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Genetic Variants in Novel Pathways Influence Blood Pressure
and Cardiovascular Disease Risk

The International Consortium for Blood Pressure Genome-Wide Association Studies

Abstract

Blood pressure (BP) is a heritable trait! influenced by multiple biological pathways and is
responsive to environmental stimuli. Over one billion people worldwide have hypertension (BP
>140 mm Hg systolic [SBP] or 290 mm Hg diastolic [DBP])2. Even small increments in BP are
associated with increased risk of cardiovascular events3. This genome-wide association study of
SBP and DBP, which used a multi-stage design in 200,000 individuals of European descent,
identified 16 novel loci: six of these loci contain genes previously known or suspected to regulate
BP (GUCY1A3-GUCY1B3; NPR3-C50rf23; ADM; FURIN-FES; GOSRZ; GNAS-EDNJ3); the
other 10 provide new clues to BP physiology. A genetic risk score based on 29 genome-wide
significant variants was associated with hypertension, left ventricular wall thickness, stroke, and
coronary artery disease, but not kidney disease or kidney function. We also observed associations
with BP in East Asian, South Asian, and African ancestry individuals. Our findings provide new
insights into the genetics and biology of BP, and suggest novel potential therapeutic pathways for
cardiovascular disease prevention.

Genetic approaches have advanced the understanding of biological pathways underlying
inter-individual variation in BP. For example, studies of rare Mendelian BP disorders have
identified multiple defects in renal sodium handling pathways*. More recently two genome-
wide association studies (GWAS), each of >25,000 individuals of European-ancestry,
identified 13 loci associated with SBP, DBP, and hypertension®8. We now report results of a
new meta-analysis of GWAS data that includes staged follow-up genotyping to identify
additional BP loci.

Primary analyses evaluated associations between 2.5 million genotyped or imputed single
nucleotide polymorphisms (SNPs) and SBP and DBP in 69,395 individuals of European
ancestry from 29 studies (Supplementary Materials Sections 1-3, Supplementary Tables 1-
2). Following GWAS meta-analysis, we conducted a three-stage validation experiment that
made efficient use of available genotyping resources, to follow up top signals in up to
133,661 additional individuals of European descent (Supplementary Fig. 1 and
Supplementary Materials Section 4). Twenty-nine independent SNPs at 28 loci were
significantly associated with SBP, DBP, or both in the meta-analysis combining discovery
and follow up data (Fig. 1, Table 1, Supplementary Figs 2-3, Supplementary Tables 3-5).
All 29 SNPs attained association £<5x1079, an order of magnitude beyond the standard
genome-wide significance level for a single stage experiment (Table 1).

Sixteen of these 29 associations were novel (Table 1). Two associations were near the
FURIN and GOSRZ2 genes; prior targeted analyses of variants in these genes suggested they

Note added in proof: Since this manuscript was submitted, Kato et al published a BP GWAS in East Asians that identified a SNP
highly correlated to the SNP we report at the NPR3-c50rf23 locus28.
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may be BP loci”8. At the CACNBZ2locus we validated association for a previously
reported® SNP rs4373814 and detected a novel independent association for rs1813353
(pairwise r2 =0.015 in HapMap CEU). Of our 13 previously reported associations®8, only
the association at PLCD3was not supported by the current results (Supplementary Table 4).
Some of the associations are in or near genes involved in pathways known to influence BP
(NPR3, GUCY1A3-GUCY1B3, ADM, GNAS-EDN3, NPPA-NPPB, and CYP17A1,
Supplementary Fig. 4). Twenty-two of the 28 loci did not contain genes that were a priori
strong biological candidates.

As expected from prior BP GWAS results, the effects of the novel variants on SBP and DBP
were small (Fig. 1 and Table 1). For all variants, the observed directions of effects were
concordant for SBP, DBP, and hypertension (Fig. 1, Table 1, Supplementary Fig. 3). Among
the genes at the genome-wide significant loci, only CYPI7A1, previously implicated in
Mendelian congenital adrenal hyperplasia and hypertension, is known to harbour rare
variants that have large effects on BP.

We performed several analyses to identify potential causal alleles and mechanisms. First, we
looked up the 29 genome-wide significant index SNPs and their close proxies (r2>0.8)
among c/s-acting expression SNP (eSNP) results from multiple tissues (Supplementary
Materials Section 5). For 13/29 index SNPs, we found association between nearby eSNP
variants and expression level of at least one gene transcript (1074 > p > 107°1,
Supplementary Table 6). In 5 cases, the index BP SNP and the best eSNP from a genome-
wide survey were identical, highlighting potential mediators of the SNP-BP associations.

Second, because changes in protein sequence are strong & priori candidates to be functional,
we sought non-synonymous coding SNPs that were in high LD (r2 >0.8) with the 29 index
SNPs. We identified such SNPsat 8 loci (Table 1, Supplementary Materials Section 6,
Supplementary Table 7). In addition we performed analyses testing for differences in genetic
effect according to body mass index (BMI) or sex, and analyses of copy number variants,
pathway enrichment, and metabolomic data, but we did not find any statistically significant
results (Supplementary Materials Sections 7-9, Supplementary Tables 8-10).

We evaluated whether the BP variants we identified in Europeans were associated with BP
in individuals of East Asian (N=29,719), South Asian (N=23,977), and African (N=19,775)
ancestries (Table 1, Supplementary Tables 11-13). We found significant associations in
individuals of East Asian ancestry for SNPs at 9 loci and in individuals of South Asian
ancestry for SNPs at 6 loci; some have been reported previously (Supplementary Tables 12
and 15). The lack of significant association for individual SNPs may reflect small sample
sizes, differences in allele frequencies or LD patterns, imprecise imputation for some
ancestries using existing reference samples, or a genuinely different underlying genetic
architecture. Because of limited power to detect effects of individual variants in the smaller
non-European samples, we created genetic risk scores for SBP and DBP incorporating all 29
BP variants weighted according to effect sizes observed in the European samples. In each
non-European ancestry group, risk scores were strongly associated with SBP (P=1.1x10740
in East Asian, P=2.9x10713 in South Asian, P=9.8x10~* in African ancestry individuals) and
DBP (P=2.9x10748, P=9.5x10715 and P=5.3x10>, respectively; Supplementary Table 13).

We also created a genetic risk score to assess association of the variants in aggregate with
hypertension and with clinical measures of hypertensive complications including left
ventricular mass, left ventricular wall thickness, incident heart failure, incident and prevalent
stroke, prevalent coronary artery disease (CAD), kidney disease, and measures of kidney
function, using results from other GWAS consortia (Table 2, Supplementary Materials
Sections 10-11, Supplementary Table 14). The risk score was weighted using the average of
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SBP and DBP effects for the 29 SNPs. In an independent sample of 23,294 women10, an
increase of 1 standard deviation in the genetic risk score was associated with a 21% increase
in the odds of hypertension (95% CI 19%-28%; Table 2, Supplementary Table 14). Among
individuals in the top decile of the risk score, the prevalence of hypertension was 29%
compared with 16% in the bottom decile (odds ratio 2.09, 95% CI 1.86-2.36). Similar
results were observed in an independent hypertension case-control sample (Table 2). In our
study, individuals in the top compared to bottom quintiles of genetic risk score differed by
4.6 mm Hg SBP and 3.0 mm Hg DBP, differences that approach population-averaged BP
treatment effects for a single antihypertensive agent!!. Epidemiologic data have shown that
differences in SBP and DBP of this magnitude, across the population range of BP, are
associated with an increase in cardiovascular disease risk3. Consistent with this and in line
with findings from randomized trials of BP-lowering medication in hypertensive
patients12.13 the genetic risk score was positively associated with left ventricular wall
thickness (P=6.0x1076), occurrence of stroke (P=3.3x107°) and CAD (P=8.1x10729). The
same genetic risk score was not, however, significantly associated with chronic kidney
disease or measures of kidney function, even though these renal outcomes were available in
a similar sample size as for the other outcomes (Table 2). The absence of association with
kidney phenotypes could be explained by a weaker causal relation of BP with kidney
phenotypes than with CAD and stroke. This finding is consistent with the mismatch between
observational data that show a positive association of BP with kidney disease, and clinical
trial data that show inconsistent evidence of benefit of BP lowering on kidney disease
prevention in patients with hypertensionl4. Thus, several lines of evidence converge to
suggest that BP elevation may in part be a consequence rather than a cause of sub-clinical
kidney disease.

Our discovery meta-analysis (Supplementary Fig. 2) suggests an excess of modestly
significant (107> <P<1072) associations likely arising from common BP variants of small
effect. By dividing our principal GWAS dataset into non-overlapping discovery (N~56,000)
and validation (N~14,000) subsets, we found robust evidence for the existence of such
undetected common variants (Supplementary Fig. 5, Supplementary Materials Section 12).
We estimatel® that there are 116 (95% CI 57-174) independent BP variants with effect sizes
similar to those reported here, which collectively explain ~2.2% of the phenotypic variance
for SBP and DBP, compared with 0.9% explained by the 29 associations discovered thus far
(Supplementary Fig. 6, Supplementary Materials Section 13).

Most of the 28 BP loci harbour multiple genes (Supplementary Table 15, Supplementary
Fig. 4), and although substantial research is required to identify the specific genes and
variants responsible for these associations, several loci contain highly plausible biological
candidates. The NMPPA and NPPB genes at the MTHFR-NPPB locus encode precursors for
atrial- and B-type natriuretic peptides (ANP, BNP), and previous work has identified SNPs,
modestly correlated with our index SNP at this locus, that are associated with plasma ANP,
BNP, and BP16. We found the index SNP at this locus was associated with opposite effects
on BP and on ANP/BNP levels, consistent with a model in which the variants act through
increased ANP/BNP production to lower BP16 (Supplementary Materials Section 14).

Two other loci identified in the current study harbour genes involved in natriuretic peptide
and related nitric oxide signalling pathways,17+18 both of which act to regulate cyclic
guanosine monophosphate (cGMP). The first locus contains MPR3, which encodes the
natriuretic peptide clearance receptor (NPR-C). NPR3 knockout mice exhibit reduced
clearance of circulating natriuretic peptides and lower BP1°. The second locus includes
GUCY1A3and GUCY1B3, encoding the alpha and beta subunits of soluble
guanylatecyclase (sGC); knockout of either gene in murine models results in hypertension20,
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Another locus contains ADM, encoding adrenomedullin, which has natriuretic, vasodilatory,
and BP-lowering properties?!. At the GNAS-EDN3 locus, ZNF831 is closest to the index
SNP, but GNAS and EDN3 are two nearby compelling biological candidates
(Supplementary Fig. 4, Supplementary Table 15).

We identified two loci with plausible connections to BP via genes implicated in renal
physiology or kidney disease. At the first locus, SLC4A7is an electro-neutral sodium
bicarbonate co-transporter expressed in the nephron and in vascular smooth muscle?2. At the
second locus, PLCEI (phospholipase-C-epsilon-1 isoform) is important for normal podocyte
development in the glomerulus; sequence variation in PLCEZ has been implicated in
familial nephrotic syndromes and end-stage kidney disease?3.

Missense variants in two genes involved in metal ion transport were associated with BP in
our study. The first encodes a His/Asp change at amino acid 63 (H63D) in HFE and is a low
penetrance allele for hereditary hemochromatosis?4. The second is an Ala/Thr
polymorphism located in exon 7 of SLC39A8, which encodes a zinc transporter that also
transports cadmium and manganese2®. The same allele of SLC39A8&associated with BP in
our study has recently been associated with high-density lipoprotein (HDL) cholesterol
levels26 and BMI27 (Supplementary Table 15).

In conclusion, we have shown that 29 independent genetic variants influence BP in people
of European ancestry. The variants reside in 28 loci, 16 of which were novel, and we
confirmed association of several of them in individuals of non-European ancestry. A risk
score derived from the 29 variants was significantly associated with BP-related organ
damage and clinical cardiovascular disease, but not kidney disease. These loci improve our
understanding of the genetic architecture of BP, provide new biological insights into BP
control and may identify novel targets for the treatment of hypertension and the prevention
of cardiovascular disease.

Methods summary

Supplementary Materials provide complete methods and include the following sections:
study recruitment and phenotyping, adjustment for antihypertensive medications,
genotyping, data quality control, genotype imputation, within-cohort association analyses,
meta-analyses of discovery and validation stages, stratified analyses by sex and BMI,
identification of eSNPs and nsSNPs, metabolomic and lipidomic analyses, CNV analyses,
pathway analyses, analyses for non-European ancestries, association of a risk score with
hypertension and cardiovascular disease, estimation of numbers of undiscovered variants,
measurement of natriuretic peptides, and brief literature reviews and GWAS database
lookups of all validated BP loci.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Genome-wide —log1g P-value plots and effects for significant loci.
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(DBP: panel b). SNPs within loci reaching genome-wide significance are labeled in red for
SBP and blue for DBP (x2.5Mb of lowest P-value) and lowest P-values in the initial
genome-wide analysis as well as the results of analysis including validation data are labeled
separately. The lowest P-values in the initial GWAS are denoted as an X. The range of
different sample sizes in the final meta-analysis including the validation data are indicated
as: circle (96-140K), triangle (>140-180k), and diamond (>180-220k). SNPs near
unconfirmed loci are in black. The horizontal dotted line is P=2.5 x 1078, Panel ¢ shows the
effect size estimates and 95% confidence bars per BP-increasing allele of the 29 significant
variants for SBP (red) and DBP (blue). Effect sizes are expressed in mmHg/allele. GUCY =

GUCYI1A3-GUCY1B3.

Nature. Author manuscript; available in PMC 2012 May 01.



Page 14

80°0 620°0- +-/+ 1700 6210~ +-[+ 0-0LTT  gg50- (M)A - 980 /L 0/2'89€'zy LT 99/809.TSI 24s0D
=0T, 0L 6500 H + s1-0L 6T ggep HH 61-0L,¢S g9 A - €0 v/L 26€'8€2'68 ST T0STZSes! S34-N™N4
u-0L¥S  ,00- I+ s1-0L,0C  gzeo- HH 1-0L,¢T  g9g0- - - 82'0 2/9 8v.'860'00T  TT G81€e9sl  SETWINL-0TSZEC 14
e0LTT  ypo0- +-1¢ 8-0L¥9  g6z0- +-1¢ a1-0L,0€ G190 - - 68°0 v/9 VIT'208'0T  TT  02262T.S wav
6-0L¥'6 500 ~I++ 0L T8 gg10 ~+/+ a-0LTL gy - - P70 v/9 0£6's88'66 0T ¥9/2565! 13071d
s-0L.58  gppo- 14/~ o-0L Y7 g17°0- |4+ wO0L8Y greo- - - 550 2/9  8l6'6GY'8T 0T vI8ELEVSI (,9)2aNovO
—

-0, T'T 500 +/=|- 1-0T,0€  gzzo -1~ -0 ST gie0 WA (DA 190 V9 SYE'veL'TE 9 £0€50854 Glvazl
_ . _ b=
0-0T,8T 5600 [+ s-0L. ST gp0 ~[+/+ a-0L, L', yz90 - A ¥1°0 2/9 85T'66T'92 9 SY666LTSI 34
=
0T LT z600- +H [+ e1-0T,8€  1g70- [+ 1-01,0€  Z1p0- - - L0 o/L 086'4LL'/ST G OS9ESBTTS T4G3
oi-0L.¢€  z900 A a-0L,T6 1970 HE ai-0L 8T 050 - - 90 v/9  68.'058'Z€ S TLLELTTSI £211050-EHdEl
>
0L, zpoo +~I+ 0-0T,2C gz +—+ 9-0L.CT  12e0 - - 9,0 N/ €96'v98'9ST ¥  T/SBETETSI mm;o:o.?ﬁ/onm.
=4
0L67  gor0- +He a-0L,€¢C  yggo- ++e, n-0T, €€ 1g50-  (+)A A 500 O/l TELIOV'EOT ¥ GZELOTETS 8vee0 B
+-0LTE  1e00 ~I++ a-0LTC 1420 HH+ e1-0L8T  gopo - - A /L 08G'€8S'0/T € 9/06TS! OO
g
»-0L9€  gepo- +=/- 6-0L,8€  gezo- +-/- o-0LST  greo- (DA (DA 820 /L £16'215'LC € TT.Z80€TS! Déow
-0T,6C  6y00 —h 0-0L,66 70 ~[++ 6-0LCT ggeg (DA (DA sL0 v/9 990'8TO'STT T 8£62£625! OTAOW

aneA-d  erg VIVS/V3 U183 anfead epd VIVS/V3 uley3  sneAd  eRd

N1H d4da das dNS® dNSSU  4vO  VON/VD uolisod YD NS Xepu| Sl

‘J[ey Jamoj ay ul
pajuasald ate speubis paysijaqnd Ajsnoinsid ZT uo erep ‘sjgel ayl Jo Jjey dol ayy ul pajuasald ale (SANS /2T) sBulpuly uediiubis apim-awoush maN ‘uMoys
are Ansadue ueadoin3 Jo s|enpIAIpUl Ul SdNS luapuadapul gz J0J ‘erep dn-mojjo) pue AISA0ISIP Paulquiod Uo paseq ‘SI1ISIIeIS UoIRIo0sSSe Arewwng

SANS dg 6¢ 104S}NsaJ uoirenosse Arewwng
T3lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 15

'$91RUIPI00D 9€ PlINg 1GON 8sn suonisod o1wouss) “erep Buissiw sarouap ¢, ‘Aouanbaly ajajje papod = 4D ‘8]8||e PaP0I-UOU = YN ‘81818 Papod = ¥

"NLH 104 813|1e papo Jad (sppo)uj
pue 4gqQ pue 4gs 1oy a|ajfe papod Jad BHww 0} puodsaliod (e19q) sarewnss azis 198143 (2T pue § seqe Arejuswa|ddng) Aisaoue Jad S1sal 8G N0 94G 18 JaH oyl Buijjosiuod asuedipubis sajousp
¥

‘syinsai Anssoue ueadoing

Ul SUOIID3JIP Y} JUBPIOISIP 10 JUBPIOJUOD JI — JO + PBPOI aJe S|enpIAIpul Asadue () Uedlyy pue ‘(WS) Uelsy Yinos ‘(w3) Uelsy 1Se3 Ul SUonIalip 198448 PanIasqO "dNSa umouy| 1sabuolis ayl 1ou Ing
dNSa Ue s NS d9 01 (8°0 < Nc dNS Axoud e sareaipul :(d) A “uawiiadxs ¥YOd1H-dNS [euoibal e ul dNSa UMouy| 15aBU0Jls SI dNS Xapul dg sareaipul :(4) A 1diiosuesy Aue 1oy NS umouy| 1sabuo.is Jou

NG dNS? Ue SI dNS Xapul dg se1eaipul :(=) A 1d1iosuel) e 10} dNSS Umous| 1s9BU0Is aU SI NS Xapul dgsarealpul :(+) A "dNSSU e st dNS Axoud e sayearpur (d) A ‘dNSSU © S NS Xapul dg 8y} saledlpur A

-0L.2CT  gp00 +~I+ 11-0T,€C  ;z0 +—+ 0-0L,8T z9e0 (DA - 8e0 J/L 908'/G.'vy /T /880v6ZTS! 2594NZ

e0L 0T ¢00 A -0L.LC  o1p0 AL 0L LS e190 (DA - S€0 VO  0ey'ves'eL. ST ZveBLETs EXIN-TVIAR

[e]

3

9-0L,2S  gpoo -/~I- 0-0T, V'S eszo ~/+~ 8-0L.7'S  ygep - - L0 J/L 6/T'2/8'€TT ¢  TT0S80TS eXgL-GXH

o

) ) b=y

9-0L,9% 95070 +~I- s-0L.9C  gppo +—/- a-0L.8€ g5 (1A A 10 O/l 166'89€'0TT T  vOSKBIES! ez

>

o

n-0LTT  gz10 “hth m-0L.CT  zzg0 “hoHL 81-0L,8T  gz60 - - 80 v/9 /T/'v85'88 2T ¥S.6VZLTS T8ed

=

o-0LVE 2900 L+ o-0L €S gperg L m-0LES g6 - - 9z°0 /L vv8'8S8'9T  TT ST8T8ES! LYHNIB

@

: : =

0L¥T 600 ot e-0L V6 yop0 oA 92-0L,69 ge01  (-)A - 16'0 o/L 89T'9€8'Y0T 0T  SYSTETTISI ZOSINTYLTAAD

S

6-0L,86 9600 ~I-I- a-0LET 6150 I+ a-0L07 gv90 (A - ¥80  O/9  6SG'LET'E9 0T LI806GHS! L0T400TD

=

0-0%,29 g0 [+ s-0T,€C  grp0 [+ a1-01,9C  gog0 - - 890 /L vSY'Ip.'8T 0T €SEET8TS! (,€)zaNOvD

<

; =

0L, 6T ;00 HH + 501,58 gp0 H + e-0T, ST goz0 - - 62°0 o/L Ly1's8E'T8 v 8£08SYTS! G4

8T0  LT00- +4+ y1-0T,06  s9e0- +—/- 660 L900- (AMA A €80 o/L 8Ty'Zs8' Ty € 2LEVLLES) XN

0-01,€C  gor0- +H [+ 61-0T, € sp50- [+ 2201, L8 cop0- (A - ST0 v/9 G9£'68/'TT T Y0SL9ELTSI 9ddN-44HLIN

n-0L.CV 110 + e e-0T,9S 550 +H e2-01,6€ 9680 - (DA zT0 v/9 ZIGY8T'.S  0¢  OSKSTO9s! ENA3I-SVYND

0L, 97 peo0 o+ a-0L. 7T zogo H A+ 8-0L 6T  pep - - 90 v/9 0S0'LT6'0T 0  GEZLZETS 1OVC
anpeAd BRE  V/VS/VIUIRHT eneAd  eRY  V/VS/VIUIRHI  enpad  epg

NLH dgd EES dNS®  dNSSU  4VD  VON/VD  uonsod D dNS Xepu| snoo

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript



Page 16

abeuwrep ueb Jo 180 1e1jo Se INsesw Snonuiluo)

788'12/869'€ @ €01 20T 62 89°0 (@ 6100 800°0 usaaMo BLINUILING|BOIOIL JUB[BARI]
982'19/L08'S @ sot 70T 62 Ge'0 (@ s100 7100 us9aMo aseasip Asupij 91u0Jy JU[eAdId
TT6'TL/LG9'0€ @ et €T 62 6-0T=T'8  (q) 6000 00T°0 avd ® NVY901adVvO (pauIqod) AV usfeAdId
¥08'2/v0L'C @ e 92T 62 2000 @ 1200 €80°0 SdH ard avo usensid
T8E'7/02L'S @ 65T Sr'T 62 6-0T=CC @ zzo0 ZET0 S1a¥vooid ard avo usensid
9¢L'v9/eee’ze (@) 81 62T 8¢ 61-0T«9'T (@ 0100 2600 NVY9D0IAQYVO v usfenald
OYS'6T/LTO'E VN VN VN VN s-0T«€€ VN VN VN 905 ® IDUVHD  (us[ensid pue juspioul ‘paulqLI0d) 84ons
(909)dnoio

28Y'TIELY'T @ oe1 €T 62 500 @ 100 G.00 3AIEJOCE]|0D ONS SN-MN 0.5 Jus[enald
850'8T/YYS'T @ vE'T 8z 20000 (@) 8200 €010 39YVYHO-04NIN 018 uspIou|
00%'81/925'2 @ et 0T'T 62 010 (@) 1200 GEO'0 4H-394VHD an|re} Ueay JuspIou|
Sjulodpue snowoloydiqg

066'T/90v'C @ vie €z 6¢ 12-0T«L'L (@ 1€00 1820 1HOIYg uolsusHadAy jusjenald
9/2'8T/870'S (@ 602 08’1 6¢ ee-0T«T'E (@ 8100 112°0 SHOM uolsuaMadAy Jusjenald
v6z'se (® 1€ 96'2 62 15-0T«7'8 (®) 1900 LSO'T SHOM [BHww] daa
v6e'se ® LS 19 6¢ £9-0T«5'9 (®) 8600 S79'T SHOM [BHww] das
sadAjoueyd ansse ud poolg

[210] JO |011U0D/ESED N S9|19p  SA|uUINb  SANS# anfend (©402s ¥s1190110UBD Jo gs Jod) 82.n0S adAouayd

w010(g SA doy se3u0D

ES)

1943

NIH-PA Author Manuscript

NIH-PA Author Manuscript

"BII0SU0I SO 1310 WoJ) 1 Nsal ul palsal ‘(sisAfeue A1anoasip syl wo.)
[2/(0ape dga + 19218 d9S)=] S19918 49 pue 4gs Jo abeiane ay) Buisn pasiisiaweled ‘190] 82 18 SANS 62 |Ie Buisn) 3109s 3su1 d118uab JO UOIIRIN0SSY

S]|NS3 J UOITRI00SSE SLLI0JIN0 J2|NJSBACIP Jed PUE 8 J00S XS11 2118U89)

¢ ?olqel

NIH-PA Author Manuscript

Nature. Author manuscript; available in PMC 2012 May 01.



Page 17

'$3]198p J0 sa|nuInb wonog/dol ussmiag olrel d1dAlousayd Jo ‘8109s s a1auab o gs Jad (sdArouayd)u) ate siun

®)

'$3[199p 10 sajuInb wonog/do) usamiag orrel paezey Jo ‘9109s ysu ondush Jo gs Jad (prezey)u| ase &ED@

'$9]193p 10 S3|1uINb wonog/dol usamiag o11el SPPO J0 ‘8103s XSH d1BUsb Jo gs Jad (Sppo)u) ase 3:53\

'$3]199p 10 sa|iuInb wonoq/dol usamiag aduaJaIp e Se Jo ‘8109s Ysu d11auab Jo as Jad Jayus ‘yuswainseaw d1dArouayd Jo Jiun ayy ase &ED@
08S'TE ® et 10T 62 €V'0 () 1000 5000 uIDaMo ofjed aujuleasd/uInge Areun
€60'29 ® 00T 00T 62 €6'0 (?) 60000  TO000- usOAaMo (uonenbs YA Je1eweled ) H498
218'eT ® 0071 00T 62 vZ'0 () 1000 100°0- usnAaupiy auluIeald wnisg
219'eT (® €00 €00 62 9-0T«0'9 (®) 2000 6000 usoyo3 [wo]ssausiorys [rem JeinoLjusA Yo
2192t (®) 68 0€C 6¢ 100 (® 11€0 2280 usooydg [6] ssew sejnornuan ya
sadAiouayd anssa id poolg
[210] JO |01IU0D/ESED N S9|I09p  S9|uINb  SANS# anpen-d (8402s ys1190110UBD Jo Os Jod) 80.Nn0S adAoueyd

w1104 'sA doi 1sejuo)d

ES) 1943

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Nature. Author manuscript; available in PMC 2012 May 01.



