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Abstract

Genetic differences between populations are a potentially an important contributor to health
disparities around the globe. As differences in gene frequencies influence study design, it is
important to have a thorough understanding of the natural variation of the genetic variant(s) of
interest. Along these lines, we characterized the variation of the SHTTLPR and rs25531
polymorphisms in six samples from North America, Southeast Asia, and Africa (Cameroon) that
differ in their racial and ethnic composition. Allele and genotype frequencies were determined for
24,066 participants. Results indicated higher frequencies of the rs25531 G-allele among Black and
African populations as compared with White, Hispanic and Asian populations. Further, we
observed a greater number of ‘extra-long” (‘XL’) SHTTLPR alleles than have previously been
reported. Extra-long alleles occurred almost entirely among Asian, Black and Non-White Hispanic
populations as compared with White and Native American populations where they were
completely absent. Lastly, when considered jointly, we observed between sample differences in
the genotype frequencies within racial and ethnic populations. Taken together, these data
underscore the importance of characterizing the L-G allele to avoid misclassification of
participants by genotype and for further studies of the impact XL alleles may have on the
transcriptional efficiency of SLC6AA4.
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Introduction

Because of its wide distribution throughout the brain, the neurotransmitter serotonin (5HT)
has been implicated in a number of neuropsychiatric phenotypes. Through its removal of
5HT from the synapse, the serotonin transporter (SHTT, Gene Symbol: SLC6A4) plays an
important role in the extent and duration of serotonergic signaling. The SHTT mRNA is
encoded by a single gene consisting of 15 exons and is located on chromosome 17 at
17g11.2 (Ramamoorthy et al, 1993). The reported transcriptional differences of the SHTT
gene (Lesch et al, 1996) have been ascribed to genetic variants (Heils et al, 1996; Hu et al
2006). The serotonin transporter linked polymorphic region (SHTTLPR) located 1 kb from
the transcription start site consists of a number of 20- to 23- base pair (bp) repeat units that
can vary from 13 to 22 units. Within the SHTTLPR is a 43 bp insertion/deletion (ins/del;
Heils et al, 1996) which gives rise to the most common 14-repeat (14R, Short) and 16R
(Long) alleles. The ins/del in SHTTLPR is associated with variations in transcriptional
activity: the long promoter variant has approximately three times the expression of the short
promoter with the deletion (Lesch et al, 1996). The 14R and 16R alleles account for the
majority of the SHTTLPR alleles, although the distribution of the 17R, 18R, 19R, 20R, and
22R alleles (“XL-alleles’) vary considerably among populations (Nakamura et al, 2000;
Odgerel et al, 2013; Gelernter et al., 1997; Goldman et al, 2010; Murdoch et al, 2013).
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The single nucleotide polymorphism (SNP) rs25531 is also thought to contribute to
transcriptional differences of the 5SHTT. The A — G transition results in two forms of the L-
allele (16R) denoted L-A and L-G and two corresponding S-A and S-G alleles, though the
S-G is infrequently observed. This SNP is located either within (Hu et al, 2006, Wray et al,
2009) or immediately outside (Nakamura et al, 2000; Murdoch et al, 2013; Wendland et al,
2006) the SHTTLPR and was found to segregate nearly perfectly with the L-allele. The
occurrence of a G in the L-allele results in a reduction in the transcriptional efficiency of the
5HTT gene similar to that of the short allele (Hu et al, 2006). Until recently, the impact of
this allele was not accounted for in genetic association studies and this omission may
contribute to the heterogeneity of findings in the SHTTLPR literature.

Recently, Murdoch et al (2013) published a timely and valuable summary of the population
variation at SLC6A4 (9). These investigators characterized the population-specific
distributions of several polymorphisms in SLC6A4 with focused consideration of the
S5HTTLPR and rs25531. In their study of approximately 2,500 individuals around the globe,
they observed, among other things: 1) an absence of the G-allele in Native Americans, 2)
frequency differences in the 14R that may reflect migration patterns from Africa and Asia
into Europe and the Americas, and 3) a total of 10 rare SHTTLPR allele size classes that
included 13R, 15R, 17R, 18R, 19R 20R, and 22R alleles.

Given the potential importance of population differences in the SHTTLPR and rs25531 for
genetic and pharmacogenetic association studies, our group recently characterized both
polymorphisms in four samples from North America, one from Southeast Asia, and one
from rural villages in Cameroon, Africa. In total we present information for 24,066
individuals. With these data, we aimed to 1) determine allele frequencies in the SNP
rs25531 across diverse racial and ethnic populations; 2) assess the evidence for population
differences in the distribution in SHTTLPR genotype as a function of rs25531 status; and 3)
evaluate frequency of extra-long (“XL") alleles in the sample populations.

Methods

Participants

A total of 24,066 individuals were drawn from six ongoing studies within the United States,
Asia, and Africa. These studies included the: 1) National Longitudinal Study of Adolescent
to Adult Health (Add Health; n = 14,784; Harris et al, 2013; Haberstick et al, 2014); 2)
Genes in Context (GIC; n = 1,368; Foshee et al, 2014); 3) Rochester Youth and
Development Study (RYDS; n = 784; Thornberry et al, 2013); 4) Singapore Cardiovascular
Cohort Study (SCCS II; n = 4222; Kaur and Bishop, 2013); 5) Family Transitions Project
(FTP; n = 2379; Conger et al, 2012); 6) Cameroon Language and Genetics Study (CLGS; n
= 529). Further information on each of these studies is provided in the online Supplement.

Genotyping

National Longitudinal Study of Adolescent to Adult Health (Add Health),
Genes In Context (GIC), Rochester Youth Development Study (RYDS),
Cameroon Sample, Family in Transitions Project—5HTTLPR genotype was
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determined using polymerase chain reaction [PCR] (Haberstick et al, 2014) using DNA
collected using the Oragene system (DNAgenotek, Kanata, Ontario, Canada). PCR reactions
contained one pl of DNA [20 ng or less], 1x Buffer Il [Life Technologies (Life Tech), Grand
Island, NY], 1.8 mM MgCl,, 180 uM each deoxynucleotide [dNTP, NEB], with 7°-
deaza-2’-deoxyGTP (deaza-GTP, Roche Applied Science, Indianapolis, Indiana) substituted
for one-half of the dGTP, 10% dimethylsulfoxide (Sigma-Aldrich, St. Louis, MO) forward
(fluorescently labeled) and reverse primers, and one unit of AmpliTag Gold® polymerase
(Life Tech) in a total volume of 20 pl. Forward and reverse primer sequences were: NED-
ATG CCA GCA CCT AAC CCC TAA TGT (concentration: 600 nM) and GGA CCG CAA
GGT GGG CGG GA (concentration: 600 nM), respectively. Amplifications were performed
using a modified (Anchordoquy et al, 2003) touchdown PCR method (Don et al, 1992). A
95°C incubation for 10 minutes was followed by two cycles of 95°C for 30 seconds, 65°C
for 30 seconds, and 72°C for 60 seconds. The annealing temperature was decreased every
two cycles from 65°C to 57°C in 2°C increments (10 cycles total), followed by 30 cycles of
95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 60 seconds, a final 30-minute
incubation at 72°C and a hold at 4°C.

The SNP rs25531 was assayed in order to determine the L-A and L-G alleles using the PCR
method described above with the substitution of primer sequences reported by Hu et al (Hu
et al, 2006): 6FAM-GCA ACC TCC CAG CAA CTC CCT GT (500 nM) and GAG GTG
CAG GGG GAT GCT GGA A (500 nM), respectively. PCR products were incubated with 5
units of Mspl (NEB, Ipswitch, MA) for 90 minutes at 37°C (Wendland et al, 2006). A 97 bp
restriction digest fragment was indicative of the L-G allele.

Following amplification, PCR products and Mspl digests were filter purified using Zymo
Rearch (San Deigo, CA) ZR-96 DNA Sequencing Clean-up Kits following protocols
supplied by the manufacturer. An aliquot of PCR products was combined with loading
buffer containing size standard [Rox1000, Gel Company, San Francisco, CA) and analyzed
with an ABI PRISM® 3130xI Genetic Analyzer (Life Tech) using protocols supplied by the
manufacturer. Fragment sizes were analyzed with Genemapper software with the resulting
allele sizes independently reviewed by two investigators.

Singapore Cardiovascular Cohort Study (SCCS II)—5HTTLPR genotyping used
methods modified from Wray et al (6) and used the Oragene collection system. Briefly, a 50
pL PCR reaction mix was set up with 20 ng genomic DNA, 1.7 mM MgCly, 0.2 uM forward
and reverse primer, respectively, 0.2 mM dNTP, 1.3M betaine (Sigma), 2.5 U GoTaq DNA
polymerase (Promega). PCR was run at the following conditions: 1 cycle (95°C for 5
minutes), 40 cycles (95°C for 45 seconds, 55°C for 45 seconds, 72°C for 45 seconds), 1
cycle (72°C for 10 minutes). The forward primer was (5’- CCT TCA CTC CTC GCG GC),
and the reverse primer was (5’- GCAG GGG GGA TAC TGC GA), both of which were
adapted from Wray et al (2009). PCR products were run on a 2.5% agarose gel. Long-form
(L) and short-form were shown by their sizes of 180bp and 137 bp, respectively. In order to
distinguish the L-A and L-G forms, 20 pL PCR products were incubated in a 30 pL enzyme
digestion reaction buffer with 3 ug BSA, 5 U HPA 11 (NEB) at 37°C overnight. Digestion
pattern was revealed by a 2.5% agarose gel with an uncut 180 bp fragment for the L-A form
or a 147 bp fragment for the L-G form.
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The ethnic group membership was that assigned by each study based on self-reports. Allele
frequencies and population genetic parameters were calculated using the PROC ALLELE
statement in SAS/GENETICS (Version 9.1; SAS Institute Inc., 2005). PROC ALLELE
calculates polymorphic information content (PIC), heterozygosity, Hardy Weinberg
Equilibrium (HWE), allelic diversity statistics that can provide an indication of marker
informativeness.

Results and Discussion

Single nucleotide polymorphism (SNP) rs25531 in the L-allele (16R) of the SHTTLPR and
the A — G transition results in two forms denoted L-A and L-G. Allele frequencies for these
two forms and the S-allele (14R) are provided in Figure 1. Sample sizes within ethnicity and
by study are provided in Supplementary Tables 1 to 6. As can be seen, the G-allele is less
frequent within all the populations examined than either the L-A form or the S-allele.
Between populations, Hispanics, Whites and Native Americans generally have a lower
frequency of the G-allele than Asians and Blacks. This observation is consistent with the
percentage G-allele identified across ethnic group among these six studies, which ranged
between 0.08 (Add Health and GIC) to 0.40 (SCCS II).

Including SNP rs25531 (L-A, L-G) in the biallelic coding of the SHTTLPR (S, L) results in
six two-locus genotypes: L-A/L-A, L-A/L-G, L-A/S, L-G/L-G, L-G/S, and S/S. These six
genotypes yield the triallelic SHTTLPR genotypes denoted as S’/S’ (includes: S/S, L-G/S,
L-G/L-G), S’/L’ (includes: L-A/S, L-A/L-G), and L’/L’ (Includes L-A/L-A). Though
detected, the single S-G allele observed among a Non-Hispanic White participant in Add
Health is not included here. Genotype frequencies and sample sizes within ethnicity by
study are provided in Tables 1 through 6 and graphically displayed in Supplemental Figure
1.

In general, the six-two locus genotypes show a complex frequency distribution that varies
more between ethnic groups than within. As compared with Whites, Asians have the lowest
frequency of any ‘long-allele’ whereas Blacks and Africans have a relatively low frequency
of any ‘short-allele’. A similar pattern was found among those who self-reported an Asian-
or Black-Hispanic ethnicity. There were significant frequency differences between Non-
Hispanic Whites and Non-Hispanic Blacks (p <0.001). Interestingly, the genotypic
distribution of the six two-locus genotypes in the Cameroon sample did not differ from those
observed among North American Blacks (p = 0.94), possibly reflecting historical migration
patterns.

Three other novel observations can be made from these data. First, as compared with Blacks
and Africans, the absence or near absence of the L-G allele among Native Americans,
Caucasians, and Hispanics appears to reflect a genetic distinction between Hispanics in the
United States having a predominantly Caucasian and African ancestry and those having a
predominantly Caucasian and Native American ancestry (Manichaikul et al, 2012; Bryc et
al, 2010; Genovese et al, 2013). Second, in most samples using rs25531 to define the high
activity L’ allele, presence of the minor G alelle results in a relatively small (< 10%)
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decrease in frequency of the L’ allele in White Non-Hispanics but a larger (> 20%) decrease
in Black Non-Hispanics, suggesting that use of the G allele will have a larger impact on
genetic association results in Black Non-Hispanics. Third, across all of the samples, we
identified a total of 371 “XL-alleles’ (rare allele size classes: 17R, 18R, 19R, 20R, 22R), the
vast majority of which found as heterozygotes. Interestingly, the ‘XL-alleles’ were
predominantly identified among Asians, Non-Hispanic Blacks and Hispanic Blacks from
North America. Taken together with the absence of “XL-alleles” among European Whites,
Native-American and Non-European Hispanic, Native Americans, and the majority of those
who self-reported ‘Mixed’ ethnicity, the presence of an ‘XL-allele’ may be a useful
indicator of population origin in addition to other variants with allele frequency differences
(Reich et al, 2012; Wang et al, 2008).

In sum, we document wide variation in the allelic and genotypic frequencies of the
S5HTTLPR alleles. Specifically, we found greater numbers of ‘XL-alleles’ than observed in
other studies as well as wide variation in the minor (G) allele of rs25531 among racial
groups. The effect of these on SHTT transcription (Hu et al, 206; Vilavendran et al, 2012)
encourages their characterization in large, ethnically diverse samples in order to enhance the
opportunity for association studies to elucidate the contribution of this polymorphism to
neuropsychiatric and health related phenotypes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Allele frequencies for SNP rs25531 as a function of ethnicity across six samples (N =

23,615)
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Note: H, Hispanic; NH, Non-Hispanic; NA, Native American; NE, Non-White; B, Black; A,
Asian; M, Malay; I, Indian; C, Chinese; GIC, Genes In Context; RYDS, Rochester Youth
and Development Study; Add Health, National Longitudinal Study of Adolescent Health;
FTP, Family Transitions Project; MIXED was a self-report grouping choice without
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clarification for participants in the Add Health, RYDS, and GIC samples.Sample sizes and
allele frequencies within ethnicity by study are provided in Supplemental Tables 1 - 6.
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