
Chronic Kidney Disease (CKD) risk genes are 
enriched in the kidney proximal tubule

SLC6A19 (B0AT1) allelic series: loss of function is associated with improved kidney function
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Results: An allelic series of SLC6A19 functional variants is associated with kidney function

SLC6A19 is a sodium dependent amino acid 
transporter that reabsorbs nutrients from the diet 

(intestine) and filtered blood (kidney)

Loss of apical proximal tubule amino acid transporters 
associates with improved kidney function

Genome-wide burden test for all pLOF and missense variants (MAF<1%) using 
UK Biobank1 exome sequencing data (European ancestry)

Genes with P < 1 x 10-5 for reduced plasma creatinine are displayed in black

The proximal tubule has a role in nutrient 
reabsorption and 

regulation of intraglomerular pressure

The proximal tubule reabsorbs nearly 100% of 
filtered nutrients and is a high energy 

consuming cell type

Na+ reabsorption by the PT impacts Na+ 
sensed by the macula densa  

Nutrient reabsorption 
from glomerular filtrate

Tubuloglomerular feedback regulates 
intraglomerular pressure

Results: Creatinine/Cystatin C and D173N dosage 
Effect of SLC6A19 D173N dosage on eGFRcre

 in UK Biobank1
SLC6A19 allelic series effect on Creatinine 

and Cystatin C in UK Biobank1

Summary
A bi-directional allelic series of SLC6A19 loss of function, 

protein altering and regulatory variants impacts kidney function
Effect of the SLC6A19 allelic series on kidney 

function and Chronic Kidney Disease risk

pLOF = predicted Loss Of Function

Variants that prevent expression of one copy of SLC6A19 
Variants include: premature stop gain/nonsense, frameshift, essential 
splice site, where variants are predicted to cause non-sense 
mediated decay of the SLC6A19 mRNA transcript.

pLOF variants are rare and most carriers have only 1 copy of a pLOF, 
leading to haploinsufficiency (50% loss of gene copy number)

Protein altering and functional 
variants in human SLC6A19

Allelic Series:
 Variant Definitions

SLC6A19 Allelic Series
Kidney Function: Creatinine Chronic Kidney Disease (CKD)

deCODE1

1 Hum Mol Genet. 2014 Dec 20;23(25):6935-43.
2 This research has been conducted using data from UK Biobank, a major biomedical database.

MZE782, a small molecule inhibitor of SLC6A19, 
is currently under Phase 1 investigation as a potential treatment for CKD.

UK Biobank2

Meta-analysis

Study Ancestry N Variant 
Filter

N   
pLOF   

carriers

Variant Effect 
allele 

Frequency

Beta 
(SE)

P

European 194,286

pLOF 603

rs142979576 0.0086 -0.12
(0.020)

1.3x10-8

-0.15
(0.034)

1.0x10-4

3.0x10-13-0.13
(0.017)

SLC6A19 pLOF + splice site
(rs142979576)
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Meta-analysis

Study Ancestry N Variant 
Filter

N   
pLOF   

carriers

Variant Effect 
allele 

Frequency

Odds
Ratio 
(SE)

P

European 194,286

pLOF 603

rs142979576 0.0086 0.75
(0.24)

0.0019

0.89
(0.20)

0.59

0.220.83
(0.13)

SLC6A19 pLOF + splice site
(rs142979576)

Effect Size (Beta)
Creatinine 1 Hum Mol Genet. 2014 Dec 20;23(25):6935-43.

2 This research has been conducted using data from UK Biobank, a major biomedical database.

European 390,778 European 390,778

Odds Ratio
CKD

SLC6A19

12.0 12.1 12.2 Mbp
Chromosome 5

pLOF
rs142979576

pLOF = predicted Loss of Function

MAF = Minor Allele Frequency

Loss of 
Function 
(pLOF)
Burden

Test

Rare 
Missense 

Variant 
Burden 

Test
12.0 12.1 12.2 Mbp

Chromosome 5

SLC6A19
Missense

(MAF < 0.001)

Missense variants change one amino acid residue in the protein.

Missense variants can have:
 - little impact on function (benign) 
 - moderate or nearly complete loss of function (hypomorph)
 - altered or gain of function

Rare missense variants with a Minor Allele Frequency (MAF) <0.001 
tend to be enriched for hypomorphic variants.

Most carriers of a rare missense variant bear one copy (heterozygous). 
To have sufficient power to test for association, a rare missense burden 
test aggregates all individuals carrying a qualifying variant.

UK Biobank1

1 This research has been conducted using data from UK Biobank, a major biomedical database.

Study Ancestry N Variant 
Filter

N missense 
MAF < 0.001 carriers

Beta 
(SE)

P

European 374,654 4,829 -0.082
(0.011)

3.0x10-13

SLC6A19 rare missense 
burden test 

missense MAF < 0.001

Effect Size (Beta)
Creatinine

Missense 
(MAF < 0.001) UK Biobank1

Study Ancestry Qualifying 
Variant 
Filter

N Cases Odds 
Ratio
(SE)

P

European 14,745 1.06
(0.08)

0.47

SLC6A19 rare missense 
burden test 

missense MAF < 0.001

Odds Ratio
CKD

Missense 
(MAF < 0.001)

N Controls

375,777

1 This research has been conducted using data from UK Biobank, a major biomedical database.

12.0 12.1 12.2 Mbp
Chromosome 5

Known 
Hartnup 
Disease 

Missense 
Variants

Hartnup's Disease requires a person to carry 2 copies of a 
hypomorphic missense or loss of function SLC6A19 variant 
(Autosomal recessive phenotype).

Hartnup's Disease is characterized by excess amino acids in urine 
(aminoaciduria) and stool. Hartnup's Disease can cause skin rashes and 
neurological manifestations, typically the result of malnutrition. With a 
normal diet symptoms recede and, in fact, most individuals are unaware 
they are carriers1.

D173N is a hypomorphic missense variant observed in Hartnup's cases. 
D173N is relatively common in people of Northern European ancestry 
(MAF~0.003). Most carriers of D173N have only 1 copy (heterozygous). 

1 
https://medlineplus.gov/
genetics/condition/hartn
up-disease/

12.0 12.1 12.2 Mbp
Chromosome 5

Regulatory 
variant
(eQTL)

An eQTL = mRNA expression Quantitative Trait Locus

A search for common variants that affect levels of SLC6A19 
mRNA in the kidney tubule identified rs11133665.

The "A" allele of rs11133665 is associated with increased 
mRNA expression of SLC6A19 in kidney tubules. 

rs11133665_A has a MAF ~25% in people of European ancestry

nephQTL2 
Tubule1

1 https://www.nature.com/articles/s41467-023-37691-7

SLC6A19
D173N (rs121434346)

Hartnup Missense

Hartnup = variant identified in cases of Hartnup disease, an autosomal 
recessive loss of function phenotype associated with SLC6A19

eQTL = mRNA expression Quantitative Trait Locus

eQTL (rs11133665)
SLC6A19

Study Ancestry N
UK Biobank1 European 374,654
MVP2 European 421,211
deCODE3 European 307,022

Meta-analysis

Reference 
Allele

Effect Allele
Frequency

Beta (SE) PEffect 
Allele

G
G
G

A
A
A

0.0046
0.003
0.003

-0.16 (0.016)
-0.14 (0.021)
-0.10 (0.03)

1.7x10-22

7.7x10-12
0.002

-0.15 (0.016) 2.1x10-33

1 This research has been conducted using data from UK Biobank, a major biomedical database.
2 Million Veteran Program (MVP) Science. 2024 Jul 19;385(6706):eadj1182
3 Hum Mol Genet. 2014 Dec 20;23(25):6935-43.

SLC6A19 D173N
rs121434346 Study Ancestry

Total 
N

UK Biobank1 European 374,654
MVP2 European 368,937
deCODE3 European 307,022

Meta-analysis

Effect Allele
Frequency

Odds Ratio (SE) PEffect 
Allele

SLC6A19 D173N
(rs121434346)

A
A
A

0.0046
0.003
0.003

0.91 (1.09)
0.85 (0.056)
0.86 (0.16)

0.31
0.33
0.34

0.85 (0.05) 0.004

CKD 
Cases 

N
18,213
63,705
15,594

Odds Ratio
CKD 1 This research has been conducted using data from UK Biobank, a major biomedical database.

2 Million Veteran Program (MVP) Science. 2024 Jul 19;385(6706):eadj1182
3 Hum Mol Genet. 2014 Dec 20;23(25):6935-43.

Study Ancestry N

Meta-analysis

UK Biobank1 European 374,654

MVP2 European 421,211

Reference 
Allele

Effect Allele
Frequency

Beta (SE) PEffect 
Allele

G

G

A

A

0.29

0.27

0.013 (0.002)

0.007 (0.003)

3.6x10-8

0.0094

0.011 (0.002) 3.7x10-9

1 This research has been conducted using data from UK Biobank, a major biomedical database.
2 Million Veteran Program (MVP) Science. 2024 Jul 19;385(6706):eadj1182.

SLC6A19 eQTL variant
rs11133665

SLC6A19 eQTL variant
rs11133665Study Ancestry

Total 
N

Effect Allele
Frequency

Odds Ratio (SE) PEffect 
Allele

CKD 
Cases 

N

Meta-analysis

MVP1 European 368,937
UK Biobank2 European 375,777
CKDgen3 European 480,698

1 Million Veteran Program (MVP) Science. 2024 Jul 19;385(6706):eadj1182
2 This research has been conducted using data from UK Biobank, a major biomedical database
3 Nat Genet. 2019 Jun;51(6):957-972.

Effect Size (Beta)
Creatinine

Effect Size (Beta)
Creatinine Odds Ratio

CKD

A
A
A

0.27
0.29
0.29

1.0   (0.008)
1.02 (0.012)
1.01 (0.01)

1
0.15
0.18

1.01 (0.006) 0.16

63,705
18,213
41,395

eQTL 
(rs11133665)

D173N 
(rs121434346)

pLOF Burden
Missense Burden 

(MAF < 0.001)

SLC6A19 loss of function: Potential Mechanisms for Renoprotection

1 This research has been conducted using data from UK Biobank, a major biomedical database Also see poster SA-PO1191:  “Genetic ablation of Slc6a19 is protective against renal damage in mouse models of chronic kidney disease” 

SLC7A9 (B0AT)

SLC6A19 (B0AT1) 


