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Abstract

Background: The Ribosomal protein S19 gene locus (RPS79) has been linked to two kinds of red cell aplasia, Diamond-
Blackfan Anemia (DBA) and Transient Erythroblastopenia in Childhood (TEC). Mutations in RPS79 coding sequences have
been found in 25% of DBA patients, but not in TEC patients. It has been suggested that non-coding RPS19 sequence
variants contribute to the considerable clinical variability in red cell aplasia. We therefore aimed at identifying non-coding
variations associated with DBA or TEC phenotypes.

Methodology/Principal Findings: We targeted a region of 19980 bp encompassing the RPS19 gene in a cohort of 89 DBA
and TEC patients for resequencing. We provide here a catalog of the considerable, previously unrecognized degree of
variation in this region. We identified 73 variations (65 SNPs, 8 indels) that all are located outside of the RPS79 open reading
frame, and of which 67.1% are classified as novel. We hypothesize that specific alleles in non-coding regions of RPS79 could
alter the binding of regulatory proteins or transcription factors. Therefore, we carried out an extensive analysis to identify
transcription factor binding sites (TFBS). A series of putative interaction sites coincide with detected variants. Sixteen of the
corresponding transcription factors are of particular interest, as they are housekeeping genes or show a direct link to
hematopoiesis, tumorigenesis or leukemia (e.g. GATA-1/2, PU.1, MZF-1).

Conclusions: Specific alleles at predicted TFBSs may alter the expression of RPS19, modify an important interaction between
transcription factors with overlapping TFBS or remove an important stimulus for hematopoiesis. We suggest that the
detected interactions are of importance for hematopoiesis and could provide new insights into individual response to

treatment.
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Introduction

Diamond Blackfan Anemia (DBA) is a congenital pure red cell
aplasia (OMIM 205900) typically presenting within the first year
of life [1,2]. The gene encoding ribosomal protein S19 (RPS79)
[3,4] has been shown to be mutated in 25% of DBA patients [5].
Recently, mutations in several other ribosomal protein genes have
been identified in approximately 10% of DBA patients [6-9].

Transient erythroblastopenia of childhood (TEC; OMIM
227050) is a transient red cell aplasia with clinical similarities to
DBA [10,11]. Linkage analysis has indicated an association
between TEC and the region encompassing RPSI9 but no
structural mutations have been identified so far [12].

Until now, more than 70 RPS79 mutations have been reported
in DBA patients [5]. Mutations are spread out over the entire
gene, including non-sense and mis-sense mutations as well as
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deletions and insertions. DBA is characterized by a marked clinical
heterogeneity without correlations to any specific mutation [2,13].
At least 30% of DBA patients respond to steroid treatment and
patients carrying RPS79 mutations display a poorer response [3].
The marked clinical heterogeneity strongly implies the involve-
ment of genetic and/or environmental tissue specific modulators
[2]. It has been suggested that the red cell aplasia is caused by
ribosomal protein haploinsufficiency. Consequently, the expres-
sion level of a specific ribosomal protein becomes critical for the
disease. The expression may be influenced by non-coding
variations resulting in a decrease in the amount of protein
available below a critical threshold [14]. Moreover, the clinical
variability associated with a mutation in a specific structural
ribosomal protein gene may be related to non-coding variants on
the non-mutant allele. Studies so far have focused on protein
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coding parts and no detailed catalog of non-coding genetic
variation is available. The identification of putative regulatory
sequence elements in non-coding regions (such as transcription
factor binding sites) is therefore of importance for future research.
Many transcription factors (TFs) have been implicated in human
disorders, for example HNF4alpha in diabetes [15,16], USF1 in
familial combined hyperlipidemia [17] and AP2alpha in cleft
palate [18].

We therefore aimed at identifying non-coding variations that
are associated with the DBA or TEC phenotypes. Here, we report
on the targeted resequencing of the entire RPS79 locus in 77 DBA
and 12 TEC patients not carrying a mutation in exons of the
RPS19 gene and we provide a catalog of the genetic variations
identified. Furthermore, we searched the entire region for putative
transcription factor binding sites (TTBS) some of which are
presumably altered by the variations identified. We suggest that
gene variants at TFBSs influence the expression of RPS79 with a
resulting effect on disease pattern and response to treatment.
These findings are important to clarify the regulation of RPS/9
gene expression and for our understanding of the pathobiology
behind DBA.

Results

Genetic catalog of the RPS19 locus

We initially targeted a region of 14.7 kbp on human
chromosome 19 (chr19:47,053,043-47,068,080), encompassing
RPS19 and 2 kbp of flanking region (Accession numbers:
RSG_JCVI|RPS19-004110_004111-C_G, RSG_JCVI|RPS19-
005767_005771-D_CTAA). Variations were assigned in all
individuals to provide a genetic map of the RPSI9 locus. In
addition, we analyzed a region upstream of the initial sequencing
effort in a subset of patients (chr19:47,048,100-47,053,043); both
analyzed regions together comprised of 19’980 bp (figure 1). We
detected a total of 73 variations of which 65 were single nucleotide
polymorphisms (SNPs; 89.1%) and 8 were insertion/deletion
variants (indels; 10.9%). Forty-three SNPs (66.2%) and 6 indels
(75.0%) were not previously described and could be classified as
novel (figure 1 and table 1; SNPs identified in this study are
referred to as “novel” throughout this report - their subsequently
assigned database identifiers are listed in table 1). Altogether, 49 of
the variations identified (67.1%) were novel. One of the novel
indels overlaps with a known SNP (rs725332; table 1). All variants
are located outside of the protein coding sequence of RPSI9.
Interestingly, the density of variations (SNP or indel) is one per
273.7 bp (3.6 variations kbp™"), including one SNP per 293.8 bp
(3.4 SNPs kbp ). This is in contrast to the expected density of one
SNP per 1.9 to 2.18 kbp™ ' that has been estimated for human
chromosome 19 in previous studies [19,20]. Several of the
detected SNPs show a high frequency within the patient material
(table 1). However, a considerable number of variations (30 out of
73) show frequencies of less than 1% and the prevalence of these
“private” or rare variations is high, compared to previous
estimates of 7% [21].

Comparative genomic sequence analysis of the RPS79
locus

Human RPS79 has homologs in eukaryotes and archaebacteria
but no eubacterial counterparts [22]. RPS19 is a component of the
40S subunit of the ribosome, which is important for regulation of
translation of mRNAs into polypeptides [23]. From all the
mammalian sequences available, we selected those assembled into
chromosomes with high coverage and lack of gaps in the targeted
genomic region, assuring gene synteny and that the original
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structure of the human RPS79 gene is conserved (i.e. number and
order of exons). We obtained and aligned syntenic genomic
regions of 200 kb around the orthologous RPSI/9 gene from 6
species (mouse, dog, cow, orangutan, macaque and chimpanzee;
supplementary figure S1 and supplementary text S1). Infocon [24]
identified a total of 161 blocks of high information content
(BHICs) with highly conserved multi-species alignments within the
200 kb region. They averaged 20 bp in size and their distribution
in protein coding, non-coding and untranslated regions is shown in
supplementary figure S2. A high information content block is a
cluster of conservation between species where the alignment
contains information for every species represented. Because this
alignment is so highly conserved at almost every position, the
consensus sequence for each BHIC defaults to the reference
genome used in our alignment. 12 SNPs were contained in
BHICs, 10 of them are detailed in supplementary table S1. If we
consider the conservation of the polymorphic nucleotide, 7 of
them are totally conserved across species (novel-12, novel-14,
novel-15, novel-17, novel-18, rs2075749, rs2075750), 3 present a
miss-match in one of the species (novel-13, mouse; novel-40, dog;
rs1366610, mouse) and another 3 present two miss-matches
(novel-3, cow-dog; novel-42, cow-mouse; rs930102, human-cow).
With this analysis, we discovered that in many cases the human
variation is found across species. Additionally, we downloaded the
29-way eutherian mammals Enredo-Pecan-Ortheus (EPO) align-
ment track containing ultra-conserved elements from the En-
sEMBL database and compared this to our alignment results
(supplementary figure S1). From nine conserved elements defined
as EPO, five were entirely contained in our 7-way species
alignment. Surprisingly, two were not contained at all. None of the
novel SNPs was contained in a defined EPO region.

All information obtained in our report and from external
resources was converted into *.gff files in an effort towards
improving the annotation of the RPS79 locus (*.gff files can be
imported to the UCSC genome browser for visualization and are
compiled in supplementary text S2; see also figure S2).

Identified putative transcription factor binding sites that
superimpose with novel SNPs

We used the resulting multi-species alignment to analyze
whether any of the detected variation marks out any sequence
element important for regulation by modulators or regulating
factors. We searched selected genomic regions for putative
transcription factor binding sites (TFBS) focusing on regions with
a high degree of conservation (figure 1). Our aim was to identify
whether any of the detected SNPs coincide with predicted TFBS.
A number of detected variations fall within putative TFBS
(supplementary table S1). Additionally, to further narrow down
the number of identified TFBS, we asked whether the identified
TFBS are likely to be functionally relevant for adaptations in
expression of RPS19 protein in the context of DBA/TEC. We
searched the literature for association of the corresponding
transcription factors to general transcription, tumorigenesis and
hematopoiesis. Sixteen different transcription factors (GATA-I1
and -2, CDC5, Ebox, HOXA3, MSX-1, MZF1, PAX-2, -5 and -
6, PBX-1, PPARalpha, PPARgamma, PU.1, SP1, YY) are of
particular interest with possible link to the DBA and TEC
phenotypes (e.g. important for hematopoiesis, implicated in cancer
development, strong general transcription factor). The putative
TFBS coincide with 23 of the detected variants (table 2). The
corresponding transcription factors bind to 15 possible sites
upstream of the RPSI9 coding region (TFBS encompassing 19
SNPs), at one position within the second intron (one detected SNP)
and to three sites located in intron 4 (three SNPs). In some cases,
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Figure 1. Schematic view of the ARPS79 locus on chromosome 19. The genomic region targeted by the resequencing analysis
(chr19:47'048'100-47'068'200) is shown as a snap shot using the UCSC Genome Browser (http://www.genome.ucsc.edu/). Amplicons and mammalian
conservation are indicated, as well as detected variations (novel and known Polymorphisms, respectively). SNPs contained in dbSNP (version 128) are
shown next to our reported variants. The six exons of the RPS79 gene and 3'-end of the DMRTC2 gene located upstream are shown in grey. A more
detailed view presenting all available information compiled on the targeted region is shown in supplementary figure S2. The whole analyzed region
encompasses 19980 kbp. (A) Detailed picture of the overlapping TFBSs and functional data extracted from EnsEMBL and Transfac (supplementary
text S2) next to discovered variation in the upstream area towards the DMRCT2 gene. A more detailed section (1) describes the multiple alignment of
a region comprising 476 bp upstream of the RPS19 Start codon (ATG) located in the second exon. For the 7 species selected, five different SNPs (in
red with red arrows pointing the SNP position in the sequence), a transcription start site (TSS) from the Fantom database (presented as an arrow
indicating transcriptional direction), several interesting TFBSs overlapping highly conserved SNPs (in blue with blue stars indicating important
positions; table 2), and the four highly conserved regions reported by DaCosta et al. (containing the detected n-Myc motif) are highlighted.

doi:10.1371/journal.pone.0006172.g001

the TFBS was independently identified by two different tools/
databases (e.g. PBX-1 binding site in upstream region; table 2).

Comparative analysis of the proximal promoter region of
RPS19

Previous studies have tried to identify the promoter region of
RPS19. Our study confirms that the RPS!9 promoter region shares
typical features with other mammalian ribosomal protein genes
(e.g. absence of a canonical TATA-box). We also detected an
accompanying non-consensus CCATT-box 72 to 83 bp upstream
of the transcription start site commonly described in public
databases (according to EnsEMBL). Three different transcription
start sites (T'SS) have been described (BC018616; BC000023;
D28389) which differ only in the length of the 5'UTR of the
resulting mRNA. We have observed additional 5'UTR variants
differing in length between 33 to 467 nucleotides (unpublished
data). The observed spread of the TSS together with the absence
of a canonical TATA-box classify the RPS19 promoter as “broad
type promoter” according to Sandelin and colleagues [25].
Interestingly, the TSS stretch encompasses regions important for
expression of RPSI9 described previously by DaCosta et al
(figure 1) [26]. The authors identified regions of high conservation
between mouse and human in the putative promoter region of
RPS19, regions we also detect in our analysis (figure 1A). They
predicted a promoter sequence and subsequently showed that the
predicted promoter sequence and one of the conserved regions are
important for expression of a reporter construct [26].

We did not detect any variation in the 1.5 kb proximal region
upstream of the first exon. This region is additionally character-
ized by a high degree of conservation (figure 1_1). These findings
underscore the importance of this region for expression of RPS79.
DaCosta and colleagues identified several putative TFBS within
the upstream region of RPS19 [26]. We checked whether we could
reproduce their predictions of TFBS. In several cases, we obtained
an even finer consensus motif (e.g. n-Myc, figure 1). In their study,
DaCosta and coworkers define a strong C-Rel/Rel-A site that
coincides with an NF-kB site. This is not surprising, because NF-
kB is known to bind C-Rel in transcriptional regulatory systems
[27]. Our matrix used in this detection is actually capable of
detecting such a consensus site but cataloged it as NI-kB. Finally,
we detected the SP1 motif in the first conserved region and an SP1
instead of the CACCC-Bf binding site [26]. This particular SP1
binding site (CCACCC) has been described as a regulatory switch
element that stimulates SP1/GATAI cooperation, and the
consensus sequence is similar to the CACCC-Bf sequence [28].

Discussion

Association studies take advantage of the known variations
throughout the human genome including SNPs and microsatel-
lites. It has been suggested that the identification of all the
potential risk-conferring variations within one disease associated
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gene is important for appropriate genotype-phenotype correlations
[29,30]. Targeted resequencing studies are therefore an important
step that may provide detailed catalogs of genomic variations to
further studies of the mechanisms underlying diseases and
pharmacogenetic responses [31]. We focused our efforts on the
resequencing analysis of the RPS19 gene locus, a region that has
been linked to two forms of anemia, namely Diamond-Blackfan
Anemia (DBA) and Transient Erythroblastopenia of childhood
(TEC) [12,32]. Our initial goal was to identify non-coding
polymorphisms that are associated with either disease.

In the present resequencing study, we show a considerable and
previously unrecognized variation within the RPS/9 gene locus.
Estimates have approximated the degree of wvariation for
chromosome 19 to 1 SNP in about 2 kbp of sequence [19,21].
We show here that the genetic variation at the RPS79 locus in our
patient cohort is significantly higher, with 1 SNP per 294 bp, and
provide a catalog of additional variations associated with DBA and
TEC. A large proportion of the presented variations consists of
“private’” SNPs. Interestingly, independent resequencing studies of
e.g. the innate immunity genes and the APO gene cluster have also
detected an unexpectedly high degree of variation [20,29]. The
high degree of variation in this study and the fact that RPS19
seems to play a central role in a large proportion of DBA patients
suggest that regulatory networks altered by one or the other SNP
may have implications for RPS19 expression.

However, our results revealed no clear correlation between any
of the identified SNPs and either of the DBA or TEC phenotypes.
Linkage analyses have previously indicated co-segregation of the
two disorders suggesting they are allelic variants [4,12,32]. This
lack of phenotype-genotype correlation may indicate that there
exists an as yet unidentified sequence element in this region
responsible for the regulation of RPS19 expression. Indeed, it has
been described that regulatory elements may be situated far away
from the actual gene. Mutations in such elements have previously
been implicated in human diseases [33]. Alternatively, the
observed linkage of this region to TEC patients is not due to
mutations in RPSI19, but to a different gene within the 1 Mbp
region described previously [4]. Although the region contains a
number of genes, no other ribosomal protein gene is located within
this 19q13.2 region and no candidate gene of known relevance for
erythropoiesis could be identified.

Consequently, we hypothesized that mutations in non-coding
regions of RPS19 could disrupt the binding of regulatory proteins.
We aimed to identify new regulatory modulators and carried out a
bioinformatics analysis of the locus to identify putative transcrip-
tion factor binding sites (T'FBS). As a result, we obtained a catalog
of variations within our patient cohort and we provide a map of
putative transcription factor binding sites (table 2 and supplemen-
tary table S1). Several of the corresponding transcription factors
(TF) are of particular interest. Ten of the identified TFs are
ubiquitously or widely expressed (i.e. general transcription factors)
and important for regulation of development, cell cycle and cell
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division, and cell plasticity (Cell division control protein 5 (CGDC5);
P y P
omeobox cluster protein ; Msh-like homebox
H b 1 protein A3 (HOXAS3); Msh-like homeb
protein 1 (MSX-1); Paired box transcription factors (PAX);
s s =& Peroxisome proliferator-activated receptor (PPARalpha and
YK E . gammay); SP1 transcription factor (SP1); YY1 transcription factor
N N N N = ’ S . ;
© v v g (YY1)) [34-36]. Variations in the TFBS of these factors could
e v e v g possibly lead to altered transcriptional activity of the RPS19 gene,
‘a ks i— i— :‘: :— ] as has been described previously for transcription factors and the
o R 4 Ebox module [37-40]. A marked reduction in the transcriptional
§ S % % % % £ activity of RPS19 may have effects similar to that observed for
s £ € € ¢ ¢ 3 haploinsufficiency. Strikingly, the non-reference allele of one SNP
£ (rs3214574) deletes the putative binding site for CDC5. Instead, a
M & strong TFBS for GATA-1/2 is created. This suggests a significant
§ o % change for tissue specific expression. Moreover, the general TFs as
R % 3 well as the Ebox binding site could be pivotal for cellular response
x < U LU U UL ] o extracellular stimuli and this may explain individual response to
T 3 t 1lul li and this may expl dividual resp
= treatment or endogenous cytokines [41-43]. Furthermore, several
" [ . .
g he) of these general transcription factors have been shown to play a
(] 2 role in cell proliferation and tumorigenesis for which ribosomal
o . .
§ kS ?E protein genes are essential [44-47].
_§_§. > Six TFBS identified in our study are even more interesting
% g Y S 38 ‘é” (GATA binding proteins 1 and 2 (GATA-1 and GATA-2); Myeloid
a2 zinc finger 1 (MZF-1); Pre-B-cell leukemia homeobox 1 (PBX-1);
< . . . . . . .
% > hematopoietic transcription factor PU.1 (PU.1); Ebox binding site).
=2 S They belong to factors with a direct link to hematopoiesis [48-53].
z5 g y g p
g2 = g Several of these factors are involved in the progression to leukemia
:'J-'.E E) 5 L 23 and they are essential for normal hematopoiesis (e.g. PU.1). We
s 333383 g < speculate that these factors may play a crucial role in the
) P y play
sz transcription of RPS19 during hematopoiesis, and alterations in
&Z the respective TFBS could lead to diminished RPSI9 expression.
”g § ] This might render erythroid precursors to be less capable to
) € E proliferate, which has been suggested as a mechanism underlying
> . . . L oo .
N g 9o DBA in patients with mutations in the coding sequence of RPS79
[ . R >
g g £ [14]. On the other hand, alterations in TFBS could also lead to
T < 2 increased levels of RPS19 and in the best case promote remission
E= p
* il ' Al B 5 which is seen to occur spontaneously.
é.g Another possible mechanism is that specific alleles in SNPs
o s8¢ overlapping with the TFBS for PU.1, GATA-1/2 or PBX-1 might
3 ;c::> £ > be of importance for the development of hematopoietic stem cells
= . . . :
& SR’ E by altering their capacity of self-renewal, expansion and
2 8 Y g pacity p
] ) = g\% quiescence [50,53,54]. These factors are candidates in the
§ 5 ®%%§ mechanism underlying a block in erythroblast expansion and
< kv . . . . .
E = S 5%3 differentiation in DBA patients [55].
F* m o o o o 332 P
£ ¢ 5; In summary, we report here on the considerable individual
Eﬁ.g £ 3 variation detected in our resequencing study of the disease locus
5 g:; = é = RPS19 in DBA and TEC patients. Furthermore, we identified a
<. co 265 series of transcription factors putatively involved in the regulation
el Ccw . . . . .
83§ @g g 3 é; T of RPS19 expression and implicated in the pathobiology of DBA
N 2 S 388s8 8 o §§ NE and TEC. Functional follow-up studies are needed to further
~ = U . . . . . . . .
= “ 2< g2g investigate the predicted interactions described in this report.
v 'g OE) S »f >
5 £83°73
c S 8 N @ o £325828 Methods
S| (8 RF 85| cvgsEs
s e | R N R N N >2uys8s0 .
-‘g <SS 8888 55 §5 ga Ethics Statement
c5 v o . . .
& N~ < Y % <5 pag The study was approved by the Regional Ethical Review Board
< = O . .
.'é’ c5er2 8 of Uppsala (Diary Number 2006/118). Informed consent of patients
sE3 %E o or their parents was obtained and has been documented in the
R % > 2 °2 8§ patient files by the responsible clinician following routines approved
H < == . . . . . .
< 3 O I by the Regional Ethics Board and according to Swedish legislation.
S 2 ey e8| cEgfisd
g F OO0 0| E£E88293S .
- o SES28 0N Patient cohort
~EgoEGQ .
% s S o g Lo 8 We analyzed DNA prepared from peripheral blood of 77 DBA
‘= O U o . . . .. . . .
ﬂ wv 3 = ‘a - H P Q - Q17 >
e Z s e -l 8282588 and 12 TEC patients of Caucasian origin. Patients included in the

study were excluded by sequencing to carry a structural mutation

). PLoS ONE | www.plosone.org 7 July 2009 | Volume 4 | Issue 7 | e6172



Analysis of the RPST19 Locus

(NIN) - Tr6'0/926°0 [1/-16e31500D S6E00N:0"LADR)SURI| €VXOH
(eerebendd)
-D102°1d) L-+HETI6Y0LY-S09670L 6L
(Wnsuruw)
(NIN) HOLYWd  +68'0/tT60 €68'0/476°0 1e[13/-]6€31233) 1 302312 86000IN:0"ZADRjsURI | 7-xed W/l vLStLTES weansdn
L+T0E6Y0LY-V6T670L76L
(NIN) 000°1/000"L 000°L/000"L e]1yDv16[>/e]> ¥6E00W:0°ZADR)SURIL (L UI9104d XOQOBWOY I-YSI) L-XSI
L-+HE0E6Y0LY-S6T670LY6L
(NIN) 196'0/£56°0 - Beredy15[D/v] S6E00W:0"LADRISURI | €VXOH
L+0LE6YOLY-C6T670LY6L
(NIN) S¥6°0/186'0 9¥6'0/186°0 ooeeeebbelydyLD[/e]PN 86000:0"LA:DeysuURI 7-xed
L+00€6¥0LY-C6T670L7'6L
(NIN) - §£6°0/000°L e2e19[D/VIDLL S6E00W:0"LADRISURI | €VXOH
L+8626¥0.y-067670L7'6L
(NIN) - 9¥6'0/0L6°0 e1B[>/e1D11VD S6E00N:0"LADRJSURI| €VXOH
L+£0E6Y0LY-68T670L7'6L
(NIN) - €06'0/SL60 eeebbelede}n[d/y]d11es 86000:0"LA:DBysuURI Z-xed
L-+90€6¥0LY-88T670LY:6L
(NIN) - L68°0/L760 eebbeiede1n[d/yDL1edde 86000IN:0"ZADejsuRI | 7-xed
L+9626¥0/y-88T670LY'6L
(NIN) 876'0/756'0 876'0/756'0 B[>/e121LYDDV S6E00W:0"LADRISURI | €VXOH
L+E0E6Y0LY-S8T6V0LY6L
(Wnsuru)
(NIN) HOLYWd  616°0/2860 776'0/286'0 Belese1b[d/e]o 1 | ydeeh) 86000IN:0"LADRJSURI | 7-xed D/V]  TLSEO8YSA weassdn
L+Z206¥0Ly-7L0670L7'6L
(NIN) €56'0/956'0 L¥6°0/0%6°0 66611 15[v/91D> S6E00IN:0"LA:DRysuRI | €VXOH
L-+0T06¥0LY-CL0670LYi6L
(NIN) - €96°0/000°L 61mD>[v/5100v S6E00W:0'ZADRysURIL  (u12)04d 19)SN|D XOQOBWOH) EYXOH
L+S206¥0LY-L00670L7:6L
(NIN) 9€6'0/016'0 0v6'0/816°0 66e6661115[y/9]DDV I8 86000W:0"ZA:dRjsueI | 7-Xed
L++206¥0L7-900670LF:6 L
(NIN) - €¥6'0/266'0 Beb661113[e/6]DDVIDOIRE 86000:0"ZA:DeysuURI L (¢ xoq pauted) z-xed
L+ 1Z06¥0Ly-S00670L7:6 L
(Wnsuiuw)
(NIN) HOLYWA  9/6'0/9660 - 661m15[e/5>DVDDDIER) 6S000W:0"ZA:dRysuel | (L Buej pue UIA) LAA [v/o] L-]2A0u weansdn
(pueays:pua-jiels:iyd) uonisod
(SO JjooL 31035 3p9)|e £9100S Jnow ,924nos poweu sg41 LdNS o4 qdNS Juoibay
jai-uoN al9||e joy

"4SdNS Pa12333p Bulke|ssno ssg41 dAneInd T dqel

@ PLoS ONE | www.plosone.org

July 2009 | Volume 4 | Issue 7 | e6172



Analysis of the RPST19 Locus

(Wnsuuw) L+66L0S0LY-18L0S0LY:61
(NIA) HOLVYWd  616'0/€96'0 - 20016[1/5]e1d) | | Debed 86000W:0"ZA:DB)SURIL T-Xed /0] €-19A0u weasnsdn
L+ 1166¥0/7-5686V0L7:61
(NIA) Jauuedsinon 60/ 6'0/90°LEEE e3[1/2]69eby1oene1beb 8TSO0W:0'LA:dRjsuel | ewwebyydd
(d4uiw) L+ L L66¥0L7-C68670L76L
(N [+4) HDOLVYIN - ¥8£°0/¥8L°0 V2LL/2]190Vbyideny ) bybbye TYTOOW:L'ZLADR)SURYL  (SI9WIPOISIBY YXY:HVdd) eYdieyvdd
L+TC6610LY-7066V0L7:61
(N[-A) - ¥16°0/266°0 3112012120 1/2]96ebe 86000IN:0"ZADeJsuRL | 7-xed
L+t 166Y0LY-9686V0LY:61
(NI6) 906°0/0¥8°0 906'0/078'0 10e3[3/2]66e6Y [ DyHeIbe 86000WN:0°LA:dRysURI | T-Xed
(Wnsuuw) L+ L 166Y0/y-€68670L7:6L
(N [+£) HOLYWd  916'0/5160 9L6'0/516'0 ed[1/2]6bebedyHy | Debbe 86000W:0"LA:dRjsueI | T-Xed [L/2]  T0060S9s4 weasysdn
L+0€96V0/7-6196V0LF:61
(s uiroud
(NIN) 60/- 6'0/65 EVEE Bendey e[1/-]o 8/YOOW:0"LADB)SURL | |013U0D UOISIAIP 92 §3PD) $IPD
L+ST960/7-9196V0LY:61
(NIN) 6°0/SVTLE 60/ DYYLyoen T8000W:0"ZADB)suRI | (¢ 10138} BUIPUIG-Y1YD) Z-VLYD
L+G2960/7-9196V0LY:61
(NIN)  Juuedsgnol  6°0/9v'629L 60/- nYvLYoen 9YEOOW:0"LAdRySURI | (1 10138} BUIPUIG-Y1YD) L-VL1VD
L+0€9610Ly-CT96V0LY'61
(NIN) $660/000°L $66'0/000'L BenovyLv[Id/-] S6E00N:0"ZADRjsuRI | €VXOH
(ddurw ‘Wnsuiw) L+:629610L7-609670LY:6
(NIN) HOLvYwd 9/6'0/£86°0 - ebepeeieby | [ HHI23120 /6000W:0"ZADejsuel | 9-xed
(L++€96¥0.Lt
-9196¥0L1:6L
‘Jererebendyy1voen)
L+9£96¥0/y-8L96¥0L Y61
(NIN) 968'0/2L60 £68°0/2L6'0 1ererebendyyLv[/-16e 86000:0"LADB)SURL| T-xed
L+HETI6Y0LY-GL96V0L Y61
(NIN) = €v6'0/L56'0 1e12/-]DVLID S6E00N:0"LADB)SURI | €VXOH
(eLyDV112) L+TT96Y0LY-7196V0L Y61
(NIN) 8€6'0/296'0 €€6'0/556'0 e[1D/-19v112d ¥6E00W:0"LA:dRySURI | L-XSI
(e3e6y11DD) L+TT96¥0LY-L96¥0L Y61
(NIN) 656'0//860 Tr6'0/L86'0 e[15/-16v115D S6E00WN:0"ZADB)SURIL EVXOH
L+0296¥0LY-TL96¥0L Y61
(pueajs:pua-jiels:iyd) uonisod
(SOW ool 81035 33| £9100s Jnow -92Inos poweu sg41 ,dNS o4 qdNS cuoibay
Jo1-uoN a9||e joy

Ju0) *Z d|qel

@ PLoS ONE | www.plosone.org

July 2009 | Volume 4 | Issue 7 | e6172



Analysis of the RPST19 Locus

(NIN) 1£6°0/000°L ¥¥6'0/796'0 e9[9/v]LvIe 96000:0"ZA:DBjsuRl | L-xqd
LHETLESOLY-SLLESOLY 6L
(NIN) 9€6'0/£160 L€6'0/6060 B61[9/v]LV1oee 76E00N:0"LA:DBJSuRL | L-XS\J
(WNSuIw) LHETLESOLY-SOLESOLY 6L
(NIN) HOLVWG  €26'0/266'0 S€6'0/266'0 B1[6/e]1e30REI) | | YOILIB 86000:0"LADB)SURL| 7-xed [O/v] S-|2Aou weansdn
L+T16TS0LY-v68TS0LYi6L
(NIN) 868'0/€060 668'0/€06'0 eed)bede ) Hy196el)/b] 86000:0"ZA:DBJSURL| 7-xed
L++06CS0Ly-9887S0LY6L
(NIN) 756'0/%L6'0 1S6°0/LL6'0 sepeibbel[| /o] 11 1910ed 86000:0"ZA:DBJSuRL| 7-xed
L++687S0Ly-9887S0LY:6L
(NIN) 656'0/1560 = [1/91LL1D15e> 76E00N:0"LADBJSuRL| L-XS\J
(WnSuw) L+6687S0L-188TSOLY6L
(NIN) HDOLVWNG  006'0/000°L = 166e33/9131361DvDD3383 86000:0"LADB)SURL| T-xed ol v-12A0u weansdn
(dqurw) L+8/5TS0LY-695TS0LY 6L
(NIN) HDLYW = 966'0/866'0 2D2[9/11DDVD>  HEOLOW:L'ZLADRSURIL (xog-3) xoq3
L+T65TS0LY-VLSTSOLY 6L
(NIN) 626'0/266'0 0€6'0/266'0 61116100155V D2[6/2]1 86000:0"LADRJSURI | T-xed
L+9/5T7S0Ly-89STS0LY 6L
(NIN) = L¥6°0/000°L 2[6/21122%20V S6E00IN:0"ZADB)suRl | €VXOH
L+S/STSOLY-L9STSOLY 61
(NIN) = 9€6'0/906'0 [6/21150v22e> ¥6E00W:0"LA:dRySURI | L-XS\J
(WNSuIw) L+085ZS0LY-T9STS0LY 6L
(NIN) HOLVYWA  1Z6'0/266'0 L¥6'0/266'0 23230[6/3]1922D0%2D2656 86000:0"LADB)SURL| T-xed [9/D]  Z9L8STLSA weasysdn
(d4urw) L+S6/£0S0/¥-€£20S0LY61 (ewweb 103dada1 pajeAnde
-101e49)1j04d
(NI+4) HDLVW  289°0/#09°0 $L9°0/%09°0 1603/01v1DD2119e6yD60e191>  GLGO0:L'ZLADRSURIL swiosixosad) zewwebyydd
L+808050/-06£050. 6L
(N[+£) 876'0/€96'0 876'0/€96'0 ex6666ee3)) 1 19[31/2]e1> 86000:0"LADB)SURL| T-xed
L+£6£0S0Ly-68L0S0LY:6L
(NIA) S¥6'0/000°L €¥6'0/486'0 Sn6[1/21V.10D S6E00IN:0"ZADB)suRL| €VXOH
L+96/050£y-88L0S0LY:6L
(NIA) 596'0/266'0 0%6'0/556°0 119[1/2]v122 76E00N:0"LADBJSuRL | L-XS\
L+0080S0/-78L0S0LY:6L
(NIA) 668'0/7860 L16'0/286'0 e30116[3/3]e3DDD 1 | bebe 86000W:0"LADR)SURL| T-xed
(pueays:pua-jiels:iyd) uonisod
(SO ool 3103s 33| §9100S JNoW +924n0s poweu sg41 ,dNS 34 qdNS uoibay
J91-uoN d9]|e oy

Ju0) *Z d|qel

@ PLoS ONE | www.plosone.org

July 2009 | Volume 4 | Issue 7 | e6172

10



Analysis of the RPST19 Locus

(NIN) ¥96'0/0L6°0 ¥96'0/0L6°0 de[e/b1VVVY S6E00N:0"LADR)SURL | €YXOH
L+ 126€S0/LY-EL6ES0LY'6L
(NIN) - §S6'0/€86'0 e[y/6]11yveee 96000IN:0°ZADRjsURIL  (L-XQd 40108} UlRWOP 03WOY) e|-Xqd
L+026€ES0LY-CL6ESOLY 61
(NIN) 8/6'0/686'0 - [e/B]11vyveed 76E00N:0"LADB)SURI | L-XSW
L+616ES0Ly-L L6ESOLY'6L
(NIN) v£6'0/€L6'0 ¥£6'0/€L6°0 neeyyyoVvIv/ol S6E00W:0"LADR)SURIL €VXOH
(Wnsuiuw) L+ET6ES0LY-S06ESOLY6L
(NIN) HOLVYWd  £06'0/516'0 ¥06'0/516°0 edefe/bl1eeeeydy | Diede 86000W:0"ZA:DB)SURIL T-Xed [v/9] g-|orou weansdn
L+606£S0/Y-L06E€S0LY'61
(NIN) 786'0/000°L - Bredyy 1D[e/0] S6E00N:0"LADR)SURL | €VXOH
L+606ES0/7-L06ES0LY'61
(NIN) £56'0/296°0 £96'0/796°0 61vovv1o[e/B] 76E00N:0"LADB)SURI | L-XSW
L+606ES0L7-L06ES0LY'61
(NIN) - ¥¥6°0/156°0 B1esyy1D[v/6] S6E00W:0"LADR)SURIL €VXOH
L+806€50/y-006£S0LY:6L
(NIN) 0v6'0/6¥6'0 0v6'0/6%6'0 WOVVL1o[e/ble ¥6E00N:0"LADRySURI L L-XS\J
L+8L6€S0/7-006€S0LY:61
(NIN) €26'0/668°0 776'0/668°0 Jeeeeede1b] yOVvId[e/ble 86000IN:0"ZADe)SURL| 7-xed
(WnSuiw) L+906€50/7-868€S0L Y61
(NIN) HD1vwd - SL6'0/¥86°0 seed[y/blyyy S6E00W:0"LADB)SURIL €VXOH v/l L-|onou weansdn
(d4uiw) L+ L¥9ESOLY-ETIESOLY 6L
(NIN) HOLYWd  €86°0/2£60 - Be166e61>69yovH10e[6/1] 86000W:0"ZA:dRjsuRI | T-xed
L-+H0E9ESOLY-TTIESOLY 6L
(NIN) - ¥96'0/£86'0 26213V 12[9/1] S6E00W:0"LADR)SURIL €VXOH
(Wnsuuw) L+HEEIESOLY-GLIESOLY 6L
(NIN) HOLYWd  668°0/¥/60 606'0/266'0 Besebode1[o/11vddeibe 86000IN:0"ZADR)SURI | 7-xed [o/1 9-]onou weaxnsdn
L+6CLES0LY-LTLESOLY 6L
(NIN) 796'0/£96°0 - omedvoL[6/v] S6E00N:0"LADR)SURL | €VXOH
L+LELESOLY-6LLESOLY'6L
(NIN) 716°0/2660 668'0/266'0 eeeeeb61011 yOvDI6/ele 86000IN:0"ZADeJsuRl | 7-xed
L+9€ELESOLY-8LLESOLY'6L
(NIN) €06'0/626°0 206'0/626'0 eeeeb61o1yOVO L[6/e]ie 86000W:0"ZA:DB)SURIL T-Xed
LT LESOLY-9LLESOLY 6L
(pueays:pua-jiels:iyd) uonisod
(SO ool 3103s 33| §9100S JNoW +924n0s poweu sg41 ,dNS 34 qdNS uoibay
J91-uoN d9]|e oy

Ju0) *Z d|qel

@ PLoS ONE | www.plosone.org

July 2009 | Volume 4 | Issue 7 | e6172

1



Analysis of the RPST19 Locus

(NIN) L€6'0/686'0 = 66613130362 [>/11D 12036 86000N:0"ZADBySuRI | 7-xed
(Wnsuiw) L+8YrrS0LY-0VyySOLY 6L
(NIN) HDLYWd  856'0/0£6°0 856'0/0L6'0 [>/AP1eR[D1DD S6E00IN:0"ZADB)suRL| €VXOH D/ LL-]9A0u weaxnsdn
L+95Z7S0LY-8¥THSOLY'61
(NIN) 9%6'0/1560 §56'0/000°L Wbyy.Io0D/1] S6E00IN:0"ZADe)suRl | €VXOH
L+GSTYSOLY-LYTHSOLY'6L
(NIN) £96'0/686'0 896'0/686'0 1DOVY.12[/A]e ¥6E00N:0"LARySURI L-XS\J
L+HTITYSOLY- Y THSOLY 6L
(NIN) 7C6'0/6¥6'0 L06°0/¥26'0 PPW6YYID[D/1]em 86000N:0"ZA:dRjSURI T-Xed
L+95ZHS0LY-8ETHSOLY 6L
(NIN) L¥6'0/286'0 7€6'0/286'0 nobee/iel ||| yeele 86000N:0"LA:dRySuRI | 7-xed
(Wnsuiw) L+ L¥TYSOLY-LTTYSOLY6L
(NIN) HDLYWd  896'0/8%60 896'0/876'0 [>/]enneeelely] | 156101 L6000W:0"LADB)SURI| 9-xed YA} OlL-[2Aou weansdn
L+STTYSOLY-¥LTHSOLY'6L
(NIN) 6'0/€°0£€8 6'0/77L'8LET eeyD|voD16[3/]e 0£00V:0"gA:redser LXqd
L+/TTYSOLY-ELTHSOLY 6L
(NIN)  Jsuuedssnol  6'0/S°0060L 6'0/18°€52C eeyyD1y2016[/2]e1 ¥TLOOW:Q"ZADRySURIL  (L-XQd 103084 UlRWOP 03WoY) qL-Xqd
L+HTCTYSOLY-¥LTHSOLY 6L
(NIN) £€6'0/206°0 €€6'0/206°0 51vDD16[3/7]e 76E00N:0"LADB)SURL| L-XS\J
L+6127S0LY-LLTHSOLY'6L
(NIN) 876'0/560 656'0/0L6°0 2216[1/DIVLLD S6E00IN:0"ZADB)suRL | €VXOH
L+81Z¥S0LY-0LTHSOLY'6L
(NIN) 856'0/266'0 €€6'0/556'0 519[1/]V11 ¥6E00W:0"LA:dRySURI | L-XSI
L+8LTYSOLY-0LTHSOLY 6L
(NIN) €56'0//86'0 - 21603/2]¥.L 10D S6E00N:0"ZADB)SURI L €VXOH
(Wnsuiw) L+91THS0LY-80TYSOLY:6L
(NIN) HDLvId - €V6'0/L160 BLL/AIVLLD6) ¥6E00W:0"LADRySURI | L-XS\J [1/2] 6-[oA0u weansdn
L+E6ES0LP-9L6ES0LY6L
(NIN) 026'0/000°L = exeebb6e30yDv[e/Dlee 86000:0"LADejSURI | T-xed
L+T6ES0LY-9L6ESOLY'6L
(NIN) 876'0/6v6'0 SyDVlv/Bl1ee ¥6E00W:0"LA:dRySURI | L-XSI
L+ET6ESOLY-SLEESOLY'6L
(NIN) = LE6'0/EL6'0 eDy[v/6]1 1 eee Y6E00N:0"LADR)SURL | L-XS\
L+TT6ESOLY-YL6ESOLY6L
(pueajs:pua-jiels:iyd) uonisod
(SOW ool 81035 33| £9100s Jnow -92Inos poweu sg41 ,dNS o4 qdNS cuoibay
Jo1-uoN a9||e joy

Ju0) *Z d|qel

@ PLoS ONE | www.plosone.org

July 2009 | Volume 4 | Issue 7 | e6172

12



Analysis of the RPST19 Locus

(NIA) HOLYWd  6£6'0/286°0 S€6'0/786'0 616236[6/e]66eyD | 93665 86000W:0"ZA:dRjsueI | T-Xed [o/v] tL-]2r0u weaxnsdn
(WnSuiw) L+ 1SS9S0LY-€€S9S0L Y61
(NIA) HDOLYWd  €68'0/6960 - 16>66235[6/e]yHD106e66 86000W:0"ZA:dRjsueI | 7-Xed
L+HEYSIS0LY-BESISOLY 6L
(NIA) 101R20YNOW  6°0/8C8LLE 60/- o[6/¥1vHD> 0800VIN:0"£A:redser (1-1ds) 1'nd [O/v] €L-|on0U weassdn
(ddurw) L+90€950/Y-6LT9S0LY:6L
22216225665H)H
(NIA) HOLYW  £9£°0/€/8°0 €5£°0/6€8°0 -[D/9]962336566e633> 7 LOOW: LT LADRISURLL G-xed
L+90€950/y-6£T9S0LY'6L
22016577669H9
(NIf)  ssuuessyion 6'0/E7'6LE 6'0/SYLT Y8 ~[5/61663336365e633> ¥ LOOW:0"LADRySuRI | G-xed
L+60€950LY-L6T9S0LY:6L
(NI+4) - 168°0/8€6'0 236353162539996[3/6]66 86000IN:0"LADRJSURI | 7-xed
L+00£95S0/y-162950LY:61
(NI+A) $86°0/000°L - 22659)9[>/9]66 80000IN:0"ZADR)SURI | Lds
L+667950/Y-0679S0LY:6L
(NIA) 956'0/£56'0 - 5669535[3/95]956> 80000W:0"£A:dRjsueI | 1ds
(WnSuiw) L+862950/7-687950L Y61
(NIA) HD1vwd - 6%76°0/000"L 6665[/61992> 80000W:0"ZA:dRjsueI | 1ds /o] ZlL-|9A0u weaxnsdn
L+6Y29S0LY-TCTISOLY:6L
6oeb633666e30) (uiy0ud
(NI+A)  JsuuedsioN  60/95°LS0L 6'0/%€'609C -B1/2]96e65626663080 €7LO0W:0"LADB)SURI| Buneanse syi>ads-||2>-g) G-xed
LHEYCIS0LY-VETISOLY 6L
(NIA) 9£6°0/000°L 9/6'0/000°L 2669v>90/2]6 80000W:0"LA:DB)SURIL (1L udr04d Bunenwis) Lds
L+0SC9S0LY-TETISOLY:6L
(NI 206'0//880 L06'0/.88°0 262e6633669y390[1/2]66e 86000IN:0"LADRJSURI | T-Xed
L-+BETIS0LY-0ET9S0LY'6L
(NIA) - 616'0/€L6'0 566[1/2199vDD S6E00WN:0"LADR)SURI | €VXOH
(WnSuiw) L+872950/Y-0£7950L Y61
(NIA) HDLvId - 9Z6'0/716'0 >eb633666e390[1/3]06e6> 86000W:0"LA:dRjsueI | 7-xed [17p) Z0L0E6SA weansdn
L+ H9rS0LY-Or Py SOLY:6L
(NIN) LT6'0/8160 £T6'0/816°0 66e6661111y)DV /18 86000W:0"LA:DB)SURIL 7-xed
LHEWYSOLY-SPbSOLY6L
(NIN) L£6'0/996°0 756'0/266'0 6eb6661111eD0V2[D/1]>3eR 86000IN:0"LADRJSURI | 7-xed
L+ 19vYSOLY-EbPPSOLY 6L
(pueays:pua-jiels:iyd) uonisod
(SO ool 3103s 33| §9100S JNoW +924n0s poweu sa4) ,dNS 34 qdNS uoibay
jai-uoN 33||e jay

Ju0) *Z d|qel

@ PLoS ONE | www.plosone.org

July 2009 | Volume 4 | Issue 7 | e6172

13



Analysis of the RPST19 Locus

(NIA)  ssuuessmon S0/~ S0/~ §°0/£T0°L0OT 6[6/2165999v1666e #8000IN:0"ZA:JRjSURI L LIZW Ly-|oAou uonur .y
L+SY1S90LY-9€ LS90LYi6L
(NIA) S0/~ S'0/269%0L 166665[H/e]6e 6/00YW:0"€n1edser 1ds
L+HEYLSI0LY-VE LSI0LY 6L
(NI) S0/ S'0/L°€STL 66650[0/e]6v16 £SO0YW:0"€Asedser €1-G7 L4ZW
L+HEYLSI0LY-LELSIOLY6L
(NIA) Jauuessyinon S0/ §'0/420°1L0C 66699[0/e]DVi666e #8000W:0"ZADR)SURI | LiZW 0L999€ 1S4 uonul .t
L+158950/Y-5¥8950L Y61
(NHA)  Jsuuedssio  €0/28C'88L €0/v98LLL 11911299v9[6/3] 80000W:0"LADR)SURL| Lds 6vLSL0TSA uonui .z
L+985950/Y-6£5950L 6L
(NIA) loyedonon 60/ 60/260°CLL 6[6/e]oydoe1 £900YW:0"€n1edser 7-xed
(ddurw ‘Wnsuiw) L+885950/7-085950L 6L
(NI+A) HDOLVWd  $66'0/000°L $66'0/000°L n6[6/e]D¥IOV S6E00IN:0"ZADB)suRl | €VXOH
L+T65950Ly-¥859S0L Y61
(N[-5) 656'0/076°0 656'0/076'0 6oy 116[6/e]> Y6E00:0"LADR)SURL | L-XS\J
L+T65950/y-¥85950L Y61
(N[-5) L¥6'0/076'0 €560/956'0 66e1] |D[D/VID S6E00IN:0"LADR)SURL| €VYXOH
L+:885950/Y-085950. 6L
(N[+K) LE6'0/0E60 = 119[6/v]Dv20e 96000W:0"LA:DB)SURL| L-xqd
(WNSurw) L+T65950LY-¥£S9S0LYi6L
(NI6) HD1vwd = 168°0/568°0 66e1mb[6/e]>e3dv 196666 86000W:0"ZADR)SURL| 7-xed Sl-|2Aou weasysdn
L++95950£y-55S9S0L Y6 L
(N+A) = T76'0/186°0 66193)0[0/e]66 80000W:0"LA:dRySURI | Lds
L+655950£Y-155950L¥'61
(N[-5) ¥56'0/000°L ¥56'0/000°L 26[6/e]69VVOL S6E00IN:0"LADR)SURL | €VYXOH
1+855950/¥-055950L 61
(N[—A) £76'0/€L6'0 = B[6/e]6bvyDLL S6E00N:0"LADRjSURI | EVXOH
L+955950/y-87S9S0L 6L
(N[—A) 9/60/000°L 9/60/000°L [6/e]66eeD | 19D S6E00N:0"LA:dRjsuRI | €VXOH
L+955950£7-87S9S0L Y6 L
(NI—£4) 8€6'0/£96'0 8€6'0/£96'0 [6/e]69yyD 136> 76E00N-0"LADBJSuRL| L-XS\
L++95950£y-97S9S0L Y6 L
(NIA) L¥6'0/556°0 0€6'0/556'0 6616256[6/e]166yvD 11666 86000W:0"LADR)SURL | 7-xed
(Wnsuw) L+E€95950LY-5+S9S0L Y61
(pueajs:pua-jiels:iyd) uonisod
(SO ool 3103s 3P| §9100s JNoW +924n0s poweu sa4) qdNS cuoibay
jai-uoN a3||e joy

Ju0) *Z d|qel

@ PLoS ONE | www.plosone.org

July 2009 | Volume 4 | Issue 7 | e6172

14



Analysis of the RPST19 Locus

T003'7£19000duod [euInof/L£E1L°0L:10p
‘deJano Jualsixaul ue sajedipul N, pue

(%05>) sdejiano ued Jouiw e i Aluo ,—£, (%05 < ‘9%S/>) Med buiddepano yuedyiubis st aiayl 1eyl A, ‘(%S <) Wed buiddeiano sofew si aiayy 18y +4, ‘(zS |y pue LS ainby Aieyuswajddns 995) eale 3y Ul pauleIuod A|[e10l st jnow
Sg41 9yl 1eyl sa1edipul A, Y2ea 1gINIsu3 Od3 2yl 01 puodas syl pue weiboid uodoju| ay1 01 sbuojaq anjea 1siyy 3y “Juswubije sadads-1jNw ay) Jo uoibai (SOIN) 22uanbas paAIasUOI-IINW aY) Jo Aue ul pauleluod Joyde) 1dudsuel),

"3|qealjdde usym paieis eLid UOKEZIWIUIW 10T “JIOW B JO UOIIIB13p Joy pasn weiboid,
"3[3||e 32U3I3)31-UOU J0§ 31005,

‘pasn uaaq sey |00} NYINOL dY3 Jo Aue uaym 3103s 3y} Japun pajess si pjoysalyy Jo Aljiqeqoud oudp ay] “dus paidipald ay) 49113 ay) ‘siaquuinu ay3 JayBiy ay3 Ing ‘Huliods Xiew o wnwixew [eqo|f asn jou op (13|dwesiop
“J01eDOTYII0 “J2UUEDSHIION) S|O0] UOIIDRIBP NYDINOL “UOIIdIP Jo Jamod Xulew pue ydlew aiis buipuiq [ewndo ue uaamlaq 210ds Wnwixew se 000"l dsn HOLYIND pue HDLYIN "9[3]|e dwouab a5uaid4ai dY) 10} D101Sg

‘(1'9€ pling ‘gL BY) Swouab adUIRRI ueWNY Y} UIYIM puRllS pue u

sod pus ‘Lels ‘Dwosowoly) ‘Jow e Jjo yibuals

Buipuiq aAizeInd ay3 Joy suorysod Juepodwi ybIYBIY s19139] [eaded “sdijey pue pjoq ul paiybiybiy Jow e Jo pus 3y} 0} Juddefpe A3dexa buljjey s9I3||y "Plog Ul padiew m:_c. isod 93|y ‘(2dusnbas £ 03 ,5) paziubodas yrow,

‘9seajal aseqelep Md © Jopun paleidosse S| Sg41 e YdIym 03 Jai1uapl pue Aieidi| a3yl Jo UolsIaA ‘Aieiqi),
"s3seqelep 9y} Ul paweu se ‘paziubodal jow Jo 101oey uondudsues Jo Sweu,,

‘913]|e (9e|dau) dAnEUIS)E PUR SDUIISRI Bunedipul ‘s3I3|e dNS,

“Aj9A22dsa1 ‘gNS [2A0U JO JaqUINU O SYNS Paqusap Ajsnoinaid 10y (dNSAP) Ja1Iusp! dseqelep,

"swely Buipeas uado 6454y dY1 01 199dsaI YUM Sg41/dNS dY2 Jo uonedo|,

'L 9|qe} Aieauawaiddns 33s SINS Pa32333p Yum BuppUIod g4 PaiIupl 4O Isi| 939|dwiod e Jod,,

1+961590/7-881 590161

(NIA)  Jssuuedsyiow  °0/296'LTL ¥'0/- 1661ey[6/1]>e S6E00W:0"LADB)SURI L €VXOH [o/1 Zy-|oAou uonur .y
L+S1590Ly-9€ LS90LY:6L
(N[-A) S0/ S'0/26970L 16[6/3]66996e 6L00VIN:0"€A-tedser LdS
L+EYLSI0LY PELSI0LY 6L
(N[—A) S0/ S'0/L°€STL B6[6/3165956v16 £SO0YW:0"€n-sedser €1-G L4ZW
L+HEPLSI0LY-LELSI0LY 6L
(pueajs:pua-jie}s:ayd) uoinisod
_WUS_ __OO._. _._0._Oum ol9|je 594100S uu_uos_ 5924N0s vam: [X:EIR >dNS J°4 anm uCO_mwz
jai-uoN a9||e jay

10D T 9|qel

@ PLoS ONE | www.plosone.org

July 2009 | Volume 4 | Issue 7 | e6172

15



in RPSI7, RPS19 or RPS24, respectively (Primer sequences
available on request). Most of the patients are sporadic cases,
except for 10 of the DBA patients and eight of the TEC patients
who previously showed association with this genomic region. All
patients were ascertained by hematologists of their country for
criteria for DBA or TEC, respectively, and have been described
previously [4,12,32].

Resequencing

Resequencing was carried out as described (METHOD-A;
dbSNP  (http://www.ncbi.nlm.nih.gov/SNP/)). Additional
quence analysis was performed by sequencing standard PCR
products (from approximately 2 ug genomic DNA) in both
directions on an ABI PRISM® 3700 DNA Analyzer (AppliedBio-
systems) according to manufacturer’s protocol and using Se-
quencher® Programme for analysis of the resulting sequences.
Primer sequences are listed in supplementary table S2.

se-

Comparative genomic sequence analysis

200 kb of the human genome sequence around the RPS79 gene
locus (hgl8; chr19:47,048,239-47,068,000) as well as orthologous
sequences for six mammalian species in different orders (rodents
[mouse], canines [dog], ungulates [cow], primates [orangutan,
macaque and chimpanzee]|) were retrieved from EnsEMBL
(http://www.ensembl.org/Homo_sapiens/) [56], assuring gene
synteny was conserved and gaps were not extensive (supplemen-
tary text S1 and supplementary figure S1). MultiPipMaker aligned
these orthologous sequences with the ‘single coverage’ option to
eliminate matches caused by duplications and the ‘search both
strand’ option [57]. The identified multi-species conserved
sequences were analyzed by virtue of the Infocon program [24].
Infocon identifies blocks of high information content (BHIC) in
parts of the alignment and optionally calculates a consensus
sequence in each block. A BHIC is a cluster of conservation
between species in which the alignment contains information for
every specles considered for the alignment.

In order to obtain a more informative alignment of the
mammalian clade, the multi-species alignment EPO track was
downloaded from EnsEMBL containing elements conserved along
29 eutherian mammals and subsequently converted into a *.gff file
(supplementary texts S1 and S2). For a description of the *.gff file
format see http://www.sanger.ac.uk/Software/formats/ GFF/
GFF_Spec.shtml.

Prediction of transcription factor binding motifs

Sequences of the whole human RPS19 upstream gene region
(hg18; chr19:47,048,239-47,056,684) as well as 2" and 4" introns
(chr19:47,056,756-47,057,020 and chr19:47,065,125-47,065,608,
respectively) and the 6 mammalian species already mentioned
were subjected to a transcription factor binding sites (TTBS)
detection with help of various programs: MotifScanner, Moti-
fLocator, MotifSampler, MATCH and pMATCH.

These programs identify over-represented motifs in a sequence
data set and annotate putative binding sites consulting libraries of
position weight matrices (PWMs). PWMs represent the intrinsic
sequence variability of TFBS in the form of a matrix. Each matrix
stores the frequency for each nucleotide at every position of the
putative motif in order to summarize the alignment information
for the TT with a binding site. The libraries of PWMs used in this
study were Jaspar [58] and TRANSFAC Professional (releases 7.0
(public), 11.2 and 12.1) [59]. The professional version of
TRANSFAC requires licensing.

MotifScanner uses different orders of markov chains as
background model for matching PWMs. A parameter called a

@ PLoS ONE | www.plosone.org
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‘prior’ assigns an a priori probability of TFs binding to a distinct
sequence. In MotifLLocator the ‘prior’ is substituted by a posterior
threshold for filtering matching PWMs. The resulting scores, in an
absolute scale without log correction, represent the likelihood ratio
of a certain PWM match versus a random match. MotifSampler
[60] implements a stochastic model of a Gibbs sampler to detect
“over-represented” motifs not matching any known PWM. We
always used the default parameters and third order vertebrate and
human models (Eukaryotic Promoter Database and dbTSS) for
MotifScanner and MotifLlocator when searching against TRANS-
FAC and Jaspar libraries. All these programs are contained in a
workbench for regulatory sequence analysis called TOUCAN
[61].

MATCH [62] and pMATCH [63] are closely interconnected
with the TRANSFAC database. MATCH was executed to
minimize the false positives error (minkFP) to guarantee specificity,
whilst pMATCH was selected with minimization for FP and
combined with the sum of both false positive and false negative
errors (minSUM) to increase sensitivity.

There are other recognition tools for promoter and regulatory
motif analysis available: RSAT (Universite Libre de Bruxelles),
TESS (University of Pennsylvania), TSSG/TSSW (Baylor College
of Medicine), Matlnspector (Genomatix Gmbh), SiteSeer (Uni-
versity of Manchester), AliBaba2 (BioBase Gmbh), FUNSITE
(ICG), Footprinter (University of Washington). However, we used
the tools best integrated with the libraries used in the study.

Additionally, several Perl scripts were created to perform data
analysis in the suitable tools, parse TFBS annotations into *.gff files
and filter overlapping SNPs within selected TFBS. All available
annotations of the locus were manually formatted into *.gff files
(supplementary text S2). Images of the RPSI9 locus containing
variations, conserved areas, annotations and TFBS provided
within this report were created using the UCSC Genome Browser
(http://www.genome.ucsc.edu/) [64].

Supporting Information

Figure S1 Detailed view of the analyzed region. Every *.off file
available has been imported into the UCSC Genome Browser
(Kuhn et al, 2009) for visualisation (see supplementary text S2).
Found at: doi:10.1371/journal.pone.0006172.s001 (1.71 MB
PDF)

Figure 82 Gene structures of the orthologous RPS19 loci of the
species selected for comparative analysis taken from EnsEMBL
(Hubbard et al, 2009).

Found at: doi:10.1371/journal.pone.0006172.s002 (1.09 MB
PDF)

Table S1 Full list of all detected TFBS overlaying identified
variations. a location of the SNP/TFBS with respect to the RPS19
open reading frame b database identifier (dbSNP) for previously
described SNPs or number of novel SNP, respectively. We
complement this field with a small registry of which TFBSs are
created (+) or destroyed (—) in a certain SNP (the actual SNP if not
stated) and the detection score for this binding site if applicable. c
SNP alleles, indicating reference and alternative (replace) allele d
name of transcription factor or motif recognized, as named in the
databases e library, version of the library and identifier to which a
TFBS is associated under a PWM database release f motif
recognized (5’ to 3" sequence). Allele positioning marked in bold.
Alleles falling exactly adjacent to the end of a motif highlighted in
bold and italics. Capital letters highlight important positions for
the putative binding strength of a motif. Chromosome, start, end
position and strand within the human reference genome (hgl8,

July 2009 | Volume 4 | Issue 7 | e6172



build 36.1) g score for the reference genome allele. MATCH and
PMATCH wuse 1.000 as maximum score between an optimal
binding site match and matrix power of detection. TOUCAN
detection tools (MotifScanner, Motifl.ocator, MotifSampler) do
not use global maximum or matrix scoring, but the higher the
numbers, the better the predicted site. The a priori probability or
threshold is stated under the score when any of the TOUCAN
tools has been used h score for non-reference allele i program used
for detection of a motif. Error minimization criteria stated when
applicable j transcript factor contained in any of the mult-
conserved sequence (MCS) region of the multi-species alignment.
The first value belongs to the Infocon program and the second to
the EPO EnsEMBL track. Y’ indicates that the TFBS motf is
totally contained in the area (see supplementary figure S1 and text
S2), ‘y+* that there is major overlapping part (>75%), ‘y’ that there
is significant overlapping part (<75%, >50%), ‘y— only if a
minor part overlaps (<50%) and ‘N’ indicates an inexistent
overlap

Found at: doi:10.1371/journal.pone.0006172.s003 (0.16 MB
PDF)

Table S2 Primer sequences for analysis of 5" upstream region.
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