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Ke! word\ Salj\.a.la - rrrputasarta bnLri
t4,panas.kla.nrgoren\. Tt.l pdnos.na t dnach -

crolutio! l8S dbosobal IINA

a \ H^ -, ll -l th, t .Lor, .ne... tlda.-
u. /.. B d. \r, r,\ ^ra 1,pp.d| d.dn,,r
malian trypanosoncs innr iRo sections, lhe
(d i.d J ard rhe srerc"r"r ., ll-e)-l\cfldcorn
tri e5 Jll \. \I;L |,,.i*rdn.',r..ed rryp.r'-
somes ofmanrmals, whilc thc Srercoraria includes
mdnlndIdr r)!dr Jrorc. rJn.mi ,edb) r1.po,-
terior route. However. lhc stxtus of oiher tsetse-
transnitted species. e.g. 7ir?dnasond gn\i lrcm
crocodiles,andof olhcrlrypanosomestransnitted
by thc anterior roule, e g. Z rdr?gelt liom South
An cric:' Jnd e(.h rnn.trIrcJ r^par J.un.,. r!
main under dcbate. To some extent such unhowns
are linked io tle lrl tations ofthe morphological
dnd rrdn.Inrs5 on chd .crer' F(-:r c l),n\e.r.-
gaiions oftrypanosome taxonony and evoluiion.
With lhe weallh ofmolecular sequence daia now
d\arlable.pJnrc.rlx ) o- l'"fn\,generLdI \er
sarile l83 IRNA gcne (ML Sogin el al. 1986 Pm.
Natl ALad S':i USA 831l38l-l387) sone ofthese
questions may no\r bc fiuitlully re-addressed.
Accordingly. \y€ undertook phylogenetic analysis
ol DJbl:shed ribo.oma R\ \ 8s cqlcrcc..
snpplenented $'ilh data ftom our own sludies, our
aim being to re-exanine lhe evolxlionary relation-
ships of Salivadan !rypanosomes of rnanrmals and
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Fourteen ?lparosona species l8S |RNA se
quences were oblaincd from EMBL,/GenBank for
or) oo.rer . "-r ).i,: 7: brr..o- l 'urdL,: /
.!russii L1181I T.,atotiuntU19583. r. tt iglae
U19584; T. brucei bnkeil,112676t T. co goletl\e
/t,lil. rrpcl U)". / . .,t.,,,, ' . r.. r)pi
r )-1 o. r...n^!i..,'.d{acr:,, r\fc,L)t. ..
I -,. U-:r'0, t ...a, | ))\|", I ....,-.
X51917; 7:.r,:t N131432i I avn,z U1957:t; I
r.clopori U6l182; logeihc. with three newly avail
able sequences (jR StelcDs et al. 1999 Pal?iitr1
ogt / I 8 : 1 0 l - I | 6.); T. gra| i A,lA052'7 A. T ru h eeli
AJ0091601 7: r'd&,,4J005279. Five additional
l8S scqucnc.s fiom a.ange ofothci kiDctoflastid
specics rvere included as outgrorpsr a/-rridid
/,., ., , /. . 10J.150. Ip t,n",ttr,t'.-ut\'t .

X5391 2r /-,rajrr X539l5t Tt:,)pdnopld\ma bofteli
L1 4810 Botla.urdu tus X51910. Sequences were
.lrsrl. tr r'rdr l/ on rhe ba. , rl. i- .".' nJ l
structure (J-lvI Necfs ct al. I 990 Mr/E . ,1.t.tr R..
18.2131.2213). Sub scclions c,f lhe alignne|t,
between regions of l;gh honology were sub-
aligned usinglhe progam Clustal V (DG Higgins
c1^1. 1992 Conp .lpplns Bior.l 8: 189-19 i), be-
l.,c i. diJ.Irerr. rc( m.dcb).\,
Bootstm!pcd maximunr parsimoD)' aDalysis of the
22 rRNA i85 sequenccs was perfonned $'ith 100
replicales using tcsl lersion 4.0d61 of PAUP+,
ffillen bi, Da!id l. Swofford.

Tlre phylogenclic analysis (Figure) places the
Salivarian nlpanosones in a monoph-vletic clade
conrprising €xclusi\eiy marnlnalian trypanosomes
ofAfrican origin. Withinthe Salilarian g.oup, the
ldrious tlpes of Z .orgol€rre also constitute a
monophyletic group. T. rungeli.T gtdri and rry-
panosomes of fish and anrphib ia arc excluded fronr
thc Salivarian clade; r /d,gel; is placcd firmly in
:..| -are.hJe$irh/..-. A ,-Jn i.,c.,Jc.
comprisjng lrypanosonres \rith aqualic hosts. foms
a ,eprrJre e.l) br? r,\ v , n he r, r. t\)11,
7"J1d" "o", $l rc\ L rordi .cl) ar,c.r a,Jei
r (r rl c Sd'.d a or he St-r.rrrria. Bran.h.s r<-
cciving less than 50% bootstrap suppod are prc-
sentcd rs polvtomies.

In agreemenl ivilh a nunber ofprevious slud-
.. r. \',.ir./ c J toto v I P- | t". Ltol ::
JJI-l+i. J Lul.'.r ..1 1991 ) Mor L o a-:5)
527). our analysis confinns thc nonophyly ofthe
Afric.rn S,rli!aria. trypanosomes. Wilhin the
Salivaria. our.esLrlts also indicate that the larious
|..\- rl T . na:otca,. 'tor(.r. \'lr'i. -':rr1. 1.
share connron ancestry. Such a lindng conlrasts
wnh the resulls of isoenTyme and RAPD based
studies (l Sidibe. circd M Tibayrenc 1998 /,t../
Paldrir,!13: 85-104), in wirich ir is suggested thal
I cors,/e,s" may be polyphyletic. UJe propose
rhat this atparent difference iD conchrsions is due
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PhylosraDr consk!.{ed b} boolstapFd (100 repticates) nlximum pasinont jnatysh ot2t kineropixstid t85 ssu |RNA sc_
qne..es, ba\ed on x {andard alignmenr of 1309 nucleottdc siles (JR srevens et.l t999 pdfarrdl,lc, //8:107- 6). Boor$rt
valLEslbrallmajornods,resivenandatlbnchesrecejvinsboostapsuppodraLles>50%aEsl;wn,retalioNhi;saa]tingr;
achiele this lcvel ol \uppo$.rc sh.si as lIlrtomies.

to the dilTering clock speeds oflhe markers used
rn rhc $o "rLd.e,. h tshlirl,ri',g,he porc ,lldl lini
ra,,o1, olL.ing ld\r e\ol!irg popLlarion sErer
ics' markers for elolutionary sfudies.

TLc u\onorflc a1d e\ulL.iordry {/,r. of f
/a,grli has long been dcba led (A D'Alessandro &
\C Srrarrr oo2 T' )t ora,uqrarg.lt. p t-5a.
Tr jli (re(r & lR B"\er tear. Pa.a.ri, P,a'n-
d, ' ,d ed.. \ol. 2. A{,dem . Press. San D e8u,

and, eveD following rhe applicarion ofmolecular
tools (for exarnple, MI Anorim et al 1993 ,1cla
Ttopicd 53:99 105), hasrernained unresolv€d. The
rei,l..'- \i.stud).1."$c\e-,indrcd'e.,closee\o-
i,r o,irr -elJr.onslip berseen / "J,,A./. dld 7

./-!:i, suggesting I /a,?a"li be placed with the
Stercoraria. subgenus S., izotrypanun . Silfilatl\.
he.ro , \ali drdn srdr , ofr\, tosrer.or y r.eFe
-ar.nrued I r,{/ . dl,o .or rlmed: he erotr .

tionary significance of its position separar€ fiom
either the Salivaria or the S. hizot,rpanurn species
(i.e.7. cntzindT. ransel, renains to be cxplorcd.

Iinail). .he di.Irn.r ra r.re o'rl,c cradc con
prising trypanosotnes s,ith aquaric hosts, which
lor,.,.epardreea l) hranch'vr'l- rr\c,n,,noph) -
etic fn?arosru a. suggests thal these raxa are not
direclly ancestral to either the Salivaria or lhe
Stercoraria- The position ofthis 'aquaric' clade
may have tundancntal consequences for h}?oth-
eses conceming rhe evolulion oflhe salivarja and
parasitism in the Kinetoplasiida as a whole.

DISCtrsSloNs

Dear Drs SleleDs and cibson
-hrnk )ou io )oLr \ery r rnc. ing fre.en .-

tion. I tbund your rcsults very interesting but I
\uJlJ also lke ,o a.k rr, Rr"ner que.rior,. \r/
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The level ofbootstrap support for your differcnt
clades. l didnol findthis important informationai
youl websile eilher: (ii) Whal strain you used for
'ald,?gslt. This is a polymorphic species and i1s

sirong association with r .,"r:t (another highly
polymorphic spccies) in your sndy couldbe slrain

Hoonan llonen

Answer (i): apologies for Dol givingthe bootstrap
values, this was a serious olersight. Suppon for
rhe mdjor clade.'vere as lolloui r.i!ei r/
clade >91%; Salivarian clade 98%; aquatic clade
>qr0o I hope lhis goes sonre \a) ro\oqvir\irlg
)ou of r\e rub|,mc* \ano o.rr as5ociaLed enrhu\L
asm) ofthese results.
Answer (ii): ?l ,?rsell strain RcB(Basel). Per-
\ap. ""rc olyou could tumi.h u, wi'l nore lL.
tory and results relevanl to this strail].

Dear Dn Stevens and cibson

Did you investigate allemalive topologies from
ibe point ofview ofhow nuch 'worse" they are?
Thank you for your presentation.

Dnitri Maslor
Univesiq' of Califomia - Riverside,

Depadment ol Biologv
l40l wa*nN Ddvc, Rivcside, CA 92521. USA

E nail: dniti.tnaslov@rcr.edu

Answeri I havebegun to explore thetreewith the
various branch swopping tools availabl. in
Macclade and, thus far, all ihe majo. cladcs
(Salivarian, Schizo and aqnatic) are robust. The
early braoching of the aquatic clade will require
furthcr investigalion, but, wbatever ou. findings.
it will not affect significantly our conclnsrons re
lating to thc rclarionsh;p of the Salilarian and
Schizo clades. I bope to explorc clade rob stness
further jn the near future usilrg tsrcIner support

Dear Janie and wendy

I sas \e-y ll.eres.eo o) yoLr pl')lutscrcr.
shrdy. However, i was surp sed thai you conclude
7:, rnd. /i rs a S- hr/o NpJr u,n nom he lacllhari.
.s L los-r ro /: . /rii rhcn ro AarcJn rr) tdnosuTe,.
Hoare (1972) classified other species as
re'.orrr an .rch . r /crr,r. /. 4!",4, \subge-
nus Herpetosoma) and T theileri and T.

m e I op h a g i u n (srb genus MegatrypanLrn). Colrldn't
it bc that Z rdrgell is closer to these species than
to I c,-rzt ? Or do you have evidence that I /draelt
is phylogeneiically closer 1o Z .72; lhan are olher
Schizotrlpanum species sxch as I dm,Nit or I

S,bah B sse

Answel as noted above, support for the close re
lationship of r rarsell and lcra:i (based on this
l85 mdrke ) i. g'\,d, >q loo, ?1d \L#c.r\ r grnJ
inephyiogenetic relaiionship with l.rr-?1. Whether
r n! T n4*tt i. p\) ots.r'c.icarl) cro,er ro /.
, /r:i rI/n Jre ,ore o her sLhi/orDtanurl .t(
..e,relrarns robc,cen.bu eren rfrr i. ror. rr dJec
notrule against its Schizotrypanum status ... in any
phylogenetic ortaxonomic system, sonre taxa will
bc ub\ i..rJ) bc rnore or l.s. I rcgr.l ro ,le c JJc.

corlMENTS

The taxonornic position ofZ rd,geli has been a
pornl of conrenuol lo nlr) )ears. Houerer. rn,.
,pecre. can be dtring.r;hcd .rom men ber. oi r1e

'Lbgcnu. 
scIr/c.Dpanunrbyanur.hcr. rncrhuJ.

(reviewed by Grisard et a1). It is lvcli known that
rl'<se rwo.r'e,.r. occLr n rlc car< rrusr\ l hek r.
thc famous case when a mixed infection of ihe nvo
.Ncies q". descnbed a.r |eq spe( ec. !\e n r.{ be
ope.l .o ne$ d,u oL' $, reea ro be Lenain rh]l rhe
D\ \ r ,ar r. b( ing .naly,eo r\ I Jrn r'r co-^, rfat
sile. W})at other data is available to say thal thc stra;l
used by Drs Stevens and Gibson was I 

'?rae1t? 
It

wol'd oe rn ereJ Uroanol).erl.eacrrd .raii"u
ther with other methods.

wc nL{ -emembe wl-a emphr,i. rr,popu-
Idr in b,olog) dr rl e rimc rh, aparr(JlrrLla..rfi-
cdr:on.) \rem $ a. p-op ,ed WhenDrHoa-erade
his division of the trypanosomes into hind and
turEu rnnrmisrol b,ulurrcrl c r.r...e-s $ere
beg.r Ig r', g,in grounoa.arr.r ch$rcJ. rroryhol-
ogy. Such charactcrs are indeed a sunxnation ol
many different complcx characters which may or
raior bc homolugo,. lh.r. al nough a de\el-

Jomenr .irc i. ,, JefiniLel) rri) he u.elLl io- cl-,-
acreriTints dn orfari.m, nd) or ria\ iu, bc J\J
tul in classification depending on its honology
within the group. My point ;s that the characler
srcrcoraria or salivaria js useful for descrjb;!g
$here rhe inlecri\c ioDn5 are rbJnd o- <d\e rh(
\ eL ror bL,r we nrusr o( LarcrLl in Lsing it .n cL..i
l. . or I I L. ro me .r .s q,,llr ., "cpril.lc rhar r
.ane.'i nnl T n'r,e, ha\e a dl va-lar dc\clop
menr \rrce rhe
moLrhpahF Hoqe\sr. rl'ar doe. ,u .ncJnrl,d {i
hi\c ro clrliS rhem.n:he.aqi, g,oLp. I hope
Lr. goe.. .ome $a) o ans$er np Rubcllo . q re!
tion and clanifying the use ofthe tenns salviarian

Je[l e) Sha||

Il i. qel lno\n tl\at r rak!.l. a1l r .4-t
sharc a large number of irialomine veclors and
vertebrate hosts. including nan. For I.rezt.nany
(udies describing such type ofva.iables have been
publ.sl ed. I nril r\e fiiLl.nr .l f /Jrg., rn 

"oLrl,
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cm Brazil, tledistribution arca of this parasite was
reslricled in Brazil to thc Amazon rcgion Unfor
tunately, I don't know specific papeN describlng
(orideniifying) variables for such approach, prob-
ablydue to the Don-parhogeDic characterisiic otZ
-o"SFrrohundr. Among,.\.f.lcrdrd.rcrinrL..
both oflhese lrunun tryFnosomes are rransmitted
b) I rarnm nes. h"rerer. rfroJg\ difreren !J),
Tlu,. lhe e$e._ed oi,.flbLrlior to- /. .r,g.,ii,
Lone\n nden. .o rhL disrr bullol o .uscenr'\'c
.ri..ror irc !ec or.. lleserri-r.,ni ,e. r u\i.\ 7

.i!' /..r, in\ddc:r,J de\e.op I hc heno ) , p.r
1t d .:r :. r\ g d.ro. ind cre r-ar.n lteo o\ brLe
mainly beloDgs to the cenus Rhodnius. As y;u sec.

'\, e\oe.reJ d..-rburron to- r -o"p"tt I
ovcrllaping the I .rui distribution area. I agree
u,ith yourcornmenr that studies taryeting variabtes
to predictihe dist.iburion of 7: rd'seli. or the pos
sible spreading area ol this parasite, witl be lery
helpluland useiirl ro berernndcNland the biology
ofthis parasile.

Concerning the discussions and quesiions abou!
I /drgeli taxonomic position: Dr Hoare classjfied
rrlpJno.onr \ in.o Sali\ d J drd \.crcordr d s\, -
lions based in ihejr developme i mode, primarity
in lh€ vcctor and sccondadly in ihe nammaLian
hosrc. ll lr monoCrip I pLbli,ned r tq-2, te.te.
fined as Stercorarja those trypinosomes $,li.h
developmenr in the vector is completed (lvilh for-
mation ofmetatrypanosomes) in thc posterior sra
tion and ransm ission is contaminative (;r ?: rargeli
al,o r1. ncrior.r"r on, $irh rrocr rri\ e rrJr. r r
sion). He defined rs Salivaria $ose trypanosomes
$ hich developncnt in the vector is complered (lvith
fonllation of metatrypanosomes) in the anrerior
slation (excepi in mechanicrl inocrlators) and
transmission is inoculative. There are some remark-
able facts thai we have to keep ln mind since Dr
Hoare initial dcscription. First,there is no desc.jp-
tion ofsuccesstul tmnsmission of 7:,"d/€e1t rhrough
[orrr. prc.enr .n rr ar"rine te.e.. de,pire rlre pres-
(rce ol rhr" na-rnre in borh rahrrJ l\ and e\pcr
mentally infected triaiomines. I /drg"1t ndacyclic
rrypanosomes only dcvelop inside salivarl glands
| -i on.re b,rl. no 

"re 
rdn. ni r"d ro rle \e

'ebrdrc ,o. rhrougl r.cLl1. on ri\.ati\a ou -
ing biood sucking. For these reasons, Dr Hoare
metrioned I ru geLi as an except;on in ihe
Stercoraria section, e\'en sharing sone orher bio-
logical oharacterislics with ihe ryp. species (Z
./"zi). As very wcll noled by Dr Shaw, we rhink
that lhis nomenclature was based on biological
characteristics and focused p.nnarily on rhe sire of
de.,'ufnenrorr tr in.eclr'efo n. r,oel\evcc

tor. More siLrdics should be addressed ra bctlcr
underslaDd the particular evolutionary conelation
ol rhe.e J'fierenr r an,n i.,iu , p l-\ a\. Theu,e
o'node-r b"'\en,Jl. i nJrJtosi"t arJ no-
lecular meihods l'or taxonomic purposcs of
r)pano.orlir d. 5hoLr d be kearrd nllh sDe-r.rt
cJ,c I1. 1u,nl-cr o .r,arn,, rh, r bio.op,c; br-
havior, isolation nethods. geographjcal rcsions anil
ong rul 1,1r..,, re I i, I'e 1gt notlrno.phr. n
dere, r' d rnons-'"insor nrbildre,qirlinsJnk
,pe. e.,loL ll b...,,,rde eJ,.. clanri).i, At,u,
relyrrC Jn ,ir!le or (\e.l a tcs meth.dr or mart-
ers can resr !h dubious caLegorizations duetothe
r "nos bi.log .cl por ot , w olrt c , .na.r,(\.
"rl.ogc '.. 

rn eno..t o re.ot, e .t,e cta.,,r c:r-un
ofthesecloselyrelatedorgaDismsshonldbebased
on ma <c$ more relevanr lo rhe processes ofrrans
lnission. Trypanosome strains shoLrld be verv well
c\rra.r, r z-d pnor ro rrat, . . u,,r g .rch rinr,e,l
r ,e lol,. . r . e conlarnrrdr on. nrgt be e\p(. e.l,(,t,.call) r l"l-. rl-" .Lllr,r'c Dorhtar:,..:re5r/.
'/" / I, d"c./.) or ir. rerror\ uer( t1e\.. narJ\ (\
coe\i., Rccer. ) Dr H Nolc. rprrr../ " tudrr
/, .1o 50. JqdJrc\ieve! re. eJrbilin o"r .o.,
nosorllc lrees. oiiTerent mechanisms ttiat cai ai'
lec. ara or o sron rl e.e llec.. gi\ ind ri.e ro n-
jnrern'r.r. on. ari Jr5cuc.eJ rn ti! \en rn.erLn
ing paper Dcspite I /drgeli sharing chamclerjs-
tics wilh dilTcrent subgenus ofborh Sativrria and
Slcrcoraria sections, inc luding the I 8s S SU rRNA
seqrcnce described in rhis meering, ir is rransmil-
r<d rh ,rgh r ldorl,ne o r(. I e. r ,rougn d rle|or
srdron In c'c . \e ro, rler poir . rJ sed I .( r-
roI olhepdpc or cre\cr,rndr b.on./.'drc.,
l"m, pre,c ,r ir rr.d,orine ".. m. are. d, t.,,,,;r,-
iil now, non infcctive for vertebrate hosts. Thus.
d e ro this biolosical characterisric se betieverhar
T. rangeii is nat properly classified in the
Stercoraria scction. Morcover. thc suggesrion io
heat Z 

'?nAelt 
as a Schizorrypanum trypanosone

dueto the close rc lationship rvith I./,zt revealed
onl) b) SSI rR\ \ andl).r. ot i s.nple .l ar , .
too dangerous. Our ainr was nor ro propose the
change of Z ,?,aell taxoDomic position, bur to
evaluate thc heterogeneiry anong dilTerent isolates
and b.ing up a very old a controveNial quesrion
thal remains unanswered. We probablyshould use
as many *cll characterized reprcsentative srrajis
and cbaracteistics as possible to make evolution-
ary or phylogenetic inltrenccs.

Edmuntto Gtisdr!1

A LLj 1.J4pi\: ro I .r eu Jnc Nl trb. yr.n.,
aIl\,1. Vonp. hcr. nr ..ppl) - . ,,/.j,/, A.r,. .

DNA


