980). 

In the initial exp.ri •• nt, I.ch of 21 .nzy ••• ".r. "slyed an ninJ , 

) 
f 

dUhrent bufftr .Ylhll. Th. buHtr IYltl .. rang.d frai pH ~. 0 to pH 'S • .s, 

and art dllerlbed ln hbll 1. The 21 enzyll' ar. dllc:rib_d in Table 2. The 

ltaining r.eipe for .. ch l, givln. Th ... rec:ipls hlVI been det&illd in 

vlriaUI public~tionl. Thase listld in Tabl. 2 Mere publilhed by O'"lll.y et 

!l. (19BOI, Ylllljal (UB3) and Chlliak and Pietel (1984), AlI .taining 

ch •• leall N,r. purchlled frol Sigl. Chelie.l COlpany, St. Loui., "illouri. 

AlI .nzy •• Itainl uling th. tetrazoliul .taining ("TT) Iylte. (Nith the 

'Mclption of Dilphor •• ,) 'Iployed th. ag.roll overlay .ethod. 100 Ig of 

.• (/.ro .. M"e add.d to 10 IL of th. appropr i ate .tai ni ng buHtr. The 

lu.p.nlion Nil brouQht to boil ta dilsolve th •• garOII and then .tor.d in .n 

oVin It BOaC until nuded. The Itaining subltrat" for th •• nzy .. Ntre 

dillalvld in anoth" 1~ IL lliquot bf bufflr which lUI then added to the 

Iglrol' lolution. The r.sultinQ 2~ IL lolution "a. poured over the 

approprlltl .tarc:h Q.l wh.r, it quickly cooled té forl 1 luperfieial agaro.e 

011 DVlr th •• tarcb. Thl Q.11 ".r, lncubltld It 37a C until'the enzyle 

blnding pltt.rnl •• Irg.d. Th.11 cou1d I •• ily b. reld thrauQh the Ig,roll. 

\ 

J 
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R.,ul ts 

Enzy .. and buH''-''lCptrhent 

Th re,ul h oof th. pr.l hi nary Itudy to d.te"i n. th. approprilte 

bufftr .y.t ... for th. nrtou. enzy ... art pr .. lnhd in libll 3. Slvln 

.nzy ... M.r. félund to praduCi clur consi Ihnt isa.nzy-;'e band. for the phnt 

ut.rial und.r ,tudy:- Th ... Ir. IDH Ind "DH Itril-citrate buUer, F, pH 

7.1), "e, A-PBDH, ilnd PB'" (histidine-citrate buHer, D, pH,6.:5) and PSI ilnd 
-

TPI (UOH-bDrah bufftr, l, pH 8.1-8.4). All furth.r rnurch in thi. study 

MI' canfin.d ta th ••••• ven Inzy ••• y.t •••• How.v.r, it ,hould nat ba 

Int.rprlt.d that the otner .nzY.'1 n,c'llarlly could not be milde ta Mark 

b.Htr by adjulting .lCperi .. nhl conditions. Th. data in Table :3 IIrely 

rtfllCt Dur" find~ngs afhr A certain lIount of .Hort and consid.rable 

rtplication of-lKperiuntl.') P,rhilpl, IOU of the other enzyul Mould "or~ 

b,tt.r on acrylaeide ,y.te.l. 

Other anzy." besides the •• vtn .ention.d above did produce Mill bilnd,d 

ph.notYPII, but these nre not con.ilhnt. Th •••• nzy ••• art AAT,'f-Est, 

FDP, B3PDH, LAP, and DIA, "R, and NADHDH. These enzyllu can be considered 

.. useful but di fi i cult ta Nork Nith. Perhap. Ni th gruter adj ultunt of 

t.chniquII, they could allD b. und. HON.var, du. ta li.itatiDnl of til', 
() 

it N.' d.cid.d \0 CDnc.ntrAtl upon th. Inzy •• ' Nhich Nlrl consist.ntly 

rtproducibl e. 

l-, 
DIA, "R, And NADHDH, thauQh thlOrttiCAlly distinct enzylll, produeld 

id.nt1 cal banding phenotyp.s "ith our uttrill, that li, th. Itaining 

• r.cip •• that Nlr. uled did nat alloN Ut ta di.tinguilh batM •• n th •• nzy •••• 
a\, 

"R N.t th. 1.li •• t tD u •• of thl thr •• , .n4 .1nel th.y ail producld the '.1. 

, .' 



" ' 

", 
, 1 

17 . 

ph.notyp., thil .n.zy •• it rlca •• lndld for usa in 111ctrophortti C Itudi e. of 

bW!!.. 

PhotoorAph, of r.pr ••• nt.tivi zYlogr •• , for the.llven enzY.I' found ta 
, 

b. ClDn"ltshntly rtprodueibll, n"lly, ,PBI, TPI, P8", "DH, IDH, 6-PSDH, And 

"E Ir •• hoMn in Fi gl. 1 .nd 2. Thl .. zV'Dor ... represent phlnot ypu for 

thr.e individuall of L. ullginolu, (Ac:c:. No. 193) groMn undlr 10ng-dlY 
, 

flowering condition.. Ph.notypu for both root and shoot tillue of uch 

plant Ir. shoNn. SU"ldes of the eltctrophoretic phenotyplI found for each 
. 

Inzy •• It uch of the, Ihges of grtneth are givln in Fig •• 3 Ind 4. The 
" 

iloenzy .. band. for el ch enzy .. are loclhd on th. diIQr ••• by their 

rllative lobility. In lich phenotype, the upper,olt (Iost anodal) band i5 

calIed RI 100. Ali other bands are uprused'by their distance fram the 
1 

origin of ellctrophoresil a, 1 p.rcentag. of the distance of the IIOlt anoda1 

band. The rellti v. lobi 1 i t i es presented here are not necessari 1 y the as 
\ 

lU. thon t'hat are giv.n in other paper. (Rullo.n et al. 19871 Ra.llon and 

Srant 1987) \!the" phenotype. of L. ul igino.ut are being eOlpared to tho'., of 

ath" Iplcl ... 

, 
In thl" latter inltancI', the stand.rd band (RI • 100), il not 

n.clS •• ril., the lolt Inodal band, but rather 10111 cOllon band that il 

Irbitrlri 1 Y cholln frol ilong phlnut yplI of III .pee i Il. It Cln b 1 Inn 

frol Fig •• 3 and 4 thAt ph.notype chanQII Nith bath stave of dlvelopllnt Ind 

type of ti nue. -l'her. Irl b •• icall y tNO typ .. of chang.. Ona type il the 

dilippelranCI of b.nd. frol one particular ion. of th. zy.ogr .. , such tU the 

10nr band. o:f "DH (far IIldqngl and rootl) , AIDH (for uedlings) and PB" 

(for rooh). Th. "cond type of change il a dilplleulnt of pOli ti on of 
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clrtain Intir. Qroup.;of band. whil. thllr po.ition with rl,plct ta ,.ch 
, 

oth.r r ••• in. constlnt. Th. upp.r.o.t,band for PSI ph.notypl' of root. 1. 
) 

aDr. Inodal, 1. il th. thick band for "E, "hil. for "DH ~h.notyp •• , th. 

thr •• upp.rloat blnd. ar. Ihift.d tOMardl th. Inod. in roat phenotypl'. 
, 

Finilly, the upper'alt TPI phenotype band becoI.s 1111 intense in rootl. 

ho othlr chanQu uy b. utifact.. In 10U zyloQrul for ,Ihoots, the 
..... 

10lltrla.t zone of PB" ,it .. en Il ho bandl, Nhere .. in other .lectrophor.tic 

,repli cates of the sue i ndi vi dual S th i 5 zone il lien 15 j ust one thi cker 

band at the saae location. 
1 

-( 

(ikllfi .. , the upper thln band in shoot 

phenotypes for ME does ~t occur in aIl replicatn. 
( .} 

Di ICUlii on 

VariltfDn in llolnzy •• ph.notype can Iril' frol "v.ral lourC.I. 

DiUerent banding patterns can b. allel-ic (allOZYI&~tsUlt'ln9 frai 
~ 

, alt.rnative DNA I.qu.ncel at a givln locus Nhlch I.grlgate"genetically or 

th.y uV represent cOlpl.t.ly distinct loci (iSOZYII. in th. strict senui 

Bottleib 1977). Ofhn th. enzy .. praductt of distïnct iIOZYIII' loci are 

I.quuter.d in .epar.t. lubc.llulu cOlparhenh. Theil di .tinc~ loci are 

.11 locat.d on the nucl •• r DNA and tr~nllatian,of ,Il isozy •• IRMA. bal be.n 

.hown ta occur on cytololic ribosOU5 (N,wton 1983). But, post 

trlnll,tianal eventl reluit in lubc.llullr isolltion of th. vari~u. 

iIOZyll'. A.onQ th. '"zY"1 IlCllin.d h'rt, PBrt, PSI, Ind 6;-PSDH ha\(1 bl .. n 

shown ta po" ••• twa 110zy.tt forll, on. of Mhich 1. loclted ln the 

plllt1d., • nd on. in th • cyt~ph ... "DH hu bltn found ta POI,IIU at lUit 

th, .. i.ozyllll for", on. lIeh in th" aitochai'ldril, in 11crobodill, and in 
1 

th. :ytaphll. Exptril.nts of dil.ociation and r'I'loei,tlon u.i nQ 
, 

dl Herent puri fi.d lube.ll ullr ilol,t •• of th. di •• ric .nzy •• PSI, frol 

/ 

... 

j 
,;~ 
j 
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I.Vlr.1 div'fglnt Ipeci •• IhONld th.t 10nOI.r lubunitl Df th. ~ can 

cr a ••• iloèiatt b.t.e.n speci •• , but nDt b.tw •• n-lubC~llul.r far~. fraI th • 

.. 1. ,plcias U'"den .nd Gottlieb 1«182). Th ... distinct hozYlic loci Iso' 

not interact. 

",ny .tudiel have alla thoMn that distinct i,ozylic loci .r. 

differentiwlly regulated in different Itages of devilopment. c~alale And 

alcohol dehydragenase aire ha enzyme systells that have been Nell Itudi éd 

fr08 the perspective of di~ferential regulltion, though evidenoe of luch 

regulation has ber found for lost enzymes (Freeling 1983). Different loci 

.ay be regulated by inducible modifier genes. Other variations in phenotype 
~ 

banding patterns can arise frol post-translational modificiation of 

polypephdes by addltion of NAD+-carboxyl groups (Freellng 1983), or by 

conformational change of polypaptldes in different cellular en~ironments 

(Newton 1983). 

Two distinct insights can be galned from the examlnation of isoenzyme 

phenotypes in dlfferent tlssues and at dlfferent stages in development. 

Firstly, this experi~ent can deteraine "hich conditions will produce 

invariable phenotypes for a glven genotype, 10 that ontogenetic factors will 

not be confused with genetic factors. Our results show that the lost 

complete and consistent phenotypes for the enzymes used here are obtained 

frOI exalinlng shoot tissue in plants that are at least six-weeks old 

re9ardless of day-length condltion5. 

A second inslght that "as obtained fro. thi! study il a preli.inary 

analysis of isozymic fores of the enzy.e phenotypes. DifferentiaI activity 
, 

in different tissues and 11fe stages indicate th,t PSI, TPI, PSH, "DH and 
1 

IDH have at 1 Rast ho isozymi call y distinct loei' wh i ch dehrllined the 

-

\ 
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ph.natypli th'At Ife abservÎd. (Tnis intlrpr:,taUon il Iha lugO •• hd by 

Yariatian in one of the phenatyplc zanI' foi PBI and 6-P6DH. In th. cas, ~f 

P6I (6 PBDH Iho", no d,vIlop.ent or ti'IUI specifie variation) thi. 

variation il Illoclated .. ith diltlnct individuili and il Ind.pendent of 
'-.., , 

tislùe Ipètifit.vlriation. Thil IU991ltS that it reflect, trua genette (or 
.-" 

1110zy.e' variation. Thil hypothesil can be tontir.ad by the Itudy of 

allozy.e legregatian. The results of luch 1 Itudy Ira reported in Raellan 

et al. (1987). 
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Fig. 1. Photographs of repres~ntative zymograms for 

tbree genotypes of Lotus uliginosus grown under long~day 

conditions. A. PGI. B. !l'PI. C. PGM. D. MDH. S = shoot. 

R = root!..,i 
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• 
Photgraphs of representative zymograms for 

three genotypes of L'otus uliginosus grown under long-day J 

conditions. E. IDH. F. 6-PGDH. G. ME. S = shoot. 

R root. 
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Fig. 3. Summary of PG l 1 TP I, PGM, and MDH phenotypes 

for Lotus uliginosu~ at different stages of development and 

in different tissueS\.. Se = seedling Ctwo true leaveJ>. 

S. D. = 'after six weeks of short day growing conditions. 

L. D. = after 12 weeks with final 6 weeks under·long-day 

growing condtitions. 5 = shoot. R = root. 

The y axis shows relative mobility. 
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Fig. 4. Summary of IDH, 6-PGDH, and ME phenotypes for --Lotus uliginosus at different stages of development and in 

different tissues. Se = seedling (two true leaves). 

S. D. = after'six weeks of short day growing conditions. 

\ L. D. = after 12 weeks wi th final 6 weeks under long-day 
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growing conditions. S = shoot. R = root. 

Th~ y axis s~ows rela~ivermobility. 
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IIff., pH CoIpatitlon E1lCtrapbor.tte Alfer.nel 
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5.0 EIlCtrodll O.OS ~ L-hiltidinl IfrH bill 1 

0.024 " citric lcid (lGIIohytlrahl, 
IdJu.ttd to pH . 

S.11 1112 dilution of .1Ktrod. bufhr 

5.7 EIlCtrodll O.oas ! L-Iliitidini (f~H bUll 

0.02 ~ cUric .cid (lOIIohydrah', 
IdjUlttd to pH 

8t1l 116 dilution of IIKtroo. bufftr 

2SIA 

6.1 EIKtrodll 0.04 ! citric: ICid (anllydroul), :SOlA 

adju.t to pH .ith M-13~ .. ino propyl)~lOrpholin. 

81h • 0.007! cUrie ,dd 1 Anllydroul', 

.djutt ta pH with N-Il-.lino propyll-.orpholin. 

6.~ EIlCtrodl1 0.065 " L-hiltidinl Ifrtl bill) 

0.002 ! ci tric leid Ilnhydroul), 
adju.t to pH 

Stll 113 dilution of .IKtrode buHtr 

7.0 Electrodl' 0.41 ~ eitrlt. (triiodiul liltl 

0.41 ! citric Icid lanhydrDU'), 
adju.t to pH 

B.h O.OO~ ! biltidinl (hydrochlorid. 
, 

lCIftahydratt), IdJIl.tad ta pH .tth NIOH 

1 

2SIA 

lOIA 

tartly ,t Il. (19Bl1 

_ C.rdy It 11.- (1981) 

Cllytan And Tertiak (1972) 

Clrdy It al. 119811 

Fildll Ind Hlrri t 119661 
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TAkE 1. Contillllld 
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IuUer pH CDlpOIi tian EIlCtraphanti c RHtrlnc. 

"''''0' ------•.... . ------------ ------\ 
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F 7.1 EIlCtradll 0.1 !!. trh, O. ~ !!. ci tri c 6011\ ~ifild frDl Ayal. 

acid (anh,droul), IdJUlttd ta pH, .t al. 11973' 
0.001 ~ EDlA (dhadiUl 1Ilt) 

~ 
8th 1 0.1 ~ trh, O. 003 ~ citric .cid 

( (Inhydraul', O. 001 ~ EDTA 
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• (di ladiua ~ tl, adjulttd to pH 
(~ 

8 7.8 Ellctrodll Bill Il in F, IICtpt pH '40tA "adifitd frDl AYlla 

alh AdJulttd ta pH 7.8 ,i tb tq 1 or It al. (19731 
cUric nid 

H 8.0 El.drodll 0.16 ~ trh, O.O~ ~ citric 401A ~ifitd frai Aylll 
lcid (anhydrous) .t al. (19731 

8,h 71 ,llCtrad. buff.r 

8.1 EIlCtradll 0.06 !!. LiOH, 40..\ Rid,wl, .t Il. 119701 . 

-
- 0.3 !!. boric acid, adjulttd 

ta pM 8.1 

8.4 &111 90% 0.03 !!. tril, O.OS ~ dtric Icid 

(lIIhydraul', adj ultld ta pH 8.4 i 

101 IIlCtrod. buHer 

J 8.1 Ellctrodll 0;3 ~ boric IC~ adJulttd ta 4011\ Bchaal Ind AnderlOfl 119741 

) pH 8. 2 .Uh O. 1 " NlDH 
\ --

8.8 6th O.lS !!. trh, O.~ ! dtric add 
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(IOftDhydrlt." IdjUltld tD pH B.B 
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TABLE 2. Enzy •• r.cip •• 
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. ______ , ____ ._--1,"--_. _________ .. ________ _ 

kDlt! tau IACO, EC 4.2.1. J' 

Aldahll (ALD, EC 4.1.2.13> 

\ 

\ 

/' 

Alptrt.tt lIinatl"1II1ftriit 

(AAT 188T1, EC 2.6.1.11 

) 
{ 

Dhlllt"IH (DIA, EC 1.6.4.3) 

.. . 
25 Il 0.1 ~ 'trh, JO 19 of ch-uDltiticanhydrid., 

l .. ""., Idjut ta pH 8.0 ,ith 1 ~ tris,' 

10 uni ta of i Jcitratt dlllydrD9tnls" 

2 IL 0.1 ! IIgClz.6 MJD, 0.5 .. lITT 110 Ig/IU 

IIId 0.5 19 PlIS 

~ Il 0:1 ~ trh-Hel bufhl" at pH 8.~, 125 19 

fructou-I-6-diphotphltl It.trllodiUl Illtl, 

lB .; sodiut arlln.te',20 tg '-MAD+, llO'uni ts 

glYClr,lldthydl 3-phOiphah d.hydrll9tnuI, ~ 

0.5 IllfTl UO I9/tll Md 0.5 " P"S 

50 .. 0.1 ! tril, O.S l' pyridDul-S'-phDlphlh, 

130 19 L-,sp~tic Icid, 

100 Il ~.tDtlutll"ic lcid, IdJUlt pit ta 8.0, 

50 .. fut blu. 88 Illt Î 

50 IL 0.1 ~ tril-ffCI buHtr It pK 8.0, 0.5 " 

2,HicltlarapltlllOl-1ndapltllol, 20 .. '-d (l"tduCldl, 

~.5 Il UT (10 IQ/IU (no PM' 
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Stainift9 rKipl 

-------_ .. _---_. --_._-_ .. _----------------_.-
!-(ltrIM (EST, EC 3.1.1.1) 

Fructoll 1,6'111 phOfP\lhst 

(FDP, EC J.l.J.ll) 

81 yCIr al dthydt-3-pholphat. 

81yctratt-2-dlhydrOQlnalt 
7 

CLDH, Et 1.1.1.29) 

'1 

:1. " .; 
~~'----.. --. ------------~~~ 

50 Il 0.2 ~ trh-HCl baH.,. It pH 6.4, 

50 ~ Î -tI.pthyl IClhh, 

50 tg fait bla. 88 olt. Dilioivi J-nlpthyl ICltAte i; 
5 Il lettonl btfofl addin9 buUlr 

~ II. 0.1 ~ tri.-HCl baH.f It pH B.O, ~ 19 ff1011-1-6-

dipbOlphltt (tl}ralOlliuI "lU, 3 Ig !-IIADp·, 35 unih 

phOlPhoglucoilOllflll, 35 unitl glucall-6-phosphltl 

dtbydfOQlRlH, 0.5 Il "TT UO 'O/ll) IIId 0.5 lfJ PlIS 

~ Il 0.1 ~ tris-Hel buff.r It pH B.O, 40 '1 fructolÎ-

t-6-dipholphll. (t.triladiul 1I1t1, 33 unih a4 11doll1l. 

IncubltllaluUon 30 .in Il 37°C, thlfl' Idd J IfJ!-NADp·, 

40 If ladlù. Irllft.tt, 60 '9 EDTA (dltadiu. laltl, 

2 Il 0.1 ~ ",Cla.6 H20, 0.:5 1&. "TT 110 tg/.ll 

.n4 0.:5 " PlIS 

2S ... 0.1 " tril-HCl buHIf at pH g.O, , -
, 

75 .. DL-.lyclraU ChHlcaldUi IlltI 

20 119 fuD·, 0.5 Il. m (10 lIO'aU and 0.5 ., P"S 
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atainint r.dp. 
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Blutant, dlbydrogtnl" "DH, Et 1.4.1.2) ~ IL ..0.1 ! trl.-II:! buff.,. It pH"8.S, 

3 1 L-glutuat. (lGIIosodiua HlU 

25 ~/-MD·, 0.5 .L lITT UO tg/ll) Ind 0.5 '9 P"S 

~ 

hocitnt. dlh~tnll' UDH, EC 1.~1.42) 25 IL 0.1 ~ trls-HCl buffer It pH 8.0, ~ '9 DL-ilodtrat. 

(triladiua HIU, 3 191-tlADr t 2 IL 0.1 " ",CI2.6 HJIl, 

0.5 Il lITT UO IOllll Ind 0.5 tg PlIS 

2S IL 0.1 ~ tril-HCl buller It pH 7.', 10 Il 851 DL-I.ctlt., . 
30 10 ' •• , 2 Il 0.1 ! ",CIz.6 HaO, 

. 
O.S Il lITT UO 10/11,) Ind O.S If PttS 

Ltariftl •• inoptptid.l. fLAP, EC 3.4.11.1) SlIIk ,.1 20 .in in 0.25 ! boric Icidl 

" 
fIIlat. dlflydroglnall CJIDH, EC 1.1.1.37) 

\ 

drlin, lIId Id. 100 Il IDluUOII of 3e 19 .. l.ie IIIhydrid., 

528 Il .. ott, 70 Il L-ltuCyl-napthllllidt-ftCl 
~ 

and 30 .. bllck K IIlt 

25& 0.1 ! tril, 100 .. DI.-aal1c .cid, 20 .. I-NAD·, 

.dJult to ,H 7.8 .ith 1 ~ tril, 0.5 Il "TT ,~O tg/ill 

lIId 0.5 Il PlIS 
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TAlLE 2. CDntutnUld 

..... .... . .. ~ . ... . -----_. 

stltailll nel,. 

---_ ..... _--...----,_ .. __ ._ .... _-_ .. _._ .. -------------------

ltalic IIIZYII (IlE, EC 1.1.1.401 

"-nadlon. r.ductll' (~, Et 1.6.99.2) 

\ 
Micatina.ld. Id.nlnl dlnucIID~' 

dlllydrOOlnl1l IIIADHDH, EC 1.6.99.31 

PhalphDQluCOIUtllltl1f (PI", EC 2.7.5.11 

2S .. 0.1 ! trh, 210 .. DL· •• Uc lcid, 3 19 ~+, 

IdjUlt ta pH 7.2 Milh 1 ! tril, 2 Il 0.1 ~ ftgCl z.6 KzO, 

0.5 Il "TT 110 19/111 IIId 0.5 .. PlIS 

2S .. 0.2 ! tril-HCI bufftr If pH 7.0, 25 10 'tn.diant 

(1OII1U1 bhulfltt Illt), 25 10)'-HADH (nductd', " 

0.5 .. ~T (10 I9/tLI (no pnB) 

25 .. O.l~ trtl-NCI bufftr It pH 8.0, 

15~-NADH (r.ducldl, 0.5 .. ftTT (101,/ILI (no pnBI 

25 IL 0.1 ! tril-Hel bufftr It pH 8.0, 

17 Il IhICOI.-I-phalphltl, 3 Ig .8-NADP+, 

0.1 Il glucOiI 1-6-diphosphltl, 30 unitl of 

glucatt-6-phlllphltl dlhydragtnllf, 2 Il 0.1 ~ 

6-Photphotlucon1tl dlhydroglftlll (6-PlDN, 0.1! trll-tlCl buUlr at pH 8.0, 30 l' 6-phOlphDQluconlti 

Et 1.1.1.~) lb.riut nltJ, 3 Il ,&ur, 2 IL'" 0.1 ! IttClz.6 NzO, 

1 
,) " 0.5 Il m UO "I.U Ind 0.5 .. '"9 
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TAlLE 2. CcIItulllllll 
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PIIDlphll9lueOll iSOllrlH (Ee 5.3.1.9) 

lIIitl.lc dlllydrDtllllH (a, 

EC 1.1.1.25) 

TriDIIPhosphlt. iiOllfII. 

ITPI, EC 5.3.1.B _ 

25 Il 0.1 ! tril-fl:l It pH 8.3, 23 .. frudos.-6-phnphit., 
A " f' 

3 .. '''Ir, 30 aU. ofl'luean-6-PhOlPhlti dlhydrDglllil', 

2 II. of 0.1 ! IIQClz.6 tbO 0.5 Il "TT 110 Ig/IlI 

Ind 0.5 .. PlIS 

25 Il 0.1 ! tr", 2510 Ihittlte lcid, J 19'.fIADp·, 

Idjult to pH 8.5 .Uh 1 " trll, O.S Il RTT 110 ,,'II.) 
Ind 0.5 19 PflS 

25 II. 0.1 ~ tri.-HCl It pH 8.0, 7 Il dlhydraYlc.tonl 

pbotpblt. (lithiul tilt). 20 .. EDTA (dilOdlul 1.ll), 

15 .. ;"' •• , 230 .. sadiUl &rlllllt., 133 unit. 

IIYCtrlld.~yd" 3-pholphltt dlllydrol.nltl, 0.5 IL )TT 

UO q/lli and 0.5 19 P"S 
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St 11ft .. APp.ar. but flint Ind difflcult to r'ld. 

"' Dtlttnct, d.1r blll.dl IOIItilH occur but nat canlittlntly. 
( 

•••• Dl,tiRct, c1.1t bandl can.Jltently Obtllnld. 
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An i.c'em.71U .t;ucly in th. 'IIDU. Lotu. ('.bac ... ). II .. G_nie 

analyses of isoenayme looi in inter.peoifio hybrida, artifioial 
) 

a110- and autotetrap10ids, and in L. oornioulatus 1 ~\ 

,. 
J. V. RABLSON, P. C. LEMAITRE, K. M. STARKI!, and W. F. GRANT 

Department ot Plant Soienoe. P.O. Box 4000. MacdonAld Colle,e ot 0 

HcGill University. Ste. Anne de Bellevue. Que.. ConGa 89X lCQ " 
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8RANT. 1987. An 
eln.ttè Inlly ••• of 
alla- and 

A forll1 Q.n.tte In.1ylil of .Iorlg.tion Indlor r,colbin.tion of 

1110zY"1 for thl Inzy"1 P8", TPI, P8I, "DH, IDH, and 6-P8DH Mil •• dl uling 

Itv.rll tllli wi thtn thl glnus Lotu~. Italnzy'l phlnotyp .. wlr •• xuin.d far 

th. dlplaldl ~. Ilpinui Schllleh., ~. burttii Sz. 80rlol, ~. coni.bric.nlls 

Brot., ~. ornithapadioidll le, ~. bnuit N.ldlt •• t Kit, .nd !:.. uligina,ul 

Sehkuhr, for the inhr,plcific hybrids~. Ilpinui X !:.. conhbric.nsil, !:.. 

burttii X !:.. ornithopadioidu, Ind !:.- Jlponicui X !:.- .lpinul, and for th. 

t.trlplaid !:.. carnicul.tui L., th. lutot.trlplaid (!:.. Ilpinul)2, and the 

IIphidiploid (~. jlponicui X h. Ilpinus)2. Bath poll.n'and sporophyte 
\ 

phlnotypll w.rl .xl.inld, Il'Wlr. proOlny phenotypes for !:.. coroiculatul, L. 

Japanicus X !:.. alptnul, for thl autat.traploid and for th ••• phidiploid. 

S'Y"II ni" loci •• r. identift.d for Lotul, nUIly, Idhl, Idh2, "dh3, 

et!!. ~ !E.!.,l, !.2.!1., Ind 6-Pdghl, with duplications of ldhl, Idh2, t'ldh3, 

PaU Ind 6-PdOh1. It is IltO' Ihown that for Lotui PB" il lonolllric and thlt 

th. oth.r .nzy •• s Ire di.lrlc a. hl. b.tn prlvioully r.ported for oth.r 

o.nera. Duplication of "VIril loci Wil found in th. 'diploid intersp.cific 

hybrid h. jlponieul X !:.. Ilpinul, and ,videnc. of th, original diploid 

duplication MU faund in the •• phi.diploid. QUldruplicltion of 10ci Mil Ilsa 

found in !:... corniculltus, but' nat in th, lutotltraploid (!:.. Ilpinus)2. It 

il .rguld thlt thil duplication r'lult.d fro. un.qull cro'ling ov.r b.tM,.n 

halo.ologu •• Ind that it provid'I .vidlnt. th.t !:... cornicul.tut i. 1 

l.g.lntll Illot.trlplaid. QUldruplication of loci in !:... cornlcul.tui lay 

Ixpll!n pr.vioully r.port.d distort.d t.trllOlie ratio. for chlrlct.r. in 

thit tplti ••• 

.-
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Introduotion 

Thil pap.i li th ••• cond in ••• ri •• ta r.part on an '.o.nzy •• Itud~ of 

•• v.r.l sp.cl •• in th. Q.nui Lotu.. On. pur po •• of th. Itudy Mil ta t •• t 

I.v.rll canfllctlng th,orl,. on th. phylag.netic arigln of th. cultivlt.d 

t.tr.pl ai d Latui earni cuhtul L. (Sirdlfoat Tr.faU). It hu bit" prapalld. 

that ~. eornieuiltui 1. In Illot.tr.plaid involving hybridizltian betw •• n 

tMO varioui diploid splein. 80 .. roo Ind Grant (1972) prapolld the splein 

~. Jlponicus (Regel) Larsen and ~, Ilpinui Sehl.ieh ••• likely Incestral 

.p.ei •• , wh.r.IS Ross Ind JonI' (199S) IUQO,.t.d that ~. uliginolui Schkuhr 

wu th. palItn Plr.nt and that li th.r !:... hnuts N.l.d.t •• t Kit or L. 

Ilpinui WIS the f ••• l. par.nt of th. originll hybride 

D,".on (1941) ab.erved t,tr •• alic inh.ritanct of cYlnog.n.li. in L. 

corniculltu. fro. tht 'putltiv. crol' AAII X a •• a (duplex cvanogenie X 

nulliplex .ey.nagenie), 'H. ab •• rvtd • Sil ey.nog.nie ta leylnagtnte r,tia 

II0no th. prog.n, whieh "ould corre.pond ta • 1 AA 1 4 A. 1 1 .1 rltio'for 

ga •• t. I.gr.gltion in the duplex p.r.nt. On the b,.il of thes. Ind 

cytologie.l r •• ult., h. propas.d th.t ~. eornieul.tu. "al ln Iutot.trlplaid 

of !:.. hnuil. 

Thl ilolnzy., Itudy int.ndld ta obtlin al .anv Il,etrophor,tic 

ph.notypl' Il pOllibl. far the p,rtinlnt diploid IpICi •• , And for ~. 

cornieul.tus, in Drder ta dlterlinl whlther Iny of th. diploid. cDuld not 

,. 

havI providld thl al hl .. contli nId within th. tetraplaid IpICl,," -In ordtr 

ta •• kt luth cOlplrilonl, tt il n"'lllry ta ch.r.ctlri~. thl g,nlti~. of 
-

lultipl, tlolnzy •• loci la thlt it il c,rtaln"thlt hOlol000u. lac~.~r. btlng 

cOlplr.d Ind thlt 1110zy.le Ind isozy.1c diff,rlnc'I .Iy bl distinouishtd 
.\ 

------------... .....-
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(Crawford 1985; 6ottli.b 1977). 
\ 

It il th. purposl of thi. PIP.r ta r.part 

SI9regation of four '"ZYII! PSI, "DH, IDH, and 6-P6DH !fIS studied lIong 

the progeny of !elfed heterozygous interspecific hybrlds of ~. japonicu5 X 

L. alpinu5. The 1nterlpeciflc hybrids were chosen because they are likely 

to be heterozygous for lany loci and, thus, decrea.e the number of crosses 
ts 

that must be ude CTanksley 1983). Rec:olblnation of locI for PG/'1 and TPI in 
<, 

the interspeClfic hybrids L. burttl~' Sz. Borsos X !:.. ornlthopodloides L. and - 1 
..lI-:"t' ~. alplnu5 X ~. c:onubricens15 Brot. lIIere also exuined and sporophyte and 

pollen phenotypes lIIere c:olllpared for PS!'!, TPf, and PSI. 

A 5~c:ond purpose of t~e genetlc analys15 "as to test segregation .odels 

at the tetraplold level. Because isoenzyme alleles are codolll1nant, lIore 

powerful tests of segregation are pOSSible than are avallable with analyses 

of segregation of 8orphologlcal c:haracters WhlCh can not dlstlngulsh bet"een 

heterozygotes and hOfDozygous domInants (GottlIeb 1977). Analyses of 

isoenzy~e segregation can be expected to provlde new inslghts lnto the 

reported tetraso.lc nature of segregatIon in ~ cornlculatus and the 
r 

controversy concernlng the al10- vs. autotetraplold orlgln of the specles. 

Consequent to thu second purpose, segregatlCj1 of p~nd MOH locI "as 

analysed ln the artlflcul allotetraplold (~. Japonicus X !::... alpinus)2, ln 

\. 
the utificial autotetraploid ~~. alplnus)2, and in the te""'aplold !:.. 

cornlcul atus. 

\ 
) 

• / 

.. 
_.. ~~,~., ". 
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"aterials and .athods 

Plint PIateri al 

Isolnzy •• ellctrophoreds wu perior.ed on bath sporophyte leai tissue 

and on pollen. In Tabl. 1 ar, l1sted the various phnt tua and their use 

in thil study. Ali uhrial UI obtained fro. the Norld Lotui collection 

ulntained by ... F. Brant at l1acdonald College of I1c6ill UnivJrSlty. 

Accusion nu.bers andlor genotYP!!l~are given in bradets followlng the nalle 

oi the ta)(o~. 

The dlploids lotus uliginolui (lq3-~2) and h.. tenuis (109-21) ",ere 

includ.d in aIl electrophoretlc gels il standards to which the banding 

pattern of 
\ 

other la.ples could b. c~arld. 

co.par i son of patterns 1II0ng diHerent gels. 

Thil pradice allond 

\ 
Electrophoresis of pollen Nas\ 

plrforud on ~. tenulS (109-20), on the interspeci f 1 c hybd d ~. j aponicus! 

h.. Ilpinus (28), and on the ar:.tiHcial autotetraploid (h.. alpinus)Z 

(774x-5). The hybnd and the autotetraploid were ail descendent froll the 

original llterial producld by B. H. Souroo (1970). 

'--
Th. Iporophytes of the interspaciific hybrids ~. Japonicus X ~. alpinus 

(23 and 28), of the uphidiploid (~. japonicus X L. alpinus)2 (28) and of 

the lutotttrapioid (~. ilpinus)2 (774x-5) .. ere 1110 Inalyzed, as ... re the 

pro(}.ny obtained fro. IflHng these taxi. Phnts .. arl 1I1hd by tripping 

th. flaN.,. k.el, with th. tip of a toath pick ta .. hic:h 1 s.Ill piec. of sand 

paper .... athched. S.H-hrtilized .plants .. ere then kept in a netted cage 

to avoid contamination ai for.ign pollen carritd by inllcts. Seed wu 

cDlllchd when pDdl becue broNn (lpprolCillt.ty 3~ dayl Ifhr pollination). 

Thl podl jJffrlt placld in .1111 env.lopes and allo .. ed ta dry sevlral days. 

1 
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A'fter th. p~ehhCld ~ th •••• d u. hAnd cle.nld oIW}.d 125 •• Id fro. IIch 

taxon Here planted in Hats in the gr.enhouse. 
>< 

El ectrophoresi 1 Nas ,. 
perfor.ed Nhen the pllnts Nere oIpprox i .atel y blo lonths 01 d. A cross Mal 

ilso lide bahaen ho plants froll diHuent oIccessions of th. seU-inftrtile 

L. corniculatus. FloHers of the hule parent (554 .. 5) Nere eusculated by 

re-;vin g the keels with a forceps and the plants ure then sprayed with 10 

pp. of 2,4,S-trlchlorophenolly proplonic acid te discourage 1troPPlng of the 

injured floHers. ho days after nasculation, pollen frOnt the ule parent 

(Leo-ll lit" applled to the stigmas of the eU!$culated floHers. Seed 
• 

/ \. 

coll ect1 on us the sau .15 that descri bed above. 

Electrophoretic analyses w-er111se perfor.ed on several dlplold spenes 

• 1 
L. burtt'll (303), L. ornl.thopodlOldlil5 (100~, l. alpinus (77), ~. 

\1 -

conlllbricens1s (126) and on ~he interspecific: hybrids L. burttli X L. 
\ 

ornlthopodloides, and la alp1nus X ~. conimbricenslS. These hybr1ds were 

produced by L. S. 0' Donoughue U 986) . 

.J r 

Electrophorhis 

(The horizontal starch gel electropheresis technIque employed ln th15 

study has been descrlbed elsewhere (Raelson and Grant 1987a). Pollen 

enzymes Nere ex~racted H} a buffer of 0.1 ~ K:zHP0 4 (dlbasic anhydrous) 

adJusted te pH 7.0 Wlth Hel (Weeden and"Sottlieb 1980) to WhlCh MaS added 50 

uL 91 yeerel ilnd 50 mg 

2-Mercaptoethanol Nas 

of 'POI~VlnYl pyrelidone per ilLe of buH"r. 

not~d ",ith the pollen phosphate buffer. Poil en "as 

collected inte lIIieroanalyzer vials by gently rUbbi,\9 the keel tips of the 

HONers ~lth i tooth pick tipped wlth a small plece of sand paper. 50 uL of 

chilled buHer us added te approx1utely 20 uL of pollen which l'liS then 

-
Illowed ta soak overnight at 4"C. The loaked pollen .., •• either .pplied 

. ,-
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dtr.ctly tu th. ,t.rch Q.11 u,ing filt.r piper wickl or .1,. crulh.d with 1 

t.fIon p .. tlt duign.d "t1l fit th •• icralnaIyz.r vial, prior to applic:ation , 

ta th. glll. 

.\. 
SiK .nzy.es wlr. eXllined. PholphoQlucol' i.o •• rl.1 (PSI, EC ~.3.1.9) 

~.nd triaupholphlte hOllrlll- CTPl, Et '.3.1.1.) ... r •• lectrophor •• ed on il 

Li OH-bor Atl buH er SVlt .. (Ri dguy et il. 1970), Th. llectrode buf ftr 
) 

t 

canlilted of 0.06 !!.. Li OH and 0.3 !!.. borie .cid 'ldJusted to pH 8.1. 6.11 ur. 

1 buHer of ~.03 11 tris, 0.05 11 citric aeld (Inhydrousl 
/ - -

Idjulted to pH 
./ 

8.4, and (lOX ellctrode bufhr. NADP-dependrRnt i90el frate 

d.hydrogenue (1 DH, EC 1. t. 1.421 and .al.t. dehydrogenue (110H, EC 1.1.1.371-
L 

Merl ,lectrophoruld uaing. tril-citrie acid aYlt .. (Iodified froll,Ayala .t 

.1. 1973). The .lectrod. buH-.r consi.~,d of 0.1 ~ tris, 0.05 !!.. cltri'F acid 

(Inhydrou.) and 0.001 .. EDTA (dhodiu. salt) adjultld ta pH 0-1. Th. gll 
J Il 

bufhr conlilted of 0.01 !t tri., 0.003 !t cUrie Icid (anhydrousl and 0.001 11 

EDTA (disodiul salt) adjultl,d ta pH 7.1. Phasphoglucolutau (P611, EC 

2.7.5.1) and 6-phosphogluconatl dehydrogenil' (6-P6DH, EC 1.1.1.44) were 

.l.ctrophorilld on a histidine-citrate bufhr 'Vit .. (Cardv et Il. 19811. 

Th. Ilectrod. buHer consi!lted af 0.065 !II L-histidine (fr .. bail) and 0.007 

" citric Icid (anhy\:lrous) Idjusted ta pH Ô.S. Tht gel buHer wu 33.3X 

1 
.lectrode buffer. Jhe Li OH-borate avstel NiS electrophoresld at 40 .A, the 

tris-citrate .ys'1:11 It 60 lA, and the L-hiltidine-citrate sy!lt,,,, at 25 lA. 

AlI Inzy.e. eXI.intd in thil ItudY loved towlrd. the anodl. 

Stlining recip'i {or anllYlil of diff.rent Rnzy.'1 Ir. ·d'Icrib.~ in 

.evlr.1 .ourc ........ Thl fol10wln9 arl fro. Vallejol (1983). Ali InzV" ltains 

•• pl \ytd the IQaroll overlay •• thod. 
r .. 
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TPh 25 al 0.1 ! tri I-HÇl bufhr It pH 8.0, 7 .g dihydl'OxYlc.tan. 
, 

(J Uhi u. III t) t l~ '9)P-NAD·, 230 phalphlh 20 .g EDTA (dilodiu. Illt), .g 
1 

IDeU u, Irl.nlh, 133 unitl glyclraldlhydl-3-phulphltl dlhydroQ.nlll, o. S .L 

-
P811 25 ... 0.1 ~ tril-Hel Hufhr at pH 8.3, 23 'V fruct,riIa-6-pholphate, 3 -4 _. 

'Q~-NADp·,.~ unitl of glucoI.-6-pholphate d.hydrog,nll" 2 IL of 0.1 " 

"gClz. 6 HzD, O.S IL "TT (10 .g/.L) and O.S 'V P"s. 

IDH. 25 .L 0.1 " tril-HCI buffer at ~H 8.0, 25"9 of DL-isocitrate 

(trilodiu •• alt), 3 '9 of )-NADP+, 2 IL{Q. 1 ~ "gel z. 6 H2 0, 0.5' IL 11 TT • (10 

.g I.U and O. 5 ,g P"S. 

"DH. 25 IL 0.1 !1. tris, 100 .g DL-ulic acid, 20 .g,8-NAD+, bufftr then 

, adJulttd to pH 7.8 Nith 1 !i tris, 0.5 IL pnT (10 .g/.U and 0.5 .g PI'IS. 

P8". 2S .L 0.1 ~ tris-Hel buffer .t pH 8.0, 17 .g glucole-l-pholphate, 3 

Ig!-NADp·, 0.1 '9 glucoll-l,6,-dipholphah, 30 unit! of glj.lcose-6-phosphah 

d.hydrogenal', 2 .L of 0.1 ~ "9Cl z • 6 HzD, 0.5 IL "TT (10 Ig/l~) and 0.5 Ig 

P"S. 

• 6-P8DH. 25 .L 0.1 ~ tri,-Hel buff.r It pH 8.0, 30 Ig 6-pholphogluconate 

(blriu. lait), 3 19~-NADP+, 2 IL of 0.1 ~ "gClz. 6 HzO, 0.5 IL l'ITT (10 

Ig/IL) and 0.5 .g P"S. 

, 

; 
/ 
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Th. na •• nclltur. u •• d to d •• crib. loci in th. following dilcu.lian. II 

Il fol10"1. EVlry locus il nlled by Qiving the 'nzy.e Ibbreviation fallowld 

t,y a nu.ber Nhlch r.ftrs tD th" 10cul; for Ixupll, Pfti2 Dr Idh3. 
""-<>., /- ~ -

Ellct~~ULlJp'r.tic bandl tIrl dlnoted by theilr lobi li t,y r;lati VI ta one cOllonl y 

occurrlnQ band .. hich il arbitrlrily III,ignld the nUlbtr 100. If, far 

IICllple, the band deS1gnahd as 100 .igrahs 25 .nlilleters lrol"th, origin 

during Ilectraphoresil Ind 1 second band ligrates 15 .illi.eters, then the 
) 

second band i ~ dUl gnatcd as 115/25 X 100 • 60. 
\ 

An 111111 It 1 Qiven lacui is dnignatld by giving the locus nu. Ind'" 

nUlb,r folloNed by 1 dlsh and th. relative IObil~ty of the band tha~(il 

v 

praducld "hen that locui il hOlozygaul for thlt alille, for exalple, 

~-60. Thlll forlll 111elic delignation. will be abbrevtated wh.n it il 

obvioui ta Nhich locui Ind 111111 rlf,rene' il being lade. The last 
( 

"\ 

Inadilly ligrlting l11ell Mill be cilled F (for fast) and the .ast cathodll 

111111 will bl cilled S (for lioN). A third 111lle Jhlt .igrltes betN'ln F 

Ind S will be c.lled pt (for .iddle). A furth.lr Ibbreviatian that Il used in 

thl table, and figures i, ta nuablr th. a111ll' Nhen ref.rrln~ ta 1 

Qlnotype. If thr ... 11l1es are prnent, the QenotYPI il given thr" 

Irl-prlSlnt thl nuabers, dtlignah the nua~r af copi .. of F, H, S, ta show 

th. nu.ber of all.lI, that Ir. pr,"nt. For .xuph, the glnotYP,1 FF"S il 

• 
ca~ed .s 211, Ind thl genDtYPI F"SB il 112. Wh.n only t"O .11elll Ire 

prl~lnt, anly two nu.blrs Ir. uSld, for,lx.apll, FSSS blCOIIS 13. 
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( 
Variation in ila.nzy •• phenatyp. eln aril' fraI I.v.ral laurell. It 

• \ t-

.ay be alhlic (AllazY.I', r~.ulUn9 frai alt.rnativi DNA tlqu.ne •• At "fi 

.tiv.n lacul, or i.azy.le ln th. Itrict lenll, r.prl •• nting difftr.nt 
/ 

•• qu.ne'l at •• parltl 10ei (90tU i.b 1977). Ofttn·, the praducts of .. parate 

iIQzy,~~ loci ar. ilolat.d in ,eplrat. lubc.l1ular COlpart •• ntl (Wleden 

1983) • l 
Apart frai th. dilti net loci that tncod. ilallhd lub"l! ul ~r ;)r .. of 

th ....... 'y" whlch h ••• bu. l.u.d ln ".y dIPI'rto, th.r. ,.y Il •• 
Dccur duplication of 1 given locui which tncod.1 for a giv.n llDZy.tc for •• 

Th.1I duplication. haVI bun found ln dipIcfidl but are IOlt often associated 

.ith polyploidy and hlv. b •• n ul.d Il 1 criterion for .Iclrtaining balic 

ChrO.OIOI. nUMb.rl (BetU itb 1981). Th. pro~uch of th.se dupli cahd loci 

can interlct and for. interlocus heterodil.r, for dl.eri~~nzy'I. such as 

PSI (Tankllt.y .t al. 1981, .... den and Bott.lieb 19801. 

Ali of the enp'" und in ,this Itudy, M!th th. exception ~f P6", hAVe 

bl.n found ta be ~ileric (TanksllY .t al. 1991, Needen and Bottlieb 1980, 

• 
Kahl.r and Lay ,1985, Fernandez Ind Jouve 1987), that h, they are co.posed 

of t_D polyp.ptide Iubunitl that are the'l.lve. th. gent productl and that 

rudolly anoci.te after tr.nlhtion to for. the active .nzyn. Thr .. types 

of di.erl Mill b. for.ed in a diploid individual thlt i. heterozYODus for 

luch a
r 

di •• ric enzy... ho of th ... will b. dilti nct hD.oditerl .. de up of 

id.nticil/lubuni tl and t?*, third typ. Mill be • h.hrodil.r .ade up of 

diff.rent lubunitl, .ach encad.d by 1 difftr.nt .11.le. Becau.e the 

allociation occur. r.ndo.ly, the thr.e typll of di •• r, .. i11 occur in & 11211 

rltia and cln ulually be I.paratld by .1ectrophor •• i.. The ratio of , 

oeeurrenc. il r.fllet.d ln differentl11 dtnlity af the Inzy •• blnd,. 

\ 
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If aor. than on. diploid locui il pre .. nt. th. 11211 ratia af band 

d.n.Uy uy be distorttd because thl 1l1ell1, And thu. the polypeptide 

Oc> 

lubuni tI, .ay no longer be present in 1 1.1 rati a. Thare can Iven IX ist 

three or .ore different alleles present Mithin the saae genoae. An 

indi vidual Mi th dupltcated loci and hetarozygous for threa alllhs Ni 11 

praduce six different types o-f dialera, three hOllodi-'rs and three 

heterodiurs (aIl of these l'ay not b)!- dlstinguishable on the electraphoresiti 

gel. ) Fi gure 1 i 5 a sUlillary of data presented by Ostergaard and Ni el sen 

(1981), They show electrophoretlc phenotypes associated with different 

genotypes of tetraploid ryegriss with duplicated ~ (cytosol1c) IOC1. The 

four left lanas .how the p'henotypes of individuals that are hOllozyoous at 
\ 

./ III loci for each of four distinct alleles WhlCh they labeled A, B, C, and 

D. The indlvldual in lane 5 contains ail four alleles in ih genotype. The 

phenotype shows on'y 7 of 10 possible bands due to overlap betHeen varl0US 

hOllo- And heterodlmers. The ind:Vidua15 in lanes 6,7, And 8 are 

heterozygous for two of the alleles but they contain varying doses of each. 

The indivlduals in lanes '1 and 10 Ir!! heterozygous for three of the alleles. 

The band' density of Any phenotype of Any level of enzylle with 

quaternary structure, dimer, trimer, tetraller, etc., can be predicted from 

the genotype by the lIultlnomial expansion: 

) 

(f of: .. + 1 +".) !/ (f! Il! 1!'4".)) (Fi'"·S· ••• ) 

Nhere upper cali letterl refer ta the c:opi .. of 1 Qiven Illelel F, 11, S, 

~., Nithin the geno .. and the lOMlr case l,tterl r,fer ta the .. nulber of 

r 
polypeptiJes 0jl given typel f, ., l, etc., Nithin 1 partic:ular ac:tive 

.nzy.e .ole~ule (l'tay 1980). For axupla, the Qenotype FFFI1 for a dhar 

., 
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'onoy •• 0111 ba •• tb. tOU •• hO phon.typ.. Tb. ba.d d •• 11 ty of th. hO.Ddlo.': 
1 

fol Mill h «2) !I (2!) , (321°) • 9. Th. band denlity of th. het,radialf" 

flMUl bl ( (1 + 1) !/ (l!l!) , (3 ap) .6, and the.band d.nlity of th. 

hoaodiaer al Nill b • (2!) 1 (2!) ) (3°12',. 1. Th. Ixplchd phenotyp. 

.. 111 bl thr •• bands in 1 9.6.1 rati o. 

Figur.1 2 and J prll.nt the •• pect.d .l.ctrophor.tic phenotypes for 

individulII Nith vlriou. dOI.1 of diltinct 111e1'1 in th.ir g.no.... An 

Illilic don 11 equivllent to onl CDpy of Iny 11111 •• a diplDid with 1 
, 

nondupliclted locus Nould have t"O a11ellc dOles, 1 tetrlplold four, etc. 

Figur. 2 pr.sent. Ixp.ctld ph.notyp •• "h.n tHo distinct 111.11. art prelen~, 

Ind Fig. 3 ,hoN' th. phenotyp •• Ixpected "hln thrll diltinct alle1 •• are 
~ 

pr ••• nt Nith!n the sai. glnole. The rltio of band intenlities i, given for ~ 

.. ch ph.notype. Ther. are only Uv. band., rather than the th.oretical sh, 

IhoNn for individuils that Irl heterozygoui for thrl' Illelel becaule the 

hlt.rodi.er, f., Olnerally aigrat., th. Ille distance al the ho.odiler, '., 

on .l.ctrophor.tic g.ls. Th •• iddll band in luch phenotypes .hoN' t"O 

nu.b.rl for 1tl dlnllty rat10 "ht~h corrl.pond to the .xpectld nUlber of 

copils of the Il ho.odi.er and th. fi heterodi •• r, rflplctlvely. The top of 

a dilQrl~ correspond. to th. Inodal end of 1 gel Ind the botto. corresponds 

to th. clthod. and Dr1g10 04 el.ctrophoretic ligrltion.· In the five banded 

phlnotypls, th. top band r.prl'Intl thl ho,odi •• r ff, th •• Icond blnd 

repr'l.nt. thl h.t~rodi'lr fi, thl liddl. blnd COrrllPOndl to th. ho.odil.r 

", Ind th. h.hrDdher ft, th. fDurth band rlpre .. nh thl hltlrodillr Il, 

Ind thl bottDI, ,band th. hOIDdi IIr Il. 

It il doubtfu1 that .tlrch gll Illctr6phore.is pO""II' Inough 

rllolution to diltinguilh 'Iong phlnotYP'1 wh.n .orl thln .ight 111.1ic 

) 
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da ••• o~ raplic.tld lo~i Mith tNO all.1t', or lor. than six a111lic do ••• of 
~ 

rtplieatati loci .. ith thr .. &11.111, Irl pr.'lnt. ln .d&ition, the actu&1 

d.nlity of bands lUIt r.l.in thloratical, sincl no dlnlito.etric 0 

1.I.ur.Bentl of Ql11 Nlr. lade. HONever, at the!e llval, of loci 

replication Ind belON, phenotypes can be distinguished vilibly by noting thl 

nù_ber and rll~tiv. sizl and pesition of bands. For eXllpll, th. diff.rtncl 

in phenotypes bat"een genotypes 510 and 420 can be seen vilually on the 

starch gels. 

In Table 2 .ue Punnett squares whith i llustrate the lethod for . , 

calculating the expected numbers for the varl0US phenotypes along progeny o~ 

selfed heterozyg~es. T"o basic genetic lodels are used; that of 

independent disolit inheritance, and that of tetrasomic lnheritance. 
~~ / 

DlSOlic inheritancs i5 associated wlth segregation in the classl~l geno_ic 

allotetraplold. The duplicated loci are consldered to represent two 

independantly segregating diplold loci. Tetraso.ic inherit~nce is the lodel 

of segregation IS50clated with the classlcal concept of autotetraploidy. 

The duplicated loci are considered one locus Nith four allelic positions. 

The essential differente bet"een the t"O lodels is t~at withln a tetraselic 

locus, any chromosome can pair Nlth Any other chromosome giving a gametic 

ratio of 11411 CFFIFSISS) for an individual that is dupleK (FFSS) for ho 

aIl el eSl whi le a gi ven chromosome can on1 y pli r Ni th i h hOlologul. for 

duplicated disoAtic loci sa that the guetie ratio 1s 1:2: 1 (FFIFSISS) for an 
\ 

individual with hD hetero\ygous dilolic loci (Schulz-Schaefer 1980).' 

Complications "ith the~etralomiC lodel Irile Nith 1 heterozygoui 

individui~ that is triplex CFFFS) or liaplex (FSSS) or "hen th. tetrllDlLic 

locus il fir Inough fra. the centro.lre 10 that cra •• ing aVlr r •• ult. 1n 

.., , ....... , f ~ ',bd;.. '"_ 
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doubla r.duction .nd chrol.tid 'Ior.gation. A .i.pl.x or dupllx indivldu.l 

producl' only two typ •• of 9.lltl. that rlcolbin. ta glv. 1 11211 

(FFFF.FFFS.FFS8 or FFS8IFBSSISBBS) ratio of praglny ph.notYPI'. Thil ratio 

il indiltinguilhlbl. frai th ••• gregltian rltio of J ling11 dilo.ic locul. 

Whln chrolltid t.trlso.ic s.gr.gation il in .fflct, Iny chrD'lti~ ~.n b. 

pltrld Ntth Iny oth'r .nd th. Ol •• tic rltio bleD •• 1 319.3 (FFIFSIBS', rlthlr 

th an 1.4.1 for 1 dupllx h.tlrozygotl. 

, 
Wh.n thr •• 111.111 Ir. pr".nt th. patt.rn of I.gragation blco.el quit. 

co.pl.x, hON.v.r, th. b.lic principl. resainl that th. rultl of chro,olo" 

pairino ar. dlfflrlnt for disolie and v.rioui t.tra.olic lod.I.. Thel. 

principll' ar. th. b.li. of th. g.n.tte .odll. pr ••• nt.d in 

hbl .. 3 and 4. 

Tlblt 3 prts.nts 'KI.pl •• of th •• xp.ctld frlqulncil' Df g.nDtyp •• 

.Iono 1.1f.d proOlny of v.rioui h.t.rozyoot •• "ith v.rioui nu.ber. of 

111.11. codinQ for 1 di •• ric Inzy'l "hln indlp.nd.nt dilo.ie inheritlnce il 

in .ff.ct. An i.portlnt ISlu.ption of th!1 .ad.1 is thlt th. loci Ir. 

~ I.gr.gating ind.p.nd,ntly. Linkagl .Iong loci will di,tort,th.le phenotypic 

rltiol, Ind th.r. il no rll.on ta .xclude th. pO'libility of linkage 'Iong 

duplic.t.d loci. Thil li.ftattan i. contfnually eansider.d in the an.lysi! 

ta folIo", Tabl. 4 prllentl Ixa.pl •• of the explcted distribution of 

proQ.ny Qlnoty~ •• "h.n the dupliclt.d loci I.gr.gltw .ccarding ta th. 

v.rioui lod.l, of t.trllo.ic inh.rit.ne •• 
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"uch Olnltle lnforlatlan ean b. Dbtalnl~ throuoh th. co,plril~n of 

ilo.nzy •• ph.notyp •• of,lporophytic (diploid, 1011tie) tislue Nith tha •• of 
,J 

pall.n (hlploid, gl •• taphytic). If"poliln il IllaM.d ta IOlk in .xtraction 

bufftr only clrhin itolnz, •• bandl, CC:lrrt,lpanding ta t,to.oUe InZVII., 

Nill IPP'lr. Wh.n th. pollin 11 crulh.d in the Il'1 buff.r, it dilplav, a 

Il.1llr iloenzy •• phenotype to that of Iporophvtlc tislUI. W.edln and 

Bottlilb (1980) d •• onstrated this'fact by co.paring zylogra •• of diploid 

Iporophyti c ti IIUI of loa\ed' and crulhld pol len, Ind of pur 1 fi Id, i lolited 

chloroplalt. for I.vlral diff.r.nt .nzy.... The blnd. that fail.d to appear 

on {he zylogrl'I oi--soak.d polltn N~r. id.nticel to thole of chloroplasts. 

CrUlhld poilln contlin~ thl chloroplalt alloctlted blndl. A cOlparilan of 

zVlogrl'l of 101k.d and crulh,d pollen il, thul, one NI' to diltinguilh the 

cytop!I'lic frol th. organel1. lequ'ltertd iIOZYIII. Thil il illustrated in 

Fig. 4A. 

Oth.r gln.tic infor'ltion can b. abt.in.d frai th. ca.p.~ilon of 

Iporophytic Ind poll.n zylograll for h.t.rozygot.l. Difflr.nc.1 in b.nding 

fpr .ith.r cytololic or organ.ll. loci Il' occur. Bec lU" of the haploid 

condition of th. poll.n, no intraiocui h.t.rodi •• r. Nill occur (W.,d,n and 

) SaUl ilb 1979, Tank.1e, et al. 1981). If a diploid i~.tlrOZygou. for anly ., 

an. nondupliclt.d locus, Any on. pailln grlin Nill cantlin only on. cOPJ of 

lith.r .11111 la thlt only ha.odi.lrl Ni1l occur in 1 Il.plt of poliln. 

HONIVlr, if dupliclted loci .xilt Nhich Irl occupild bV difftrtnt Illilie 

forll, th~oll,n ~In pOI.I •• t"O difftrlnt 11111'1 Ind lntlrlocu. 

"" h.t.rodillr. Mill bl producld. Th. prl •• nc. of h,brid blnd, in_pollin 

; '~ 
-; 



, 
r 

Ih>, 

~! 

o 

o 

, -' ',,< 

lvaogrlll il cans'idand ta be avidenca af duplicated loci. Thil h 

illustrat,d ~n FIQ. 48. 

Poll.n zylcgrl.' I.Y 1110 diltinguilh bat" •• n disolie and tetra,olie 

.agregltion "hln dllplieatad loci Ir. pra .. -nt. Th, band dlnsity ratio lI~e 
diH.rent far po1lln r.sulting frai the .. "IUffarent types af "gregation 

bec.use gu.te fr.queney il diffarlnt. Thil fut 11 i llustrated in Fig. 4C. 

VlriOUI lodels can be .adlt te prltdict phenotype bued upan~ the het 

thit -no intralocus heterodillers can for. in pollen of phnts .. ith duplieated 
( 

,disolie loci and upon the flet that band inhnsity ratiol dll be diHerent 

for disa.ic and tetraso.ic aegregation. Several Ut1llplel of lUth lIodels are 

illustrated in Figs. 4 D and 4 E. It il deubtful that III of the diHerent 

ph,notypes can be distinguished visibly with the resolution available te 

ltarch gel .lectraphoresis. Far exuple, it .ay not be possible ta visually 

distinguish beheen the 2,2,8,2,2 and the 3,4,10,4,3 phenotypes in Fig. 4E. , 

However, it shauld be possible ta distinguish either of these frai the 

1,2,2,2,1 phenotype. 

Resul tg 

Poil en Anahsi 5 

SUCCIlsful isoenzy.e staining Nas obtained for pollen with the enzyael 
'" 

PB", TPI, and PSI. Figures 5 and 6 ShON isoenzyllle phenotypes for 

sporophytes and for loaked and crushed pollen for PGt!" and TPI of b.. 

Japanicus X b..- alpinus. The lowest or aost cathadal band fait •. ta appear in 

the zy.ogru far ,aaKatl poli er .. It can be tonel uded frai thne rllul tl that 
f 

toe upper zone for PB" and TPI reprIsent cytosali c 1Iozya .. , "hile the ether 

,Jones for these anzy.as correspond ta orglne11e saquestered Inzyaes. Other 
J. : 

't. ,. 
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,studilS havI shaNn thlt the laNer zane af th. PBI phenatype reprl.lnt. 

cytalonc lt;lci (Osterglrd and Niel,.n 1981, W'lden Ind Battlieb 1980). 
\ 

, ' 

. \ 
Figure 7 ~hoN' thl phenotypes of P,J for ,porophyt" Ind arulh.d pollen 

for .evlrll tIXI, Lin •• tNa and thr •• cantlin th. ph.natyp •• for the 

sporophyte Ind pollen, rl.plctiv.ly, of th. diploid .p.êiel ~. tenui. 

(109-20). Th. pollen phenotype display. no hybrid blnd, indiclt~n9 that 

thi, individu.l cont.ins only onl nondupliclt.d cytololic locut for PBI. 

Llne, four and five contlin the .porophyte Ind pall.n for the inter,plcific 

hybrid ~. Jlponicui X"~. Ilpinui (23). Both phlnotype. di.play fiv. bands 

lndtcltlng th. pr .. enc. af thr .. 1111111 within dupliclted loci. It .hould 

b. notld that thi. taxon il 1 diploid inter,plciiie hybrid (2n • 2x • 12) 

Ind thl .vidinci of duplicltld loci It th. diploid lIv.1 il of intlrllt. 

Th. poll.n phlnotype Ilia contain. fiv. bandl whieh~i.plies thlt bath loci 

Ir. h.ttrozygoui (FI". FIS). If th. " and S Ille1 .. ",rI bath al th. sue 
, 0 

locus (F IF. t1L!), the Il het.rodi .er (ncond frai the bottai) woul d" not 

Llnl. 6 Ind 7 cantlin 'porophytl and pol~ln phlnotypes for th. 

artifichl ~utotttrapo.id (~. Ilpinus)2 (774~-~); , Th •• porophyte. phenotype 

11 Uv, bln·ded .,!th th •• id,dlt thre. band. Ippraxiuhly .quII in intlnlUv 

Ind darklr thln the two extre •• bands. Thi. ilplie. thlt it contai ni at 
- " 

hnt ho dupliclted cyto.alic loci with thr .. alle111. Th. pollen, 

ph.notyp. Il.0 po ••••••• five blnd, Nith it •• iddle blnd .uch dark.r thln 

the ath.r.. Thit flet .U.inlhs th. po •• ibility thlt th. g.natyp. il FIS, 

~ Nhich NDUld hlve 1 blnd inhnity rltio of 1,2,2,2,1 (II. FiQ. 4E). 

Nh.th.r th. poll.n phenotype hl' 1 blnd donplty of 2,2,8,2.2 Cdl'O.I~ 
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•• orlo_Uan of tNa lDc~ FI". !l!.) or a raUo af 3,4.10,4.3 (t.trlla.i~ locus 
\ 

F""S) can nat bt d.tlrlin.d "!th th. r.salut! an IVli l-abh "ith thh Qel. 

Dlploid .porophyte. 

PB"I The i ntlr.pecHi c hybri d le burt ti i X le ornithopodi oi de. u~ thl! onl y 
- , - 5 

. ____ individual IVlilablt that "II hettrozygoui for PB". Thil hybrid il 

lnhrtih 10 thlt no "Qr~lt~.on Itudie. eould bl p,rforlld: Figur. 8 5~01ftl 
ï' 

\ th. rleo.binltion of PB" 1111111 in the inter.:peciHc hybrid. Each of the 

plrlnt Ipecies contiin. 1 cOllon P6" band in i t. phenotype (relative 

lobility 100) in addition to another band "hich il not shared. The hybrid 

contain •• 11 thr •• Plr.ntil band!! but no new hybrid bands occur. Thll flct 
~ 

1_"lill thlt PB" i. 1 lonoltric enzy .. and .or ••• Mith prlvious rlplJrh fro. 

oth.r .tudiel (N..,. .. ick .nd Sott-lieb 1985. Bottlieb 19811 Kahler and Lay 

1985. Molf et 11. 1987). 

T Pli Th. i n tt r 1 p • ci fi e h yb r i d ~. Il pin u • X !:... con il bric en 1 i S If Il 
t. 

heterozygou. for thl lore Inodll (eyto.olic) locui of TPI. This hybnd il 
, 

Iho inflr{ile, pr.cludi ng IIQreQation .tudi... The parenÙI splci.u IUch , 

po .... ,.d di.tinct band. for thi. locus (relltive lobility 100 and 110). 

The hybrid phlnotyp. contilin. both of th,se bands plus a hybrid 1 

heterodheric blnd beh.en thl-:;Fi;. 9). The hybrid band indicates that 

" 
the cytololic TPI Inzyll 15 di .. ric. This hybrid il the only individual 

th.t .. 1 haVI observ.d that il h.terozygou. for th. cytololic TPI locus. 

'. 
PSII Th. ho intlrlp.cific hybrid.!:... JaponicuB X!:... alpinui (23 Ind 1S) 

Nlr. h.hrozygoui for tlt •• or. cathodll (cytolol tc) hozy .. of PSI. Thase 
~, . 

hvbridl .,.. hrti h &nd ... rl IIlfed to produc. proglny. Th. 'lgr'QIU on of 

phenotyp •• a.on; th ••• proQlny .... Inllyze~. The phenotypes and the nu.ber 
. ~~~ 

. . 
, .~ 
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of •• ch th.t Mlrl obllrved 1I0ng th. proQ.ny of •• lfld ~. Jiponicui X L. 

Ilpinus (23) Ir. Ihawn in Fig. 10. Th. p.rlnt dhplly.d fiv. b.nd. 

indiclUng the pres.ne. of thr ... 1111 .. in It l ... t ha duplie.ted 

eytololi e 1 aei. 

Th. uppu (ehl orapi nt IIqunt.r.d' loeui of PSI h •• bltn calltd Wl. 

Ind thl eyta.olic locu. ~ in previou. studiu (O,tlrgurd tlnd Niel .. n 

19811 80ttlieb 1981). In cOlplilnc. Nith thil pr,cld.nt, Ne Nil 1 nue the 

duplielttd cyt09aIic loci ~ and~. The three Ill.les of ~ Ind ~ 

Ir. denoted by the r.lativR,lobilitil5 af thair ho.odi.eric bands. The IOlt 
\ 

Inod.l (ehloroplast or ~ .. gl!})btlnd ha! bun arbitruily designated as 

,l" tl.!..!..-100 tlnd the three alleles bec08l! 72, 62, and :52. 

Th. pr.sence of three loci aakes it ponible to test far the 

IIQr.gtltion of the ho d19tlnct loci leparlttly. Figure 11 presents the 

fllults of thil test. The genetic lodel propaus ha .duplicahd disalic 

h.hrozygous loci (FIS, F/I'!'. Th. choic. of Nhich locus 11 tl.!.l. and which 

il 2.i!l il arbitrary. Such 1 daubla heterozygous !lInatype hn 11ready bun 

IUQgnhd by th, pollen tlnalyles. Figure 11 prn.nts a contingeney table 

thlt IllON' th. ctllcultltion af thr •• chi-squlr, v.lu". 

Th. yalu. Ch i -.quor... ~ , 2 df, tests whether 

'l 
locus 1 i. legr.glting tlccording ta the upecttd 11211 M.ndelun ratio, 

, 2 df, tests Nhether 

. ' 
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locus 2 il '.Qr.oattnQ accardino ta a 11211 ratio, and th. valu. 

Ch 1 -s qUlr I:s • 
L _( O_'_J_-_'_'_J_'_z_ 

.SJ 

, 4 df, telt. wheth.r th. two 

loci Ir. I.gr,g.ting Independ.ntly in 1 11211121412111211 ratio. 
, 
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The 

r •• ults Ir. in Iccordanef with 1 lodel of tlilo linked duplielt.d dilolle 

1 oc 1. 

1 
Although not llkely for 1 diploid interspecifie hybrid, the p05sibillty 

that the tHO loci lay seQreoatl in a tltrasolic tanner eannot be discounted. 

Tlble ! prllints the expected nUlber of .Ich phenotYPI in the progeny of a 

IIgregatinQ t,truOlie hlterozygote (FI1MSI undergoing either c:hromosolle or 

ehro.ltid ._gregltion. The Chi-squarl value for ehrOlosome segregation il 
\ 

not 11gnifieant. Thil illustrlt.~ th. diffieulty in distinguishlng betwe.n 

th. tilla lodels when linkage lay be involved. 

The parental and prog.ny phenotypes of selfecl !:.! japonic:uli X !:.. alplnus o 

(28) Ind the obslrvld nUlber of progeny phenotype, are Ihown in Fig. 12. 

Th. parent displays a three-banded phenotype Nith a distorted band density 

rdio. Th. ratio il lare in the range of 9:611 than 11211 .. hieh would be 
• 

Ixp.chd for a hehrozygote with only on. cytosolic P8I locus. There are 

thre. prog.ny phenotypes, 1 lingl. b.nded phenotype, i parental phenotype, 

and 1 thrl,-banded phenotypl with a 1.211 band dlnsity ratio. These reluits 

Ire conliltlnt with thol' which Nould b •• xpectld if the .e14ed parent 

pOIII .. ed ho dupl1cated loci of ",hich only onl wu hiterozygoui (F/I1, F/F'. 

Th. onl l'Qreg.ting locus would give threl glnotypes in a frlqulncy ratio of 

11211, whil. th. hOIOZygOUI locui Nould diltort the band denlltl •• towlrd. 

th, aor. Inodal bands_ HONlver, luch 1 drltrlbution of prag.ny phenotype. 

J 
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eould 1110 be obllrved if the plrents "Ire triphx tltra.alie (FFF"). Y",a 

ga.ete. "ould b •• quilly frequ.nt in lueh a triple. (FF and F") Ind "auld 

. "'-r.co.bine to ~iv. the sale phenotypic frequency. Onl May tD distinguilh 

b.t.een th •• e Ilt.rnativ •• Odll of .egr.gltion would be ta lelf Any of the 

praoeny !IIith the 11211 band-d.nslty phenotype. If th. dilo.lc lod.l MIS 

correct, thel' individuili wauld be ha'DZYQaU! (F/F, ff/pO Ind no lIoreg~tion 

of PSI !IIoul d actur uono the! r praglny. If the tetruoli c .odel "u 

cDrrect, thele individual! wauld be dùpl.JC (FFI'I'O and segregation !IIDuld 

occur ta produci ph!notypn in the fr.qu,ncy Df 1181181 Br 1. 

/ " 

IDHI The interspeciHc hybrid!:.. hponicus XL. alpinu! (23) lilaS 

hlterazygous for Inodal lDci of IDH. Th. pUlnhl Ind progeny phenotypes 

fro. thil IIlfing are prnented in FiO. 13, IIDng .. 1th the observed 

occurrence of each progeny' phenotype. The phenotypes displlY tNa zones of 

Inzy.e actiVlty, an upper clearly ltained zone (relative lobllity, 100-8S) 

and a 10liler lor. cathodal zone (relative lability, 60-62) which i5 pDorly 

ltained at thil buffer pH. Al1eltc segregation UI cr.nfined ta the upper 

ZDne. 

Th. proQeny phenotype. ablerved fro. the le14tno of the hybrid .. ,re 

to.plex. The plrental phenotype lIIal three blnded and unbalaneed with 

hllvi er ca thod al b Ind 1. Th i. luggntts th at i t palleuedo ho aIl e II!, (100 

.nd B~i) .. ith .are si 0" Illei et than f lit in i ts genotype. Seven phenot ypll 

Nlr. obl.rv.d a.ong th. prageny sugg'lting the pre •• ne. of thr.e .eorlgating 

loci (ue Table 3), Th. li.plut dilo.ie parlntal Genotype that il 

cO'Pltiblt "i th thue obllrvltion. wauld be (FIS, FIS, FIS, SIS), thlt 15 1 
-~-

g.notype of four replicat.d loci of whieh thr .... er. h.terozygous. Variaus .. 
t.traloaic lode1s cou1d a110 fit the •• ob.ervationl. The obllrv~ progeny 

L, 
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fr.qu.net •• IlonQ Mith thol' .xp.et.d f~r dilolle lnh.rttlnc. Ind for 

I.v.rll lod.ll of t.trlso.lc inh.rltlnc. Ir. pr.l.nt.d ln Tlbl. 6. Th. 

chi-squlr. valu. for goodn'II ~ fi~ tl Itltt~tielllY lignifielnt far th. 

ind.p.nd.n~ dilolie loci lad.l Cp.rhapi bleluse linkage il distortina th. 
" 

ratio). Chi-'qulr. valul' Ir. 1110 lionificint for thl tltrasosie lodel. 

Mhich fit .vln 1,.1 Mill with ob.lrvld valu'l. 

"DH. P.rlnt.l and proQ.ny phlnotype. for the lelfed int.rlp.cifie hybrid L. 

hponicui X !:... aipinui (28) for "DH as kell IS the observed nu.bers of 

prog.ny phenotypes arl presented in Fig. 14. Th.e zy.ogrn! are cO'l'lex as 

~ Mould b. Ixplct.d for an enzy •• Nith thrl' ilozylic forel. ~re 15 a 

lingll zan. of segregation betMlln rllative lobiliti'i 82 and bb. Thil zone 

il ehar.ct.rizld br 1 changeable three-banded phenotype, thus implying the 

prl.lnci 01 1 dinrie lol,cull. The parental phenotype i5 unbalince( with 

hllvi~r M.iQhUng Qhln to th. 'lowèr bAndl luggesUng the presence of at 

lla.t on. oth.r hOlozygoul locui controlllng th. phenotype in this r.gion. 

Siv.n th. cOlpl.xity of th. phenotype Ind the lack of knoMledQI coneerning 
" 

interlction of thi. dil.r "ith oth.r loci, it is not pOI.ibl. te hypothesize 

ln 'XAct Genotype for the plrent, ho"ever, th. ,résence of three progeny 

ph.notypll ln i fr.qu.oey ratio of 112.1 ufà "!th the pArental phenotype 

bting aOlt cOlaon Imong the prog.ny, it would IU99"t ,ither the legregation 
10. 

of 1 li
o

ngl. disDaic 10euI, or of 1 triplex or 1 IhPl"\tltruoaiC locul. 

S,lfing of the progeny'with thl third phenotype cDuld di~tingUilh b.t"een a 

dilo.ie lodel "ith t"O loci hOIOZYQOUI for diflerent 111e1'1 or 1 duplex 

'--

tft, 1 
6-P8DH. Th. int.r.pecific ~brid L. J.ponicui X l. 11pinui (29) M.I .150 , 

1 het.rozYQou, far th. upper zone of 6-PSDH. Th. parlntal and prog.ny 
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ph.nDtyp •• fro. th.' •• lflno of th. hybrtd .r. pr ••• nt.d i~ Fig. 15 •• lang 

Nith th. ob •• rv.d fr.~u.ncy of accurr.nc. of Ilch proQ.ny phenotyp.. Th. 

ob •• rvltians Ire in Iccord.nce Mith 1 dila.tc ladel with two loci, one 

h,t.rozYQoul far th. III.J.I 6-P6DHl-120 Ind 6-P6DH1-10Q, Ind the other 

haiozygaui for th. llower 111lh 6-PBDH2-100. ,This .odel~glin ,cln nat b. 

di.tingui.hld fro. 1 Ir.pl.x t.trllaite .ad.l (~) .xe.pt by I.lftng the 

proQ.ny Nith the thr •• -blnd.d 11211 blnd-dlnlity phenotype. 

Independence of PBI, "DH, and b-PBDH loci 

Thl int'erspecific hybrid !:.. Japonicui X L. alpinui (2B) .. u heterozygo..us 

for !:i!l, fltdh3, Ind b-Pgdhl. If thl pllUlibll lodel for dupliclhd dilollic 

inh.ritlnce i. assu.ed for Ilch of thlll enzy.es~ th.n it il pDlllble to 

tilt for the independence of Ilgr.gltion of thlle loci by cOlp.ring 

ph.notypes for .ach .nzy •• in each offlpring. Th. results of thi. Inllysil 

are pruented in continglncy tablll in Figl. 16,17, and 19. S.grégation of 

~ il cOlpuld to that of b-Pgdhl in Fig. lb, l''Idh3 il cOllpared to b-Pgdhl 
-

in Fig. 17, and ~ is cOllplrld ta that of l'Idh3 in Fig. lB. All chi-Iquare 

Vllu'l Ir. nonligni~cant. 
\ 

These relultl Irl conlistent with 1 .od.l of 

thr •• unlinked dilolie loci for the.e tnzyl's. It il not pOllible to~ 

d,tlrlin. linkaQI relationahipa allona th. lecond ho.ozygoui loci for I.ch 

.nzy •• nor bet ... en ~h. tHO duplic.t.d loci of 'Ieh. 

T.trlploid Iporophyt'I ~ 

In vi." of th. un,xplet.d cOlpl.xity found "lthin th. diploid 

lnt.rlp.cifle hybridl, it 11 not lurprlling thlt th. t.trlplaid glneties 

b.ea"1 quit. co.pl.x. CytqJalic IDH .nzYI.1 N,r. faund ta bl éantrailld by 

It IIlit four loci in thl diploid hybride Th~l, it cauld bl .xp.ehd ta b. 

t' J lt._ 

,i 
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.f ct.d by .i9h~ lac~n th, artifle!11 allat.tr.ploid. Thil l.v,l of 

COI ~lty OD., b,yond th. r'IDlutlan Iviilabl. W~\W Itlrch 9.1 1 
, ~ . 

Ev.n th. ~nzV"I, PSI, "DH, Ind 6-peDH which cauld b. 

pOil'" four loci in th. Illot.trlploid. Any linkage .Iang thenKloCi eauld 
i 

I.rioully dlltort rltiol frai tho •• balld upon lnd,plnd.nt dilolie ~ 

inhlrit.nci. Nlvirthallll, thl nUlb.r of diff.rlnt kind. of prog.ny 
", J 

phlnotyp.s th.t are ob.erved can indic.t. at lellt the nu.ber of !egregating 

loci and ln Ittelpt has b.tn Iide ta anllyz. th. tetraploids. The 
\ 

htraploidl (~: Japonicus X !:. •• lpinul)2 (28), (L. t11pinul)"' (774!..-5) and L. 

cornieulltus wer. III het.rozygoui for PSI and "DH and Nere used in th!s 

-- In.lylll. 

" Allot.,traploid (L. jlponicus X L. Ilpinus)2 (29) 

A r.prll.ntativ. zy.ogr.1 Ind Dblervld proglny phenotypes for the 

IIliid uphldlploid Ir. prnenttd in Figl. 19 Ind 20 for the .nzy ... PSI "and 

"DH, r •• pecti vel y. Th. PSI proglny phenotypes Irt cDlpleK and it il 

difUcult to uClrtain an .lIlet Q.natyp. for IIch. HON'Vfr, there are seven 
\ 

ph.notYP'1 found a.ong th. prDgeny, and the parental phenotype il unbalanced 

wlth th. upp.r bands b.ing Of gralter danlity. Thes. faet. suggest one 

'hOIOZygDUI locus and thr •• h.terozygoul~~pei. "or'Dv~r, th. observ.d 
\ 

r 
proglny ph.notypic rltio il nDt lignificlntly diff.rent frD' thl genotypic 

rltie thlt il prldic:t.d by a .ed.l for thr .. IIgrtg&tlng disolie loci (II. 

Tlbll 7). Th. Dnly tltralo.ic .ad.l thlt NDuld prDvid. for .Iv.n ph.notype • 
• 

a.ong th. progeny NDUld b. the indap.ndent segregation of Dne .i.pllx and 
<-

on. dupl.x locul. Th. ph.notypic ratio. predictld by .uch • lodel do not -

• 
fit th. ob •• rv.d valu •• (Tabl. 7). 
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The pragany dhplaYld fi VI ph.notyp~. for "DH. Thil 15 calpatiblÎ .. ith 

& _adel of tNo s.gregating disolic loci or one Iigregating tetraso.ic locus. 

Teltl of goodnels of fit for these IodaI. ara sho"n in Table 8. Chi-squarè 

nlues for all three 10da19, disOlic, tatrasollic, chrOIiOtOIiR seQragation, 

and tetrasolli c chrouti d segregati on, are nonsi gni fi cant. 

Artificial lutotetraplold (L. aipinus):Z (774x-5) 

PSII Parental and progeny phenotypes and observed occurrences of progeny 

phenotypes for the lelfed utlhcial tetraploid are shown in Flg. 21. The 

parental phenotype has five bands and is balanced. This flct suggests a 

genotype with three alleles with two doses of the middle allele (relatlve 

lobility 62). The genotype could be (FI1HS) for 1 tetrasomic lodel or F/H, 
~ 

HIS for a disomlc model. There were elght phenotypes observed. This number 

of phenotypes could be produced by the segregation of one tetrasomic locus 

or two dlsomic loci if it i5 assumed that one of the rarer genotypes (202) 

did not occur wlthin our sample (see Tables 3 and 4). Observed and expected 

frequencles of progeny phenotypes for dlsomic and tetrasomlc models are 

shawn in TAble 9. AlI Chi-square values ure significant. The lodel "ith 

tetrasomlc chromosome segregation provided the best fit "ith the observed 

data. 

HDH. Results for the ,segregation of HDH along progeny of the selfed 

autotetraploid are shown in Fig. 22. The parental phenotypes are lore dense 

for the lo"er segregating bands, indicating either i simplex tetrasodie 

locus (FSSS) or one hOllozygous .nd one heterozygous disolic locus (FIS, 

SIS). Th. progeny phenotypic ratio il approximately 112.1 "hich "ould be 

conlitent "ith either lodel. Again, selfino the progeny "ith the phenotype 

Nith 1 band density ratio of 112.1 could telt thele alternatives. 
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It Ihauld b. nùt'd thlt th. pr ••• nc. of only four III.lle do ••• n'Id b. 

hypoth •• iz.d ta Ixp1ain •• orlt.tian ln th. autatltraploid, unlikl th. litht 

.ll.lic dOl •• n •• d.d for l,or1oation in th. Ilphidiploid. Thl •• Nould 

corrl.pond ta only onl tetrllolle locu. or tMO diloaie loci .nd thUI, only 

on. nonduplieltld loeui far 'Ich .nzYI' in thl diploid L. Ilpinui (77). 

~ carn i eulitui L. 

Thil cultivlt.d tltr.plaid il not I.lf-flrtill. Thu., it Nil n.celliry 

ta p.rfar. the lar, diffieult tl.k of Irtific!al cro •• pollination. Since 

ln autcroll Nil nle.lliry in Iny Cil', the crOlsel Ner. cholen la that 1 

h.tlrazYQate MI! eroslld .ith 1 hOlozygatl, ln Iquivalent of thl testcrall. 

Th, phlnotypes for PSI Ind "DH for th. par.nta of thil erOl1 are IhoNn in 

Fig. 23. The testeross il lor. preeile than •• lfin9 beeau.e legregation 

aceur. only in the h.terozYQot.. Thul, oa •• t. frequeney frai only on. 

individua1 (the hettrazYODte) can bl direetly oburved. 

R.lult. of the erOl1 for PSI ar •• ho"n in Fig. 24. Th.r. Nere five 

proQlny phenotyp •• "hieh indie,tl the prl.lnel of fivi O •• ,t, typel in the 

h.t.razygatie parent (~~4-4). Thil nUlb.r i. can.i.t.nt Nith 1 .ad.! far 

four uQregating dilolie loci (FOI, FI", FI", U!!) or else ho tltrlSolie 

loci (FFI1". FFI1I1). Rllultl fro. tilts of ooodnl~' of fit for dilolie and 

t.trl.olie .od.l •• r. prelent.d in T.bl. 10. AlI ehi-Iquar. values Nlr. 

lignific.nt, indicltino l.ck of fit. Ag.tn link.g •• Iong la" of th. four 

loci eould diltart dilolie ratiol. Th •• od.l for four ind.p.ndent diso.ie 

loci produe.d the b •• t fit of thol' t •• tad. 

Th. I.gr.gation of "DH loci Nithin th. h.tirozyootic par.nt produeld 

twa proQ,ny ph.notypel in ln .pproxil.t. 111 ratia (II' Fig. 2~1. Thil i. 

con,i,tlnt with the pr.s.nel of on. h.t,razyoou. di,olie locus or ,1 ••• 

1 
, , (.Qi • i 
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.... 
tripll. t.tra,olie laeu.. Th, phlnotyp. of th. heterDzYQou, par.nt Ma. 

unbalaneld tlplytng the pre •• nc. of at l.a.t onl other hOlozygou. locus 

thl di.o.ic lod.l. , 
, 

Di.eu •• ion 

Charaeterizatlon of loci 

Th. fir.t purpa •• of thi •• tudy, to charlct.rize Ind .epafltl distinct 

loci, ha. been Ilti.fied. The enzY"1 PSM and TPI pOI.e.1 di.tinct 
~ 

cytololic Ind ofOlnell1 •• qullter.d zone. of letivity. The cyto.olic 

.nzy ••• are r.pre.ent.d by upper, lor. anodal blnds of PSM and TPI. Th.l. 

re.ults aor •• Nith tho'l rlportld by M •• den and Bottlilb (1980) for pl. 

(Phu. IItivu. L. cv. A1I.ka). 

Th. cOlpllX phlnotype of "DH Nal not relalvld into itl orOlnllle and 

cytololic ca.ponentl, howlvlr, 1 lingle zo~of allozYlic activity "1' 

id.ntifi.d (r.lativ. lobility 82-66). IDH "l' faund ta contlin t"o ilozylie 

zone.. Thi. t"o-zoned phenotype corr •• pond. "ith reluIt. pres.nted by Kiano 
"

Ind 60rlln (1985) for IDH in .oybean (Blyein. ~ (L,) "Irr.). They 

d.lon.trlted that th. upper zone of the phenotype "II cytololic and 

controll.d by t"o duplicltld loci that th.y nlled Idhl and Idh2, and thlt 

the lo".r Zàne repre.entld an .nzy •• for. l.quI.t.r.d Nithin th • 

• Uochondr il. 

Th, phlnotyp. of 6-P6DH "II r.lolvld into two tlozy.le zon.1 "lth 

l.gr'Oltian confined ta th. Inodal r'oion for th. tixi Itudi.d h.rl. 

AllozYlie r,colbln.tion and/or 

cytololle loci of TPI, for tNo loci 

displ'Yld for the 

cyto.olic loci of PSI 
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and JUH, far th •• alt Inadll r.~ian af '-PIIH Ind far th. liddl. zone of "DH 

.tntiontd Abov.. The nl.1y identifi.d loci Ind 111.1.1 far ~ Ir.' nilld 

Il fol10.1' Tpll-100 Ind 110, POi2,3-82, 72, 62 Ind 52, Idhl,2,3,4-100 Ind 

8S, ~-82 Ind 66, Ind 6Pqdhl-120 Ind 100 •. Evidence of h.t.razygo.ity for 
~ 

thr.e othlr loci Mil dilcov.rld in ln Ilectrophorltlc lurvly af th. diploid 

,plclls Ind .ill bl r.portld Il.l.hlr. (RI.llon Ind 8rlnt 1997b). Thl.1 

loci Irl ~ Ind 6-padh2 (bath thl lar. clthodl1 zan •• af the phenotYPI') 

Ind ~. Thl •• loci .Irl not hltlrozYGoul in th. tlxa reported in thi. 
" 

plplr. 

Dup1icatld loci Ind 1110- and lutotltraplaidy 

Thl prl,.ncl of dupllcat.d i,oenzy.e loci It thl diploid levai in the 

lnt.rlpecific hybridl ~. japonieui X ~. Ilpinu. (23 and 281 wal an 

un.xp.~tld findin9 that 1.ldl ta intlrlltinq hypothl.l. eoncerning the 

orl,91n of the duplic.Uon. Sottlieb (1982) rtviewed the subject of 

duplication of iloenzy.e loci Ind pointed Dut thlt duplication .ay Iri •• 

fro. tranllocation. blt .. een ehro.olol.S in diploid Qlno.el or frai Incient 

polyploid avent.. 6ottll1b and Welden (lq79) faund evidenc. of duplieltld 

Pgi2 loci in certain •• etion. of the genui Clarkia. Beeluse the!e loci 

I.gr.gltld !nd.plndently, thly propolld a trlnsloc.tion bat",.n 

~anha.Dlogaul chraIOIOI •• AI thl saurel of thl duplication. and con.idering 

luch A tranlloe.tion 1 unique .vent, they r.arrangld the classification of 

Cllrk!1 by pllcino toglth.r thosl taxa .. ith dupliclt.d loci. Gottlilb 

(1982) prl'Intld Il.pll' Nh.rl duplication rlfl.ettd Ineient polyploidy. HI 

~ the IXI.pll of lea 'Iys for "hich the prls.nea of duplic.ted loci far 

Ilvlrll .nzY'I' Ilong .. ith other .vidlne. ,ugge.tld ~. ~ r.ther thln ~ • 10 

al th. corrlct blltc chrolaso •• nu.b.r for th. Ipecill. 

, 
'l', 
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lt c'In ,b. IIkld Nh.th.,. luch • I.chlni .. NIl rllpanliblt far titi 

duplicatian of PBI, "DH, 6-PBDH, and IDH loci ln th. l~terspacific hybrid 

Ix •• inad in thil Itudy, thlt il, da tha duplicatianl raprel.nt ancilnt 

palyplaidy in Lotui ar, light they have been inherited fro. one of the 

diploid parents of the hybrid (~ japonicul'X L. alpinus)? 

Thl InlNer to bath of these qUlltion •• ppeirs to be na. Firstly, III 

basic chrolDsDle numbers within the Loteae tribe are either 5, 6, 7, Dr B 

(Darlington and Nylie 19551 Grant 1986). Nithin the Intire Papilionacea. 

lubfamily the lo"est reported ChrOIO!Ole number il 5 which has 1110 been 

found in certain specles of VIcia and Hedysarui (Darlington and Wylie 1955). 

Secondly, no evidence exists for duplication of Pgi2 in Iny of the Lotus 

diploid species that Nere examined during the course of this isoenzyme 

study. The pollen phenotype of the diploid ~. tenuis (109-21, see Fig. 7) 

IhoMed no heterodileric band, luggslting the prelence of a single locus for 

~. Several accessions of the diploids ~. tenuis, ~. uliginosu5, ~. 

japonicus, ~. alplnus Mere examlned for electrophoretic phenotype. The 

rnults Mill be rlported ,1leNhere (Raehon and Srant 1987b). AlI 
-\ 

heterozygotes along these specias possessed three-banded phenotypes with 

band denslty ratios of 1:2: 1 for Pgi2 and bPgdhl· (for IDH, four rather than 

tNO, duplicated loci "ere found in the hybrlds), 

If the lnterspecific hybrids could not h~ve inherited the duplications 

from parental species, th en the duplications lust have arisen as a result of 

the hybrid condition. In this context, it i5 interesting to note that 

evidlnCI for the initial duplication Mas found not only in the diploid 

hybridl (2 loci for Egjb "dh2, 6-P9dhlfand four loci for Idh1> , but Iha 

for the artiHcial lutatetraplaid (L. Japanicul)2 (28) (four ~ loci) and in 

1;" f ~ "' ~ ~ ~ {iq.;i:..~~i3!._ 

:~ 
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l. carnieuiatui (four Pai2 loci),' Nhill in th •• ritifieal autopo1yploid (~. 

alplnul,2 (774~-5~ 'I,rliltion could bl Ixplainld by a .odll Nith only tNa 

PSI Ind "DH loci whieh would reluit lilply frol ehro,ola'i duplication. In 

Ihart, th. duplications provide l~ditlDnll .vid.nc. that h. eornieuiatui li 

lndl.d a ,.gltntal allotltrlplaid, praducld by 1 doubling of the ehro,olo •• 

nUlb.r of ln int.rlp.ci.le hybrid bltNlln tNa 'PICtl' Nholl 9lnol.1 

POll'l'td hOIOtologoul chro'DIOltl l' Nil firlt propolld by Sttbbinl (19S01. 

[n ord.r to dlvl10p th!. arguI.nt, it il n"llllry tD rlcl11 th. 

varioui lod.l. of autotltraploidy, allot.tr.ploid~, Ind Ilg •• ntal 

- allotltrlploidy. Th. c1111icl1 conclptl of IUtO· Ind Illopolyploidy Ner. 

ptrhapi bllt Ixpri'ild by Dlrlington (1937). Th ••• IOdils .re illultrated 

in Fig. 26A Ind B. Doubling of th~ hOlologoul,chrolosolel of a dlploid 

Ipeci'i rllultl in foui hOIOloQoul chrola.alel and, therefore, a tltrllollc 

IOCUI in the Iutotetraploid. A gen~.ic Illat.trlplaid results frai doubling 

tht chrolo.o.l. of an interlpecifie hybrid Nhole parental IpeellS\are 

phylaQ.nltically relotl 10 thlt bivalent for.ation bet"lln Itructurilly 

diltinct ehrololo.e, il grlatly reduetd. Chrololal. doubling r'itore, two 

diltinct I.tl af hOIOlogul', one hOlologue in elch pair i. a copy of th,· 

other 10 that the relulting t"O dllolie loci arR ho~ozygoui for difflrent 
~ 

111.1ic for'i r'lulting in f1xld h.t.ro%ygality. St.bbinl (1947) elaboratld 
, 

on th.l& clillicil conceptl by intradueing tht id&1 of I.glental Illoploidy. 

A Ilg •• ntal Illatttriplaid tl derivld frol the doubling of chrololole. of ln 

interlp.cific hybrid b.t"e.n ,plci.1 that Ir. phyloglntt1cally cIal' 10 that 

their ChraIOlol •• r.tain & high dtgrle of hOlalagy but which ,ay diff.r by 

••• 11 Itructural chang •• (holo.alogy). Upan chrololol. daublin9, Iuch 

polyplaidl lIy dilplay tttrllol1c or disalic inhe\\hnCl d.pending on 
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Nhlth.r pllrin9 Is hOIDOlnic'CbetNI.n IXlct ~o.ol00UI.) ar h.t.rDgI~tc 

(bltMI.n hOIOlolOOUII) • • 

An Iu.pl' af an. POlSib/. 'Ichanis" thlt can IlCpliin hON dupl1cated Il , 

loci in thl int.rlplcific hybrid cln bl Illociat,d Mith Iigientai 

al10t.traploidy fo110NI (thil •• chanil' il illultrat.d in Fig. 26C). 

Chrolololl1 relrrang,"nt anociated with. IpeciitiDn uy havit rnul ted in 

Itructurll differ.nc.~ b,t"~.n hO'D.ologuls of ~. Japonicui and ~. alpinui. 

Thllt difflrtncii arl not Inough ta prevent pairing of hOloeologues in th. 

hybrid al the fertility of the hybrid attegts. A p.ricentric inversion, for 
. 

Ixa,pll, could relrrange the ~ locus .long .. ith .djacent chrolosolal 

I.tlrill. Unlqual crolling over within th~ ~nverlion would produce 

dupliclt.d al "el1 Il 1nviable deficient cbrolololel. R.ca.binatio~ "ou1d 

praduc. viable progeny .. ith t"~ chrolosoles .. ith duplications, and thUI, 

Mith dup1icated ~ loci. Doub1ing th. chrolbsole number of th.se 
o 

individu.ll Mould produce the lag.ental Illotetrlploid .. 'th .ither four 

.' dilo.ic or ho htrllal,ic loci. Subllqu.nt diploidiution of th. 

allotttrapioid wo'uld involve QlneUc factors luch Il the Ph locui in whllt 

thlt Nou1d l.ad ta bivalent for.ation and dilo.lc inh.ritanc~ (Jacklon 
\ 

1982). Thil lode1 applil5 by ~tension ta ~. cornieulatus, lincl it Ilso 
r 

dilplayl duplicat.d ~ loci thaugh Na do not •• an ta i.ply that L. aipinui 

Ind ~. Japonicui wer. nlcellarily the diploid parentl. 

It light be obj.ctld that thil ladll Nould expllin the prllinci of tNo 

11111.1 in th. int.r.pectfic hybrids and artiticial' •• phidiploid but that it 

cln not expl.in the prelence of thr •• distinct 111.1 •• in ~. Japanicu. and 

!:.. alpinul, (23). In rtpl y ta thi 1 obJ.c:tion, NI polnt out that thl hybrid , 

. / ., 
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I.t.rial M.' d;;c=nde"t frai plr.ntl r.pr'l.nting Ilv.ral distinct crassing 

( ..... 
Dlta co"t!rr.ino the •• iotie r.gullrity of th. virioui taxa ~re 

Tne diploid species art ail meiotically regular with 

no .ultivdlntl It dilkinlsiland "1 and with high pollen stainability. The 

intlr,peeUie hybrid hu a luch lONer pollen viability but retains a hlgh 

l.vel of bivalent for.ation which tlplles 1 high degree of ho.alogYI and 

th.rtforl, supports the .od.l of duplicated, linked, disolilc inheritance. 

Doubling the chrolosole nu.ber of the hybrid inereased fertllity, but also 

rnulted in the forution of lore lultivalenh. With respect to pollen 

ltainability and .ultivllent forution, the uphidiploid lS "suilar to the 

lutohtraploid (!:... alpinus)2, Tltrasalie loci withln the uphidlploid are 

pOI.ible. Lotu. corniculatus ha! a luch higher level of pollen stainability 

Ind flNer multivalent._ Thil eould refl~ct genette diploldization Slnee its 

for.aUon, Thernen Ind Grant (1984) found the frequency of quadnvalent 

formation to b. les5 than previously reported for thi! speeles sugge!tlng 

10 •• ~eleetion for inereased diploidization had oeeurred. 

do not eontradict th. Ibove hypothesis. 

The ISloti!: dat~ 

The evidenee' for light alleUc dOles or four loci of ~ in L. 

cornt culitus il i nt:eruti n9 N!th respect to previ ous reports of tetraso,.l C 

inhlrihnel in tht, Ipeein. AI •• ntianld IIrlhr, Dlwson (1941> prop'Dud . 
tltrlloaie inheritanci of cyanogtn"l! based upon observations cf a ~/l 

ratio of cylnagenie tD aCylnogente prog.ny fro. the putative duplex X 

nullipllx erolll (AAu X IIU). HI propoud that the nulliplex repreunted 

th. Icvan091nic g.notype. Th. rltio that DINlon .Ka.in.d Illu.ing th. 

dOltnlnce of cyuog.nllil ts analogout to Ixuining th. ratio of all oth.r 

Il 

1 
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g.notYP'1 ra .tth.r 04 th. hOlozygou. g.natYP'1 4ar th. ,odolinant ~ 

111.1 •• for the cross !:.. corniculltus (~H54-3 X L.o-l). Th ... ho.azygous 

Genotypes are 90 or 09 in hblt 10. For tNa htruolic laci und.rgoing 

rlndo. chro~a.o •• segrèQltian the expected ratio ta .ither hOlozygo~e Nauld 
~ 

be 3611, 40r four independent diso.ic loci, the IlCplcted ratio Nould be 

1611, Nhill th. ratios for the obllrved hOllozYQoh (BO), is nsenthlly (and 

perhaps eoincidentally) the ~Il ratio found by Diuon. 

Other Norkers have a110 reported tetrasollie inh.ritance for other 

charact.rs in L. cornieulatus. Perhaps the lIo,t litudud of thesi chAraeters 

i. the broNn Vii. yellow eolor of the kael tlpS. Several studies deter.ined 

that the char acter Ifas lnherited in a tetrasoll';", .. nner band upon the 

observation of a 101'1 frequency of ho.ozygotes(,to heterozygotes. HONever, in 

SOli crosles the fr.quency of homozygotes was even lower than that expected 

frol t.trnollic inheritance. Hart and Willie (1959) proposed a second locus 

buide that controlling keel-tip color that Nas l.thal in the nulliplex 

condition ln arder to'explain the unusually 101'1 nu.ber of hOlozygotes. 

Bunell and Willi. (1963) tested thi. hypothnis and found it to b, 

incorr.cL They luggested that leiotie irregularitill were tha explanation 

for the 10Ner hOllozygote frequency AS did Bublr and l''liri (19651. 

It il i nt.rut! ng ta note that 1 i nkao. ucfng di 10li e loci woul d be 

sUffit,hnt ta !)cplain th. distortion of IKpectid rltiol if thell loci art 

pr .. ent in four COpilS'4U i5 the W.! locus, rAther thln in the previously 

IIIUled ho ccfpies. 

1 
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FIGURE 1. Summary of phenotypes fbund by Ostergaard and 

Nielsen (1981) for duplicated ~ loci in tetraploid 

ryegrass. Seè text for further explanation. 
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FIGURE 2. Expected isoenzyme banding phenotypes for 

individuals with various doses of two alleles with distinct 

electromobility for a dimeric enzyme. See text for further 

explanation. o 
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FIGURE 3. Expected isoenzyme banding phenotypes for 

individuals with various doses of three alleles with 

distinct electromobility for a dimeric enzyme. See text for 

further explanation. 
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FIGURE 4. Expected isoenzyme banding phenotypes for 

sporophytes end pollen. A. Soaked vs. crushed pollen. 

B. Single vs. duplicated loci. C. Disomic vs. tetrasomic 

segregation. D. and E. Various models to ascertain 

genoptypes. See text for further explanation. t 

5 = sporophyte, P = pollen, F = fast, M = Middle, 5 = slow. 

F1S F/M = duplicated disomic loci, FMMS = tetrasomic locus. 
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FIGURE 5. Observed isoenzYIne banding phenotypes for PGM 

for sporophyte ~. japonicus X~. alpinus (23; lane 1), and 

for pollen soaked in extraction bufter (lane 2), and crushed 

in extra.ction buffer (lane 3). (A) Photograph of zymogram. 

CB) Graphie presentation of zymogram. 
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FIGURE 6. Observed isoenzyme banding phenotypes for TP1 

for sporophyte~. japonicus X L. alpinus (28; lane 1), and 

for pollen soaked in extraction buffer (lane 2), and crushed 

in extraction buffer (lane 3). (A) Photograph of zymogram. 

(B.) Graphie presentation of zymp~ram. 
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, FIGURE 7. Observed isoenzyme banding phenotypes for PGI 

for various/sporophytes and for pollen crushed in extraction 

buffer. Lane"l, ~{ tenuis (109-21) standard; lane 2, 

sporophyte of~. tenuis (109-20); lane 3, pollen of 

~. tenuis (109-20), lane 4, sporophyte of 

~. Japoniçus X~. alpinus (23); lane 5, pollen of ~. , . 
, 

Japonicus X L. alpinus~(23); lane 6, sporophyte (~. 
- J 

alpinus}2 (774~-5); la6e 7, pollen 

lb. alpinus)R (774~-5L (Al' Pbotograph of zymogram. (B) 

Graphie presentation of zymogram. 
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FIGURE 8. Observed isoenzyme banding phenotypes for PGM 

1 
for di»rlaids b· burttii (accession number 303; Ianes 2 ta 

5), ~. ornithoEodieides ( accession number 100; Ianes 7 ta 

11), and for the interspecific hybrid L. burttii ,X ~. 

'oro! thopodioides (lane 6). Lane 1 is L. tenuis (109-21) -- , " 

which is used as a standard. CAl Photograph of'zymogram. 

(B) Graphie presentation o'f zymogram. 
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FIGURE 9. Observed isoenzyme banding phenotypes for TP1 . 

for diploids L. alpinus (accession number 77; lanes 1 to 5), 

~. conimbricensis (accession number 126; lanes 7 to 10), and 

fo~ the int~rspecific hybrid b. alpinus X 
. 

b. oonimbric~nsis (lane 6}.1 Lane 11 lS ~. uliginosus 

(193-52) which is us~d as a standard. 

(A) Photograph of zymogram. CB) Grapbic presentation of 

zymogram.. 
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FIGURE 10. Observed. isoenzyme banding phenotypes from 
~ 

~;lfing the interspecifi~ h~rid~. Japonicus X~. alpinus 
~ 

(23), CA} Pho~ograph of rE)presentative zymogram. CB) " 

Graphie pres.~ntation of. zymogram. Lane 1. ~. tenuis 

(l09-2l) standard; lanes 2 and 13 1 L. japonicus X L. alpinus 
• 

(23); lanes 3 to 12, progeny; ,ane 14, L. uliginosus 
\ 

C 19'3-52}, standard .. CC) Summary of observed occurrence of 

va~ious progeny pQenotypes. 
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FIGURE, 11. Disomic genetic model ~or segregation of 
o 

duplicated PGI alleles in p~ogeny f~om selfing the 

inte~spec:ific "'hyb~id b. japonic:us X l. alpinus (23). The 
1 

e~e~ted frequencies and genotypes are those that would be 
• 

produced if two ~ndependent disomic loci, heterozygous for ...... 

three distinct allelest (F/M'anp FIS), were' segregating. 

Chi-square analysis indic:ated that the observed values " . , 

correspond to each locus occur in the eHpectad Mendellian 

11211 ratio, but that the two loci are not indep,endent. ,See .. 
ta)(t for further ex.pl a!:,ulti on. 

" . 
(F • PSI-72, the fastest'or most anodal allele, M - PGI-62, 

the, allela that migrates' te the middle between fast and 

........ ' slow; S = PSI-52, tpe slowest or most c4thodal allale). 
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FF 

FS 

ss 

LOCUS 1 TOTAL 

PGI2 

FM MM 

F/F F/F F/F MlF MlF MlF 

• • -• -- -
. 

oas 3 7 9 

.EXP 4-7 9.4 4.7 

\ 
FIF FIS FIF MIS MlF MIS 

• • -- -- • • - -- - -
oas 4 26 6 

EXP 9.4 18.8 9.4 

FIS FIS FIS MIS MIS MIS 

- --- • -- -- • -
oas 7 12 1 

EXP 4.7 9.4 4.7 

oas. 14 45 16 

EXP. 18.1 31.6 18.7 

CHI-SQUARE 1 :: 3.026 N.S. 

CHI-SQUARE 2 = 0.082 N.S. 

CHI-SQUARE 3 = 17.008 0.0 1 ) p > 0.00 1 
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1 ~9 
- ,t,. 

-~»~ 

LOCUS 2 TOTAL 
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FIGURE 12. Observed isoenzyme banding phenotypes for PGI 

for progeny from selfing the interspecific hybrid I:!. 

japonicus X I:!. alpinJs (28). (A) Photograph of 

rep~esentati~e zymogram.· (B) Graphie presentation of 

zYmo~am. L~~. tenuis (109-21) standard; Ianes 2 and 

18, L. japonicus X L. alpinus (28); Ianes 3 to 17~ progeny; 

lane 19, L. uliginosus (193-52) standard. (C) Summaryof 

observed occurrence of various progeny phenotypes. 
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FIGURE 13. Observed isoenzyme banding phenotypes for IDH 

from selfing the interspecific hybrid k. japonicus X k. 

alpinus (23). CA) Photograph of representative zymogram. 

(B) Graphie presentation of zymogram. Lane 1, b. tenuis 

\ (109-21) standar~; lanes 2 and 23, b. japonicus X b. alpinus 
. 

(23); lanes 3 to 2~, progeny_; lane 24, I:!. uliginosus 
1 

(193-52) standard. (C) Summary of observed occurrence of 

various progeny phenotypes . 
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FIGURE 14. Observed isoenzyme banding phenotypes for MDH 

for progeny from selfing the inters~cific hybrid L. 

japonicus X b. alpinus (28). (A) Photograph of 

representative zymogram. (B) Graphie presentation of 

zymogram. Lane 1, L. tenuis (109-21) standa.rd:; Isnes 2' and 

23, b. japonicus X L. alpinus (23); lanes 3 to 22, progeny; 

lane 24, b. uliginosus (193-52) standard. (C) Summary of 

observed occurrence of various progeny phenotypes. 
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FIGURE 15. Observed isoenzyme banding phenotypes for 

6-PGDH for progeny from selfing the interspecific hybrid ~. 

~ japonicus X b. alpinus (28). (A) Photograph of 

representative zymogram. (B) Graphie presentation of 

zymogram. Lane 1, L. tenuis (109-21) standard; Isnes 2 and 

13, l!. ,japonieus X L. alpinus C 28) ~ Ianes 3 to 12, progeny; 

~ lane 14, ~. uliginosus (l93-52) standard. CC) Summary of 

observed occurrence of various progeny phenotypes. 
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FIGURE 16. Models for independent segregation of disomic 

loci for PGI and 6-PGDH for progeny from selfing the 

interspecific hybrid~. Japonicus X~. alpinus (28). The 

expected genotypes and frequenoies are those that would be 

produced if two independent disomic loci were controlling 

the phenotypes for the two enzymes. Chi-square analysis 

indicates no significant differences in observations from 

that exPected under such a model. (PGI alleles: F = fast or 
1 

most anodal, PGI-72; M = middle, PGI-62; 6-PGDH alleles: F = 
f~stJ 6-PGDH-118; S = slow or Most catbodal, 6-PGDH-l00> , 
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FIGURE 17. Models for independent -segregation of disomic <,' 

loci for MDH and 6-PGDH for progeny from selfing the 

intèrsp~cific hybrid ~~ japonicus X~, alpinus (28), ,The 

• exPected genotypes and frequencies are those that would be 

produced it two independen~ disomic loci were controlling 

the ~henotypes for the two enzymes. Chi-square analysis 

\) indicates no significant differences in observations, trom 

that expected under such a model. CMDH alleles: F, = -fast, 

MDH-82; 5 = slow, MDH-66i 6-PGDH alleles: F = fast, 

6-PGDH = slow, 6-PGDH-100; ). 
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FIGURE 18: Models for independen~atlon of disomio 

loci for PGI and MDH in the selfed interspecific bybrid L.' 

JaponiCU8 X L. alpinu8 (28)._ The expected genot~es and 
, . 

frequencies are those that would,be produced if two 

independent disomio loci were controlling the phenotypes for 

~ the two enzymes. Chi-square analysis indicated no 

significant differepces 1'n observations from that expected . , 

under ,uc~ a model. CPGI alleles: F = fast or most anodal, 

PGI-72; M = middle, PGl-62; NOH àl1eles: F = fast, NOH-82; 

S = slow, MDH-86). 
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FIGURE 19. Observed isoenzyme banding phenotypes for PGI 

for progeny from selfing the artificial allotetraploid (1.. 

japonicus X ~. alpinus)2 (28). (A) Photograph of 

representative zymogram. (B) Graphie ~resentation of 

zymogram. Lane 1, L. tenuis (109-21) standarci, lanes 2 and 

23, '(L.. Japonicus XL. alpinus}2 (28); lanes 3 ta 22, 

progeny; lane 24, L. uliginosus (193-52·) standarà. 
- u 

(C) 

Summary of observed occurrence of various progeny ) 

phenotypes. 
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FIGURE 20. Observed isoenzyme banding phenotypes for MOR 

for progeny from Belfing the artificial allotetraplo~ (~. 

~japonicus X~. alpinu~a (28). (A) Photograph of 

representative zymegram. (S) Graphie presentation of 
r 

zymogram, Lane 1,{ L. tenuis (109-21> standard; lanes 2 and 
< 

23, (~. japonicus Xl!. alpinus}2 (28); lanes 3 te 2'2. 
)0 . 

progenYi lane 24. ~. uliginosus (193-52) standard. ( C) 

Summary of observed occurrence of various progeny 

phenotypes. 
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FIGURE 21. Observed isoenzyme banding phenotypes for PGl 

for progeny from selfing the artificiai autotetraploid (~. 

alpinus)2 {774~-5}. CA) Photograph of representative 

zymogram. (B) Graphie'presentation of zymogram. Lane 1, ~. 

tenuis (109-21) standard; Ianes 2 and 18, (~. alpinus)2 

(774~-5); lanes 3 to 17, progeny; lane 19, ~. uliginosus 

C1S3-52) standard. CC) Summary of observed occurrence of 
. 

various progeny phenotypes. : 
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FIGURE 22. Observed isoenzyme banding phenotypes :f.or MDH . 

for progeny from selfinl{ the artificia1 autotetraploid Cl:!. , 

alpinus),11 -C774x-5L CA} Photograph of representative 

zymogram. (B) Graphie presentation Of zymogram. Lane l, ~. 

tenuis (109-21) standard; lanes 2 and 18, CI:!. alpinus)1I .ri 
.1/\ 

(774~-5); lanes 3 to 17, progeny; lane 19~ I:!. ulig~nosus 

(193-52) standard. CC) Summary of observed occurrence of 

various progeny phenotypes. 

... 

, 

~,':.t.~_ "1- _~, '." ~\~i: .... ,.J\;i~\Ù1~~~~ .~ ~_,_ 1~ ~_.' 1 

) 

... 

..: 

,-



• 

C 

J 

'. ,"A-

J 

MDH 

B 

c 

- .~ ." .. 

140-

> 
1-

;"1·· o •• ::1 __ 

lU • 

:: .. 
1- 110-; 
< 
..1 
lU --0: 

20-

140 

NO. OBSERVED 

PHENOTYPE 

e 

2 

••••• ••••• -.. ~--••••• --.-. 
- .. _--
-----

. 
a 

20 

e 
el 

e 

-
-

1 

••••• ••••• • • ••••• ••••• • • 
---~- -- ... -- --•• • •••• • ... -. ..-.. • • 
---,.- --~ .. ~ --
----- --- --.. . 

10 Ut 
LANE 

47 28 

• • • • - -• -• -
"-- -
- - ... 



,;' \ ~ ':,-,' , Ij 1 \ f " "'/',',, 
.. ~ t..., ~. , 

l, , v " / .. ' ~: ~:!' ':- -:, \, ~,.""i,.; ~ «(:"1'~~~ 
1 l' ... t'. ~ \ " 

\'-..... 

i' 

/ 

FIGURE 23. 
1 

Isoenzyme phen~types for ,Lotus corniculatuB 

(554-5) and cultivar 'Leo' CLeo-l) used as parents in a test 

cross for PGI and MUH. 
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FIGURE 24. Observed isoenzyme bending phenotypes for PGI 

for progeny from a test-cross of Lotus cornicylatus (554-5) 

X 'Leo' (Leo-1). CA) Photograph of representative 

zymogram. (B> Graphie presentation of zymogram. Lane l, b. 

tenuis (109-21) standard; lane 2, b. corniculatus (554-5) 

standard; lanes 3 ta 11, progeny; lane 12, Leo-l; lane 13, 

~. uliginosus C193-52> standard. CC) Summary of observed 
) 

occurrence of various progeny phenotypes. 
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FIGURE 25. Observed isoenzyme banding phenotypes for MDH 

for progeny from a test-cross of the artifieial 
r 

autote_traploid '(~. alpinus)lZ (114x-5). 
-', 

( A) . Photograph of 

represe~tativ~ zymogram. (B) Graphie presentation ~f 

zymogram. Lane l, I.!. tenuis (109-21) standard; lanes 2 and 

J 18" (1. alpinus}lZ (174~-5); lanes 3 te 11, progeny; lane 19, 

~. uliginosus (193-52) standard. (C) Summary of observed 

occurrence of various progeny phenotypes. 
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FIGURE 26. Models of various types of tetraplo~y. A. 

The classical concept of autotetraploidy producing a 

tetrasomic locus. B. The classical model of allotetraploidy 
Il 

producini d~plicated dlsomic loci. C. Possible model for 

segmental allotetraploidy. Chromosomal rearrangement such 

as a pericentric inversion leading to displaced loci in 

homoeologous chromosomes. Unequal crossin~ over may result 

in a duplication def-iciency. Deficient chromosomes are 
/ 

inviable so that viable progeny contain homologous 

duplicatèd chromosomes. Subsequent doubling may lead to 

eight allelic doses of the locus in an allotetraploid. 

Genetic factors may determine whether loci segregate in a 

disomic or tetrasomic manner. 
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TMU 1. TUI of !:!!!!! nid in thil .tudy 110ng IUh th.ir Icc ... tan lIober, fIIIDtyp., un, nI laurC. 
. ..... ..-----_._-----_.,--------------_._._-----_ .. _. ---_._---_ .. -------_._---

Tuan AcCII.1Dn &tRDtyp. Un Baurc. 
nallb., 

_· ____ • ___ , ________ u ___ • -----------------------
1:,. al,hui 

khl.ich. 

(~ 11plnUI) 2 

n 

7741 

~. Ilplnu ... (77 1 1261 
L. conilbriclnli. 

L. burttli Sz. Borsal 303 - --

~. burttii Sz. Borsos (303 1 100) 
1 ~. ornlthopodiaidll l. 

~. eoallbrielftlil Brat. 126 

~. eornicul.tui l. 554 

~. corniculltus L. CV. 'LlO' 

~. j Ipan! CUI (Rtg.ll 
LUlln 1 ~. 11plnui 129 1 J1 

/ 

( 

II'tlrll hybrt. and 
plrlntl! 
spIC 1 ,. 

pall", and 
.. lflll pragtny 

hybrid Ind 
partnbl 
Ip,ciu 

IIVIrIl hybrld Ind 
plnntal 
Ip,ciu 

8H Brant It Il. 11962) 

1 

Artifictll lutotttrapioid (Sollroo and 
&rut 1971> 

~ 
1 

ArtlficlaJ intlrlplclfic hybrid 
(O' Danau9hui and 6nnt 19871 (' 

Royal latuic 6ard.nl, Edinbur9hl 
ColllCtorl 8. l. Burtt, 
Drigin, Plshl.ar, PakIstan 

hybrid Ind Artifichl intmplcific hybrid 
p'rlntal Iplci.. (O'Danaughul Ind &rut 19S7) 

IIVlrl1 hybrid Ind 
pUIRtll 
'Pkiu 

prOQInY of crall 
(554-5 X LIQ-II 

pr!»glny of crall 
(554-5 1 Lia-li 

23 "'" ,D11IR and 
28 pragIRy frai 

IIIfinO 

eollan.llltlt Seitnttfte ud Indultrial 
RII.arch OrOlnizition, Canb.rrl, 
AUltralial Ortglnl Portugal \ 

Pllnt Introduction Clntlr, hlir, Turk'YI 1 
Ori9tnl SiliUS, Turt.y, Na. 1465-64 

Cultivlr divilopid It "Icdonlld Colltgl 
by J, S. SUbir 1963 

Artiflclll Int"lplciflc hybrid ISolarao 
IIId Brlnt 19711 

, •• TABLE 1 Cant'd. 

~~;~~.~-.~~~_~.~~!.~.t."~~;,i~;,W~y~; .. ~ ... ~.~,.~.~~_~~,_"~j_.,~l __ ~._,i~.~ __ A~;_"_·~rl~I+------------------------
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TAlLE 1. Cont'd. 
,---.-._----------------_._._ ...... --_. __ .. ------_ .. _ .. __ ._ .. -.. -._----"' .. _-_.-----........ -. 

TUai kenstan 6IIIDtype Ust .Ir Saurel 

,---_.------------------------------

(~. JlponicUI 1 1129 1 n)':J 28 polll11 and Artificill lapbidiplold ISOIiTOO 
~. alpiltUI1 2 prOOltly frOt Md Br litt 19711 

IIlfllt9 

~. arnith~odiold.s L. 100 IIVIrII hybria and CoIIORllilth Scientific and Indultrill 
plrlttal Rtltll'ch 1Ir9lniution, Canbtrra, 
Ipld .. Aultralia, C.P.I. Mo. 1952h, 

". 
Collectorl J. F. "ill'\ Orl,in, Tunlsil 

\ 

~. tltlllh 109 21 ltaodlrd Au rllil, C.P.I. Mo. 23788. 
MaWI\. It Kit 20 poUtII Or! inl TurklY 

~. all,inosui 193 ~2 Itandard rvici dl 11 Rtchtrcht A,ronollque 
8chtuhr It dl l'Elp.ri'lRtltion A,ricol., 

RUlt, tIorOCCD 

-----------------------------------------------. -------~-------------------------------------------
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TABLE 2. Dilo.ie Ind t.trllOlie .odtll of .11ell 1.,rIQltian ior .Ilfld 
,lnDtYPIl .. ith Ylriaut

/
dupl1catld laci. F., fllt, 100t Inadl1 j S Il lioN, 

.alt ClthDdll. " •• ,diua. ~ 

----------------------------------------------------------------------------~ . 
-------------------------~----------------------------------------------

Dhalic, 2 11lt1es Dila.ic, 3 1111111 " 

F F ~~ 
a S 1 2 1 F a 1 2 1 

FF Fa 8S FF F" "" -------------------- ------------------
1 1 2 1 1 2 1 

FF FFFF FFF8 FFSS 1 68 FF6S F"SS 1'1"58 

2 4 2 2 4 2 
2 FS FFFS FFS8 FSSS 2 I1S FF.,8 FI't1't8 1'111"8 

1 2 1 1 2 ~ 1 
1 88 FFS8 FSS5 SSSS 1 "" FFPlI't FI't"" Pltttt" 

4 l 

TltrllOlic chro,olo" I.gregatian 

DuplilC lodel FFSS Tri plix lod.1 FFFS 
/ 

.ç. 

1 4 1 1 1 
FF FS SS FF FS 

-------------------- ------------
1 1 4 1 1 1 

1 FF FFFF FFFS FFSS 1 FF FFFF FFFS 

2. 16 2 '"' 1 1 
2 FS FFF~ FF8S FSSS 1 FB FFFS FFSS 

V' \ 
1 4 1 

1 88 FFSS " FSSS SSSS 
~ 

----------------------------------------~---------------------------------

TABLE 2, Cant'd. 
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-----~~-~---~-------~----------.-------------.-._---.---------------------J, 

Tltrlsolte chralOIQI. Tltrl,olte ehro.ltid 
IIgrlgltion IIgrlQlti~n 

3 111111. FF"S Dupl.x lad,1 FFSS 

1 2 2 1 :5 B :5 
FF F" FS "S FF FS as 

------------------------- -------------------
'J 1 2 2 1 9 24 9 

1 FF FFFF FFF'H FFF9 FFtlB 3 FF FFFF FFFS FFSS 

2 4 4 2 24 64 24 
2 FH FFF" FFtlH FFtlS Ftltl8 8 FS FFFS FFSS FaSS 

2 4 4 2 9 24 '1 
1 FS FFFS FFtl8 FFSS F"SS l SS FFSS FSSS SSSS 

1 2 2 1 
1 "S FFtl8 Ftltl8 F"SS "tlSB 

1 •• 
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TAlLE 3. Expletld diltribution af proglny glnDtYP'1 far Illlld pllntl with 
v.rlo~. IIVIII af ind,plnd.ntly I.gr.glting dupllcltld dilalie loci. F. 
f'lt, IDlt Inad.l, S • IloM, lost clthodll. " • •• dfu •• 

----------------------------------------------~-----------------------------
-----------------------------------------------------------------------. 

RIUo 
) 

Benatype 
~ (FS) 

Plrtnhl 
glnotyp. 

E.® 
S 

111> 

1 

1 

20 

1 aeu., 2 1111111 

2 

11 

1 

02 

No. of 
g.natYPIi 

3 

, 
-------------------_.-~---------------------------------._----------------

F F 
S S 

@ 2 ind.pend.nt loci, 2 11111n :5 

R"Uo (22 ) 1 4 6 4 

'--
elnotype 40 31 22 13 04 

(FS) 

--------------------------------------------------------------------------

RaUD 

elnatyp. 
(FS) 

Ratia 

elnotYPI 
CFS) 

RaUa 

SlnatYPI 
CF"8) 

E.E.E.@ 
S S S 
(33) 

'" 

E.E.E.E.@ 
S S S S 
(44) 

tE. 
" S (211) 1 

~ 

'1-

3 i ndependent loci, 2 alleln 

1 b 1:5 20 15 6 

60 51 42 33 24 15 Oô 

4 indlplndlnt loci, 2 Illtles 

1 9 29 S6 70 56 29 e 

80 71 62 53 44 35 26 17 OB 

2 indlplndlnt loci, 3 11111 •• 

2 1 4 2 1 2 

400 301 202' 211 112 220 121 022 

7 

9 . 

9 

------------------------~-----------------------------------------------. 
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J TABLE 3, Cont'd. 

--------------------------------------~-----------------------------------

Ratio 

Senotyp. 
(F"S) 

!!!! @ 
F " B S 
(242) 

4 !ndependent loci, 3.11e1 .. 

4 4 6 16 li 4 24 24 4 1 

ND. of 
oenotyP.' 

800 710 701 620 611~02 530 521 512 503 440 

i----------------------------------------------~--r--- --------------------
Ritio 16 36 lb 1 4 24 24 4 6 16 b 4 4 1 

e.notyp. 431 422 413 404 341 332 323 314 242 233 224 143 134 044 
(F"S) • 

-------~-----------------------------------------------------------------
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TABLE 4. Expectld diltribution o~ prog.ny genotyp •• for •• lfed plant. with 
YlriDUI typll of •• or.glting tltrllolic loci. F. fait, lait InDdll, S • 
,ION, lait clthodll, " • Ildiua. 

----------------------~-------------------------------------------------

Ratio 

B.notype 
(FS) 

Plrental 
g.notype 

FFSS @ 
(22) 

duplIx ht.rllolic lOCUI, 2 all.lu 
chrOIOIDI. se~'9ation 

1 e ~ B 

40 31 22 13 04 

Na. of 
g.notYPIi 

--------------------------------------------------------------------------

FFSS 0 dupl.x t.trasolic locus. 21lleln 5 
(22) chrolatid sigregation 

R.tio 9 48 64 48 9 

eenotYPI 40 31 22 13 04 
(FS) 

__ • ______ - ________ - - ___ - ___ - - - ____ - _________ 1 ___ - _________________________ _ 

Ratio 

.B.notype 
(FS) 

1.-
'1 tripllx locus, 2 Illeles 

chromosD" legregation 

2 1 

40 31 22 

3 

\ 

-----~--------------------------------------------------------------------

Ratio 

Btnotyp. 
(F&) 

tripllx tetralolic 10CUI, 
2 1111111, chrolltid Ilgrlgation 

4 frlqulnt 
1 r.rt 

225 360 174 24 

40 31 2~ 13 04 .. 

TABLE 4, Cont'd. 
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TABLE 4, Cont'd. 

--------------------------------------------------~-----------------._--
Parenhl 
oenotyp. 

No. 0'* 
glnotypes 

--------------------------------------------------------------------------

Ratio 

eenotype 
(FS) 

FFSS 

FFSS 
(44) 

, 
2 ind.p.nd.nt duplex t.trllolic 
loci, 2 all.l.I, chrololol. legregation 

16 100 304 454 304 100 16 

80 71 62 33 44 33 26 17 OB 

------------------------------------------)-------------------------------

FFt1S @, 
,. 

tetrllolic locul, 3 alllles 9 
(211) chrOIOIO •• legr.gation 

R.tio 1 4 4 4 10 4 4 4 

e.notyp. 400 310 301 220 211 202 121 112 022 
(F"S) 

----------~-------~-------------------------------------------------------
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TABLE S. "odell for t,trllo.ie I.gregation of duplielt.d Pgi loci far 
'Ilfad L. jlponieui X ~. Ilpinus (23) 

----------------.. -------------------------------------------------------
-------------~---------------------------------------------------------f-

Parent ~. japanicus X !:.. alpinus (23) 

Pgi2-72 Pg~2-72 Pgi2-62 Pgi2-52 

(FFI1S Dr 211) 

Genotype 400 310 301 

Observed 3 7 4 

ElCpected·, b 

chrollosolle 
segregat Ion 2.2 8.3 9.3 

ElCpected., c 

chromati d 
segregati an 3.5 9.4 9.4 

220 

9 

8.3 

7.4 

211 202 121 

26 7 b 

21 8.3 8.3 

,f 

17. 2 7.4 7.8 

------------------------------------------------------------.------------
Genotype 

Observed 

ElCpected 
chrOIllOSOlle 
segregah on 

ElCpected 
chrout i d 
segregati Dn 

112 

12 

8.3 

7.8 

o 2.2 

1.6 1. 7 

031 013 040 004 

o o o o 

o o o o 

o 0.8 0.1 0.1 

---------------------------------------------------------------~---------

-AlI Ixpected categorie, les5 than 5.0 Merl lUlped. 

ItChi-sruarell chrolosou ,.gregation, 6 df· 6.207. NS 

CChi-squ4rezl chrolatid segregation, 6 df ~ 13.722. S 

NB • not lignifieant It P • 0.05, S • lignificant It P • O.OS. 

. , 

• 

", 
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TABLE ,. aenetic .od'~1 far dupliclt,d IDH loci far .elf.d (~. Jlpanicui X 

~. alpinul) 23." AlI ,xpectld categories l'II thln five havI be.n troupld 
) \ 

far Chi 2 ~alculltiQn. 

StnDtyp' 
(FS) 

Obllrvtd 

- - - - -
ElIp,cted far 

3 di lo.i c 1 oc i 
le9r.~ti"g 

on' duplex 
htr.IDli c 
locus and 
on, triplex 

BO 

0 

o . 

0 

locus, chrololole 
IIQrlgation 

duplu .nd 0 
.hpl.x loci, 
chrol.U d 
IIgregation 

, 

71 62 :53 

0 S 8 

0 6.S 

0 O.S 4.8 

• 

0.3 1 6.9 

44 3:5 26 17 08 

10 26 B 9 , ;3 

16.2 21. 6 16.2 6.:S 

Chi 2 5 df • 1 ~035" 

16.8 24.8 16.8 -- 4.8 0.5 

Chi 2 5 df • 29.033··· 

18. 1 19.3 19.8 2.6 1.2 

Chi 2 4 df • 90.632·'· 

-' 

----------------------------------------------------------------------------
··Significlnt at p <0.01. 

"'Si Qnif i clnt at p <0.001. 

, '" .... ~.p 
> " 

l ' ... 

-~ 
~ 
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TABLE 7. SlnlUe .od.h for lIorloation of PSI loci in th •• rtifieill. 
" ~ 

allot.traploid (~. Jlponieui X ~. Ilpinu.)2. AlI ,xplct.d catlgori.s 1111 

thln fivi (und.rseortd) hav~ bien lUlped Mith adjac.nt eategory for Chi 2 

cil culati on • 

. ~ ----------------------------------------------------------------------------
---------------------------------------_.-----------------------------------
Ph.notyp. nUlber 

Observed 

Expectld for 

Thr •• ind,plndent 
dilo.ic loci 

Onl duplex locus 
chro.olole 
segrlgation 

Onl dupl,lC and onl 
tri pliX 1 Deus, 
chrololol., 

2 

LB 

2 3 4 

B 22 33 

10.6 26.5 35.3 26.~ 

Chi2 4 df • B.91 NS 

5 phenotYPIi 

IeQr.gation 0.7 7.3 
-------'--"-

25.7 45.5 25.7 

Dupl.x and ,ilpllx 
loci, chroutid 
IIQr.gation 

ho dupl.x loci 

Chf2 4 df • 2B.9--

9 phenotyp., 

9 phlnotYPII 

7 

15 7 

- - - ., 

10.6 1.8 

7.3 0.7 

--------------------------------------_. __ .~------------._-----------------
" 

NB • not Itatlltlcally 110nifielnt. 

--Signifielnt at p <0.01. 

~..!.--""""""" ... ,"".""""'_c ....... """"' ...... ___ ........ _________________ -- ---- ~ -

, : 

\ .. ~ 1 
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----------------------------------------------~-----------------------------

S.not YP' 
IFS) 

(1) 40 

Obnrved 

Exp.chd fp,. 

ho dllolie 
1 oc i 

T.t,.lso.ie locus, 
chro.olDu 
.egregttion 

Tttr.so.i e 1 DCUI, 

chro .. U d 
.. or.gation 

7 

3 

(7) 31 

24 

28 

ChP 4 

25 

ChP 4 

30 r 

ChP 

(7) 22 

df .. 

df • 

4 df 

~4 

42 

8. 1 B NS 

56 

1.9 NS 

40 -t 
= 9.23 N~ 

} 

(7) 13 (?) 04 

27 2 

28 7 

25 3 

30 

---------------------------------------------------------------------------, 

NS • ~at ltatisticilly ligniHclnt. 

\ . "-

) 

• 

1 \ 
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TABLE 9. Sln.Uc .od.1I for duplic.ted PSI loci in .rtifichl lutatetr.ploid 

(!:.. IlpinuI)2. ClteQarili wUh expected v.luli leu thln fiYI (underscared) 

hlve be.n grauped togethlr far tllculation af ChiZ. 

S.notYPI 202 130 220 211 121 112 " -~~~~~----------------------------------------------------------------------031 022 040 Othlr 

Obnrved o 11 4 28 16 16 12 5 o 

- J- - -

Expected for 

ho 6.0 11. 8 6.0 11. 8 23.8 11. 8 6.0 11.8 6.0 0 
independent 
di loai c loci ) ChP B df a 32.24 ••• 

\ 
htrl.!!IO.le 2.7 10.5 10.5 11. 26.6 10.5 10.5 10.5 2.7 0 
10CUI \ 
chrOIOIOIl 
IIgrlg~tion Chi Z 7 df • 15.62· 

htrlsa.l e 2.2 11.6 9.2 9.7 21. 3 9.7 11.6 9.2 4.4 5.3 
locus 
Ch~lItid 
se .• gat ion ChP 8 df· 26.79··· 

'Significant .t p <0.05. 

··'Signifieant at p <0.001. , 

.. 

~, ( ,~ 

.' _______ ,;;.,r ..... ' ......... _ ... ·.'..:.l ... '..;.· ... :r""T*;;,;,I,1Ii11Oê~.......:;. __ ~ ____ -'--'~c........ ____ ~ Î 
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TABLE 10. SlneU C lod.1s for .egrlglU on of PSI Idei i.n prog.ny of croll h.. 

corniculatui (Ace. no. ~~4-') X cultivar 'L,D' -1. Cat:eoaril. "ith .xpec:hd 

valull 1 •• 1 thln UVI (und.rlcored) have bltn group.d tOQ.ther for 

calculation of Chi 2 • 

---------------------------------------------------------~-------_._--------
-------------------------------------------------------------.--------------
S54-~ Qla.hs 40 31 22 13 04 

(F ") 

Leo-l QI'a.tu 40 40 40 40 40 

(F "' ~ 
Prog.ny genotype SO 71 62 ~3 44 

(F ") 

--------------------------------f-------------------------------------------
Ob .. rv.d 

- - - - - - , 

Ex pected' for 

Four indep.ndent 
di.olic loci 

" Tif 0 tetra.oaic 
dup lu 1 oc i , 
chrololo •• 
ngrlglU on 

rio tltrlSaaie: 1 

dupltJC loéi, 
chroaiUd 
IIgreOIHDn 

13 1~ 

- -

4 16 

Chi" 

hl 14.2 

Chi 2 

lS.7 

1-5 15 r il 

- - - - - - - - - - -
~. 

24 16 4 

3 rJ<f • 19.63'" 

32 . 14.2 hl 

3 df • 75.00" • 

26.8 1:5.7 2.9 

--~-------------------------------------------------------------------------
·~·Slinific.nt It P <0.001., 
\,. 
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TW 11. "'lotie r'llIlarlty Dt varioui tUI uud in thi. Itudy 

------------_ .. --------------_.---------------._-----------------..... _------... _----_._ .. __ .. _------- . ..... ----_. -_._-_ .. _--_ .. _-_._-
TIlIII Acculian 

nufllr 
Dhkln •• h and "1 

Il) 
Anaphall 1 

JI'I " 

Il'. PI IV'I 11'1 BridQtI ll9QlI'dl 

Poll.n Saure. 
ltalnability 

Il) 

------------------------------------- ._--..,<----------------
77 1.62 0.0 97.58 0.0 3.42 67.19 ( 

7141 74.03 lU8 10.83 66.00 0.0 33.00 44.57 Il, 2' 

L. cornieulitui l. "4 91.98 3.93 3.62 87.27 12.73 78.81 (l, ), 

~. japonieui 129 99.02 0.98 0.0 99.64 0.0 0.36 96.43 (1) 

~. j Iponi CUI 129 1 77 96.13 2.53 0.93 91.11 3.7 5.19 26.77 (1, 21 
1 ~. aipinui 

I~. Jlpanicui 1 (129 1 77)2 81.75 8.83 9.13 ~4.29 16.43 2«1.99 44.57 Il, ·2' 
~. Ilpinullz 

L. tlnuit IO~ 99.23 , 0.77 0.0 96.91 0.0 3.08 82.41 

, \ 
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An isoenzyme study in the Qenus Lotus (Fabaceae). III. 
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Evaluation of hypothesas concerning the ori;!n of b. 

cor"JcUlatus usinQ isoenzyma data 

J. V. RAELSON and W. F. GRANT 

,Oepartment of Plant Science, P.O. Box 4000, Macdonald College of 

MeGill University, Ste. Anne de Bellevue, Quebec H9X,lCO 

f 

(Canada) 

! 

>, ;;"<; 
, ,.A;! 

-..?~ 
,.p , >, 
, 



- - .; ... ; .f,'"', -:4··~,r'1~ -':\~~~~J~;·~·t~·· t { . , f ,~., <'";;,.:':. 
, ~. ~ {' -.~. - :::,""""i 

", , , 

145 ,. 

SUllary. An i.o.nzy •• lurv.y Nil eonduet.d for I.v.rll Q.aorlphiell1y 

dhp.rlld lee •• ,ianl of four diplaid ~ 'p.ci .. , ~ .. Ilpinui Schleich., bo. 

JlpolicUI (Rloel) Llrsln, bo. tlnui. WIldlt. It Kit and ~. uliainolui 

SChkuhr, and for thl tltrlploid b.. cornicuhtui L., ln ordlr to IIclrhin 

Nhlthlr iloenzy •• dlta could off.r additional 'vidlnc, conclrning the orioin 

of b.. corniculitui. Siven Inzy'l Iyltlll Nlrl ,xl.in.d ulino horizontal 
1 

ltarch gll ,hctrophor .. is. Thlll Nlre PBI, TPI, "DH, IDH, PB", 6-PSDH, and 

l'lE. Lotus u1iginolul had lonollorphic: unique Illiles, that Neri not found 

Nithin b.. corniculltua, at 7 loci. Th ... loci and .lleles arel !l!l!..-112, 

POll,2-110, PO.3-S2, "dh3-6B, 6-POdhl-110, 6-Pgdh2-9B,95, and ",2-100. 

Other diplaid taxa contained allele. found in L. corniculatus for the.! and 

other loci. Thl ilplications of th. isolnzy'. data to th.ories on the 

origin of ~. cornicuiltui are dilcuilld. 

Kly "Ordll Lotui cDrnieul_tul, LDtU' IpICi'l, Fable.le, interlpecifie 

hybridiution, ilozy.e., lloenzY .. 1 

" 

" 
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/ 
introduction 

Thil il th. third PIP.r in 1 .. r~ .. r •• ult1ng frai an, ho.nzy .. Itudy of t! 

slVlral Ipeciel Mi thin th. g.nus Lotus. PrlViaû. papen described the 

.xp.ri.entll prac.durll (RI.llon -Ind Srant 1987) and th. rllults Df 1 ~Udy 

Df IIgrltQltian of ilolnzYIi a11elll in inhrlpecifie hybridl, in IrtHi\ul 

1110- Ind lutohtraploi dl, Ind in !:.. cornieuhtui (RlllIon et al. 1987). In 

thil PIP.r il r.port,d th. lindlng. 01 I-,.rny 01 r y •• loci lor lo.r 

diploid spacies, !:... Ilpinui Sehleich., !:... Japonicui CReQIl) Larsen, !:... 

hnuil N.ldst. et Kit Ind L. uli91nolui Schkuhr, Ind for the tetraploid L. 

cornicul &tUI L. 

Each of th. four diploid Iplei •• hlve been propo'ld Il poslible 

.nClltarl for thl t.traploid speeiel by virioui luthorl. Dawson (1941) 

propolld thlt L. carnieulitui NU ln autotetr.ploid of !:.. tenuis, "hile 

Larlln (19~4) propolld thlt it "U ln autotetraplaid af !:.. alpinus. The 

artificill lutot.traplaids of the.e .peeils have bien produced (De Lautour 

\ 'll It al. 19781 So.arao Ind 6rlnt 19711) and they do not resn~.!'e L. 

carniculitui in .arpholagy or hrtility.' In addition, th. authors haVI 

provid.d .videnc. of qUldruplicltlon of POi2 loci in both the artihchl 

,llahtr.ploid (!:.. Japanicui X !:.. Ilpinul)Z Ind in bo. eornieuhtus that NU 

not found for th. arUfichl lutDhtraploid (L. Ilplnu.)2. Th15 het 

IUOQ'lh th.t L. eornieul.tui il ind .. d .n III o.htrlpl Did. 

Oth.rl havi 1110 lugg.lt.d that l. cDrniculltus i. 1 Ilg •• ntll 

Illohtrlplaid (St.bbinl 19:501. SOllroô Ind Brant (1971b, 1972) propalld 

that~. a enieu. and!:.. alplnui could bl .nelltrll ,plci.1 b.lld upon th. 
r 

flet th th. Irtiffei.l •• phidiploid (~. Jlponieui X ~. alpinul)2 cln be 

, 
.. hi JP 1114 jli W ; S4 
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Thil is th. third piper in 1 s.ries r'lultin; fra. In isaenzy •• study of ~-----

lavarAI species Nithin the genus'Latui. Previous paper. described the 

exp.rt •• ntal procedur •• (Riel Ion Ind Brant 1987) ~nd the results of 1 study 

of IIgregation of hoanzylle alleIes in interspecifie hybrids, in Artifieial 

.110- And lutotetraploids, And in !:... eorniculatus (Raelson et al. 1987). In 

this paper ara reportad the hndings of a Burvey of isoenzyme loci for four 

diploid Ipacies, ~. alpinus Sehleieh., ~. japonlcus (Ragel) Larsen, ~. 

tenuis liIaldst. et Kit And L. uliginosus Sc:hkuhr, and for the tetraplold L. 

corni cul atus L. 

J 

'Each of the four diploid spec:ies have 'been proposed as possible 

Ancutors for the htraploid species by Var1eU! authorl. Danon (1941) 

o proposed that L. cornic:ulatus wu an autotetrapleid of!::... tenuis, "hile 

Larsen (1954) propesed that it was an autotetraplold of 1:... alpinus. The 

artificlal autotetraplolds of thesa speC1as have been produced (De Lautour 

et al. 19781 Source and Grant 1971a) and they do nct ruemble 1:... 

c:ornicuiatui in lorphology ar hrtil1ty. In addition, HI have provided 

avidence of quadruplication of Pgi2 lOCI in beth the artlflcial 

allotetraplold (~. japonlcus X ~. alpinus)Z and in L. corniculatus that wu 

not found for the artiflcul autotetraplcld (L. alpinus)2. This fact 

suggests that L. corniculatus is indeed an allotetraploid. 

Others have also 5uggesta~ that L. corniculatus is 4 seg.ental 

allotetr'\ploid (Stlbbin5 1950). So.arco and Srant (1971il, 1972) propDled 

that!:... J..!ponicui and !:.... alpinui c:ould ba ancestral spacies baud upan the 

o fut that the Artificial uphidiploid (L. J .poni CUI X L. Ilpinul)2 can be 

) 
~-
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'1111y croilld ~lth ~. cornicùlatua produeing prog.ny Nith hlgh f.rtility 

Ind 1 hlQh, dlgrll of •• iotie rtQullrity. R.e.nUy, RoIS Ind Jon'I 1l9BS) 

r.vhM.d th. probl •• of th. anclltry of b.. corni culitui Ind prapolld th.t 

.ither b.. alpinui or b.. hnuis caul d b. the IItirnal parent of the ari Qi nal 

hybrid, 11nc. bath Ipecill •• tched L. carnicuiatui for Rhizabiu. Ipècificity 

.. hieh il knaMn ta b. inh.rited uternilly. They .110 praposad that L. 

uli Qi nOlUI wu th. poli ln parent baud upan thl! f act that thi!l i" the onl y 

oth.r Iplci.s in th. ~. cornicuiatui group that pDI.,ssel tannins and upon 

thl faet that this specils i5 li.ilar ta L. carnicuiatui for certain 

phenol i cs. 

The iloenzyu data providl 1 ne ... , previoully unlvulable approach, for 

Ixalining this proble •• Prevl0us .tudi.s haVI !luecessfully used l!1oenzyme 

data to verify or discount theories of ancestral or1gin for Ipecies that had 

bun baud upon lorphological or cytogenetic findlngs. These lnclude such 

IplCiel Il wh ut (Nakai 1981), Talinui hretifoliul (Hurdy and Carter 1985) 

and TragopogDn lirus (Roou and Gottlieb 1976) to give but a fe ... exuples. 

The power of i!loenzyu data to' tilt such hypothesll 15 derived frol the 

flct that an allohtraploid Dr hybrid species will dilplay hybrld phenotypes 

for Any of the codo.inant Illells that differ bet .. een true ancestral 
l 

-
spl!cies. Alleles which are differentially lonomorphic, or fixed, in 

putative parental Ipeein Ir. particularly ullful (Crawford 1985). Th, 

failure of lonolorphie 111e1'5 of a Ipecies to appear in the polyp10id 19 

Itrang evidence Igainst an ancestral roi. for that Iplcies. 
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~ Materials and .ethods 

V.rioui acclssions ai the five splcies "Ir. survlyed fbr tsoenz 
~ 

phenotypes. These Ire presented in Table 1. The source of the .ateri 

froll the "orld Lotus collection uintained by W. F. Grant at Macdonald 

Collage of "c6ill University. The nu.ber of Icclssians for "hlCh isoenzy.e 

analys~s Mere carried Dut reflected their availabllity Nlthin the . . 
collection. An attempt "as .ade to select as Nide a geographical range as 

posuble for each Iipec1E~s. Four accessions of ~. alpinus, 5 accessions of 

~. japonicus, 9 accessions each of L. tenui, and ~. ullginosus, and 7 

access10ns of L. cornlculatus Nere la.pled. 

The fact that the genotypes came from\a leed bank presented a certain 

proble.. The authors had no control over the lanner in Nhich the seed "as 

collected and cannat know "hether the genotypes contained ln each accession 

are truly a random lample of the original population or Nere lerely 

collected from a limlted number of indlvlduals. Th ore, i t cannat be 

assumed that genotype and allellC frequencies of ampl e~ t\UI y represent l' 

populatlon parameters. Ta overcome thls limltatlon, it NlS deClded ta 

sa.ple a feN indlviduals frol 10re accessions, 

indivlduals from feNer accessions. In Vle" of th~se 

population samples and genetlc identlty indices such as that carrled out by 

Nel (19721 would not have been lIIeaningful and were not calculated. 

Allelic frequencies for alleles at various isoenzyle loci were 

calculated from a lample of 30 individuals for three IccI191an5 of each 

Ipecies "hen enough laed "as Ivailable, Ind alillie frequencies "ere Ilsa 

ealculatRd for each entir. speeies based upon aIl observld individuals. 
~ 

These allelic frequeneies can not be considered ta represent alillie 

J 



, 
fr.qulncie. Nithin populations, but .er.Iy Nithin Ilad Il.ple. in the 

~ , 
collection. Therefor., standard, .rrDrs and cDnfidlncl intlrv~l. for ,llelic 

----~ 

fr.quanci •• Ner. cllculated by siaply\using .ultinomial probability thlory 

Iccording to the for.ultl C.I. 95X Il 1.96 (Pl (1 - pd/n)-"'~ + 1/2n) Mhere 

C. 1. • the 951 confidence interval fàr the aultinoaial approxilation to the 

nor •• l curv. and Nhere Pl ~i/n or the frequency of a givln allell (Horan 

1968; Snedecor and Cachran 1980). No consideration NtiS oiven to population 

para.eters such as self co.patibility as suggested by BroNn and weir (1983) 

Nhen calculating standard .rror5. 

During the analysis, elphasis Nas placed upon distInct fixed alleles 

chtlracteristic of each speeies, rather than upon allel1e frequeneles beeause 

of the supling problu. Nevertheless, It is of practlcal interest to 

deterllne whether al1e11c frequencles could be used to characterlze 

different sa~ples "ithin a spec1es. A seed sample of a cultivar such as 

Viking or LeD could be reasonably expected to be a random sample of the 

genetic diverslty of the cultIvar. The characterlzatlon of sueh sa.ples by 

alle11e frequencies Nou1d be useful for breeder protection. The sample 
/ 

calculations of Illelic frequency for several accessions Nithln each species 

Nere .ade ln order to determlne if 5uch charaeterizatlon "as posslble and 

Nhich isazymes are most useful for thls purpose. 

Electrophoreslsl The protocols of horizontal Itarch gel electrophoresi5 have 

been previously descrlbed (Raelsan and Brant 1987). Isoenzyme systems 

exalined for pal and TPl Nere electrophoresed on a Li OH-borate buffer 

IYltall, pH 9.1-8.4, IDH and "DH Nere anal yzed Dn 1 tri 5-ci trate Iyste., pH 
, ~ 

7.1, and P6", 6-P6DH, and KE Nere analyzed on a histidine-citrate sy5tel, 

\" 
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pH 6.5. D.t.r.inltion of individul! ph.notyp., HII Iid. on th. blli' Df 

thr •• r.plieltions. 
ù 

Resul ts 

R.prlllnhtive hoenzy .. zYlogr ... tar' PBI, TPI, PB", "DH, IDH, 6-P6DH, and 

l'lE Ire prellnhd in Fig •• 1-7, rnpecUvlly. Euh figure contai ni bath i 

photagraph and a graphie repres.ntation "hich il based upan three replicated 

el.etraphoretic experilents. A su •• ary at ail isaenzyle phenotypes tor ail 

leel.sians of aIl speeies tar the leven l.aenzyles il presented in Figs • 
• 

8-10. 

Dation the trlquency Ot variou, allell' within the tiv. speeies i5 

prl.ented in Tlble 2. Dltereination Ot the nu.ber of loci and Ille1e, 

r.pr.,ent.d by the varioui phenotype. Nal basld upon kno"ledge obt.ined 

through ~revious Itudies ot phenotype segregation and pollen el.ctrophorlsis 

(Rulson .t Il. 19871. Allel" for variou. loci are naud according ta the 

.obility relative to one cOlman phenotype band which is arbitrarily 

d"i~nated al Relative "obi lit Y 100. The loei delignltion for ~GM il the 

ealt uneertain of III thl enzymes. The upper PB" locus appear. ta have 

fixed het.rozygolity (conl-tant tNo-banded phenotypel for ail individual. of 

~. ~119Ino.u.. w. ", ••• th.t thi. ~~.:t; th. pr ••• nc. of ~liC.t.d loci 

li.illr to that found in Layia by Warwick and Gottli.b (1985), rifttter th.n 
\ 

b.lng an artihct, lueh Il that obllrved in pteridiU\A9,uilinulI by WoH It 

Il. (1987). Ne have hnhtively IIligned ho loci ta th. upper P6" 

haenzyln, thouQh na IIgreQltlan studies "Ire .,tually undertaken. Thl 

upp.r IDH zone And the lo"'r zani for b-P6DH haVI 1110 beln ilsumed ta be 

contrOl,.d by duplicatld loci. Thi. I"ulption il ba'ld upon th. flct thlt 

h.t.rozY~9ul individ~.ll dilplay.d unblilne.d thr •• -blnd.d ph.notyp... Th. 

, ... ,I*..:.t.~ \f.!... .. , ? JI' .t. 1 i .. ~ ,) S ,'::e, .. , Cf ... _.,,... ___ S , .... , _ ... - .... - ..... _._i .,..,.,R _____ _ 
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distorUan.i\n blnd dlnlUy raUas Ifould relult if polyp.ptide subunitl of 

Âb. diurie: lol.cultl IfUI not pr"lnt in 1 11 1 rAtio ... hich ... auld bl thl 
.. 

CIS' "hlre ho loci Irl prlllnt ... !th onl y onl locui h.hrozygaui. 

SeQreQIUon hu b.en studhd for lDH (Ralhon .t 11. 1987), but not for 

6-Pgdh2. AIl diploid tUI dilplayld b.lInc.d hlterozYQoul phenotypes for 

111 other zonll of IllDZY" Ic:tivity. Thil hpUIi llck of duplication It 

th •• I' loci. 

All.lic frequancies .ere .110 cllculated for la.e Icceslions of .ach of 

th. fiVi Ipeeill. Th,n frtqulncies Ire d1!lpl.yed in TAbles 4-7. It il 

IQlin stresled thlt th"e fr,quenci., do not necesllrilYlrlflect Il1elie 
< 

frequlnehB in populationl becluse of uncertainty of the uthod of 

population ... pllng during lud collection. 

\ 
~ ",as found ta be the lIost useful of' aIl loci for distingulShlng 

1I0ng aeel5si ons. l'Iost accissions contAi ned !tati sti calI y qllti nct 

fr.qu.neie! for the varioui ~ a11.1el. 
/' 

I~ Ifl. not .eaningful to c0nstruct 1 glnetic 1i.i1lrity index for the taxa 

IUlined in thil Itudy 'becluse of the uncertainty of the populatIon umples 

-
obtai nid frol th. Norld Lotus coll.cUon. ln th. Ibunc. of luch an index, 

t"O other critlrh N'" cholln for the purpoll of tllting "hether 1. given 

Iplciel Wil like1y'to b. involvld in the origin Di h. corniculatui. Thau 

crihria are not of equal i.por.tlnc. and deplndability. 

CrawfDrd (1985) Itrlliid th. valu. of hOlnzYiII data for doc:ullnting 

'th. or:ig!n of hybr1d phnh. H. ,tatld that the .alt de.trabl. situltion il 

1 ' 
~;, 
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thlt th. tMO tlXI und.r consid.rltion bl Ilch .ono.orphic for .utuilly 

Ixclu,lv •• 11.1 •• It IOle locue Ind thlt both of th.l. 111.1 •• bt found 

.ithin population. of th. ,derivld Iplct... The IOlt iaportant crUlr.ion to ..., 

be used in this anllysie i5 based upon thi! concept. This criterion i. l' 

fo110"1. If Any of the taxI IKclusiVlly hlve certain unique a11.11' at a 

giv.n locus that are never found in ~. cornicu1atul, th.n thi, i. good 

Ividlnce 19&inlt the raie of that speciel in th. ancI,try of th. tetr.ploid. 

Sev.ral alle),s .eet this criterion for ~. uliginosui. These Ir. 

!!.!.!.-112, Pgll,2-110, Pg1l3-S2, I1dh3-bB, 16-Pgdh 1-110, b-Pgdh2-QS,95, and 

l1e2-100. Such exclusively unique all.le. ar. not found at .ny locus for th. 

other three 'pecies. 

A luch Meaker crit.rion il th. presence of 1 certain a11ele in ~. 

corniculitu!l that is only found in one of the diploid specin. This i5 the 

CIII for 6-Pgdhl-120 and He2-152 Nhich Ire only found in ~. alplnU! Ind L. 

corniculatu5. Such a criterion "i5 not deUnitlve because Ille have 10Qked at 

only 1 fa" accessions of only four .p.ci •• of the L. cornicu1atu',9rouP 

(lilhich il characterized by squal llngth calyx teeth, YllloN floMer5, ~ a 6), 

Five other .pecin exilt in thi. group, !:... boilSieri, ~. bgrbasii, ~, 

filicaulis, !:..o krylovii, and ~. schoelleri, that uy alla contain 'Iuch 

all .. ll'. 

Accordin~ ta the data that \11& haVI oburved and pr ... nted harl, th .. ' 

hybrid !:.. japonicui X ~, Ilpinus could conhin all of tn, alle111 found in 

!:.. corniculatul, but thi. ia a1so true of th. cro •• L. t,nuis X L •• lpinui. 

Again, blcause of the lilited ,cope of tn, Iurv'y, NI can only sly that such 

hybrida ",ri thl possible Inclltor. of ~. cornicul.atu. but MI cannoïlXCIUd. 

othlr po •• iblitils. 
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Th •• xcl"C.ltan Df ~. ultgtnosui frai th. Inc.stry of ~. cDrnicuhtuIJ by 
1 

th • • nzy •• d,t. cr •• t., clrtain prDbl •• I. Par •• aunt I.ang th.se 1, the flet 
, 

thAt ~. uUgina.us il th. oRly knDNn loure. of t~nninl .. hich are allo found 

"" in ~. eornicuhtus (Roll and Jaus 1995). 
/' 

It is ,110 th. only knoNn .. aber . 
of th. ~. cDrnieulatul group to contlin the phenalie delphinidin (on 

chraa.taQrlph i c band 141 H.rn~.v and 6rlnt 1965) • Cln thel" di.eraplnci'1 be 

\ rllal vld? 
,1" 

Th. L. cornieuiltui group il of relatively reeent orlgin ,within the 

QlnUI. Larnn Ind ltrtova (1965) propond that the cOUrSI of evolution 

inelud.d th. reduetion of buic chrollOlo.e nUlber frol lC • B in the anchnt 

\. 
Lotul, through !.. 7 ta ~ Il 6. Furtherlore, i t appear! that these .v.nts 

occurr.d independ.ntl V in th. Old World and New "arld (Grant and Sidhu 

1 9 b7). The 0 n 1 y e. r tA i n fa c t i, th i t th 1 0 r i gin 0 f ~. cor nie U 1 • tus ( 2 n .. 4 )( 

• 24) oecurred aft.r th. isolation of the L. cornieulatus group ~"6. It 

il pOlsible that th!. polyploid occurred withln a splcles co.plex prIor to 

th. ilolatfon of di stlnct speeils. 

t 
lt UV be lugined that the loss of le uilginolui allel.! frol the 

1 
polvploid has occurred IInce the tiae of it, fora.tion, yet 80ttlieb (1977) 

hll poinhd out that sincl ther;>i. not Itkely to b. natura! selection . 

IQlinst 'lectrophoretic lobility, isoenzy .. data Ihould strongly rtflect 

\ phylogenetic orig1nl. The only plaulible uthod for the Ion of L. 

ul101nolui allelll frai the pre-cornicuiatui hybrid would be elltensive 

blckerosling to one of thl par.ntl in a hybrid INari prier<te the initial 
... '\il .... : ' 

chrolololl doubl ing .vent. Thi 5 hypotheli 1 "ouI d alla h~to UlUla that 

th. prellnce of tannins Ind certain phinolici conferred • dlltinct adv.ntage 

to prag.ny and th.refora, Na. conle[~d. 
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'Thl phlnolie Ividlne. prl.lntld by Harney and Br.nt (1965) dOl. shoM 

•• ny li.ilariUe. behlen ~.- uUginoBul and !:... cornieulatus. HOMever, there 

i!l .nother louree of data that ShONS di sshi 1 arUy bet"een these tUI. 

Cto.pton (1982) conducted a sur vey of pollen lorphology al~ng species of the 

Loteae. He Iperforaed prinei~al co.ponent Inal yses on several characters of 

pollen lorphology for _any taxa and found that !:... ul i ginolus did not cluster 

Nith L. tenuis and L. corniculatus for these charaeters. 

CriNford (1985) has Itressed that isoenzyme data ara lost unful when 

vuwed in the tontext of other biosY1itematic data. We have shown that L. .... -po 

uliginolus i5 dlStlnc:t froID L. tenuis, !:... alplnus, and !:... japonlcus for 
~ \ 

several isoenzyle alleles at several locI in a IUlted lurvey. Such a 

flndlng uy be lost useful as ~arnin9 that additional Itudy uling leverai 

types of data ire requl red be~ore the ori gin of L. cornlCul atus can be 

ncerhined. 1 ~, 
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Figure 1. Representati ve zymogram for PGI. 'A. 

Photograph of zymogram. B. Graphie presentation. Lanes 1-4 

L!'''Unuis, 5-8 ~. uliginosus, 9-12 ~. alpinus, "'13-16 ~. 
Japonicus and 17-20 ~. eornieulatus. 
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Figurp 2. Representative zymogram for TP1. A. 

Pbotograph of zymogram. B. Graphie presentation. Lanes 1-4 

~. tenuis, 5-8 ~. uliginosus, 9-12 L. alpinus, 13-16 L. 

japonicus and 17-20 L. oornieulatus. Solid dot represents 

consistent band for aIl replieations. Open dot represents 

artifact of this particular gel . 
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Figure 3. Representative zymogram for PGM. A. 

Photograph ~f zymogram. B. Graphie presentation. Lanes 1-4 

~. tenuis, 5-8~. uliginosus, 9-12 ~. alpinus, 13-16~. 

japonicus and 17-20~. corniculatus. Solid dot consistent 

well-stained band. Open dots represent consistent but 

poorly stained bands. Open dot with line represents 

artifact of this particular gel. 
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Figure 4. Representative zymogram for MDH. A. 

Photograph of zymogram. B. Graphie presentation. Lanes 1-4 

~. tenuis, 5-8 ~. uliginosus, 9-12 ~. alpinus, 13-16 L. 

japonieus and 17-20 L. corniculatus. 
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Figure 5. Representative zymogram for IDH. A. 

Photograph of zymogram. B. Graphie presentation. Lanes 1-4 

1. tenuis, 5-8 1. uliginosus, 9-12~. alpinus, 13-16~. 

japonicus and 17-20 L. corniculatus. Solid dot consistent 

well-stained band. Open dot consistent but a poorly stained 

band . 
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Figure 6. Representative zymogram for 6-PGDH. 

A. Photograph of zymogram. B. Graphie presentation. 

Lanes 1-4 L. tenuis, 5-8 L. uliginosus, 

9-12 ~. alpinus, 13-16 l:!. japonicus and . 
11-20 ~. corniculatus. 
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Figure 7. Representative zymogram for ME. A. PhotOg. 

of zymogrem. B. ~re.PhiC presentation. Lanes 1-4 t,.. tenuis, 

5-8 l!. uliS'inosus, 9-12 l.!. alpinus, 13-16 1. japonicus and 

17-20 L.. corniculatus. Sol id dots ~ons istent tetrameric 

band. Open dots are probably breakdown of the tetrameric 

enzyme into'monomers, dimers and tri~ers. 
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Figure 8. Graphie summary of aIl isoenzyme phenotypes 

for PGI, TP1, and PGM. A. Lotus tenuis. B. k. uliginosus. 

C. k. alpinus. D.~. japonicus. E. k. corniculatus. The 

six-banded phenotype of PGI for k. alpinus is from the 

autotetraploid accession 774~. 
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Figure 9. Graphie summary of aIl isoenzyme phenotypes 

for IDH. MDH, and 6-PGDH. Lowest band of MDH phenotypes are 

truneated. A. Lotus tenuis. B. L. ulisinosus. C. ~. 

alpinus. D. L. japonieus. E. L. cornieulatus. Open dots 

of IDH phenotypes represent consistent but poorly stained 

bands. 
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Figure 10. Graphie summary of aIl isoenzyme phenotypes 

for ME. A. Lotus tenuis. B. I:!, u l iginosus . 

c. ~. alpinus. D. I:!. japonicus. E,~. corniculatus. 

Five-banded phenotypes are most likely heterozygous for 

tetramerie enzyme . 
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T-'l. 1. Till If Lotui Ultd in thl. Itudy llong .1th thllr leclillan nulbtr, chrolOsol. nUlblr, Ind lourc. 

TUOR Accission CtlrolDIOH No. ind- Sour et 
nulbl' nulber vidula! 

--------------------------------------------------------------------------------------._--------._---------

~. Ilpinui 
Schltlch. 

L. cornicuiatui L. 

77 

324 

774. 

828 

106 

247 

279 

'~4 

710 

764 

811 

12 30 

12 10 

24 10 

12 10 ~ 

24 10 

24 10 

24 10 

24 30 

24 30 

24 30 

24 10 

Originl Rocky littltonl plstur. 
It thl botta of thl VllllY of Ellnly, 
Still AlpI. Colltttor, C. Flvaglr. 
Sttd frai Inltitut dl Botaniqul, UniversIte d. 
N.uchat.l. Rlc.ivtd 1. b. cornlculatu5 
~ar. alpinus S.r. 

Origlnl Llbanon. Collictor, N. S. Edglcolbl 

Artlficial lutotetraploid ISollroo Ind 
Srlnt 1971) 

Originl Switzerllnd. Coll.ctar, K. Urbanskl 

Originl Czechollovakii, 
Australi., C.P.I. Na. 24449 

Orioini France, &raupel.nt Natian.l 
Int.rprofl,'ionll dl Production It d'Utilisation 
dl' SttlnCII, &rainls It pl.nt., Paris 

Plant Introduction Station, 8eneva, N.Y. 
P.I. No. 161878, Ortgln, Argentina 

Introduction Ctnter, IUir, Tur kly 

cv. 'Vi king' 

cv. 'LlO', d~velop.d by J. S. 8ubar, 1963, at 
8acdonald ColleQ" Ste. Ann. de Bellevue, Quebec 

Plant Introduction Station, 61nlvl, N.Y. 
P.I. Mo. 3BOB96, OriQin, Iran 

, •• Tabll 1. C~t'd. 

. 
1 
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Tlbll 1. Continuld 

Tuan kmllan CIIrolOIDil Na. iad- Saurn 
aulb.,. nulb.,. viduhs . 

" ~. 

----.... ------------------------------._----------------...,.--------------
!:.. Japani CUI (Regll) 129 12 
LUIIII 

ln 12 

S41 12 

SBI 12 
Sltoli 

842 12 

L. tnuit t09 12 - --Ifll dit. It Kit 

131 12 

145 12 

222 12 

296 12 

297 12 

298 12 

826 12 

837 ' 12 

10 Origlnl BUu, JI,an. 

10 

10 

30 

30 

30 

30 

10 

10 

10 

10 

10 

10 

Cali Ictar , 1. Hinyailli 

Plant Introduction Stltion, 6tnlvl, N.Y. 
Na. S-m91 SaurCI, Korl. 

Origlnl Hiralhiu, Japan. Call.ctor, R. T.nlb 

Ori9inl Jill hhnds, Jlpln. Callector, N. 

Originl Shilizu, Japan. Sourcl, D. A. Jon" 

AultnHI, C.P.I. ND. 23788. 
Originl TurklY 

U.S.D.A. AI.I, 10 .. 1. Onginl Turkly 
P.I. Na. 206446 

U.S.D.A. Sail Conllrv.hon Servicl, Phmnton, 
Cil 1 farnia. ND. P-14496 

Plant Introduction Stltion, 6enlvi, N.Y. 
P.I. No. 246731, Orlg1n, Splln 

Pllnt Introduction Station, Benevi, M. Y. 
P.I. Na. 229569, Origh, 8rlect 

Pllnt Introduction Station, S.nevi, N.Y. 
P.I. Na. 247~98, Ortgin, Fr.nc. 

Plant Introduction Btltion, 8enlVl, N.Y. 
P.I. No. 251148, Origin, Yugaillvia 

~llnt Introduction St.tion, Stnlv., N.Y. 
P.I. No. 243222, Orlgin, Iran 

~lginl BUIIIDI Alrel, Arglntinl. 
Col~lCtarl A. ". Aralb.rri 

;, 

.,. llblt 1. Cant'd. 
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.'~" Tlltl1 1. CantiJlUId , 
c ... " ,.. TaxDlt Acntllan ChraIGIOM lnd- Sourel 

nuiller nuiller vidalll 

......... _------------------.... ----... -----------..----------
bo aUtinolul 110 12 10 Slrvlc. dl 11 R.chlrcbl AgranHlqu. 
kIItullr It d. l'üperillllbUan Agricolt, 

R.blt, KarOCtD 

193 12 30 ~rA., PL 69-55. Ortgin unknalln 

120 12 10 Institut fur Kulturpfhnunforlchung 
BIt.rll tb.n, Berllny 

201 12 10 Hartlil SDbnteul, Coilbrl, Portug.l 

289 12 30 Pllnt Introduction Station, 6ln,vI, N. Y. 
P.J. ND. 234493, Origln, Snden 

290 12 10 Pllllt Introduction StAtion; 6enlVl, N. Y. 
P.J. Mo. 2~527, Origin, Hung.ry 

293 ~ 10 Phnt Introduction Station, Slnevl, H. Y. 
P.J. ND. 251529, Origin, Yugoshvia ,- 846 12 10 Originl Ciln, France. Sourcl, D. A. JonlS 

854 12 30 Origin. Ni !derllchsen, Bl!rNny 
/' 
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lab1. 2. Chirictlristic a11el!5 and a11e11 frequencies for Vlrious 
{ ilolnzyal loci fDr Lotus tenuis, ~. ullginolus, ~. Ilplnus, 

~. j.ponicus .nd ~. cornicul.tu5 

!:!!!!!! ~ !:.. uli 9lno5UI ~. .Iplnus 

locul, No. No. Fr.q. ND. No. Frlq. No. ND. Frlq. 
allel1 ICC5. 11111. No. C.I. ICCS •• 11.1. No. C.I. 'CCI. Illel. No. C.I. 

'gi! 9 300 9 JOO 4 120 

100 9 .483 .0~8 

9S .517 .058 

'9i2 

B6 .036 .023 

80 .IS3 .042 /'f .037 .038 

72 .433 .058 .803 .047 • 228 .079 

62 .256 .OS! .713 .m 

52 .297 .M3, .022 .030 

G 

Tpil 9 300 9 300 4 120 . 

~ 
~ - 1 

" 

o· _7 

"-

~ japonlcui b. çarlfla11tu 
" -----------.... _---------

Ho. Ho. Fr.q. 10. IID. Fr ... 
.CCI •• 11e1. ND; C.I. acci •• 11.1. Ro. C.t. 

~ 200 8 SS2 
~ 

9 

'" 

~ 

8 1104 

~ 
.§O .052 .261 .026 

.086 .041 .385 ·.029 
~ 

~ 

.001 .006- .146 .021 

.045 .031 .208 .024 ,. 
6 200 8 552 

'" ... -
1, 1 00.' 

o. 

<;,-,,"'~ ~A~~tc~ .. ~-".:;..;l ~ .... ___ ~/-~ 
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-----------------------------------------------------------------------.----------------------------------------- ,." i. 
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LDtUl, 
Illell 

lotui hnun 

No. No. Fnq. ". 
IeCS. III el. No. C. 1. 

--------
Tpi2 

~7 

90 

PgII,2 9 600 

110 

100 .5J0 .0..1 

98 

95 .470 .041 

85 

PgIl 9 lOO 

81 

70 

IIdhl 9 300 

112 .047 .026 

100 ri • 953 .026 

~i::~.,; -~--')'.-"'----~------

;. 

~. ullgi nDIUS !:. Il plnUS LDtus ,.pOIIICU5 ~. coraiculltas 

------------ ~: 
'. 

No, No. Frlq. 
ICCI. Iflil. ID. C.I. 

,< 
.~,.~ 

No. No. Frtq. 
ICCS. 111.1. No. C.I. 

Mo. ND. Fr.q. 
ICCI. Illel. No. c.r. 

ND. ND. Freq. 
ICCI. 111 el. Ho. C. 1. 

--' ----------------------------------------------------------_._-------...... 
, 

.740 .0:51 .268 .064 

.260 •• 051 .732 .064 

9 bOO 4 240 6 4ie 

.:500 .041 

.441 .065 .500 .050 

.500 .041 

.345 .062 .500 .050 

.243 .056 

9 300 6 200 

9 300 4 120 6 400 

..J' 

-:' 
:~ 

":1 
) 

,~ "i 
" 8 1109 .. ~ .. "~ 

B 

8 

.529 .029 

.438 .029 

.033 .OU 

552 

1 

552 

\i ... 

-~,~ 

.... 1' 

.~~, 
"j 

l5 
..::, 

~~ 
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... Tûl,'2. C.t·~:"3: .. _~.-
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1 
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~ 

r.' 

" 

~hJ 

~ 

68 

06 

Idhl,2 

100 

~ 

~-P9dhl 

120 

110 

100 

.~7 .094 

.493 .0'14 

9 600 , 600 4 240 

.953 .OIB 
.669 .OB6 

.047 .018 
.331 .086 

9 300 9 300 . 4 120 

.059 .046 

.'141 .046 

.895 .031 . 

~ 

.105 .031 

6 400 8 

.638 .048 

.362 .048 

'6 200 8 

r 

1104 

" 

"2 

.106 .077 

.894 .021 

.639 .029 

.361 .029 

.201 .034 

----

,~ : 

" 

.. ~: 
, 

..:: 
, ~'~ 

~~~ 
.... : 
, 

~~ 

~ 
_ ~ > ',i 

",-..! 

.798 .034 
, . .J 

J-I - -:~ 
Q) '-~ 
fi,) ,,-li! 

c~ 
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ribll 2. Cont'd. 

~~ 

-----------_ .. _-~--
LOCUI, ID. Ho. Fnq. 
111.1. ICCI. 111,1. No. C.I. 

6-fidh2 

98 

" 
90 .. 
80 .890 .037 

6S .110 .037 

1le2 9 300 

1:12 

100 

85 

~. aliginosui ~. dplnas 

--------
10. No. Fr!q. 
ICCS. 11hl. ND. C.I. 

ND. ND. Fr.q. 
ICCI. 11111. No. C.I. 

.733 .052 

.267 .0~2 

.228 .079 --- .772 .079 

9 300 75 120 

• 043 .040 

.957 .040 

C.I. 95% • "ultino.hl 95% confjd~nc. inhrval + (1.96 (Pt (1 - psi 

/n)-'/2 + 1/2n) 

-

-r.:-: 

~ JlpanicUI ~. corniClllitn ~.~ 

110. 10. 
Itel. 111.1. 

~r~. 
io. Cel. 

çt 1 

r 
" 

/', . " 
" 

" 

< , 

-. • ou .01' , .' 
.....-<.-

.005 .012 .989 .010 .', 

.'195 .012 ,. 
A',,,,;· 

~~~~ 
-. 

6 200 B 552 
, . 

" .ou .010 
....... ; 

, 
, . 

.989 .010 ~~ 
~'~ 

1 
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'T.bl.3. AII.lie fr.qu.net'I far virioui tlo.nzy •• 
loci hr thr .. lCe .. llonl of Lotui ttnuh' . , - . 
.......... . • _ ••• _ •• _._ • ______ 1. q .ca .•••••• _a. . ••.•••.•••• _ 

. __ ._ •.•• _....J...:.-___ ••••••••• ___ ._~ _____ ._--.-..-: " 

Acelili an 109 

lOcul, Fr.q. Fnq. 
111.1. (951 C. J.I N' (m t.J.1 

131 

'# Fnq. 
N' (951 C.I.I '.~:. 4" , ,~~ . . -------------------------------------

Pgil 

100 

80 

72 

62 

'2 

112 

loP 

Jill 

97 

90 

Pi.I,2 

110 

100 

98, 

95 

8S 

,.,. 

60 ~ 60 60 

, 

0.B83,0.090 60 0.083, 0.078 60 0.417, 0.133 60, 

0.567, 0.134 0.150, 0.099 

0.117, 0.090 0.3~, 0.129 0.350, 0.129 

60 60 60 

120 • 120 120 

O.W, 0.090 0.400, 0.092 0.533, 0.093 

• 
0.367, 0.090 0.600, 0.092 0.467, 0.093 

'" Tabll 3. Cont'd. 
L 

184, 



185 

lûl. 3. Cant'~. 
, .. ------_._.~.--~."".-.~.'.--------------- .. ---_.---------------------------------

" .. --------------------.. _-.---------------.-._------~--------------------- lJ 

AcCHliDII 109 145 131 " ~ 
,~ 

Lacus, Frtq. Frtq. 
-:1 

Frlq. 
IU.1. (951 C.I.) Il' (951 C.I.) N' 19S1 C.1.) Il' • -------------------------~----------------.. ---------------------------------i 

~ 

82 60 60 

76 

Idhl,2 .. 100 120 120 120 

85 

"dhl 

c~ 112 60 60 0.100, 0.084 60 

100 0.900, 0.084 

IIdh3 

85 

68 

.. 66 

6-Pgdhl 

120 60 60 60 
, : 

110 

'c 
100 

") 

~ 

~~ 

••• libl. 3. Cant' d. 
:' 

0/ 

.. .. ----:-:~~ ..... t·. ~~,.r ;~.j ,,~~ ~~,~~"':' ...... --:--~-~~-~~~ .. !MII'f .. \.,..----~~~·-·;-ï"r .. '"'-.... "P--f'" 1 e't .. ,,'" ~ .... -.~ IV .. ' bk'~ i~a '4.;"+ .. ··i1G.;. .. ';#':..},.;$,{.;'JI.~ : .. '!'_ .. ':'~ ~i..~ ":~ ... _:r::.. j~~" •• # {j .~ .... "i ... "- ... ~" '... " 

• " ......... ~ .. -...... _ .... --. 
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TI~l. 3. cant'd. 
...... - ••• __ .a. •• • ...... •• al. • ____ .~ --_ .. _._. __ ._------.... -....... _-----------_.-.-~-
kelillon 

lacUl, .11.1. 

109 

Fr.q. 
'951 C.I.) 

145 131 

Fr.q. 
N' tm C.J.) N' 

__ a •••••• 
, ________ ~ _________ •• __ •• _. ___ ._ • • la • ____ ~ 

6-Pgdb2 

98 120 120 120 

" 
90 " .. 
80 0.933, 0.049 

~ 0.067, 0.049 

~ 

152 60 60 

100 

es 

;' 

-----------------------~-----------------------._----------------------------

N' • Total nu.ber of alleln. 

- , 
C.I. 951· "ultinoahl 95% confidence interval + (1.96 (p, Cl - pd/n)-11'2 + 

• l 12n). \, 

\ 

\ 

• 

. j~~.----~------------

... 

J 
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T.bl. 4. 'AII.lic fr.qu.ne ••• for variaui l'G.nzy •• 
loci far thr •• ICclI.ion,' of b!1!!!. uliaino,ul 
...... ~;. ... _--------.-~----------....:._ .. _ .. -"~,'_.... .. ........ . -----------..... ---------... -- ..... --------~---------
AcC'Slton 193 

~acus, 
111.1. 

Fr.q. 
lm C.I.I Il' 

289 

Fr.q. 
195% C.I.I 

... fI 

Frf4. 
•• lm C.I.I ~, 

----------------------------_._------. ... --.,... . .. --

100 0.767, 0.115 60 0.667, 0.12t 60 60 

~~ 0.233, 0.115 0.333, 0.128 

P9i2 
) 

ab 0.167, 0.103 

80 O.IH~ O.O~O 1 0.033, 0.054 0.067, 0.071 

72' 0.883, 0.090 0.800, 0.110 0.933, 0.071 60 

62 

52 

Il!! 
112 ltO 60 
\. 

100 

Tpi2 , 

97 , 1 0.533, 0.135 0.817, 0.101, 

90 , .. 0.467, 0.135 0.183, 0.106 
'~ 

P9.1,2 

110 0.500, 0.094 120 0.500, 0.094 120 0.500, 0.094 120 

100 

98 O.~, 0.094 0.500, 0.M4 0.500, 0.094 

95- .< 

e 
~ 

••• Table 4. Cant'd. 
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187 

, 
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rul. 4. ClInt' ~ -_ ... -' ........................ ----...... --....... . -----------
__________ ... ______ • _______ • ___ alll •• ___ ........... _______ _ 

kenliaft 193 289' 8~~ (r 
~l 

locul, Fr.q. Fr'q. Frtq. 
111.11 (951 C.I.) M' (951 C.l.) N' 1951 C.I.) .. , 

~ , 
~-------------~_.---_ .. -------~._----------------------------------------

\ 

Pglll 

61 t) 

82 60 60 
~ 

76 

Idhl,2 

100 120 120 120 

as 1 

IIdhl 
( 

t' . " 112 ~ - 60 60 

100 1 
, ,~ 

IIcIh3 

85 

68 1 

66 t 
6-Podht 

60 60 120 . - 60 

110 1 1 

100 

••• llbl, 4. Cant'd. 
, 

, 

" b) " , 
1 

1 
~ 
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Tlbll 4. Celnt'd. 
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' ..... ,,:~r,~ f~~/, 
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______ .... ___ ,. _________ ....... ________ .. ____ .... _ ... .L. 

., .. 
___ .. ______________ .... __ • _____ ~ •• aa •• ___ .--L-_ 

1 • 
AtCllliDn 193 -

LocuI, Fnq. 
111.1 •. (951 C.I.' N' 

289 
1 .. 

Frtq. • 
lm Ç.I.' .* 

Fr.q. 
(951 C. 1.) N' 
. ' 

___ a • ___________ • _____________ •• _______ .... _. _____ _ 

9~ 

90 

80 

65 

152 

100 

85 

1 

O.h~, 0.090 120 

O.3~0, 0.090 

60 

0.750, 0.082 120 

0.2~0, 0.082 

60 

1 
0',867, 0.065(20 

0.133, O. 06~ 

, 60 

\ 
1 

-------------------.....--------_ ... ----------------
~ N' • Total nUlber oi .111111 cDunttd. 

• 

-
\. 

C.1. 95% • l1ultinoli.l :95% confid.nc. interval + (1.96' (Pi (1 - pd/n)-l"Z + .. 
1/2n 1 

\ 

. .. 

. 
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_ .. _ .. _._.----------_.-._.-.,~-~-_ .. _._ .. _ .. _ .. _ ... _--_.------,----.--.--.. ~ 
- ....... - ................... "'",. .. ------..;--------.... .._-----.......... , 

, allton 71 224 .:828 
'" 

LDtUI, Fr.q, Frtq, Frtq, 
111.1. ' 1951 C.l.) •• lm C,I.' N' (951 C, l,' N' 

---....... ---------~-. ---_.------------._ .. ---- ... ---

~ 
100 60 1 20 20 

95 1. 

~ 

86 

80 • 5\ 
72 60 20 . 0.650, 0.2,34 20 

62 0.350, 0.234 

52 

. Tpil 

112 60 20 20 

100 

!Jg 

9' t 

90 . 1 
• 

P,ll.2 

110 "- l~ 40 40 
~ '0/ 

~ II 

100 0.500, 0.094 0.500, 0.167 1 ~. 500, 0.161 
1-

98 

9S O. J17, 0.062 0.500, 0.167 0.500, 0.167 

85 0.383, 0.091 

• 

f 
.1. Tlbl. 5. Cont'd. ... 
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Tabl.· s.- tant' d • . 
.> , -------............ .......... 1 ~\i •••• al ••• ..._.-...... -_._._-~_._-"JI!l.,,"J 

---_._.~ --------_.--.... _-_ .. --'--.......... _-_.. --.".. 

Acclllian 

• LocUl, 
IUl11 

77 

'Frtq • 
lm C.I.l 

224 

Fr.q. 
•• lm C.I.' 

828 

Frlq. 
lm C.I.) M' ------_ ... ----------------,---_._. _._._-----_-..... 

~ " 
'\ 

82 60 
~ 

\76 

Idhl,2 

100 120 40 

85 

IIdh1 

112 60 60 60 

\ 

. \ 100 

IIdh3-

85 

68 

QI 66 
... 

6-p,dhl 

120 

, 110 

100 

.. 

0.800, 0.109 

0.200, 0.109 

" " !II J •• t*' l'. ? 

, 

J 20 0.400, 0.240 20 

... 0.600, 0.240 

••• Tabl. 5. Cont'd. 
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T~l. S, CIilt'd. 
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. .. - .............................................. ' .... _ ... _ .............. _. _ .. ' ..................... _ .. _ .. 
~ -----~ ._ ...... _-..,.,-.-_._ .. '..-.. .. _-_. _ .. _._._-_ .. -_ .. _.~-_ ... _._--

" '1 AcCHlion 77, - 224 

Lacu', 
11111. 

Frlq. " 
(951' C.l,) .. Fr.q. 

lm C.I.) 
Fr.q. 

•• ""ue.l.) N' 
-----............. ----------._--_.-----------,_ .. _-----_ .. _----
6"hdh2 

98 120 40 40 

95 

90 0 .. 467, 0.093 0.1'0, 0.123 

80 0.533, 0.093 0.850, 0.123 

65 

1112 ( 

152 60 0.050, 0.121 20 0.250, 0.21' 20 

100-

85 0.950, 0.121 0.750, 0.215 

-_ .. _-_ ..... _.-.. _---,------------_.,.--------- . .... -------

4 

.... ,.. 

C.I. 9S1 • ttultino.ill 9~X confidinci inhrval ... U.9b (Pt (1 - pS>/n)-1/2 + 

1/2") 
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\. rabh li. AUtlie; frtqueqc:tll far v.rià~s hotnzYI. 
loci for thr .. acces.ions of ~ japonic:ûa 

, .' •• la!, .--..-_____________ •• ______ •• • •••••••••• _ ••••• __ 

'. --...... ------.-~--------------..... ------------
Attillion- 177 129 892 

LocU, Fnq. Fnq. ' Freq. 
aU.l, (m C.I.' •• (m C.I.) .' (951 t.I.' N' 

------~-------------_. r \ ------
PtU 

100 1 .0 1 <- 20 60 

95 .;; 

" 
Pgl2 

86 

80 ')1 1, "1" ~ 1 

72 
/ 

62 

52 

Tpil 

112 60 20 20 
r 

100 1 1 1 

Tpi2 ., 
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rlbl. 6. Cont' •• 
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AcCHlloR ln 129 892 

\ 
LocUI, Fnq. Fnq. Frlq. 
Ill.h I9S1 C.I.l Na 19S1 C.I.l Na 19~1 C.I.) Na 

-------------------------------------------.---------------------------------
Pgal , 

82 60 20 60 

76 

Idh 1 t 2 

100 0.688, 0.087 120 0.075, 0.094 40 0.717, 0.085 120 

~ o. m, 0.087 0.925, 0.094 0.283, 0.085 

"-

\ -'. 
"dbl 

(- 112 60 20 60 

100 

1Idh3 

85 0.983, 0.041 

68 

66 0.017, 0.041 

k 6-Pgdhl 

120 60 20 60 
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100 
(;!~n\" 
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lacul,' 
a1111. 
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6~ 

".2 
152 
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85 

Fnq. 
1951 C.I.I N' 

120 

60 

Fr.q. 
1951 C.I.I 

0.950, 0.080 

O.O~, 0.080 
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N' ("IC.I.I 

40 

20 

N'· Total nUlLber o~ alleles counted. 
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86 
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72 
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97 F' 
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Frtq. 
1951 C.I.I 
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0.417, 0.065 

0.092, 0.039 

0.308, 0.061 
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710 

'Yi king' 

Frlq. 
lm C.l.1 

120~ 

240 

0.188, 0.053 

0.250, 0.059 

0.214, 0.056 

0.348, 0.065 
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\ 

N' 

112 

224 

~ 
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(1 

764 

'~IO' 

Frtq. 
1951 C.J.) 
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6.142, 0.046 
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Acclllian "4 710 . 764 ' 'l J 
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PgII,2 

"0 240 224 240 

. 
100 

" 
0.500, 0.065 0.500, 0.068 0.500, 0.065 

( 98 
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'~ 

~ 
85 0.100, 0.056 

~g13 

! 82 120 - 120 - 116 

1" 
76 

Idhl,2 

100 0.442, 0.065 240 0.454, 0.065 240 0.491, 0.066 232 

85 
"" 

0.558, 0.065 0.546, 0.065 0.509, 0.066 

1 , 

~ 0 

... 
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/ 
100 

1 
f;dh3 

85 0.458, ,0.093 
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6-Pgdhl 

120 0.067, 0.049 120 120 116 

110 

100 0.933, 0.071 

6-Pgdh2 
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'0 0.050, 0.030 

HO 0.950, 0.030 
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6ENERAL CONCLUSIONS 

Ilo.nzY.1 data prisent a nlN fi.ld of inforlation aVlil.ble to Lotus 
1 

geneUcl. The rnearch prll.nhd hare ha. Iccolplilh.d luch of the dehiled 

Itudy which il nlcel,ary to plac. luch dit. on • lound t~eoretjeal 

foundation. The lajor tasks of luch pr.li.inlry rlsearch Ire ~evlloping 

.fflctive laboratory protocol., .nd 'Itablishing the g.netic b.sis of 

ilolnzy •• phenotyp.s through segregation Itudi.s. Having achieved thele 

basicl, the rillarch Nlnt on ta addrlls an 1.pbrtant theoretical/queltion, 

that of the phylogenetic origin of Lotus corniculatul, using the n.wly 

Ivailabl. data. Thlr. ara, how,vlr, othlr rll.arch application. for the 
\,\ 

110enzy.e lethodology. In the relainder of thi. conclusion, 1 will suggest 

• further re.earch that could be under\hken. 

Th. hybrids uled in thil study had b •• n previoully Iynthelized by 

forllr Itudlnh. 
, 

Becausa of thi., it "II not knoNn "h.ther difflrlnt 
/' 

h.hrozygoui alleles for difftrent loci ",ri i,n cil Dr trans pOlition in the 

hybrid glnotypes. If this inforlation "erl known, linkage intensity for the 

varioul loci could b. determined by .eans of the taxi.ua lik.lihood lethods 

und by Tanksley and Rick (1980) .nd Alhr-d (195b). An interlplcific hybrid 

b.heen !::... ullginolus and either L. aipinui or L. tends Nould bl uI.tul for 

this purpos., linel ,uch A cross 11 likely to be lome~hAt flrtile with tany 

h.terozygoui loci. A knowl.dg. of th~ par.ntal g.notYPI' "ould provid. a 

knoMledQI of their reiationihipi Nithin the hybrida The Iigregation Ot 

othlr charlct.r., luth ~I cyanogenllil and kl.l-tip co10r tould be 

Illultaneously Itudild and th. firlt linkaQ' lap for Lotui tould bl 

c:onstructed. 

------_.------_ .... _------, --~---~------
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A hybrid of ~. UliginPllul h.~ ,"ot yit bltn abhin.d, hOM.v.r, it' ahould 
t

not be too difficult ulfng .abryo culture techniques. The luthor Mil Ibl. 
1 • 

to obt.in hybrid .eed lads usi ng b.. ul i 91 nosus Il a feule parent and 1:.. 

tenuis as a eale parent. Unfortunately, these Nere destroyed by fnseets 
, r 

b.for. th •• mbryos Ner. ready for culture .nd,could not b. uled in this 

Itudy. 

, Another fruitful area of research would be to extend the isoenzy., 

lurvey of the ~. corniculatus group to lore ac~essians of the species 

Itudied ind to the remainder of the diploid species Nithin the group. The 
+ 

enzyle AAT would be of inter&st in luch a study. This isoenzy.e is able ta 

distingullh betHeen L. alpinus and L. Japanieus (The phenotypes far AAT of 

the f~ur diploid species used in thi; study are shown in FIgure 1. The 
« 

luth or Nas not able ta obtain consist~nt ltaini-ng with thi! enzyme in le 

corniculatus, 10 it ",as not used in the studies reported her". ,/rhere il 

sOie evidence that AAT betames ",eaker in aIder plants. Some experimentlng 

Nith technlques .1ght produce consistent results that could detect the 

presence of Japonieus Dr alpinus a11eles in L. earniculatus. 

Another use for the electrophoretic techniques "ould be ta tdentify 
, 

aneuplaids for variou! Lotu5 species.) Three of-the enzyus studied in Paper 

\ II Mere found( to be nct linketf. ' This don not quarantee that the loci Ire 

on different chrolosales, but it da.s luggest that enough loci Ir. Ivafiable 

to identify at lea5t loe. ~f the aneuploids in a 5erie5. 

Ther. 'Kiltl .noth.r 1.111 praJlct that re.ains ta b. don. Nhich could 

.pravide InSNerl to q~ltion~ that remain fra. th. segregation ,tûdies. The 

offspring of slvlral selfed taxa legregated in 1 1.2.1 r~tiD Nith thrle 

~henotype5. These phenotypes Neri generally 1 11ngle band,~ ln unbalanctd 

,l.~; <J ~ :l~j 
- f 
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parental phenotype, ind a balanced (1.2,1) band d.nlity phenotype. Sueh . 
\ 

•• gregation cDuld Dccur for .ither tNO dilo_le loci Nith only one of the 

loci h.terozygoui or for a .i.pll~ or triplex tetralomie locus. ~elfing th. 

individuals Nith the balanced band density phenotype coula shON Nhich of , 

th,se ha .0de~1 il eor'rect. If ther. nre tMo disoltic loci in the original 

parent, th.n the offspring of the lelfed pr~geny Nould not legregate for the 
, 

balancid phenotype. The heterozygosity Nould be fixed wilhin t"O distinct 

loci .ach homozygous for different allelel, If the tetrasomic lodel Nere 

correct, the individuals with the balanced phenotype would be duplex 

heterozygoul (FFSS) and thei r progeny woul d /segregate in a 11811B: BI 1 raU o. 

Such a 1:2:1 phenotype segregation "as found among progeny of the fol10"ing 

crosses for the follol'l1n9 loci r Olfed L. nieu! X !:.. alplnu5 (2B), ~ 

Mdh3, 6-P6DH1; nlfed (!:.. dpinusl 2 <774t-51 .nd L, cornieulatul (554-5) X 

Leo-l, "dh3. Progeny of these crosses with the balanced band density 

phenotypes. will be tlaintained i'n the greenhDuse. Selflng these "ould not be , 

difficult. This would be a relatively simple experiment suitable for an 
, 

undergraduaté honors research project, and Nould provlde a definitlvé answer 

to the question of whether segr~gation in L. corniculatus 15 disomic or 

tetriUolI~c. 
.r-). 

There retlains ~ough further research Nith the isoenzyme technique for, 

cerhinly, a Muters' degree project, and perhaps for Anothe.r Ph.D. project. 
\ 

Consi~erabl! expense and effort has been spent on setting~ûp this syste. And 
/' 

in laying the theoretical foundatlon. It would be regrettable if these 

tool. "cre not used for furthar Lotui res'Irch. 

r 



... 

'_ .... ; 

.,".,' 

" 
\ 

, , 1'; 

Rlhrlnttl • 

Tlnt,lIy, 8. D. Ind Rick, CI". 1980. :~Ioglnic glnt linklQI up af thl 
*-

tO.ltal Applications ln gineticl and br"ding. Theor. Appl. 6enet. ~71 

161-170. 

A'lIard, R. N. 19~6. For.ullS .nd hblll for calc:ulating linkilgl 

tnt.nlttt •• , Hi1o.rdil 241 232-279 • 

1 , 

\ 

\ 

, , 

.. " ..... .- .. _ ... -.:...-~ .. ~-~ 



" 

f ';' 
.'~ 

.. 

Figure 1. Zymogram for AAr for four diplold Lotus 

spec:ies. A. Photograph. B. Graphie presehtation. Lanes 1-5, 

L. tenuis. Lanes 6-10, ~. uliginosus. Lanes 11-15, ~. 

alpinus. Lanas 16-20, L. japonic:us. Banding was inc:onsistent 

for L. c:ornieulatus . 

.. 

5 

\ 

., 

l' 

" 



" , ' 

\ .' 
AAT 

A 

, 
B . --. 

~ •• ... 
.J -- • III 
0 
:1 
w 
> ... 
~ 
.J ••••• W 
II: 

• 

", 

• 
- .... ••••• 

••••• 
••••• 

tO ft fi 

LANE 

".' , ' 

-~ .. _-
••••• 
-----

••••• 

f' 20 

.. 

\ 

.' t;. T\< 
, . , 
, " 
.' 

204. , , .' 


