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RECOMBINATION SYSTEM AND GENETIC DIFFERENTIATION IN
THREE PRIFOLIUM SPECIES

M. Saleam™

A variety of hypotheses regarding the relationship of recombi.
nition Aystem to population genmekie @tructure ,ware tested with
allozyme genetic variation data for three biotioally syampatrio and
cloasly ralated species of Frifolium, each with s different rescmbi-
natisn aystem, The measures of gens deversity and genetio
distanove etatistics roveatad considerabla inberpopulation differenti-
ation in the inbreeder (7. arvense) indicating o relative lack of
gene fluow botween ita populations, On ths other habd, the
populstinng of both the outbrseders {T.vepens & I profesee)
sliowed remarkahls genotic aimilarity which eould eloley be attri-
buted tu the exiensiva gens flow whioh accurs in both the speciea.

INTRODUCTION

Reproduction involves ane of thres ratombiostion aystems i.e. outeraseing,
el fng or cloning, or some combination of the three (Fryxell, 1857). How thaee rep-
ducsive moden afiect the genstio strustere of a apsecies has been the aubjeet of
vonsiderablz discussion. The theory genarated by this discussion predicts that
diffsrent racombinstion aystama ought to strongly influence the levsl and distri-
bution of genetic variation, Petterod of heterosygosity and genstio differentistion
may be determined by the recombination aystata (Wright, 1969; Brown, 1879; Ellst.
rand and Levin, 1980). Populaticns of predominact eclfers are expected to
hava higher lovelsof interpopulation differentiation then the obligate outcrossars
(dain, 1975). Theorstical etudies slso show that olonal outbresdiog species
maintaio bigher lavels of hetarozygosity, both within population and epecies-
wide, since they can retain mutaunt alletss by sheltering them from eegregation
| Lokki, 1978}, but thay are usually charadterized by low fevel of interpopulation
genatio differootiation (Levin and Karatar, 1871). The ideal test of these
ﬁ_yp’nbh&aes would b to compare population structure of throe ologely related,
apnipatriv speciss an obligate outoroaser, & seller, and a clonal outbreeder,
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The present study is an attempt to determine the pupulation genctio ocorrelaten
of different recombination systems in three sproieaof Trifolium, whioh are cloaely
related taxonomioaily but differ in their Lreeding aystems. The epeciem are
Trifolivm arvense, Trifoljum pratense and Frifolium repens. The ftizet i3 an
annuul iobreeder. The acoend i a perennisl obligats cutbreeder aud the third
ana is 8 cloosl perennial obligate vuthrecder.

MATERIALS AND METHODS

Two aites containing natural populations of each of the threa Trifolium
species were chossn for etudy, closs to the Botanic Gardens of the Uaiversit y
Collsge of North Wales, Bangor, UK. Fifty adult planta were chosen at ran-
dom, labelled and laal tissue cotlected from them in esrly apring of 1982 and
stored for future electrophoreais, The mature seed hosds wera collected from
the lebelied plants and .own in faimly uoits in s hosated glaeshouse. All
farailies, whioh contsinad at least % progany, wers then eleotrophoresed,
Eleotropherasia was carried out on 7.5% polyscrylemide alah gels using LEB
Multiphor equipment, the detaila of which are given by Saleem (1884). The
electrophborenis data for the parente and progeny were used to estimate the per
locus effective lovel of outcrossing, using tha method of Clogg (1980}, in arder to
guantify the breeding systetn in sach population of the three speaies. The data
on electrophoretic gene frequencies ware used to caleulata different measures
of gene diversity, interpopulation genetio differeptistion snd genetin distence
stetiatios, Quantitative estimates of the mating system parameters in cach
population of the three gpecies have already hesn reported {Seleem, 1985). On
the basis of thess estimaten, the breeding system of T arvense ia ome of pre-
dominant inbreeding with more than €6% effective self-fertilization, The
amounta of natural outerassing (Bot lsas than 902y in both T, repews and T
Fratenss auggast that both the sapeciss ara outbrewders,

RESULTS AND DISCOSSION

A battery of statistica is developed hy Nei (1916} to partition gene diver-
Bity within a speciea ipte intre and interpopulation components. The maat
widely used measurs of genstic variation ia Ht-f the total gene diversity, and
calontated ag H, =I—I$ e D“‘ whera Hﬂ is the average gene diversity within
populations and D, is the average gens diveraity amonhg populstions.  H
varies from O for o monomorphio locus to nearly 1.0 for a highly polymorphio
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locus, Wken averaged over el loci, tntal gene divernity is the estimate for

menn heterorypasity nader the aEsvmption of panmixia, This reeasars in wlsn
called "heterozyponity per lovus' (Lewontin, 1974).  Tha gone deveraity data
for the three Trifolium speciea aye summarized in Talle I, Summing over all
toci, tha total geme diversity of T, repens i 0404 y5 0 497 in T prafexse and

0.247 in the selfing 7. areense, The values of I, range from 0 {ell populationn

have aliefes at the game frequency) to 1 (when ali proulations ace fixed for »
different one of twa or more allclen),  The average Dy valuea for the three
epeoied ara 0,002 (7, vepenst, B0 (T, praterse) and 0.044 fur T. arvense.

Table 1, Interpopulation frese diversily on Prifolivm rpecies

Species Loens H, H, .
APH, 0,487 0.486 .01
ATPage, 0.5 0.407 0,003
T, repems EST, 0,402 0,488 0 004
LAD, 0.497 0,497 0,000
MDH, 0408 0.485 0.001
- Mean - 0,484 0493  o0apz
T T T am 6,408 0.497 0.001
EST, 06 05 0
T. pratepsc LaT, 04457 0.4185 (LT H |
LAP, 0.5 08 0.00
X1DH, 6,102 0.490 0.002
Mesans 0.497 0.407 0 001
T T arm, 0 204 0.177 0.027
ST, 0,240 0.227 0 082
T, arvenss MDH,  0.250 0.218 0.051
PER, o 228 0.192 0,031
Mesns 0.247 0.204 0,044

Sines [, involves vomparing populstions with themsslres, s non.baised
value of ipterpopnistion gane diversity or the sbaslute degrea of gena differenti-
ation is defined &s D =D, fu-1 whers 2 is the pumber of populaticny asmpled,
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Aw in evident the estimates of both the abaolute measures of populativn difte-
rentistion i,e,, Dy and Dy, caleulated for the polymorphio loci are cansiderably
higher in 7'.arvense tham in either outbreeder (Tablea 1-2).

Tabie 2, Ealimoter of population differentialiation by [ocus

Spscles Locus Dpn (et B¢
APH, 0,002 0.00% 0,004
ATPase, 0005 0.005 {.01
T'. repena EST, 0,008 0,008 0017
LAP, 0,000 0,000 0,000
MDH, 0.00% 0.001 0.002
Mean 0,003 0003 0007
AFPH, 0002 0,002 0.003
EST,; 0,03 0,003 G, D05
T. pratense EST, 0.002 0.002 0.003
LAP, 0.003 0 003 0,005
MDH, C.003 0,003 0,303
Manns 0.003 0.003 0.G04
APH, 0.053 0.13 0,260
EST, 0.122 0,211 0,537
T, sroende MDH, 0.102 0.191 0.471
FER, 0.088 0, 140 0.351
Mosna o 0.086 0.17 0.415

In considering the cosffelent of differentistion (G, ). the polymorphio
loci of T, arvente gave considerably higher values than either T, repense or 7.
pratense; while aversge R,, values which compare interpopulstion gene diversity
to intrapopulstion gens diversity, wers 0,007 in 7. repens, 0.004 in 7. pratemse
snd 0.415 in . arvamse (Table 2). This implies that thers was a gereater amount
of between population gens dirersity in the sslfing populaticas than among the
outbreeder’s populaticna.
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Table 3 : Genetic identity (1), and generic distance {n)
in populariona of Trifollum spccics.

Pop 1 Pap 2
Pop 1 ' 0. 0104
T. ropens (m
Tap 2 0.9896
(1) h -
Pop 1 Pop 2
Pop 1 0.0039
L. pratense (D)
Fop 2 0.9961
(L)
Pop 1 Pop 2
Pap 1 " 0074
T. arvensc (D}
Pop 2 0.8981

(i)



To obtain grantilative mensures of the number of gens differencea bet-
ween populations of the thres species, Nei's genetio distance (Nei, 1872) waa
caleulated for each pairwise combinatiom of populations, Genstio distance
represents the mmount of between populstion differences in allele frequenoy
over all loai tested. The deta given in Table 3 show very little differentistion
batween populations of I'. pratense (D =0.0030) end to & lesser degrea between
populations of ', vepems (D=0.0104), The two populations of 7. ervens: wera
found to be highly differentinted gapetically (D=10,1074),

The patterns of gene diveraity and geoetio distances show that the popu-
lations of 1he selfing 7', arvense ars more highly differentiated then the related
populations of outbreeders, COreater allozymin differentisticn among popola.
tions of the apif-compatible Phipy evapidais than its self-incompatible relative
has besn reported by Levin (1878). Pepulations in tlte selfing group of Gilin
ware mnors differentistad than populations in the auterossing group (Sehoen, 1982),
A similar trend was reported by Browp (1970) in s summery of goographicsl
patterns of allozymie veriation in outcrossing and eelfing plant species,

Thus the genetie structurs of the Trifofium species ns determioed by
elociropheretio genetio varistion revealsd patiernsof gesetio variation prediceted
by simple theoreitoal models, The recombination eystem appesrds to bs goud
.predictor of the distribution of oversll gene diversity within ond among popu-
lations in the three Z'rifolium epecies atudied,
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