Genetics and Molecular Biology, 23, 1, 35-42 (2000) )

Mitochondrial DNA-like sequence in the nuclear genom8agjuinus
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Abstract

Mitochondrial DNA-like sequences have been found in the nuclei of a variety of organisms. These nuclear pseudogenes can be us
to estimate relative evolutionary rates of mitochondrial genes, and can be used as outgroups in phylogenetic analgaedy,In this
mitochondrial sequences with pseudogene-like characteristics, including deletions and/or insertions and stop codons,iwere found
tamarins Saguinuspp., Callitrichinae, Primates). Phylogenetic analysis allowed estimation of the timing of the migration of these
sequences to the nuclear genome, and also permitted inferences on the phylogeny of the genus. The choice of an inaalgguate outg
(Aotus infulatusprevented a good phylogenetic resolution of the subfamily Callitrichinae. The relatively ancient divergence of the
Cebidae (Callitrichinae, Aotinae and Cebinae) may have favored confounding homoplasies.

INTRODUCTION Hershkovitz (1977)Saguinuss divided into three “sec-
tions” based on the facial pelage (hairy face, mottled face
Mitochondrial DNA-like sequences have been ob- and bare face), and six species groups, with a total of 10 spe-
served in the nuclear genome of several vertebrates ancies (Table ). More recently, Rylandsal (1993) recog-
invertebrates (Gellisseat al, 1983; Jacobst al,, 1983; nized 12 species, includi®aguinus tripartitugThorington
Fukudeet al, 1985; Thorness and Fox, 1990; Sreithl,, Jr., 1988) andsaguinus geoffroy(Mittermeier and
1992; Lope=zt al, 1994; Arctander, 1995; Moreira, 1996; Coimbra-Filho, 1982), and also suggested a new grouping of
Sunnucks and Hales, 1996). When transferred to theSaguinus midassp. andaguinus bicolospp. (see Natori
nucleus, these sequences lose their function and becomend Hanihara, 1990; Ferrari, 1993; Meiredeal, 1997).
pseudogenes as a result of the different genetic code and  Jacobset al. (1995) and Cropget al. (1999) se-
to regulatory factors present in this organelle. Logtez  quenced the D-loop region and a small part of cytochrome
al. (1994) designated such sequenceNl@amt(nuclear b from the mitochondrial DNA to clarify the taxonomy of
mitochondrial) to distinguish them fro@ymt(cytoplas-  SaguinusAccording to these authorSaguinuss com-
mic mitochondrial) sequences. posed of two clusters, one includiigy fuscicollis S.
When non-specific primers are useédiymt se- tripartitus andS. nigricollis(called small-bodied group),
guences may be preferentially amplified because of theand the other with the rest of the species that compose the
better matches between primer and pseudogene (8mith genus (large-bodied group). This new grouping has some
al., 1992; Collura and Stewart, 1995; van der Katyl, important differences from the classical taxonomy of this
1995). As a result they may confound phylogenetic analy-genus (Hershkovitz, 1977), some of which are supported
ses. However, such pseudogenes can be used as a powettiyl other authors. For exampleidas andbicolor are
tool to estimate the relative evolutionary rates of mitochon-grouped while the Colombian tamarins are a sister group.
drial genes (Arctander, 1995; Lopetal, 1997). As these In the present study, we sequenced 549 bp of the cy-
sequences evolve more slowly than their mitochondrialtochromec oxidase subunit Il (COIl) mitochondrial gene
counterparts, and are thus generally more similar to the anef Saguinus and included additional sequences from
cestral sequences, they can be used as outgroups in phyl@allithrix, CallimicoandAotus in order to i) identify mi-
genetic analyses (Zhang and Hewitt, 1996). In addition, theochondrial-DNA like sequences, ii) determine the tim-
timing of migration to the nuclear genome can be estimateding of the migration of the COII gene to the nucleus, and
The tamarinsSaguinuspp., are the basal members iii) evaluate the phylogenetic relationships among the
of the Callitrichinae, which also includes the genera callitrichines.
Callithrix, Leontopithecusand Callimico (Primates -

Platyrrhini) (Schneidest al, 1993, 1996; Almeida, 1995; MATERIAL AND METHODS
Barrosoet al, 1997). Schneideat al. (1996) estimated
that this subfamily emerged approximately 10 million Blood samples were collected from seven tamarins

years ago (Mya). According to the classic review of representing six taxa (Table I1). DNA was extracted using
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Table | - Taxonomy of the genu&aguinusaccording to Hershkovitz (1977, 1979, 1982).

Section/group Species Subspecies

Hairy-face tamarin group
S. nigricollis S. nigricollis nigricollis, graellsi, hernandenzi
S. fuscicollis fuscus, avilapiresi, fuscicollis, nigrifons, illigeri,
leucogenys, lagonotus, tripartitus*, wedelli,
cruzlimai, crandalli, acrensis,
melanoleucus, primitivus

S. mystax S. mystax mystax, pileatus, pluto
S. labiatus labiatus, thomasi
S. imperator imperator, subgrisescens
S. midas S. midas midas, niger
Mottled-face tamarin group
S. inustus S. inustus
Bare-face tamarin group
S. bicolor S. bicolor bicolor, martinsi, ochraceus
S. oedipus S. oedipus oedipus, geoffroyi*
S. leucopus

* Rylandset al. (1993) gave this subspecies a species status in agreement with Mittermeier and Coimbra-Filho
(1982) and Thorington Jr. (1988).

Table Il - The origin and identification of the samples used in this study. - with Helper Phage M13K07 (Invitrogen) and the single-
strand DNA (ssDNA) was purified by PEG-NaCl precipi-
tation, followed by phenol-chloroform extraction and

Taxonomic identification (Code)  Origin

S. m. mida¢SMM) Centro Nacional de Primatas ethanol precipitation. The ssDNA was sequenced by the
. m. nigetSMN) T(ur1|<r[0\'/3vn Qrigin) ' dideoxy chain-termination method (Sangéal, 1977)
. m. nige ucuruli, Para, brazi H H H H
S. b. bicolo(SBB1 and SBB2) Centro de Primatologia do Rio using a Sequenase Kit (Amergham Llfe. Science).
de Janeiro (unknown origin) The segyenfest\)/vere (ajlllgnef uzmghthe ES)EbEZOOb
S. oedipu$SOE) Bolivar, Coldmbia sequence editor (Cabot and Beckenbach, 1989) by con-
S. m. mystaSMY) C(entlf(o Nacional d)e Primatas structing a common alignment relative to the sequence
unknown origin H ;
S. f. melanoleucy$SFM) Left bank of Rio Envira, Acre, erm Aotus meIatusv_VhICh was_ used as the outgroup.
Brazil Divergence was estimated with the MEGA program
C. jacchugCJA) Extremés, Rio Grande do Norte, (Kumaret al, 1993), using the algorithm of Tamura and
C. argentats(CAR) R?;Tr'];uera Cametd Pard Brad Nei (1993) which is generally employed in analyses in-
C. aurita(CAU) Centro de Primatologia do Rio volving mltochond_rlal sequences. The most parsimoni-
de Janeiro (unknown origin) ous tree was obtained using the SEQBOOT, DNAPARS
Callimico goeldi(CGO) Acre, Brazil and CONSENSE programs of the Phylogenetic Inference
Aotus infulatus(Al) Amapa, Brazil Package (PHYLIP) (Felsenstein, 1993).
RESULTS
phenol extraction, followed by sodium acetate precipita- The nucleotide sequences of the cytochromei-

tion. After extraction, the samples underwent 30 cyclesdase subunit Il (COIl) mitochondrial gene in seven OTUs

of the polymerase chain reaction (PCR) with the follow- (operation taxonomic units) &aguinusthreeCallithrix

ing conditions: denaturation at®@Hor 1 min, annealing  (C. aurita(CAU), C. argentatg CAR), C. jacchugCJA)),

at 50C for 1 min and extension at@for 1.5 min. The  oneCallimico goeldii(CGO) and oné\otus infulatus

sequences of the primers used in PCR Jy&#- 5’ CCA (Al) are shown in Figure 1. The SMM, SMN, SBB1 and SOE

TCCAGC CCAACTAGGCTTA3 ang25-5 GGC sequences (cluster 2) presented deletions at positions

TCATACTTCAAAGTCTIGG3. 197, 239 and 384. SOE also showed an insertion at posi-
The PCR product was electrophoresed in 1% agartion 519. Such mutations are characteristiddurht On

ose gels. The band corresponding to the COIl gene wathe other hand, SMY, SFM and SBB2 (cluster 1) showed

excised and purified using the Qiaex gel extraction proto-no such mutations.

col (Qiagen). The purified DNA was inserted into the vec- The OTUs from cluster 2 had no nucleotide variation

tor PGEM (Promega) according to the manufacturers rec-at any codon position, as is generally observed in

ommendations, and then cloned iro coli using a  noncoding sequences (Figure 2). The inferred amino acid

pT7Blue kit (Novagen Corp.). The clones were infected sequences of the two clusters were highly homogeneous,



Mitochondrial DNA-like sequences 37

Figure 1 - Alignment of 549 base pairs of the cytochrarmeidase subunit II (COIl) mitochondrial gene in four New World primate geSaguinus
Callithrix, CallimicoandAotug. Dots indicate nucleotides identical3aguinus bicolor bicologSBB1), “?” indicates missing data and “-” represents an
insertion or deletion. SMM S. m. midasSMN =S. m. nigefSBB1, SBB2 =S. b. bicolorSOE =S. oedipusSMY =S. m. mysta>SFM =S. f. melanoleucys
CJA =C. jacchus CAR =C. argentata CAU =C. aurita, CGO =Callimico goeldj and Al =Aotus infulatus
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SBB1 CTT ACT ACA AAG CTA AAC CAT ACC AGC ACC ATA TAT GCT CAA GAA ATG GAA ATA

SMN A..

SMM AL

sBB2.C .A .C .A T. CA .C .T .. .A .. A. .C T

SFM .C .A .T .A .C. .C WA AC .7? I

SmMy .Cc .A .T .A .. C .C .. LA AC .C .C

CGO e .. WA T CT .C T .. .. . AL L .C ..

CAR .C .C .. .A .G CT .C T .G .. A. .C

CAU A .G .CA .C T .. AC .C

CJA A .G .CA .C T .G AC .C .G

Al .C AT CoLC AC .C G. T
1112 111 1112 111 111 111 111 111 111 111 111 111 122 222 222 222 222 222
666 666 677 777 777 778 888 888 888 999 999 999 900 000 000 O0O1 111 111
345 678 901 234 567 890 123 456 789 012 345 678 901 234 567 890 123 456

SBB1 AT? ?GA ACG ATC CTA CCC GCC ATT ATT CTT ATT A-A ATT GCC CTC CCA TCC| CTA

SMN G.C T.

SMM .C T..

SOE .C T. .. .. . . .G

sBB2 .T T. .T .T WTLA .C .C. T WTOLT

SFM .T T. .C .T T LA .C .C T, .. .T .7

Smy .T T. . .T .. .T .A .. .C .C T R I

cGoO . TG .C .T T. . GC .. .. . T R I T T

CAR .C T. .T . .. A .C .C .. .T. . A

CAU .C T. .C .T .A .A .C .C T. T

CJA .C T. .T . . .T .A .A .C .C .T. T

Al .C T. .T .. .G . .C .C TG

Continued on next page
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Table | - Continued
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789 012 345 678 901 234 567 890 123 456 789 012 345 678 901 234 567 890

SBB1 AGA ATC CTG TAC ATA ACA GAC G-G TTT AAT AAA CCC TAC TTA ACC CTT AAA| GCA

SMN

SMM

SBB2 C.C . TA T T AA LT .C

SFM C.C T.A AA .G LT .C

SMYy CC .. TA .. . . JAA L .G ... T .C

cCGo cCc .T .A .T .. . .T A .C T U

CAR CT .T TA .T .G T AA . .G .. C. .T

CAU CT .T TA .T A. A CT LT

CJA CC .T TA .T e AL A LT C.

Al cT . T .T T AA .C C..
222 222 222 222 222 222 222 222 222 223 333 333 333 333 333 333 333 333
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123 456 789 012 345 678 901 234 567 890 123 456 789 012 345 678 901 234

SBB1 ACT GGT CAC CAA TGA TAC TGA AGC TAC GAA TGC TCA GAC TAT GAA GAC TTA GCT

SMN .

SMM A T

SOE .. A W22 R

sBB2 .T. ..C . T .G A Cc.. .C

SFM .T. ... .. T .T .G A ..C

sSMYy T. .C .. T .T .G A .. e .. .C

CGoO .T. .. . T LT LT A .G L .T C.. .A

CAR .TC .C .G .T .G A .C .G A

CAU .T. .C A .C WA

CJA .TC .C . T . .. A .C .. e WA

Al T. .C 2. T .G A T. .T .T C.. .TC
333 333 333 333 333 333 333 333 333 333 333 333 333 333 333 333 333 333
222 223 333 333 333 444 444 444 455 555 555 556 666 666 666 777 777 777
567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012 345 678

SBB1 TTT GAT TCT TAT ATT ATA TCA GCA TAT TIT CTT GAA CCC GGC GAA TTIT CAA|CTT

SMN .

SMM T

sBB2... .C .C .C .C .C. CT A. .C ..C . LA .C G. .C

SPpM .C .C .C .C .Cc .C cCT .. .C T LA .C .G. .C

SMY .c .c .c .c .. CT A .C . . . .T .A . .C G .C

cGo .. .C .cC CG C. A. .C .C .A .G .. .G .. .G. .C

CAR .C .C .C cc A. .C .C .. .. .T .G .G .G. .C

CAU .C ... .. .. .. C.. A. .C ... .G .G . .C GG .C

CJA .C .C .C .C .. C. A. .C .C .. .. .G .C G. .C

Al A.C .T. . C.. A. .C .G T .G.
333 333 333 333 333 333 333 444 444 444 444 444 444 444 444 444 444 444
788 888 888 889 999 999 999 000 000 OO0 011 111 111 112 222 222 222 333
901 234 567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012

SBB1 CCT GA- GTA GAT AAC CGA ACC ACC TTG CCA ATA GAA GCA GAT ATC CGT ATG CTA

SMN

SMM

SBB2 .T. .A . . LA .T CA .C . . WA

SFM .T. .A ..C .A .T CA .C .C A

SMY T. .A .C AT CA .C .. e e .C LA

CGoO T. .G .. WAL A LT LG .C .T GA ..

CAR T. .A .G .. WA CA .C . LC T e Tl

CAU T. .A ..C LA LT T JACTL

CJA T. .A . .C AL L LT LG e .. GA T.

Al TA A . .G. LA C.. .T .C .A

Continued on next page
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Table | - Continued
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SFM .C C.. G. .G .. .. .. G?”? .T T .G
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SOE .. .. .. .. .. G. A .. .. A TC T .. . ..
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SFM  G.. T G. .C .. .C .A .. AT A. G. .. C.
smMy G. .. .. .. .T G. .C .. .C .A .. AT A. G. .. C. .
cGo .. .. .T .T .. G. c c. .. .A .. CAT AT. A .. .C .
CAR .. .. .. .. .A G. .C . WA ... AT AG. .. T. C. G.
CAU .. .. .. .. .. G. .C .C .A .. CAT AG. .. T. C.
¢cJA .Cc .. .. .. .. G. .C .. .. .A .. CAT AG. .. T. C. ..
Al e e e e e e G LA L AT AL . A C.

555 555 555

444 444 444
123 456 789
SBB1 AGG CCT ATT
SMN
SMM
SOE ... .. .
SBB2 ... ... G..
SFM
SMY ... .o ..
CGOo .. TT. .A
CAR
CAU
CJA .
Al .C.

>55

although there were several differences. The OTUs fromwith (((CJA,CAU),CAR),CGO)Saguinusvas splitinto
cluster 2 had two stop codons (nucleotide positions 2174wo clusters: a basal lineage, cluster 1, with non-signifi-
219 and 502-504). The former codon and a deletion wereant bootstrap values (68.1%), and a sister group of the
located in membrane-spanning domains. Other importantCallitrichinae, cluster 2 (Figure 3).
changes included a tyrosine (cluster 1) - cysteine (clus- The genetic divergence (Tamura and Nei, 1993) am-
ter 2) swap (301-303) in the sequence of aromatic resiong Saguinusspecies ranged from 0.37% (SBB1 and
dues in a region believed to favor electron transfer andSMN) to 22.29% (SOE and SBB2). However, when the
which is highly conserved in eutheriansdkins and other species were included, the maximum divergence in-
Honeycutt, 1994Adkinset al, 1996). creased to 23.56% (SMM and CAR). The divergence
The parsimonious consensus tree showed two monoamong cluster 1 OTUs ranged from 1.31% (SMY and SFM)
phyletic clades, supported by 68.1 and 100% of bootstrafo 6.14% (SBB2 and SMY), and in cluster 2, from 0.37%
percentages. One encompasses (((SMN,SBB1),SMM){SBB1 and SMN) to 2.33% (SMM and SOE). Divergence
SOE), and the others include ((SMY,SFM),SBB2) groupedrates varied little when individuals of different clusters
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90 = were compared (from 20.99% for SFM and SBBL1 to

80 22.29% for SOE and SBB2) (Figure 4).

70 There was a high degree of divergence (21.77%) be-
£ 60 tween the two samples 8f bicolor bicolorused in the
g i present study (SBB1 and SBB2), which was higher than
i i divergences among distinct genera, suchagglinusand
> :g Py = Callimico (SBB2 and CGO) (19.73%).

I 10
of —. ’_. .
1 2 3
The characteristics of the sequences of cluster 2

20 = (SOE, SBB1, SMN, and SMM), such as the marked diver-

it gence (even among samples of the same spe&ieb.-

1? bicolor samples), equivalent rates of change in all codon
% . positions, deletions and/or insertions, stop codons and
2 10 changes in highly conserved amino acids, lead us to con-
Ele & clude that we had obtained mitochondrial DNA-like
=6 TR a— nuclear sequences (pseudogenes). This is why SBB1 and

& E SBB2 appear in different clades and consequently, the high

§ . I_. divergence (Figure 4) should reflect the time of the mi-

1 2 3 gration of this sequence to the nucleus. However, other
theories could account for this high degree of divergence,
Figure 2 - Number of variable sites in the three codon positions in cluster 1 g ch as heteroplasmy (tWO different copies of the mito-
(open columns) and cluster 2 (filled columns) with (upper panel) and with- . - .
out (lower panel) the outgroup. chondrial genome, one containing the intact COIl gene and
the other with mutations).
We excluded heteroplasmy as a possible explanation
for these cases, because it can be maintained in an organ-

SMY ism only if the differences between the two molecules
99.8 are substitutions (which may even be non-synonymous, as
100 SEM long as protein function is unaffected), but not where de-
letions and/or insertions have occurred. Oéival.(1983)
SBB2 suggested that selective pressures resulted in the survival
68 1 of only one of the heteroplasmic mitochondrial DNA mol-
CGO ecules (the one without deletions or insertions) during the
56.9 CIA early development of an organism. However, this hypoth-
97.8 esis is plausible only for functional mitochondrial se-
82.4 CAU guences. In the case of noncoding sequences, such as the
100 D-loop region, heteroplasmy can be maintained because
CAR there will be no selective pressure on molecules with dele-
tions and/or insertions, except in regions where heavy chain
SOTa SMM replication is initiated (see Hayasaitzal, 1991).
SMN The number o_f substitutions in clus_ter 2 OTUs was
100 36.4 much smaller than in cluster 1 OTUs, which would be ex-
pected when mitochondrial and nuclear sequences are

SBB1 compared (Figure 2). In addition, in the absence of the

SOE outgroup, cluster 2 OTUs exhibited no variation in nucle-
otides at any codon position.

Al Saguinuspseudogenes (cluster 2) and COIl se-

guences (cluster 1) are phylogenetically distinct (Figure
Figure 3 - Phylogenetic tree of the cytochromexidase subunit Il (COIl) 3)_ The divergence betwe@aguinusof different clus-
mitochondrial gene in four New World primate gen&aguinusCallithrix, . :
Callimico andAotug obtained by parsimony analysis using PHYLIP 3.5c teI‘S.IS Qreater tha,n that betW&gumu_s(Cluster 1) and
(Felseinstein, 1993). The score of the three most parsimonious trees wa&allithrix. According to our most parsimonious tree, the
348. Bootstrap percentages from 2000 replicates are shown above each nodeseudogene would have appeared prior to the emergence
For abbreviations, see ledeng to Figure 1. of the Callitrichinae, that is, before 10 Mya (according to

Schneideet al, 1996), and the appearance&aguinus

Consequently, all species in clade 2 possess the same se-
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OTUs SBB1 SMN SMM SOE SBB2 SFM SMY CGO CAR CAU CJA
SMN 0.37

SMM 0.56 0.55

SOE 1.95 2.14 2.33

SBB2 21.77 22.17 22.24 22.29

SFM 20.99 21.39 21.45 21.49 6.13

SMY 21.74 22.14 22.21 22.27 6.14 131

CGO 22.66 22.74 22.19 2272 1973 2202 22.30

CAR 2341 23.50 23.56 23.16 17.68 18.71 18.39 19.36

CAU 20.31 20.41 20.46 20.28 19.28 17.11 16.80 19.36 12.22

CJA 21.20 21.29 21.35 20.89 18.40 1740 17.09 18.40 12.25 5.59

Al 18.10 18.21 17.44 19.05 19.09 20.10 19.18 2252 19.22 20.60 2261

Figure 4 - Genetic divergence calculated using the algorithm of Tamura and Nei (1993). For abbreviations, see legend to Figure 1.

guence that migrates to the nucleus. However, this doeblowever, more data should be added to conclude if these
not mean that oth&aguinugaxa, not present in this clade, two forms are really close taxa or not. Secdhdnidas
do not have the same pseudogene. The PCR products weasdS. bicolorwere placed in the same group (cluster 2),
cloned; so, by chance, it is possible that one of the fragas suggested by Natori and Hanihara (1990), Ferrari
ments amplified (the COII gene or its pseudogene coun{1993), Rylandset al. (1993), Jacob®t al. (1995),
terpart) could have been cloned and subsequently seMeireleset al.(1997) and Croppt al.(1999), although
guenced. That is why some sampleSaduinusvere se-  a more detailed analysis will be required before the rela-
guenced for the COII gene (clade 1) and others for thetionship between these two forms, i.e., whet&ebi-
COll pseudogene (clade 2). coloris a subspecies & midascan be defined.
However, the possibility that the migration occurred In spite of its limitations, the present comparison of
after the emergence of the callitrichines cannot be ex-mitochondrial DNA in two different evolutionary scenarios
cluded, in which case divergent haplotypes may have ex{nucleus and mitochondria) offers a useful tool for trac-
isted, one of which migrated to the nucleus. This would ing the evolutionary history of COIl in callitrichines.
explain the degree of divergence observed. If true, it may
be possible to find haplotypes that are very similar to the ACKNOWLEDGMENTS
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study may reflect the choice #btusas the outgroup, Janeiro) for supplying samples and Dr. Stephen Francis Ferrari
given that Schneideat al. (1996) estimated the emer- for reviewing the manuscript.
gence of the Cebidae at approximately 17.5 Mya, which

might favor homoplasy between the Callitrichinae and RESUMO
Aotinae. The divergence rate betw&aguinugcluster
1) andAotus(or evenCallithrix andAotug is slightly Sequiéncias tipo mitocondriais tém comumente sido encon-

higher than that betweeBaguinus(cluster 1) and tradas no genoma nuclear de diversos organismos. Quando
Callithrix. This probably reflects saturation of the bases acidentaimente incluidas em estudos de sequiéncias mitocondriais,
as a consequence of the relatively ancient divergenC@Iiversas conclusdes errbneas podem ser obtidas. No entanto, estes
between the Callitrichinae and Aotinae-Cebinae. The usé’Seudogenes nucleares tipo mitocondriais podem ser usados para
of theAotushaplotype may thus favor the appearance ofa estimativa da taxa relativa de evolugéo de genes mitocondriais e

reverse mutations, turning potentially informative sites [2Mmoém como grupo externo em analises filogenéticas. No
into homoplasic ones presente trabalho, seqiiéncias mitocondriais com caracteristicas

Other studies have shown that COIl is a useful genedo tipo de pseudogene, tais como dele¢tes e/ou insergdes e co-

. . . o ; dons de parada, foram encontradasamarins(Saguinuspp.,
for resolving phylogenetic questions W'.thm _platyrrhlne Callitrichinae, Primates). A andlise filogenética permitiu a estimativa
genera (Anselmo, 199_6; Sena, 1998; F!gue|redo, 1999)do tempo da migragdo da seqiiéncia mitocondrial para o genoma
but not among very divergent platyrrhine genera (Von ncjear e algumas inferéncias filogenéticas. A escolha de um grupo
Dornum, 1997). Despite these problems, it is possiblegxterno nao adequadédtus infulatu ndo permitiu uma
to draw two conclusions from our data. First, the close reconstrugao filogenética confiavel da subfamilia Callitrichinae. A
relationship betwee8. mystaxandS. fuscicollisndi- divergéncia bastante antiga de Cebidae (Callitrichinae, Aotinae e
cated by Hershkovitz (1977) was confirmed (cluster 1), Cebinae) pode ter favorecido o aparecimento de homoplasias,
contrary to Jacobst al. (1995) and Croppt al.(1999). obscurecendo a andlise.
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