
The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  ofJapan

ZOOLOGICAL  SCIENCE 16: 963-970 (1 999) @  1999 Zooiogical Society of  Japan

Presence and
   a  Hominoid
         on  the

Phylogenetic Relationships
-Specific  Retroposon Family
Human  Y Chromosome

of

Heui-SooKim and  Timothy J.Crowt

POVViC} Dqpartmentof Psychiatr)c warneiord HospitaL

                 Cbclorct OX3  7LDC United K7ngdbmUniversity
 of  Oxtbrd)

ABSTRACT-The  retropo$on  SINE-R.C2 was  first identified as a  human-$pecific insertion in the comple-

ment  C2 gene and  the insertion oi a closely related  element  has been implicated as  a cause  of Fukuyama
type muscular  dystrophy. In a previous study, we  found SlNE-R-type retroposons,  derived from the endog-

enous  retrovirus HERV-K  family, have been found to be hominoid specific. In this repo  rt, we  identified twelve
SINE-R-type retroposons  trom the human  Y chromosome  by a PCR  approach.  Compared  with  other  human
retroposons  (SINE-R.C2, 11, 14, 19, and  HS3071HS408),  the Y-chromosomal retroposon  showed  a high
degree  of sequence  homology  (86-96%). Phylogenetic analysis  using  the neighbor-joining  method  revealed

that SINE-R-type retroposons  on  the Y chromosome  were  inter-related with  hominoid  primates, suggesting

that SINE-R elements  on  the Y  chromosome  have evolved  progressively in the hominoid  radiation.  Two

elements  SINE-R.Y-2 and  Y-7 are  more  closely  related  to the human-specific retroposon  SINE-R,C2 than
otherY-chromosomal  retroposons.  Such elements  thus are  likely to be of great potential relevance  to recent
events  in homineid evolution  and  to structural change  or  genetic variation connected  to various  disease.

INTRODUCTION

   lt has often  been suggested  that endogenous  retroviruses

and  retroposons  have played a  role in influencing the func-
tjonal organization  of the human  genome  {Baltimore, 1985;
Kazazian and  Moran, 1998; Sverdlov, 1998). Approximately
1%  of the human  genome  is comprised  of such  sequences,

and  most  of them  have  been  integrated into the primate lin-

eage  thirty-three or more  million years ago  {Haltmeier et al.,

1995; Mager and  Freeman, 1995; Steinhuber et aL, 1995).
The vast  majority  of these elements  were  incorporated as

proviral DNA  which  then rapidly became  replication-defective

by random  accumulation  of mutations  to be vertically trans-
mitted  as  junk DNA. Therefore, particular interest attaches  to

families of elements  that have changed  recently  in human  and

hominoid evolution.  By PCR  and  phyiogenetic analyses,
Medstrand  and  Mager {1998) found that some  solitary long

terminal repeat  (LTR) elements  of the human  endogenous

retrovirus K family (HERV-K) were  human  specific. These el-

ements  may  sti11 be actively  transpo$ing in the human  genome.
For example,  a  HERV-K  LTR  element  has been inserted in
the antisense  orientation  between the gag and  pol gene of
the human  endogenous  retrovirus  S71 {Leib-M6sch et al.,

'
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1993). Another solitary element  has also  been found at the

HLA-DQBI  <Seidl et aL, 1999). It has been estimated  that
there are 25,OOO copies of such  elements  in the human

genome  (Leib-Mbsch et aL, 1993), and  they are  potentially
capable  of affecting  the expression  of closely  located genes
(Akopov et aL, 1998), Simon et aL  {1 994) found that HERV-K-
related  LTR  elements  are  expressed  in human  placenta.
   AmongstthederivativesoftheHERV-KIOretrovirusfam-

ily is a family of Short 1nterspersed Nuclear Elements  (SlNEs)
termedSINE-Rforretrovirus-derived(Onoetat.,19S7),SINE-
Rl 1, 14, 19 were  isolated by colony  blot hybridization with  a

HERV-KIO  probe, and  derive from the 3' long terminal
repeat  and  small  upstream  flanking regions.  These elements
entered  in the genome  of hominoid primates after the split of
Old World monkeys  in the Oligocene period (Kim et aL, 1 999a,
b). The SINE-R,C2 element  was  dlscovered in relation

toavariablenumberoftandemrepeat{VNTR)sequencewithin

the third intron of the gene for C2, the second  component  of

complement,  located in class  111 of the major  histocompatibil-

ity complex  on  the short  arm  of human chromosome  6 (Carroll
etaL,  1 984; Zhu etaL,  1 992). By Southem blot analysis,  SINE-
R,C2 is confined  to Homo  sapiens  (Zhu et aL, 1994). Within
the block in Xq21.3 with  homology to Ypl1.2 that has been
tentatively linked to shizophrenia  and  schizo-affective  di$or-
der (Laval etaL,  1 998) we  previously reported  two retroposons

<HS307 and  HS408) with  92 to 96%  homology to SINE-R.C2

(Kim et aL, 1999b). An element  almost identical in sequence
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to SINE-R.C2 has recently  been reported  as  the cause  of

Fukuyama-type muscular  dystrophy {Kobayashi etal., 1 998),
and  this appears  to be  the first association  of this class  of

elements  with  disease. Influences ot SINE-R elements  on  gene
expression  have  been  described, for example,  a  SINE  ele-

ment  that acquired  a  role in signal  transduction in the course
of mammalian  evolution  (Shimamura et al,, 1998). Here we
report  the presence of SINE-R-type retreposons  en  the

human  Y  chromosome  and  their phylogenetic analysis  with

those of other  humans  and  hominoids,

MATERIALS  AND  METHODS

Sample DNA  and  PCR

   A  human  monochromosomal  somatic  cell hybrid DNA  panel
was  obtained  from the MRC  Human  Genome  Mapping Project
Resource Centre (HGMP-RC, Cambridge, UK, Kelsall et al,, 1995),
The Y chromosomal  DNA  sample  was  subjected  to PCR  ampllfica-

tion.SINE-R-typeretroposonswereamplifiedbytheprimerpairJS902

(5i-GAGAATGGGCCATGATGAC-3i, bases 4-22) and  JS903  (5'-
GATCArClnrGGATGITrCT-3',bases466--485)fromschizophrenic

brain Sl1 cDNA  (GenBank, accession  no. AA772777) which  has a
high level of sequence  homoiogy  with  SINE-R.C2, 11, 14, 19, and

HS307/HS40B  elements  (Ono et  at., 1987: Kim et al., 1999b}. The
PCR  conditions  followed were  those  of  Kim  et  al, (1996) with  an

annealing  temperature of  560C,

Cloning of  PCR  product
   PCR  products were  separated  on  a  1 .8% agarose  gel, purified with

the QIAEX  11 gel extraction kit (Qiagen) and  cloned  into the T-khs307
vector (Kim et aL, 1998). Plasmid DNA  was  isolated by the alkali lysis
method  u$ing  a High Pure plasmid isolation kit (Boehringer Mannheim),

DNA  sequencing  and  data analysis

   1ndividual plasmid DNAs  we  re screened  for inserts by PCR.  Posi-
tive samples  were  subjected  to sequence  analysis  on  both strands
withT7andM13reverseprimersusinganautomatedDNAsequencer

(Model 373A) and  the DyeDeoxy  terminator kit (Applied Biosystem),

SINE-R.C2 (L09706), SINE-Rll (X07417>, SINE-R14  {X07418),
SINE-R19 {X07419), FMR-1  (L29074), HS307  (ABOI6781), HS408

(ABO16782), SCHIZO  (AA772777), Chi-M (ABO18364), Chi-F
(ABO18365), Gor-M {ABO18366), Gor-F (ABO18367), Ora-M
(ABO18368), Ora-F (ABO16369), Gib-M (ABO18370), and  Gib-F
(ABO18371)sequencesweretakenfromtheGenBankdatabase.Se-
quence  analyses  were  done with the aid ot GAP, PILEUP, and
PRErw  from the GCG  pFogram (University of Oxtord). Neighbor-

joining phylogenetic analysis  (Saitou and  Nei, 1987) was  performed
with  the CLUSTAL  W  program (Thompson et  al., 1994) Sequence
homology was  searched  for in the BLAST  network  server (Altschul et

al.,1997).

RESULTS  AND  DISCUSSION

   The  nucieotide  sequences  of the human  endogenous

retrovirus, HERV-KlO,  have  been  found to be  present in homi-

noids  and  Old World  monkeys  by PCR  analysis  using  genomic
DNA  (Zhu et aL, 1994). SINE-R-type retroposons,  that are
clearly derivedfrom the long terminal repeat  (LTR) of the HERV-
K tamily <Ono et aL, 1987; Zhu et aL, 1992), have been found
to be hominoid-$pecific by PCR  analysis  (Kim et aL, 1999b),
Comparing nucleotide  sequences  between SINE-R-type
retroposons  and  HERV-K  LTR elements, we  showed  that the

367 bp of SlNE-R-type retroposons  are  deleted from the HERV-
KLTRsequences(OnoetaL,1987;KimetaL,1999b).ByBLAST
search,  cDNA  prepared from the brain of a patient with  schizo-

phrenia(GenBank,acoessionno,AA772777)wasfoundtohave
sequenoescontainingahighdegreeofhomologywiththe3bLTR

of HERV-KlO  (Ono et at, 1986), SINE-Rl 1, 14, 19 <Ono et aL,

1 987), SINE-R.C2 (Zhu et at, 1994), and  HS3071HS408 (Kim et
al,, 1999b), Therefore, PCR  primers, JS902 and  JS903, were
chosenfromthebraincDNAofapatientwithschizophrenia.Using

genomic DNA  from the human Y chromosome,  we  identified

twelve SINE-R-type retroposons  by PCR  amplification in the

present study  although  we  are aware  that there are  more  S1NE-
R-type retroposons  on  the Y chromosome,  Ono  et aL <1987)
have estimated  that SINE-R elements  were  present at 4000  to

5000  copies  per haploid human genome, So far, limited num-

bers of SINE-R-type retroposons  (SINE-Rl 1, 14, 19, C2, and
HS3071HS408)  have  been  repe  rted in the human  genome (Ono
etaL,  1987; Zhu  etal., 1994; Kim  et aL, 1999b), As  far as  we

know, this is the first time that the nucleotide  sequences  of Y-
chromosomal  retroposons  have been demonstrated. The
sequences  are  presented in alignment  with  those of the other

human retroposon  family in Fig. 1. The sequence  data from the
human  Y  chromosome  was  demonstrated as  derived from

SINE-R-type retroposons  by  comparison  with  other  human

retroposons,  The hominoid specificity of the PCR  products was

also  demonstrated by the absence  of amptified  rodent  DNA

{data not  shown),  As shown  in Table 1, Y-chromosomal
retroposons  have a  high degree of sequence  homology with
other  retroposons,  Sequence  similarity ranged  from 99,5%
betweenSINE-R.Y-7andSINE-R.Y-2,alsobetweenSINE-R,Y-

15 and  Y-17, to 85,6% between SINE-R.Y-4 and  SINE-R,Y-
15. The human-specific retroposon  SINE-R.C2 shared  96%
sequence  homology with  both SINE-R.Y-2 and  Y-7.

   To understand  the evolutionary  relationships  among  these

families with  hominoid retropo$on$,  a  phylogenetic tree was
constructed  by the neighbor-joining  method.  As shown  in Fig,

2, the sequence  of the chimpanzee  male  (Chi-M) is closely
related  to the sequences  from SINE-R.Y-8 and  SlNE-R.Y-4,
while  SINE-R.Y-15 and  Y-17 cluster with  the sequence  from
the gibbon male  (Gib-M) and  female (Gib-F), the schizophrenic

brain cDNA  {SCHIZO), and  the orangutan  female {Ora-F).
Retroposons Y-3, 11, 13, 16, 18, 19 are  clo$ely  related  to
SINE-R14. SINE-R.Y-7 and  SINE-R.Y-2 are  mere  closely

related  to each  other  than either of them  is to SINE-Rl1 and

they cluster  with SINE-R.C2. The human-specific retroposon

SINE-R,C2 is closely related to the sequence  of gorilla male

(Gor-M> and  these sequences  cluster  with  the HS307
retropo$on  that we  previously identified in the Xq21.3 region
of homology with  the Y chromosome  {Kim et al., 1 999b). This

group with  SINE-R.C2 is likely to be of great relevance  to
recent  events  in hominoid evolution.  Thus the sequences  of

SlNE-RelementsontheYchromosomeareintermingledwith
those of similar elements  in hominoid  primates, suggesting

that several  lineages of retroposons  have  been  evolving

independently during hominoid evolution.

   The non-recombining  portion of the human Y  chromo-
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Fig. 1. Nucleotide sequence  alignments  of  the retroposon  family. Consensus  sequences  are  shown  on  the top row. Dashes  indicate no

change  to the consensus  sequence  and  dots indicate gaps. The  nucleotide  sequence  data reported  in this paperfor Y-chromosomal retroposons

will appear  in the DDBJ/EMBWGenBank  nucleotide sequence  databases with  the  accession  numbers  AB025287-AB025298.
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Table  1.Percentage  similarity of nucleotide sequences  in the retroposon  family

12345678910  1112  13  14  15  16  17  18  19  20

 1. SINE-RC2
 2. SINE-Rl 1
 3. SINE-R14
 4. SINE-R19
 5. SCHIZO
 6. FMR-1
 7. HS307
 8. HS408
 9. Y-210.

 Y-311.
 Y-412.
 Y-713.
 Y-814.
 Y-1115.
 Y-1316.
 Y-1517.
 Y-1618.
 Y-1719.
 Y-IS20.
 Y-19

97.3 -92,2
 93,6 -

92,4 94,5 91,1 -

90,2 92,O 92,O 91.1
93,2 94,1 90,2  89.9

95,9 96,4 90,8 92.0
91.8 93.4 93.1 92.0
96.1 98,2 92,7 93.3
89,6 91,7 91,7 90.3
90.4 91.3 87.9 87.6
96.1 98.2 92.7 93.3
93,4 94,7 91,1 90.8
91,5  93,8  93,4 91.5
902 92.5 92,9 92.0
89,2 91.5 91,5 89,9
90,4 92.7 93,1 92,2
89,7  92.0  92.0 90.4
90.7  92.5  93,O  92,O
91,3  93.3  92,9 91,3

 -87.689.791.590.892,486.090.889.093.494.194.593.495.093.692.9
 -92.3

 -92.0
 91,3 -

93.2 95,2 92.9 -

88.0 89,2 90.8 90.8
B9.0 89,5 88.3 89.9
93.2 95,2 92.9 99.5
92.9 92,4 91.5 93.3
B9.0 90,6 91.5 92.4
87.7 89.3 91.5 91.1
87.0 88,3 90.6 90.4
87.9 89,5 91.8 91.3
87.4 88,8 91.1 90.8
87.7 89,3 91,5 91.1
88,8 90,6 91.5 92.2

86.2 -90.8
 89.9 -

89.2 96.1 93,3 -

92.6 87.9 92.4 91.1 -

91.9 87.2 91.1 90.4 93.8
94.7 85,6 90,4 88.6 92.9
922  87.4 91,3 90.6 93.1
952  86.0 90.8 89.0 93.4
91.9 87.2 91,1 90.4 92.9
952  87.4 92.2 90.4 93.6

 -93.1
 -98.9
 92.4 -

93.6 99.5 92.9 -

98.6 92,7 98.9 92,7 -

92.9 91.7 93.1 92.2 92.9 -

some  includes relatively few genes  and  has the capacity  to
accumulate  repetitive and  otherjunk DNA  sequences  uncon-

strainedbythefunctionalconsiderationsthatapplyelsewhere.

It shows  considerably greater variation  between hominoid
species  {Glaser et al., 1997), However, particular interest
attaches  to regions  of homology between the X and  Y chro-

mosomes.  Such homologies have  generally been  created by
X to Y transpositions and  a  number  of such  events have  been
tracked in the course  of  mammalian  and  primate evolution

<Lamb$on et aL , 1992; Glaser etaL,  1 997). Genes  within these
regions  are thus exposed  to new  evolutionary  pressures, and
theirX homologues  are  subject  to differential patterns of inac-
tivation (Jegalian and  Page, 1998). Some  evolutionary

changes  are  known to have been influenced by retroposons,
eg  the LINE-LINE recombination  associated  with  the

paracentric inversion on  the Y  chromosome  (Schwartz et al.,

1997) and  they may  be the most  recent chromosomal  rear-

rangement  in human  evolution.  Such  X-Y  homologous  regions

are  relevant  to the detection of a roie  of retrovirusesl

retroposons  in recent  evolution  in two respects.  First, exami-

nation  of homologous  sequences  on  the X and  the Y may

reveal  new  insertions and  allow  them to be dated. Second,
investigation of the relationship  between genes within these

regions  and  such  elements  as  may  be related to them could
uncover  a role in gene expression  since  any  recent  change

will be differentially expressed  in the two sexes.

   The Xq21.3fYpl1.2 region  of homology is of particular
interest in relation to human  evolution,  as it was  created by a
transposition after the separation  of the chimpanzee  and

human  lineages, and  3.5 Mb  of the transposed region  was

subject  to a subsequent  paracentric inversion (Sargent et aL,

I996; Mumm  et aL, 1997). We  identified two  retroposons

(HS307 and  HS408}  within  the Xq21 ,3 region  with  homology
to the SINE-R.C2 element  (Kim etat, , 1 999b). It will be  impor-

tant to examjne  the homologies of these elements  within the

Yp1 1 .2 region  to asce  rtain whether  changes  in these or other

elements  (eg SINE-R,Y-2 or Y-7) might  be associated  with

genes which  in turn are  relevant  to the sex  differences that

have been described in relation to Homo  sapiens  specjfic  cog-

nitive functions (Crow et al,, 199B),
   SINE-Rl 1, 14 and  19 have a polypurine tract (PPT) that
serves  as  a primer-binding-site for plus-strand DNA  synthe-

sis from retrovirally mediated  reverse  transcription. This indi-
cates  that SINE-R-type elements  like human  endogenous

retroviruses  have a potential functional role in the genomic
DNA  ot human  chromosomes.  According to PCR  and  phylo-
genetic analyses,  integration of several  HERV-  K LTR  ele-

ments  have been shown  to be human specitic (Medstrand
and  Mager, 1 998). We  also  identified a solitary HERV-K  LTR

element  jn a  recently  proliferated class  of LTR elements,  this
was  inserted into Xq26  after the separation  of the hominid
and  great ape  lineages (Kim et aL, submitted).  It seems  that

the LTR  element$  have been randomlytransposed  across  the

chromosome  in the course  of evolution,  Apokov etal. (1 998)
noted  that such  $equences  have the capacity  to modify  the

expression  of neighboring  genes. These elements  may  also

have contributed  to genetic variation  a$sociated  with  various

disease. The HERV-K  sequences,  to which  the SINE-R ele-

ments  are  related,  have been reported  as  a candidate

autoimmune  gene in type 1 diabetes (Conrad et al., 1997),
Two  HERV-K  LTR  elements  have been detected in the hu-
manmajorhistocompatibilitycomplexlocusHLA-DQ{Kambhu

et aL, 1990). One  LTR  element  (DQ-LTR3) of the HERV-K
family at the HLA-DQBI  Iocus has been associated  with  the

rheumatoid  arthritis (Seidl et al., 1999).
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