
Mapping Genes  in Kidney Health and Disease 

PART II 



CLASSIFICATION OF 

INHERITED DISEASES 

 Monogenic – Mendelian Inheritance patterns 

 

  Polygenic – non-Mendelian Inheritance 

patterns 

Complex disease 

and phenotypes 



 Relation of effect size and risk allele frequency of DNA sequence variants associated with  
kidney function and disease  risk phenotypes 

Kidney Blood Press Res 2011;34:225–234 

Association  <----->  Causation 

Biological 
Mechanism 

Adapted from Kidney and Blood Pressure Research 2011:34:225-234 

Phosphate 

Albuminuria 

Chronic Kidney Disease 



APOL1 Nephropathy – A Case Study 

in African Population Genetics 

72 

A story of population based common disease 

risk gene discovery 

 

Recovering “Missing Heritablity” 

 

Association is not Causation 

 

Nothing in biology (or medicine) makes 

sense except in the light of evolution 

Theodosius Dobzhansky 



Disease Gene Mapping 

G 
W 
A 
S 
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Chronic Kidney Disease 

End Stage Kidney Disease 

 

Stage 4 
(GFR 15-

29) 

Stage 3 (GFR 30-
59) 

Stage 2 (GFR 60-89) 

Stage 1 (kidney injury GFR 
>90) 

Stage 5 

USRDS  

Prevalence 584,000 

Incidence:  110,000 

US Prevalence: 

15.5 million 

US Prevalence: 

24 million 

 



ESKD incidence rate  

of different US populations 1980-2006 

African 

Americans 

European 

Americans 
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African  Americans

Hispanic Americans

European Americans

1010 

520 

279 

5004 

2326 

1194 

ESKD Incidence and Prevalence Rates (USRDS, 2006) 

1 

1.95 

4.19 

1.86 

3.62 

1 

76 

%AF <1 83.4 (16.3) 31.2 (24.3) 



Diabetic 
Glomerular 

Disease 

Hypertension 
Attributed 

Kidney Disease 

Non-Diabetic 
Glomerular Disease 

Other, 
including HIV 

Associated 
Nephropathy 

(HIVAN) 

The Major Etiologic Categories of ESKD   

Non-Diabetic 
ESKD 

77 



Population Disparity for all Etiologic 

Categories of CKD and ESKD 
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High Rates of Kidney Disease among HIV 

Positive African Americans 

Highleyman 2007 

The most striking discrepancy is a > 10 fold greater risk for 

Kidney Disease (HIVAN) in HIV infected African Americans 

compared to HIV infected European Americans  

•Population disparities not readily attributable to socio-economic or 

environmental factors 

•Familial clustering of CKD and ESKD of varying etiologies  in African 

Americans (Freedman 1999) 

OVERARCHING GENETIC RISK VARIANT  
(Freedman 1999) 



12 million Africans principally from three regions of  

western and southern Africa were forcibly translocated 

 to the Americas in ~ 400 years of  tragic slave trade 

 (~ 1.5 M did not survive the voyage) 

THE TRAGEDY 

Subsequent admixture with Europeans to current genome wide 

African American population average of ~83% African 



Identify “ancestry” of chromosomal regions using DNA markers whose allele 

frequencies differ markedly between parent populations  

(Ancesty Informative Markers - AIMS) 

Admixture Generates  Blocks of Linkage Disequilibrium 

(LD)  greatly facilitating population-based gene mapping 



recombination 

A G 

10 generations 

100 generations 

Admixture restores 

LD and genetic association 

C 

A G T 

C A T 

A G C 

Recombination Breaks Down LD 
 

causative  

variant 

Confers to GWAS 

characteristics of 

a family based 

mapping study 



Mapping by Admixture Linkage Disequilibrium (MALD) 

Cases: admixed population with differential disease risk  

Controls: subjects or other chromosomal regions 

Adapted from Smith and O’Brien 2005  

In the case of a parent population specific common variant which confers common disease risk– the 

genomic regions containing that variant should be significantly enriched in markers which “paint” the 

ancestry of the region in “cases” compared  to “controls” (or rest of genome) 



Admixture Mapping 

Feasibility depends on: 

• Admixture LD 
 

• Population disparity in disease frequency 
 

• Common  risk variant(s) that have risen 

to high frequency in the at risk 

population  

        (Common Variant – Common Disease) 



Disease Examples (partial list) 

Smith and O’Brien 2005 



End Stage Kidney Disease in African Americans:  Admixture Scan 

Chromosome22 q12-13 (Kao et al. 2008) 

(Kopp et al. 2008) 
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(Slush et al. 2010) 

Smith panel 

Smith panel 

Bercovici  2008 

Genome Research 
EMI panel 

* 



Admixture peak: >30 genes were 
found in the a 2mMb 95% interval 

African ancestry >90% 

in cases 

OR statistic for each SNP 

African ancestry in 

controls 

MYH9 encoding non-muscle myosin heavy 

chain was initially chosen because rare 

mutations cause a rare set of syndromes (GPS) 

with dominant Mendelian inheritance and 

sometimes involving the kidney  
Adapted from Kopp et al 2008 and NIDDK 2010, Kao et al 2008 



The S-1 Haplotype 

Low recombination 

block (ex10-ex33) 

Multiple Groups Conducted Fine Mapping Using a “Case-Control” 

Candidate Locus Association Study Design to Identify Disease Risk Markers 

for Non-Diabetic End Stage Kidney Disease 

Behar et al. 2010 

Odds Ratios, p values, and ROC parameters among the strongest ever seen 

for a common variant associated with a common disease  

LD Plot 

The F-1 SNP 



Antoonorakis et al.et al. NRG 2010 

Disease Associated Variants  
   common ancient variants tend to be associated with low risk 

 rare recent variants tend to be associated with high risk  
 

Common variant with very high OR  (> 10) 

 

PAR and Explained Fraction exceed those for smoking and lung cancer 

“Missing 

Heritability” 
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Find the “causative” pathogenic mutation in MYH9  

which confers disease risk 
   

  Molecular and cellular approaches using identified SNPs 

 

  Resequencing within MYH9 in healthy and affected 



Thinking Out of the Box 

Maybe it’s not 

MYH9 

Shay Tzur (doctorate student) 

 Clinical Observation 

 

 1000 Genomes Data Mining 

 

 Evolutionary Biology 



Ethiopian Jews (Beta Israel)  

Low Risk for Kidney Failure – specifically HIVAN 

We now know  also this to be valid for Ethiopian non-Jews  

(collaboration with Yonas Hailiesellasie and Dawit Wolday – U. of Addis Ababa) 

2006 



Leading MYH9 
Tag SNP 

Leading APOL1 
Causative SNPs 

MYH9 S1 “best” Tag 

SNP present at allele 

frequency of 0.35 in 

Ethiopia 

 

 

 

 

APOL1 Functional 

SNPs absent  in 

Ethiopia 

Tzur et al. 2010 

MYH9 S1 “best” Tag 

SNP present at 

allele frequency of 

0.35 in Ethiopia 

 

 

 

 

 

 

MYH9 F1 SNP 3’ 

centromeric in the 

gene absent  in 

Ethiopia 



APOL1 (15kbp)  
•S342G and I384M 
LD 279/280 Chromosomes 

                             G1 missense risk haplotype 

              G2 nonsense deletion del.N388/Y389 

 

• Much more strongly associated with  diease 

phenotypes that any variants in MYH9 

• Explain the associations observed with 

MYH9 

• Encodes apolipoprotein L1 

• Circulates in certain HDL particles 

MYH9 
1000 Genomes showed no 

candidate functional variants 

1000 Genomes 

showed 

functional 

variants which 

were very highly 

associated with 

disease 

Maybe it’s 

not MYH9 

Genovese et al. 
July 15, 2010 

Resequence 
the Region 

Tzur et al 2010 



The MYH9 Signals  are  attenuated  
to near insignificance when 
association is conditioned upon 
APOL1 G1 + G2 

Genovese et al. 2011 



Thinking Out of the Box 
Maybe it’s not 

MYH9 

 Clinical Observation 

 

 1000 Genomes Data Mining 

 

 Evolutionary Biology 

“Nothing in Biology Makes Sense Except 
in the Light of Evolution” Theodosius Dobzhansky 

 



Positive Selection and Hitchiking 

APOL1 MYH9 

Selective  

advantage 

Adapted: Jonathan K Pritchard, Owen Gildersleeve 

 Scientific American 2010 



 
Human African Trypanosomiasis 

African Sleeping Sickness 

Pays and colleagues and Raper and 

colleagues had shown that most 

human APOL1 efficiently kills many 

(but not all) Trypanosoma species 

Pays et al. 2006 

Brun 2010 

SRA – present in T. Brucei 
Rhodesiense binds, 
sequesters  and confers 
resistance to APOL1 
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ApoL1 G1 and G2 Variants modify protein structure so 

as to confer protection from Trypanosoma B. 

Rhodesiense Sleeping Sickness in Subsaharan Africa  

 

Mutation predicted to exert a 

disruptive effect on SRA  

binding domain 

Protein Structure Models for Apoliproteins L: 
I-TASSER and CHIMERA 

Tm>0.5 for all predictions 

bent alpha helix 

hydrophobic core stabilized the bend 

internal site 

Tzur et al. 2010 



Genovese et al. 2010 

APOL1 

Variant 

Trypanosmal 

Killing 

Trypanosoma 

Bruei 

Rhodesiense 



G1 allele frequency G2 allele frequency One or more  

copies 

of G1 or G2 

Frequency of 
G1 or G2 risk 
homozygotes 
or compound 
heterozygotes 

G1 and G2 single 

copies afford full 

protection against  

T b rhodesiense 

Current distribution 

suggests a past 

selective sweep in 

West and Central 

Sub-Subsharan 

Africa Brun Lancet 2010  

Tzur et al 2010 



Genetics   Guides Research Plan 

 Recessive inheritance model, yet healthy null state in non-human and some 
humans suggests concentration dependent “gain of renal injury” 

 Localization – Circulates in HDL3, immunolocalizes to monocytes/macrophages 
 renal proximal tubules, and podocytes (unaffected by genotype) 
 Circumstantial evidence favors circulating moeity and podocyte injury 

 

Biological Relationship 

between Parasite Killing 

and Kidney Disease? 

Association is not Causation : Biological Mechanism   

Immunlocalization to Proximal 
Tubules of the Kidney unaffected 

by G1/G2 allelic state 



All 16 Reported Hereditary Steroid Resistant Nephrotic Syndromes with FSGS have been 
mapped to genes involved in podocyte integrity with many in which pathomechanism 

has been validated 



Podocyte and slit-diaphragm proteins  
involved in hereditary nephrotic syndrome 



Clinical Significance before understanding 
Biology of Kidney Injury? 

• Threshold for ART in HIV infection 

 
• Hypertension management in  
     African Americans 
 

•Kidney transplantation 

•Clinical epidemiology 



Clinical Epidemiology 
Age of onset of Renal Replacement 

Kanji et al. 2010 



A. M. Reeves-Daniel 

A. M. Reeves-Daniel  et al. 2011 

Risk seems to travel with the  donor kidney genotype 



Fabian J, Naicker S. Nat Rev Nephrol (2009) 5: 591-8 

Algorithm for screening of kidney disease upon 

diagnosis of HIV 

ApoL1 

genotyping 

Collaboration with Mohamed Atta 
and Derek Fine at JHU 



APOL1 genetic 

susceptibility 

(risk homozygotes) 

 

Gene – Gene 

interactions 

Chronic Kidney Disease 

Secondary Hypertension 

10-12% African Americans: 4% lifetime risk of CKD rises to 50% with HIV 

GENETIC RISK SECOND HIT 

 Evolutionary adaptation followed by environmental change 
can give rise to common variants for common disease 

 Association is not causation 
 Value of imputation from Tag SNPs to stronger possibly 

causal variants (other examples: T1DM, PD) 
 It’s not all genetics 
 

TAKE HOME  
  MESSAGES 



Claim that  in 

Europens, 

MYH9 variants 

tag yet another 

causative 

unrelated to G1 

and G2 of 

APOL1 and not 

in either MYH9 

or APOL1 





TABLE 1: PRINCIPLES 
TABLE 2: SINGLE GENE GLOMERULAR 
DISEASE 
TABLES 3: CYSTIC, INTERSITIAL AND 
TUMOROUS KIDNEY DISEASE 
TABLE 4: RENAL TUBULE AND METABOLIC 
DISEASE 
TABLE 5: NEPHROLITHIASIS 
TABLE 6: CAKUT SYNDROMES 
 
 
 



J Pathol 2010; 220: 198–216 

Amy J McKnight, Diane Currie and Alexander P Maxwell 

J Pathol 2010; 220: 198–216 



Nat. Rev. Nephrol. 6, 736–743; 2010 



Nat. Rev. Nephrol. 6, 736–743; 2010 



Nat. Rev. Nephrol. 6, 736–743; 2010 



Nat. Rev. Nephrol. 6, 736–743; 2010 



Nat. Rev. Nephrol. 6, 736–743; 2010 



Bleyer et al. Seminars in Nephrology 2010  

HEREDITARY INTERSTITIAL KIDNEY DISEASE  - CLINICAL APPROACH 



 Relation of effect size and risk allele frequency of DNA sequence variants associated with  
kidney function and disease  risk phenotypes 

Kidney Blood Press Res 2011;34:225–234 

Association  <----->  Causation 

Biological 
Mechanism 

Adapted from Kidney and Blood Pressure Research 2011:34:225-234 

Phosphate 

Albuminuria 

Chronic Kidney Disease 



Disease Gene Mapping 



Kottgen et. al 2010 



       Molecular Medicine Laboratory (hard at work) 



Looking for Answers 

If it feels like fun, you've probably got it right.  
Tom A. Rapoport 
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