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et. Clonal reproduction, a common life history
Iy eimong sessile marine invertebrates, can lead 1o
ceal abundances of one 1o a [ew genolypes in u
tors Analysis of the clonga! structure ol such pop-
can provide insight info the ecotegical and eyvo-
history of the popuiation. but requires markers
iwentify individual genets, Forensic and demon-
stucies have demonstrated that DNA finger-
an provide markers that are urique for an indi-
type. We huve pencrated DNA fingerprints
7 eolonies of the clonal gurgonian, Plexaurg A
s AY collected fram June 1990 through July
e Ban Bias Islands, Panama, DNA fingerprinis
dsingle individual were identiond and fingerprint-
ved multiple genotypes within and amang reefs,
i the San Blas Islands, Panama, 599 ol the
npled were of one genotype and this genotype
donany other sampled reefs, A previous
tssue grafts identified 13 pulative clones on
“hile DNA fingerprints of the same colonies

17 wenetypes. The present study demon-

bly of DNA fingerprinting {or distinpuish-
wh for identilving clonal strueture of marine
nopulations,

s commaoen reproductive slralegy among
dilly diverse group of sessile marine mverte.
uth 19820 Juckson 19855 Asexual rent -
sstablished genotvpes 1o dominate space
animportant role in the recolonization of

[Wiliams 1975 Ayre 19847, In many spe-
Upagation s the most important soyrce of

o established populations (Williams 1975,
A4 Lusker 1984, 1990 Stoddart 1984 JTahn-
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NA fingerprints of a gorgonian coral;
method for detecting clonal structure in a vegetative

species

and

ew York ai Bulfalo, BulTalo, New York F260. Usa
i lropical Rescarch nstiuie, Apdo 2072 Belbou, Republic of Panan
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son and Threlialt 1987). The pervasiveness of this sirafe-
gy implies ity evolutionary success, but the unportance of
clonal growth undoubtedly varies among species. Since
the genetic structare ol the population reflects the relative
contributions of sexual and clonai reproductive strate-
gies, analyses which measure genotypic diversily and (he
extent and size of clones can be used Lo deduce the com-
monness of sexual and vegetative reproduction (Neigel
and Avise 19834, Willis and Ayre 1985, Carvalho et al,
1991,

Analyses of the genetic structure of g population re-

duires the accurate identification of individual genotypes,
This entails the use of genetic markers which, ideally,
provide a unique representation lor cach genotype, Past
hisl.ocmnpulihili!_v awd electrophoretic studies have char-
acterized clonal structure dimong several species of inver-
tebrates (Holfmann 1976, P986, 1987, Ayre 1983, 1984,
Netgeland Avise 19830, b, Stoddan 1984, Hunter 1985,
Willis and Ayre 1985, Wullt 1986, Ayre and Willis 1088,
Hebert el al, 1988, 1989, However, for MUY species,
these techniques do not resolve gencl-specilic genotypes
{Curtls et al. 1982, Stoddart of al L9285, Willis und Ayre
1985). Genetic technigues that ientify variation at the
level of the individual's DN A {restriction fragment anal-
ysis, sequencing) provide the maost deeurate measure of
genetic similarity. For example, minisatellite DNA s
highly variable in most vertehrate species (eflreys f al,
19854, Jeffrevs and Morion 1 9873 und can provide genet-
i markers that are unigue for an individual genotype.
Minisalelfite DNA probes have heen used {0 generate
DNA lingerprints used in demographic studies to distin-
euish between sibs and pa rent/offspring in birds and hu-
mans (Jeffreys el al, 19855, Burke and Bruford 19%7,
Wetton et al. 1987, Burke o al, TORY, Westneat 1990,
cultivars of plants (Nybom and Schaal 1990), and clones
ofaphids (Carvalbo et al 1991 ). and fishes {Turner et al,
990} These latier studies have shown that DNA finger.
printing can differentiate clones that have been indistin-
guishiable using other markers, This makes DNA finger-
t

rating a powerful tool for under
structure. To datle the use of I

anding population
A fingerprinting has
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been maindy himited Lo vertebrate, plant and a few terres-
triab invertebrate species. In this paper we describe the use
of DNA fperprinting to investigate clonal structure and
nepulation refatedness moa clonal marine wvertebrate,
the gorgonian Plexaura A (Plexaura sp. AL
Plexcora A un undescribed  gorgoman coral {see
Lasker 1984y, s Tound throughout the Caribbean and has
adile history steategy which relies fargely on vepetative
propagation. Asexual reproduction eccurs via fragments
which form when branches are broken off a colony and
reattach to the substrate (Lasker 1984, 1990). Long-term
monitoring (7 v} of three different reefs in the San Blas
Istands, Panama, show that all successtul recruits of
Plexeaura A& 1o 230 m* of reel were initiated (rom frag-
ments (l...us;l-\'(:r 1990 unpublished data). Only sexually
produced larvae, however, can di\pcrw between reefs
and because Flevure A larvae develop in the water col-
urnn {(Brazeau and Lasker 1989, Lasker unpublished
data), we can expect a distribution of genotypes of vary-
ing relatedness between reels. Thus Plexaura A can be
expected Lo have o highly clonal population struclure
but genets should b{. zu».m,ti:‘.(.l to single
reels. An examination of Plexaura A Tingerprints from
within and between reels should provide a good test for
the utitity of DINA fingerprinting in delineating clones,
Feoan organism such as Pleyaura A that is colonial as
well as clonal, 1t iy necessary Lo define what s meant by
the term Cndividua!” In this paper we refer 1o individu-
< as thoss colonies which are exther the result of a sue-
sful settlement event by o larva or the result of the
redilachment and whww;uc;‘!l grenwlh of a frugment. All
individual colonies 1ha A COMNTONn genotype ar
ey net,

within reels.

wd the ge

Methods
Sample coliection and slorage

Samples ol Mexawra Ao DNA Tngerprint analyses we
from seven reefs 1o the Sun Blas [slands off the Caribb
Pansma between June 1990 and Joly 1991 (g 13,
10 em) branch preces were elipped Trom cach celony,
labelled bags and trunsferred (o the Smithsonian Tropiost
[stitule™s (STRIF San Blas fie

:d station. Branches were
anc replicate 2 om pieces were rozen i hguid nitrogen
ferred to the luboratory either in Lguid mitrogen or on o
they were stored at - 807C untt anatvzed. Live samplos wos
kept submerzed, and handhbng during sampling and
wils kept o o mibnimun,
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pid was digested o
Aunis of a

ernight at 37°C i 30 pl reaction
triction codenuciease. Replicate i
exiracled from the same individual yvield identical
ing comsisiont and complete digestions. Seven
el Bell EeoRY Huelll, Hincll, Hiafl and Mspl
olubs and Bethesda Research Laboratories)) were
and two (Mael 1T and Hincl ) were selected Tor use
the analyvies, Fragments were separated by elee-
sugle % aparose gel in TBE (0,09 A Tris-horale
CETAY Tor 36 1o 48 hoat 30 1o 400V, with recireulaling
sotransterred o nylon membranes {(Zetabind,
hybrihzed Tor 240 at 6070 (Westnesl el al.
PIMNA from the bacteriophage M3, Jeffroys
wsoprobe 3305 was labelled with radioactive
yevtiding ¥-triphosphaie) by the random primine
and Vogelslern 19833 asing o BRI Random
wh ol These probes contain o repeat region [15,
pairs), 1 sl Cfor MY DNAL feffreyvs
Lo] thal detects variabnlity o range of spe
Faotelfreys wind Morton 1987, Vassart ol ol 9%
COBwskow ol wl B Wesineat 19901 Membranes
ding o Westnest et al (1958 except that an
sodivm chloride. sodinm atrate (880 1 »
POOLS A MNa-cirate) and 1.1% sodium de-
wash with s S5 0% S0
round counts were high, Mem.
mvwith an intensilying screen at - 80
cbof the membrane.
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Fig, 2. Plexaura A Aworadiograph showing DNA
fngerprints of 18 brunches from a single colony of
Pleyaura AL DNA was digested with the endonu-
clease Ml and probed with the bacteriophage,
MU DNAL Sive markers (kb are Hind L digests
of lambda DNA

colonivs, Firstly, il was ne

ssry to document that DNA finger-
prisds are somatically stable throughout an individual colony, Se-
condly, ws Plexawra A adudls contain istacellular algal symbionts,
Howies necessary Lo test for possible contamination of the gorgonian
DINA with zooxanthellie DNA
T sy owithin colony variation, DNA way isoluted from 1%
branches from o single colony following the prolocols described
above. The DNA was divided into twe aliguots and digested with
arther Haelll or Ainelt Sumples from o single enzyme chigestion
were run i adjucent fanes onaosingle gel These gels were 1nmns-
lerrad to nylon membranes and probed with ME3 DNA s do-

seribed above
To assay Tor contamination of gorgonan DNA fom zooxan-
teliue DNAL two experiments wers conducied . 1o the Tirst CXPOTL-
merd, gorgonian phaulee ) {ihe planalue are sposymbiotic)
aed D3NA from both the parentad colomies and their voosanthellae
were solsed aad there INA Bngerprints compared. Tn the second
experiment, gorgontan DMNA and onsunthellos DINA wers isolated
from the wane cotenies and again fagerprings we el and
eomparesd. Crorgoninn aduit and plinulse DMNAS were puritied fol
g .

the protocols o ahove, Two protocols wers use

livwing N

w IINA was so-
il |
) owere ground in selation Bufler
MoNalt S0 md FIDVTA L 10 mAf Dithiothreitol, 10 maAs
arwh phEF 6wl stramed through fr et with
Sl T8 Samples were 3 orpr for S omin and the
sapernntanl ducarded, The dom 5o [B and
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Fig. 3. Plexoura A, Auloradiograg oh of DNA flingerprinls ol gor-
gorzan DNA and DNA from rooxantheliae isolated from the same
porponian colopy. DA was digesicd with Haelll and probed with
M1TDINA. Lanes b 4 and 7 conlain DNA froma single gorgonin
Eanes 5 and 6 contain DNA from zoosantheliae isobated
Arrows indicate bands unique {o
csts of

colony.
Prom Lhe same gorgonian colony.
the zooxanlheitae fanes, Size markers (kb) are Hind 1L di

lambia DYNA
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401y and the procedure praviously described foltowed. A sim-
Sretaeal was wsed (or solation of zoozanthellae DNACIn E.h;
Hae pebct

v owers then

Rt

LIS
¥

:;

zooxanthe
afier the third wash, the
win and the peilet trans

01,

el sxpct'im{‘né %m? m this case {ll-'

o for '1.
fdesoribed iy e praviows
@S ‘r}c;u'l.\; for 5 min to help rupture
ongentration of 000 my
ion of gorgenian

smpumm WS 3«5,11,1;1 dé
eried 1o 0.0 mE CTAR bu

Het was vorted ,s;d

ot
ml b and the m;tn .
DA was [olowed. EH th g’)t‘l‘il‘.l;jl‘iik the 13
ther Feal] or Haelll 1 aclimeent
s was transferred 1o nylon n

yswers digested

lanes on oo gel In

e s,

Both experimenis, the D1

M.AL Collroth et al TINA fingerprinting ol a go
probed with MI3 DNA as deseribed above
terns compuared.

Following Lhese unalyses, fingerprints Trom 73 ¢t
seven reels (Flgo 1) in the San Blas [slands.
pared. Since colonies from dillerent reefs developed [ro
farvac, inler-reel comparisons tested the u.ml\mg ey
printing in detecting different genotypes. "ithin-reed
were conducted Lo determine clonal structure.

and the bund

Panam

Drata analysis - scoring and interprelation

of autoradiopraphs

Fach auioradiograph was scored using a fightbox and «
localions acrass the gel to standardize bund position
INA from u single individua was Toaded al three lov
pel us a controb for dilTerent migrabon rates across th
position where o fragment band was present i al feas
presence or absence of bands i all other lenes ot thi
noted. The bands w coded as follows: (1) definbe
delinitely absent, {3 ambiguous, This laiter catlegos
the quantity of DNA in s particadar lane was such
bands were present. In these cases absence of o band
been causee by sither absence of Lhe fragment or by
insulficient amounts of the fragment 10 be visuali
Hie position was not scored. Likewise, the code ol ™y
nsedd whert @ position had high levels of backyground
dillienil 1o conclude Ha feagment was present, and
ton was nol seored.

Crorgonian clonemates were dentified by pairwise
of fragment patterns wmong the mdividual colonies sin
parisons were only mude among colonies run on the
positions coded as amblguous were omilied from the
copllicients 72 (Wellon e al, 19%

¢ comparisons of genotypes wdent
2ONL AN RN where N and Ny wre the nambed
el mdmm Aand Boand N, 08 e number ol birds
and B0 s the same as the smilarity index, 5.
£9001, Ulsing this statistic, #owo individuals share a
and U no bapds wre shared, =0, Ondy ndividuads v
coellicient of 1 were classed as having the same gonots

sons. Stmitart
Tor all pair

Resulis

Eighteen branches collected from o single
compared o assoy within colony variation
colony [ngerprint varietion was de
Haellt (Fla, 2y or Hincll digests, DNA fing
zooxanthellue, aposymbiotic planulac. (Uul
IDNA were compared Lo test forcanta
I)N W ih fnm.audu ag E)=\=\

2O
gx,n'u';umial i

linge pl JI

all ﬁituls i ihe L PN \>E “mumm
i There were no bunds Li‘l*(]llL to tha
;‘alm that despite washing the »

.luiz‘ Lmes. E.Em
ain porgonign E37
E a [INA \ \unm. 511'a>!::u,'r

id contaminaied
some bands weve shared b
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Flg 3). These expenments verily that our
rivtocols did nol introduce measurable con-
om zooxanthellae DNA nto the extracied

LINAL

of 73 colonmes from seven different reels,

three probes. We did not lest each colony
rzyvme combinations. n combination we
of 185 hngerprints from the 73 different

s between e b oand 23 kalobases in sive
s deseribed above (present, absent, or am-
omplexity of the fingerprint and the num-
ative bands (bands that were definitely pres-

not adl lanesy varied with the endonucleases
4. The number of soorable bands ind ~!
Lo 26 with o mean ol 16.8 bands ind, "F

all enzyme-probe combinations combingd.
ght bunds were more variable be-
Aithin the same individual, different
combinations produced a different finger-
“o of the cotones scored, the absolute find-
vy non-clonemate] were wdentical regurd-

10 11 12 13 14 15

e

F — 2.3

PAC Thus, we are exanmuning {ingerprints of
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— 9.4

—8.5

~ 4.4

Vig. 4. Plexawra AL Auloradiograph ol DNA fingerprints
from colonies from five different reels in the San Blas
Point urea. A digested with the restriction enzyme,
Haelll and probed with M3 DNAL Lanes 1, & and 15
contain IXNA from g single colony from Korbiski Reel
Lanes 3 to 6 contiin DNA from colonies rom Macaroon
Reell Lune 72 Tiantupe Reelt Lane 9 Tericita Reel
Langs 13 and 14 T-Bar Reef. Lanes 2, 1011 and 12 not
scored. Lanes 3, % and 6 are members of a single Maca-
roon clone. Arrows Indicale some of the bands that were
used o differentiate clones. Size markers (kby are HindI
digests of ambeda DNA

—2.0

Fable V. Plesoura A Disteibution of clones of Plevaurs A wilhin
and ameng reels in the San Blas Point region, San Blas [sland,

Panama
Ruel No. of MNo. ol No. of No. ol cole-
colonies reel-specific ponotypes  nies in Lhe two
examined  genolypes shiured domimant
bstwaen reef-specilic
reely Senotypes
Koorbiski s 8 1%, 5
Mutiroon 3 } i
Pinnacles 2 2 { bl
Sull Rock i Bt {3 32
[-Bar o 5 i &3
Tarioiu 2 2 ¥ [
Tianlupo i ! t \
Fotuls 7 24 0

sy of the enzyme-probe combinution used. However, i
WO Gases, one enzyme-probe combination distinguished
closely refated non-clonemates (Lo one {ragment differ-
enee) which had been seorved as identical using 5 different
enzyime-probe combination.
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dividuals from different reefs (be-
Lween reel comparisons) did not detect any common
[ and Fig 4) In Figod cach of the elev-
vontgined  on average 174 bands
se 14 1o 211 Only individuals within a giv-
ehooveel sha w wenotype (Lo, were clonemates)
(Pable 13 On Krobiskl Reefl 19 o 32 m\:i"-‘(l colonies had
dentical fngerprints, Six of the colomes i Fig, 5 belong
1o this Korbisks clone. In Tig. 5 there were 18.9
i t%[) 0.6, range = 18 to 20)
4108 : i With the exceplion
the two cases of single lmszmmt dilferences noted
shove, difTerent clones within reefls differed by three or
more frapgments. Mean similarity coefficient of the <,!:if"f‘€1'—
renetynes on Korbiskl RL:»:;I" was (175 1 \‘%I)
n Maucaroon, £ owas 058 (Si) (5.20,
Harity {133 {

Comparisons ol in
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-4 4
L8 Plexaura AL Avtoradiograph o
perprints of Mexaura A The 1IMA
with the endonuclease Hoaellt and py
M1 DNAL Lanes 1,9 and 16 conts
!‘s'nm a single Korbisk w!nnv Letnes
E2003 and 16 contain DNA [rony ool
are mcmhcrrh of the lurgest Korbisks <
Lanes 5 6 and 7080 b0 and 11, 14
— 21 reproseniatives of sty additionat vl
o indicate soma of the bands thit we
ferentiaie clones, Stze markers (khy
— 2.0 dhigesls of tambda DN/
[rigcussion

A fingerprinting of colonies of the goypons
v A has demonstrated o
probes Lo delect polymorphisms amoeny
DNAs [DNA mws,'prmlw ir
AN 1%! ¢ Esiane

he ability of the o

om 73 cojonis

yoseven reely 1 the )

£
fiod 29 dif Iwuﬂ enolypes. The mean num
menls ind, " (1687 and the overall band sha

S E

these populations (.53 is similar o
ather orgarisms (Burke and Bruford 19
Morton 1987, Wetton et al, 1987, Birkhesd
Crilbert et Etl‘ 1990, Nybom and Rogstad
and Schaal 1990, Turner et al. 1990, C
Fragment patiern cony slegity vaned depenc
restriction endonucicase utitized, Thi '
to that reported for several other my

(Caenorhabditis elegans: Litte ;

th
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Jho et al, 1991 and contrasts with most human
s (Jeflreys et al. 1985a, b, 1988). This implies that

?‘msc which are most uselul in separating genotypes.
he appropriate enzyme-probe combinations have
identified, IDNA fingerprinting has the sensitivity to
oot genolypes with a small number of enzyme-probe
mbinations. In only two cases did the addition of a
wd enzyme or probe detect a new genotype nol previ-
ientified among the 73 gorgonian colenies of this

—_

we duia are amnong the first fingerprints of a maring
tehrate and one of the first uses of DNA lingerprint-
to delineate clonal structure in any organism (also see
s and Schaal 1990, Tumer et al, 1990, Carvalho et
o Rogstad el al. 1991), The utifity of DNA linger-
g 1n analyses of clonal structure depends on satis-
several assumplions. Firstly, the markers must be
wally stable within an individuat colony. Secondly,
¢ markers must display Mendelian inheritance, and
v the markers must be specific 1o an individual
net. DINA extracted from 18 branches collected from a
le colony gave identical {ingerprints, demonstrating
hat these markers are identical within a gorgonian
oy A detailed segregation analysis was not part of
e 1‘“ sent stly, so Mendelian mhulmnu‘ of lragment-
el alleles remains Lo be established. However, DNA
from gorgoman planulae, “wlmh were the prod-
controlled matings, was run adjacent to their
ui colnnics und El“ planulae bands could be as-

f\ lmgcrprmtmy of gorgonian DNA resolved
pes between and within reels. Given that Plexaura
dispersed planktonic larvae (Brazeau and Lasker
i there is no g priori reason to believe that g Eumh are
;t]‘ll.(,(f within a reel than between reefs. [Earlier
suggesting commonplace [3&ll'fh€1'l(_)g(:l1(,8].‘§ n
ra A (Brazeau and Lasker 1989) now appear Lo be
t{Lasker unpublished data)]. However, the anly
Fidentical fingerprints which we observed were
stonies located on the same reel’ and, oflen, spatial-
1o one ancther. Members of a population may
far fmgerprints o minisatelhte alleles become
some foct by inbreeding due to population bottle-
romating systems (Jeffreys et al. 1987, Faulkes et
G0, Kuhnlein et al. 1990, Reeve et al. 1990, Bellamy
,‘?{':?E_}. However, mbmujmg 15 nol dikely in Plexaura
mast populations of Plexvara A are founded by
;.mtiu(c dHarvae which float in the water column
tels of 12 10 48 hoallowing larval dispersal of dis-
poto several kilometers (Lasker unpublished
aiess individuals were vegetatively derived, it is
nlikely that 19 highly related (e, mih identical
rintsyindividuals would hzwu made up 59% of the
it amn ﬁlul al [xm hf\kl reel ar 1d he mmilv absent
(e 30,
) “:'i(].()f)i} Taken togctﬁw‘ the%(‘ E'mciii. s estab-
A0 fingerprinting as a valuable technique for dis-
ning clones and for identifying clonal structure.
DRA fingerprinting data characterize Korbiski
saroon s reels which are dominated by o few

Ayre By LW
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clones. Seventy-five percent and 92% of the individuals
examined on Korbiski and Macaroon, respectively, be-
longed to one of two clones. The shared fingerprints com-
monly found mnoeng colonies focated on the sume reel
most likely reflect low genotypic diversity within the reef
duc to a low level of Tarval recruitment and subsequent
vegetative reproduction. Across these same popuiations,
histocompatibility assays identified 13 putative clones
while DNA [ingerprinting analyses of the same colonies
distinguished 17 ¢lones (Lasker and Coffroth 1985, Colf-
roth, Lesstos, Brazeau, Lasker and Bermingham in prep-
aration).

(he data presented here show thal DNA fingerprint-
ing 15 cupable of resolving closely related individuals.
Thus DNA fingerprinting should vield unambiguous
measures of clonal diversity and allow accurate assess-
ments of clonal structure. The degree of band sharing
may also be used to characterize relatedness of genets and
thus trace the ongin and difTerentiation of clones (Car-
valho et al. 19913, though as Carvalho ot al, (1991) cau-
tion, ong must know the allelic distribution within the
population as o whole as well as among the individuals
sampled {Lynch 1985y

Clonal structure has been previously assessed in ma-
rne thvertehrates using lechniques such as aliozymes
(Hleffmann 1976, 1986, 1987, Ayre 1983, 1984, Stoddart
1984, Hunter 1985, Willls and Ayre 1985, Ayre and Willis
T988) histocompatibility (Nciﬂc and Avise 1983a. b,
Huriter 1985, Lasker and Coffroth 1985, Willis and Ayre
1985, WuillT 1986), und morphology (Hunter 1985, Wulfl
[986). We have shown that DNA (ingerprinting can also
be used to make such assessments. Furthermore, DNA
fngerprinting directly assays the genome and surveys a
greater number of loci than the other techuiques, Thus
DNA fingerprinting (or other DNA-based methodolo-
gies) may prove te be the technigue of choice when other
technigues vield poor r'cx'()lu[{nn ar results which are sub-
Ject todebate (e, Curtis el al, 1982, Stoddart et al. 1985,
Willis und Avre 1983y
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