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ABSTRACT. To assess the change of serotonin transporter (5-HTT) gene-linked polymorphic region that 
has occurred during the process of hominization, we examined the allelic variation of 5-HTT gene-linked 
polymorphic region (5-HTTLPR) in anthropoid apes such as chimpanzees, gorillas, orang-utans, and gib- 
bons, and determined the DNA sequences of the alleles in each species. All chimpanzees examined shared 
only the 17.5 repeat allele, while polymorphism was observed in the other apes and the 16 and 20 repeat 
alleles were most frequent in gorillas and orang-utans, respectively. 5-HTFLPR was highly polymorphic 
in gibbons and the 17 and 23 repeat alleles were most common among 5 alleles. Alleles with extra-long 
repeated (22 and 23) sequences were found in orang-utans and gibbons, and the alleles of these Asian apes 
were similar to the rhesus monkey allele. 

Key Words: Serotonin transporter; Promoter sequence; Allelic variation; Hominization. 

INTRODUCTION 

The receptors for neurotransmitters are distributed in specific areas of the brain and are 
expressed in neural cells having effects upon various neurological and psychological functions. 
Genetic polymorphism has been reported in several genes encoding the above cell surface 
receptors. For example, human serotonin transporter (5-HTT) gene is polymorphic in terms of  
the repeat numbers of the GC-rich 20-23 bp sequence located in the 5-HTT gene-linked poly- 
morphic region (5-HTTLPR) proximal to the transcription initiation site (HHLs et al., 1996) and 
14-20 repeat alleles have been reported in humans (HELLS et al., 1996; DELBRt)CK et al., 1997; 
MICHAELOVSKY et al., 1999), with the 14 and 16 repeat alleles being most common in human 
populations. The promoter activity of  the 14 repeat allele was found to be reduced as compared 
to that of  the 16 repeat allele in vitro (HELLS et al., 1996), resulting in a decreased 5-HTT 
expression and serotonin (5-HT) re-uptake (LEscH et al., 1996; GREENBERG et al., 1999). 

Since 5-HTT modulates the amount of  secreted serotonin in the synapses, 5-HTT is involved 
in the regulation of  various functions such as mood, cognition, food intake, and sleep. An asso- 
ciation between genetic variants of  the 5-HTT gene and several neuropsychiatric disorders has 
been proposed (OuvEIRA et al., 1998; ROSENTHAL et al., 1998). In addition, allelic variation of  
the 5-HTT gene has been shown to be possibly related to human personality traits (LEscH et al., 
1996; MAZZANTI et al., 1998; KATSURAGI et al., 1999). That is, individuals with 14 repeats in the 
5-HTT gene promoter displayed higher scores in a personality test for anxiety/neuroticism than 
did those with 16 repeats. However, other reports (GELERNTER et al., 1998; FLORY et al., 1999; 
KUMAKIRI et al., 1999) showed no significant association between 5-HTT genotypes and the 
above personality traits. It remains unclear whether 5-HTT gene locus is itself affecting anxi- 
ety/neuroticism or is linked to another unknown functional variant. 
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5-HTTLPR has been identified in humans, apes, Old World monkeys, and New World mon- 
keys but not in prosimians (LESCH et al., 1997). It has been suggested therefore that a progenitor 
5-HTTLPR sequence derived from a viral genome or a transposable element may have been 
introduced into the genome of the ancestral simian primate. DNA sequences of 5-HTTLPR 
have been described in the chimpanzee, orang-utan, and rhesus monkey (LESCH et al., 1997). 
These non-human primates have relatively longer 5-HTTLPR sequences with an increased 
number of tandem repeats as compared to human sequences. However, only a few individuals 
of each species were examined in the above apes, and the DNA sequences and variations of 5- 
HTTLPR in other apes such as the gorilla and gibbon remain obscure. Such data are indispens- 
able for assessing the change of 5-HTTLPR that occurred during the process of hominization. 
The present study describes the allelic variation of 5-HTTLPR observed in 54 individuals from 
4 ape species and the DNA sequences of typical alleles of each species. 

MATERIALS AND METHODS 

PRIMATES 

Blood or tissue samples were collected from the following species: chimpanzees (Pan 
troglodytes, n=16), gorillas (Gorilla gorilla, n=14), orang-utans (Pongo pygmaeus, n=9), and 
MOLLER'S gibbons (Hylobates muelleri, n=15). In addition, we determined polymorphism in 
humans (healthy Japanese subjects, n=102) and the DNA sequences of three alleles (the 14, 16, 
and 20 repeat alleles) of 5-HTTLPR. Most of the non-human primates were kept at the Primate 
Research Institute of Kyoto University, Japan Monkey Centre, Sanwa Kagaku Kenkyusho CO., 
LTD., and Tama Zoo in Japan. Fourteen blood samples from MOLLER'S gibbons were obtained 
from pet animals bred on Borneo Island, Indonesia. As for the all samples, the genealogy is not 
known. 

POLYMERASE CHAIN REACTION (PCR) AND DNA SEQUENCE 

Genomic DNA was extracted by the conventional phenol-chloroform method or with a 
QIAamp blood kit (QIAGEN, Chatsworth, CA). The 5-HTTLPR containing the repeated 
sequence was amplified by the PCR according to HELLS et al. (1996). The primers were synthe- 
sized based on the human 5-HTT 5'-regulatory region. The primer sequences employed were 
5'-GGCGTTGCCGCTCTGAATGC-3' and 5'-GAGGGACTGAGCTGGACAACCAC-3' ,  cor- 
responding to the nucleotide positions of --1416 to --1397 and --910 to --888, respectively. 
The predicted size of the PCR product is 484 bp in the case of the 14 repeat allele and 528 bp in 
the 16 repeat allele. The DNA (20 - 100 ng) was exposed to 20 ill of PCR buffer containing 0.5 
txM each of primer, 0.5 U of ExTaq polymerase (Takara, Kyoto, Japan), 125 ~M of dATE 
dTTP, and dCTP, and 62.5 I~M of dGTP and 7-deaza-dGTP (Boehringer Mannheim, Germany). 
The resultant solution was subjected to 30 cycles of incubation, with each cycle consisting of 
denaturation for 30 sec at 95~ annealing for 30 sec at 65~ and extension for 1 min at 72~ 
Each sample was separated on 2% agarose gel. The genotype was estimated from the product 
size and confirmed from its nucleotide sequence. 

The PCR products were extracted from the gel and then directly sequenced by the dye termi- 
nation method using a Perkin Elmer 377 sequencer. The nucleotide sequence was determined in 
both strands at least twice. The sequences of the repeated units contained in 5-HTTLPR were 
aligned using CLUSTALW (THOMPSON et al., 1994). 
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Fig. 1. Example of PCR-based detection of 5-HTFLPR in apes. The human alleles (lane 1: 14/14; lane 2: 
16/16; lane 3: 14/20) are also given for comparison with the ape alleles. The species included in the figure 
are: chimpanzees (lanes 4 and 5: 17.5/17.5), gorillas (lane 6: 16/16; Jane 7: 17/17; lane 8:18/18), orang- 
utans (lane 9: 18/18; lane 10: 20/20; lane 11: 22/22), and gibbons (lane 12: 23/23; lane 13: 22/22; lane 14: 
17/17; lane 15: 16/17; lane 16: 15/17). The numbers of tandem repeats were confirmed by sequence analy- 
sis. 

RESULTS AND DISCUSSION 

ALLELIC VARIATION OF 5-HTTLPR 1N APES AND HUMANS 

The number of  repeated units of  5-HTTLPR was estimated from the size of  the PCR product 
(Fig. 1). As shown in Table 1, the 14 repeat allele has been found only in humans and this allele 
was most frequent in the Japanese in contrast to Caucasians as reported previously (ISHIGURO et 
al., 1997; DELBR0CK et al., 1997). We also identified the 20 repeat allele in the Japanese, which 
has been reported to be unique in African individuals (DELBR0CK et al., 1997). 

Among the apes, all 16 chimpanzees examined shared only one genotype with the homozy- 
gote of  the 17.5 repeat allele, which was estimated from the size of  the PCR product. Although 
the 18 repeat allele has been reported in chimpanzees (LESCH et al., 1997), we failed to identify 
this allele by both electrophoresis and sequence analysis: only the 17.5-repeat allele was found 
in our specimens. Common chimpanzees can be classified into four subspecies (MOR1N et al., 
1994; GONDER et al., 1997), and the use of  different subspecies in the experiments (P. t. v e r u s  

was examined in the present study while subspecies examined by LESCH et al. was unknown) 
could thus be reflected in the above disparity. On the other hand, polymorphism was noted in 
the other apes, with the 16 and 20 repeat alleles being most frequent in the gorillas and orang- 
utans, respectively. 5-HTTLPR was highly polymorphic in the gibbons, and 17 repeat allele was 
most frequent among five alleles. Twenty and more repeat alleles were rare or absent in the 
humans, chimpanzees,  and gorillas, whereas these alleles were common in the orang-utans and 
gibbons. 

Table 1. Allele frequency of the serotonin transporter gene-linked polymorphic region. 

H u m a n  Chimpanzee Golilla Orang-utan Gibbon 
Allele* n= 102 n=l 6 n=14 n=9 n= 15 
14 0.775 
15 
16 0.221 
17 
17.5 
18 
20 0.004 
22 
23 

1.000 

0.067 
0.536 0.033 
0.143 0.500 

0.321 0.111 
0.778 
0.111 0.067 

0.333 
*Allele with the given number of tandem repeats in the promoter sequence. 



270 M. INOUE-MURAYAMA et al. 

i 

6 
o 

o 
o 
o 

B 

U 

U 

U 

U 

N 

~ U  

O 0  
I Ell 

o u  

o o  

o u  
~ u  

O 0 0 0 B O O O U ~ O 0 0 0 0  
0 ~ 0 ~  O ~  ~ U  0 0 0 0 0  

~ 0  ~ 0 0 0 ~  

o o  
~ o o ~ o  

??~?? 

~ 

0 0 0 0  

??~?o , ?? 

~ ooO~ 

U 

o o o  
o o o  
~ o o  
[,~ [,~ i 

u u  
~ u u  

i 

U 

U 
U 

~ N  

U 

U 

E~E~ 

o o  
o o  

~ o u  

UU 
UU 

UU 
UU 
UU 

o ~ o o ~  

u u  

~ o o o o  

o 

o 

o o 

U ~ O O U O ~ U U U U O ~ U  

i ~ 
O U ~ U  U U U O  

U O  



Promoter  Sequence  o f  5 - H T ]  ~ Gene  in Apes  27  ] 

e- 
'.~_, 

0 

O O O U  
U U U U  

O O O O O  
O ~ O O  

I I I I I I I I I I  

U U U O U U U ~  
U O O U U ~ U O U U  
B B U U U U O O U U  

U U U O U ~ U O 0  

~ O O ~ O O 0 ~  

U O O ~ U O U U U  
U U U U O O  U U  UU 

UUU 

UU u 

~UU 

O O O O 0 0 U O U O O U U ~  
O O U O O O U O B O B O O B O  

~ I O 0 0 O ~ O O U O ~ U ~ U O 0  
~ O ~ U O O U O O O O U U ~ U  

u o o o ~ o o o o u o o u  
") ~ ~ ~  

i l i l l l l * l  I I O U  

O O O U ~ E  O ~ O  ~ U  U O 0  
~ U O U E O U O ~ O l l  U ~  

~ O ~  0 L O 0 ~  ~ O U  

p U U U  O L  U ~ U  ~ ~ O  

~ ~ , ~  ~ 
~ U U ~ L  O O O  ~ O  U O U  
U U O U ~  O U U  ) U  U ~ U  
U ~ U U O ~ U O ) U  U O O  
U ~ U U U ~  O U U  ) U  U U U  

c ?? 

~ '  

i i  o ~  , , u  IB6I 
O O O O O  O O B ~  o o  

~ g ~  . . . .  

O 0 0 O O  ~ 0  

uu 
uu w 

o o ~ 1 7 6 1 7 6 1 7 6  

u 

u 

i 

:~ t m ~ . ~  . 

" r  . ' ~  ~ r ~ o ~. ~ ~ ~ ' - ,  ~ .. 

hr 0 r.j ,.E: 1:::: 0 

~ ~-~, ~ ~ C:: ~ .~  0 
~ ~ ~Jx~ ~a o ' n  0a E 
ir,,I ~ r" ,0J,, <~ ~ 0 0J t~ 

c~ 0 I-~ cn 0 0 ~ :::3 

. . . . . . .  ~ . . . .  ~ o  

~ o u o o o o o o u o o o o u o o  
oooouoo~uooo~~176176176176176176176176176176176 ~ o ~ o ~ o o ~ o o o ~  

~ 0 0 0 0 0 0 0 0 0 ~ 0 0  

, " ~ '  1 ~ ~ ~  ~ ~ ~  



272 M. INOUE-MURAYAMA et al. 

COMPARISON AMONG DNA SEQUENCES OF 5-HTTLPR 

We determined the nucleotide sequences of all 5-HTTLPR allelic variants. Figure 2 presents 
the DNA sequences of the ape 5-HTTLPR. The human and rhesus monkey (Macaca mulatta, 
LESCH et al., 1997) sequences are also included in this figure. In orang-utans, we determined the 
sequences of the 20 and 22 repeat alleles, in addition to the 18 repeat allele which has been 
reported in a previous paper (LESCH et al., 1997). The sequences of 5-HTTLPR in gorillas and 
gibbons were newly determined in the present study. 

Insertion or deletion of unit(s) was recognized at four sites of the sequences in the apes. 
Region A located between the second and the seventh units (serial numbers of repeated units) 
was specific to orang-utans and gibbons. In these apes, extra-long repeat alleles were found and 
alleles such as 022, Gi22, and Gi23 had additional sequences in Region A, which were highly 
homologous with the rhesus monkey sequence, Rh23. Region B corresponding to the 13th - 
19th units was a common polymorphic site present in humans, gorillas, orang-utans, and gib- 
bons. In the vicinity of Region B, the 12th unit of the chimpanzee sequence was incomplete 
with the deletion of 11 nucleotides. Region C in the 23rd unit and Region D in the 25th unit 
were specific to gorillas and gibbons, respectively. The polymorphic sites of 5-HTTLPR thus 
differed between each species of ape. 

The polymorphism observed in orang-utans and gibbons has strong implications for the ori- 
gin of 5-HTTLPR in apes. In these Asian apes, extra-long repeat (22 and 23) alleles were recog- 
nized and their sequences were similar to the Rh23 sequence. The Gi23 allele was estimated to 
be maintained at a relatively high frequency of 0.333 in MOLLER'S gibbons. These findings sug- 
gest that the ancestral ape might have had such extra-long repeat alleles. 

It is inferred that dynamic changes of 5-HTTLPR in its length had occurred at the stage of 
orang-utans and gibbons. These apes are arboreal primates and display a relatively small social 
structure consisting of solo or family members, when compared with those of the chimpanzee 
and gorilla. The development of various alleles and an increased frequency of shorter repeat 
alleles during the process of hominization could reflect the changes in habitats and social struc- 
tures. In addition to molecular genetic studies of 5-HTTLPR, biochemical and behavioral scien- 
tific analysis is required if we are to succeed in elucidating the detailed significance of 
5-HTTLPR polymorphism in ape societies. 
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