
of the syntheszed hybrids were considered H, pet,- 
olar~s genornic regons ( I ) ,  whereas Iir?kage blocks 
lac~ing H petiolans markers were designated H an- 
nuus regions (O), thereby generatng the composite 
dstrbuton of parental genomc regions shown in Fig 
2. Parental mariers n H anomalus either lnatched 
(0,O or 1 , l )  or d ~ d  not match (0,1 or 1,O) the corre- 
sponding genomic regon n the expermental hybrds 

14 E M. McCarthy. M A. Amussen, W. W. Anderson, 
Heredity 74.502 (1 995)  V Grant. Genet~cs 54, 1 189 
(1 966) 

15 Spearman's rank correlation coefficent was calcu- 
lated for each pair)!ise combnaton of the three hy- 
b r ~ d  lineages The percentage at whch a (marker 
ntrogressed for a given lineage was scored in the 
following manner. 0 0% = 0. 1 to 25% = 1, 26 to 
50% = 2 51  to 10090 = 3 L~neages I x I ,  r, = 0.79, 
P i 0 0001, Ineages I x Ill, r, = 0 74, P i 0 0001, 
Ineages I x Ill, r, = 0 73. P < 0.0001 

16. N H Barton and G. M He?,i~tt. Hered~ty 47, 367 
(1981) 

17. C.-I Wu and M. F Palopoli, Annu. Rev Genet. 27, 
283 (1 994). 

18. The following equation was used to compute the test 
statistic !p) for two-way epstatic interactions among 
unlinked loc (Nl,,, , n ~ ~ m b e r  of unlinked l o c ~  A',,.,,,,,., 
n ~ ~ m b e r  of progeny tested; and locus,,,, = 0 f the H 
pet~olar~s marker is absent and 1 f present): 

\. . , c n ;, 
, - = I  ,=, 

P = --.-- 

, , " ~ ; l I ~  ' b c u s l  x -ql; 1 0 ~ ~ 1 ~  , 

?,ihere 0 5 p 5 1  (1) 

Equaton (1) can be generalized to N-way epstatc 
nteractons: 

C n locus ;, 

.,-I ,=I 

( ] I _  ),, - 
I'.IC: ' . - r 3 ~ ~ n ,  

NlCc :'n loc~s,,, 1: = I  : , = I  

where 0 5 p ~, 5 1 (21 

Signficance for each t w o  or three-viay assocation 
was tested by comparng r~,,,,,,,,,, w t h  p ,,,,,.,,, as 
computed by bootstrap randomization of the ob- 
served data (N = 10,000 per assocaton) (Fig. 3) 

19 Seventy-four percent of epistatic markers were fo~!nd 
in all three Ineages in contrast to 10% of nonepstatc 
lnarkers (GL = 30.6, df = 2 P < 0 0001) Hoviever, 
part of this correlat~on may be due to the greater 
power of the p test statistic in detectng assocations 
among markers of ntermediate frequency. 

20 L H R~eseberg A M Desrochers, S. J Youn, Am. 
J. Bot 82 51 5 (1 995). 

21. Positve two-way associatons occur vihen unlnked 
H pet~olar~s markers appear together ?,ithn ndv id-  
uas of the progeny array more often than would be 
expected by chance, suggestng nonaddt~ve, pos-  
tve  ftness effects (for example, increased pollen v -  
abilty) when tliese markers appear together. By con- 
trast, negative associat~ons occur when unlinked H 
petiolans markers appear together less often than 
?,iouId be expected by chance, suggestng nonaddi- 
tve  negative ftness effects when these markers ap- 
pear together. 

22. Positive three-way associai~ons are s i ~ n a r  to iwo-  
way associations (27). except that three H, petiolaris 
~narkers are involved. Negative three-way associa- 
tions may consist of negative tir~o-way associations 
only or a co~nbinaton of negative and positive two- 
way associations. 
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version of the manuscript. Supporled by National 
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Origin of Replica tion of Mycoplasma genitalium 

T h e  complete sequence of the  genome of 
M?lcoplasma genitalium  as reported and an- 
alvzeci h\; Claire bl. Fraser et al. ( 1  ). T h e  
origin of'replication of the  chromosmne  as 
not localized ~recise lv  hecause of the  lack of 
consensus patterns, "DnaA boxes," in this 
specles, but ~t  as suggested that tlhe origin 
might be In an  untranscrihed AT-rich re- 
gion between d n a A  and dnahl. This location 
can be conflrtlleii using a new tnetlhoii hasell 
o n  the  results of the  rnathell~atical analysis 
of the rnodel of D N A  e v o l ~ ~ t i o n  under no- 
strand-hias condi t~ons (2)-that is, when 
there is no  strand-hias for the mutation 
process or for the selective process between 
the two strands of DNA. 

Under no-strand-bias conditions, the 

equilibrium point is such that tlhe base fre- 
quencies in each strand always respect 
[A] = [TI and [C] = [GI equalities, regardless 
of the  Initla1 state of the D N A  sequence 
and of details of the  substitution patterns. 
Any  significal~t deviation frorn the  intra- 
strand rules [A] = [TI or [C]= [GI is a n  
indication that there 1s a n  inequality In 
the  suhstltutlon patterns hetween the  two 
strands of D N A .  T h e  null hypothesis for 
the  detection of such a n  inequalit\; is then  
the  appearance of intra-strand equifre- 
i l ~ ~ e n c i e s  [A]=[T]  ancl [C]=[G].  Because 
the  mechanisms for D N A  reulication ciif- 
fer between the  leading strand and the  
lagglng strand (S) ,  a t  least in  vitro, muta- 
t ion patterns could differ depending o n  

Putative origin of replication 
I 

Distance from putative origin (kb) 

Fig. 1. Origin of repcation in M, genitalium, showing sw~tch of polar~ty of base composition asymmetres. 
Mov~ng window size and step: top 10 kb, 1 kb; bottom 1 kb, 0.1 kb. Each data point is at the middle of ~ t s  
w~ndow. 
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which strand is being copied, so tha t  a 
rejection of the  null hypothesis is expect- 
ed, yielding a n  asymmetry in [A] = [TI or 
[C] = [GI eyuifreqi~encies. This  asymmetry 
is expected to switch polarity a t  the  origin 
and terminus of replication of the  chro- 
lnosonle and does switch polarity a t  the  
origin and terminus of replication in Esch- 
erichia coli, Bacilltis subtilis, and Haemophi- 
l t ~ s  influenzae, splitting tlie circular cliro- 
mosolne into two chirochores (4 ) .  

In Mycoplilsma genitalium, the new  neth hod 
clearly confirlns the suggested origin of repli- 
cation (Fig. 1). The  asymmetry in base com- 

position, A-T, is -2.0% ? 0.4 before the 
origin of replication and +4.5?/o i 0.4 there- 
after; and tlie asylnlnetry in base composition, 
C-G, is $4.096 i 0.7 before tlie origin of 
replication and -4.5% i 0.6 thereafter. T h e  
switch of tlie polarity of base colnposition 
asytnmetries is then significant. This method 
for the detection of replication origins is use- 
f ~ l l  for the analysis of a new genome when tlie 
consensus pattern approach fciils. 

J .  R. Lobry 
Laboratoire de Biome'trie, 

Centre National de la 
Recherche Scientifique, 

Classification of the Arthropod Fuxianhuia 

Jun-yuan C h e n  et al. (1 )  provided a n  ill- 
valuable description of Ftixianhuia, a prob- 
lernatic arthropod frorn the celebrated Chi-  
nese Chengjiang fa~lna (2) .  Pointing to the  
apparently r~~d imenta ry  nature of tlie pro- 
tocephalon and the unspecialized morphol- 
ogy of the  trunk appendages, they classified 
Fuxianhuia as a basal euartliropod, a primi- 
tive and generalized representative of the 
phyl~lm. They did not,  hoivever, test their 
assertion with the necessary cladistic anal- 
ysis. Such a n  analysis reveals tliat Fuxian- 
htiia is a n  arachnolnorph (3-5), specifically 
gro~lping with tlie chelicerates (arachnids 
and merostomes). This result establishes 
Fuxianhuia as the  earliest known chelicerate 
bv as much as 60 million uears. 

I coded the  new information from 
C h e n  et al. into a growing database tliat 
has been found effective for investigating 
higher order relationships among Carn- 
brian and Recent arthropods ( 3 ,  4 ) .  A 
reduced set of taxa were analyzed using the  
program PAUP 3.1.1 (Smithsonian Insti- 
tution, Washington, D C ) ,  which pro- 
duced gross topology consistent with that  
derived from previous analyses ( 3 ,  6 ) .  Fux- 
ianhuio consistently grouped with tlie che- 
licerates (despite the  absence of chelicerae 
and minimal ceplializaton) in the  larger 
clade of araclinomorphs. T o  investigate 
this relationship Illore fully, a further ruin 

was made, reinstating the  elltire arachno- 
morpli clade ( 3 )  and incorporating data 
from the  Silurian eurypterid Baltoeu- 
rypterus (7 ) ,  t he  Devonian xiphosuran 
Weinbergma (8), and the  problenlatic Che-  
loniellon ( 9 ,  10 )  (Fig. 1 ) .  Fuxianhuia con-  
sistently fell within the  chelicerates, with 
Cheloniellon and Aelasbis basal to  them.  ., . 
Tlie arrangement of several arachno- 
rnorphs was modified over some previous 
analyses ( 3 ) ,  de~nollstrating the  potential- 
ly pivotal role of f~ss i l s  exemplifying new 
character state colnbinations (1 1 ). 

As noted by Cl ien et al. (1 ), Fuxianhtiia 

displays a number of characters tykpical of 
Inore basal arthropods. However, caution is 
required when constructing a model solely 
on tlie purportedly di rect io~~al  evolution of 
smalt n~llnbers of characters (12). T h e  pres- 
ence of numerous trunk so~nites bearing rel- 
atively iu~idifferentiated appendages is tradi- 
tionally considered a plesiomorphic feature, 
b ~ ~ t  recent work o n  holneobox genes indi- 
cates that this may be an  unwarranted as- 
sumption (1 3) .  Multiarticulate endopods are 
often regarded as primitive but are also 
k~ lown from derived (3 ,  4 )  groups of atelo- 
cerates (14),  crustaceans (15),  and other 

Fig. 1. Simplified clad- 
ogram of Recent and fos- 
sil euarihropod taxa (strict 
consensus). Detailed to- 
pology illustrated for cheli- 
cerates and allied genera. 
t, Fossil genus. X,  Loca- 
tion of Fuxianhuia pro- 
posed by Chen et a/. (1).  
Shared, derived charac- 
ters are (DELTRAN optl- 
m~zat~on): ( i )  Dorsal cutlcle 
trilobed. Cuticle strongly 
tubercuate. Fourteen so- 
mites In cephalon and 
trunk. Exopod of second 
appendage absent. Inner 
ram1 of trunk appendages 
composed of four po- 
domeres and lack~ng 
splnes. ( 1 1 )  S I X  appendages 
n the cephalon. Labrum 
detached. Gnathobases 
absent from trunk ap- 
pendages. ( i i i )  F~rst ap- 
pendages chelicerae. Ce- 
~halic shield with marainal 

Unite' de Recherche Associe'e 2055, 
L'niversite' Claude Bernard, 

43 Botilevard dti 1 1 Novembre 19 18, 
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arachnoniorphs (16). T h e  significance of 
diplosegmentation is as yet [Inclear (17, 18). 
T ~ L I ~ ,  these characters do not oppose a che- 
licerate affinity. 

Furianhuia also exhibits several fea- 
tures, however, that  make it u n i y ~ ~ e  among 
chelicerates. Given the  early plasticity of 
arthropod bodyplans ( 3 ,  19 ,  20 ) ,  these 
differences may be expected, but their oc- 
currence in a taxon in this location is ivorthy 
of comment. T h e  anteriorlnost appendages 
are multiarticulate antennae rather than 
chelicerae. Tlie absence of chelicerae was 
used to e x c l ~ ~ d e  tlie aglaspids from the che- 
licerates sensu stricto (21 ), but the two groups 
shoiv Inany derived similarities (Fig. 1)  and 
are probably closely related (22). Sinlilar 
considerations apply to Ftirianhuia. Al- 

\ Tachypleus 
""@ 

Weinberginat 1 

Cheloniellont 

Aglaspisf 

' i 
Other Arachnomopha 
14 genera (paraphyletic) 

Crustacea 
6 genera 

Marrellomopha 2 

\ Atelocerata 
3 genera 

ecdys~al sutures ~ar>lac 
lobe present Trunk tergtes w~th straght posterlor margn In dorsal aspect (IV) Cephalc sh~eld w~th margnal 
rlm Postcephalc ariculaton wthout overapp~ng pleurae Two med~an eyes Outer ram of trunk appendages 
lack~ng f~ne f~laments (rounded and ameate) Cut~cle smooth (v) Trunk tagmailzed (mesosoma and meta 
soma In eurypter~ds and arachn~ds) (VI) Dorsal cutce not trlobed Inner and outer ram of trunk appendages 
absent E~ghteen som~tes In the cephalon and trunk 
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