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单核苷酸多态（SNP）

55

SNP

SNP: 基因组水平上由单个核苷酸的变异所引起的DNA序列多态性。
SNP是由单个碱基的转换或颠换所引起，也可由碱基的插入或缺失所致。

人与人的基因序列中，有99.9%以上的序列都是相同的，仅有0.1%不同。



全X组关联分析（XWAS）

EWAS



膨胀系数：不止是线性回归

λ=1.014 λ=1.202



GWAS信息能有效指导新药研发
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但有GWAS还远远不够…



数量性状位点（xQTL）
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慢性肾脏病（Chronic Kidney Disease, CKD）



初级预防队列N=726

• 1-5年糖尿病病程
• 无视网膜病变
• 尿白蛋白肌酐比< 40 mg/24h

二级干预防队列N=715

• 1-15年糖尿病病程
• 轻到中度非增殖期视网膜病变
• 尿白蛋白肌酐比< 200 mg/24h

1441名T1DM患者：胰岛素依赖性、年龄13-39岁、无高血压、高
胆固醇血症、糖尿病严重并发症或内科疾病

强化治疗：胰岛素泵或每天≥3次/天胰岛素注射，N=348

标准治疗：1-2次/天胰岛素注射，N=378

强化治疗：胰岛素泵或每天≥3次/天胰岛素注射，N=363

标准治疗：1-2次/天胰岛素注射，N=352

随机分组

1983年 1993年

回顾经典：糖尿病控制及并发症研究（DCCT）



回顾经典：糖尿病控制及并发症研究（DCCT）



• Metabolic factors play critical roles in CKD development.

• Metabolic memory or programming:

Intrauterine nutritional deprivation or periods of 
hyperglycemia will increase kidney disease risk, even after 
several decades of good metabolic control.

• Epigenetic modifications are maintained during cell division.

环境所留下的足迹：表观基因组修饰



环境所留下的足迹：DNA甲基化

MBP: methyl CpG-binding protein

DNMT: DNA methyltransferase

SAM: S-adenosylmethionine

SAH: S-adenosylhomocysteine



Genome Environment

Interaction

Transcriptome

Chronic Kidney Disease

Epigenome 

(sequence variations +environment alterations)

遗传-环境相互作用→糖尿病肾病（DKD）



遗传-环境相互作用→糖尿病肾病（DKD）

Methylation quantitative trait (mQTL)

Sheng et al. PNAS, 2020



~500

全甲基化组关联分析（MWAS）

We defined genome-wide methylation changes associated with four DKD phenotypes: Glycemia, 
albuminuria, eGFR, and eGFR decline.



与糖尿病肾病相关的甲基化位点

CRIC Study

      DKD ~8×105 CpCs
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TXNIP (thioredoxin-interacting protein) plays 

an important role in redox homeostasis and a 

physiologic regulator of peripheral glucose 

uptake into fat and muscle in human.

Uroplakins cover urothelial apical surfaces.

Mice with null mutation of Upk2 are often born 

with congenital kidney disease.

Cg17944885 (ZNF20) could be validated in 

multiple studies that analyzed blood or kidney 

samples.



高血糖与DKD的其他表型密切相关
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• Methylation changes were mostly specific to the analyzed phenotypes. 

• Glycemic control showed the greatest overlap with other DKD phenotypes.
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血液中与肾纤维化相关的甲基化位点
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• 171,732 CpG sites were identified as significant mCpGs (CpG site that regulated by 
at least one SNP)

遗传因素→DNA甲基化



遗传因素→DNA甲基化→疾病表型
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贝叶斯共定位分析 (coloc)

The posterior probability of each possible configuration 

can be calculated:

H0: neither trait has a genetic association in the region

H1: only trait 1 has a genetic association in the region

H2: only trait 2 has a genetic association in the region

H3: both traits are associated, but with different causal 

variants

H4: both traits are associated and share a single 

causal variant

Usually use PP4>0.8 as cutoff to define co-localization.
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Genetic variants can influence gene expression (eQTL) and DNA methylation (mQTL).
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Are methylation and gene expression linked?
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Mendelian Randomization

Basic rules:

If Z associated with X, and X has a causal relationship with Y (the effect of X on Y is causal)

Here Z is an instrumental variable

Z should associated with Y, if the effect of X on Y is causal. 

The slope between Z and Y should be 

Is there slope significant? (the real relationship 

significantly existing?)

Hence, the effect of X on Y is causal

The relationship between Z and Y should be indirect. That is Z affects Y through X.

Z is the instrumental variable and Z represent the genetic variant or a combination of genetic variants. Because the fact that the alleles of a 

genetic variant are inherited randomly from parents to offspring, so that the relation of a genetic variant with a phenotype should not be 

confounded.

Beta1=bzx

Beta2=bxy

Beta3=bzy

Bzy=bxy*bzx
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Natural Killer cell CD8+ T-cell

Interaction confidence:

Apoptotic cell clearance, 

complement deficiency, immune 

effector process etc.

Enriched GO terms (BP): 

DKD致病基因鉴定



LACTB: the Serine 𝛃-lactamase-like protein



IRF5: an IFN-responsive transcription factor



Gu#, Young#, Sheng# et al., Science Translational Medicine, 2021
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and alkaline phosphatase (29). Future studies should analyze the renal 
phenotype of patients with hom ozygous M A N B A  m utations.

O ur studies highlight the critical role of lysosom al integrity in 
protecting from  kidney disease developm ent. The renal glom erulus 
serves as a size-selective filter, where m olecules sm aller than around 
60 kD a are filtered. This necessitates the uptake and recycling of a 
large num ber of biom olecules. Proxim al TECs express high levels of 
the m ultiligand receptors such as m egalin and cubilin, which m ediate 
the efficient uptake of low–m olecular w eight proteins and other 
ligands from  the filtrate (30). The apical endocytic pathway in prox-
im al tubule cells is uniquely specialized to accom m odate the high- 
capacity needs of these cells and is acutely and chronically regulated 
in response to changes in ligand exposure (31). Receptor-m ediated 
endocytosis is strongly linked to lysosom al function. M ice that lack 
M egalin have low–m olecular weight proteinuria and lose lysosom al 
proteins in the urine, indicating a role for M egalin in recapturing 
these enzym es as well as in lysosom al biogenesis (32, 33).

A nother key function of lysosom es is the direct digestion and 
degradation of endogenous proteins via autophagy (34). G enetic 
deletion of autophagy regulators such as A tg5 and A tg7 in kidney 
tubules indicated an im portant role for autophagy in TEC health 
and protection from  injury (21, 35, 36). Autophagy flux relies on the 
degradative capacity of lysosom es, an im paired lysosom al function 

that m ay explain the accum ulation of autophagosom es in lysosom al 
storage diseases such as cystinosis (37). Although autophagy defect 
has been proposed to play a role in fibrosis developm ent, its role is 
som ewhat controversial (36, 38, 39). D efects in autophagy exacerbate 
m ost form s of acute kidney injury, which could lead to m ore severe 
fibrosis. Furtherm ore, autophagy is also a key m echanism  for retrieval 
of stored lipids for oxidation (34) and elim inating dysfunctional 
m itochondria by m itophagy. Kidney tubule cells strongly rely on fatty 
acid oxidation and oxidative phosphorylation as their m ajor energy 
source, and a defect in autophagy could easily disturb energy 
hom eostasis as well (40). H ere, we show that the M A N B A -induced 
lysosom al dysfunction and defect in autophagy resulted in inflam -
m asom e (N LRP3) activation, pyroptosis, and inflam m atory cell 
death. This is likely to be the key m echanism  of M A N BA  deficiency–
induced kidney disease developm ent, and this effect seem s to be 
m ore pronounced during aging or a toxic injury. W hereas a toxic 
injury (cisplatin) is associated with an acute injury and recovery in 
wild-type m ice, we observed a profibrotic response in the M anba 
knockout m ice.

Key strengths of the study are the system atic com m on and rare 
variant analysis, and the identification of a disease-causing gene and 
m echanism . O ur results indicate that G W A S and eQ TL data are 
powerful for causal gene identification, and analyzing subjects with 
heterozygous LoF could provide im portant avenues to understand 
phenotype developm ent. The phenotypes in subjects with M A N B A  
LoF were neuropsychiatric and pulm onary diseases. End-stage kidney 
disease and renal dialysis reached nom inal significance in the 
m eta-analysis. Future larger studies using this approach m ight be 
able to refine the phenotype with better precision, as full PheW AS 
studies are heavily penalized for the m ultiple com parisons.

O ur study has several lim itations, such as we used kidney function–
based G W AS and not variants per se associated with CKD . Future 
studies shall analyze the role of C ISD 2 in kidney disease develop-
m ent. In addition, the role of inflam m asom e activation in M A N B A - 
associated kidney disease developm ent should be form ally tested 
using genetically m odified anim al m odels. O ur finding could open 
new avenues for therapeutic targeting of the autolysosom al pathways 
in kidney disease developm ent.

In conclusion, we identified M A N B A  as a kidney disease severity 
gene through the integration of the CKD  G W AS, eQ TL, and exom e 
analyses. W e show that deletion of M anba exacerbated kidney injury 
in anim al m odels, m ostly via lysosom al derangem ent.

M A TERIA LS A N D  M ETH O D S
Study design
The objective of this study was to understand how genetic variants 
on chrom osom e 4 regions cause in kidney disease developm ent. 
Com putational integration of com m on genetic variants (from  
G W AS) associated with kidney function and hum an kidney eQ TL 
studies prioritized M A N B A  as a likely causal gene. W e analyzed 
the phenotypes (PheW A S) of subjects w ith rare heterozygous 
LoF variants in M A N B A  and studied kidney disease developm ent 
in m ice with genetic deletion of M A N B A . For in vivo studies, we 
used litterm ates. Anim als (wild type, heterozygous, or knockout) 
from  the sam e litter were random ly assigned to sham , folic acid, or 
cisplatin injection. The num ber of replicates (n > 3) is indicated in 
the figure legends. Sam ple processing was perform ed sim ultaneous-
ly and in parallel for all conditions w ithin each experim ent. Renal 

Fig. 7. Phenotypic characterization of kidneys obtained from  subjects w ith 

CKD -associated genetic risk variants. (A ) Representative im ages of LAM P1 staining 

in the hum an kidney tissues of subjects w ith AA, AG , and G G  alleles, respectively. 

The A allele is the risk allele. W hite squares indicate im ages show n at higher m agni-

fication. Scale bars, 10 mm . (B) G ene expression analysis of m icrodissected kidney 

tubule sam ples from  risk allele versus reference allele. Pathw ay enrichm ent analysis 

of top differentially expressed genes. The bar plot show s the significance [log10(P) 

and log10(odds ratio)] of the enrichm ent of specific pathw ays. (C) Relative m RN A 

expression of C1Q L1 in reference and risk genotype kidney tubule sam ples.
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and alkaline phosphatase (29). Future studies should analyze the renal 
phenotype of patients with hom ozygous M A N B A  m utations.

O ur studies highlight the critical role of lysosom al integrity in 
protecting from  kidney disease developm ent. The renal glom erulus 
serves as a size-selective filter, where m olecules sm aller than around 
60 kD a are filtered. This necessitates the uptake and recycling of a 
large num ber of biom olecules. Proxim al TECs express high levels of 
the m ultiligand receptors such as m egalin and cubilin, which m ediate 
the efficient uptake of low–m olecular w eight proteins and other 
ligands from  the filtrate (30). The apical endocytic pathway in prox-
im al tubule cells is uniquely specialized to accom m odate the high- 
capacity needs of these cells and is acutely and chronically regulated 
in response to changes in ligand exposure (31). Receptor-m ediated 
endocytosis is strongly linked to lysosom al function. M ice that lack 
M egalin have low–m olecular weight proteinuria and lose lysosom al 
proteins in the urine, indicating a role for M egalin in recapturing 
these enzym es as well as in lysosom al biogenesis (32, 33).

A nother key function of lysosom es is the direct digestion and 
degradation of endogenous proteins via autophagy (34). G enetic 
deletion of autophagy regulators such as A tg5 and A tg7 in kidney 
tubules indicated an im portant role for autophagy in TEC health 
and protection from  injury (21, 35, 36). Autophagy flux relies on the 
degradative capacity of lysosom es, an im paired lysosom al function 

that m ay explain the accum ulation of autophagosom es in lysosom al 
storage diseases such as cystinosis (37). Although autophagy defect 
has been proposed to play a role in fibrosis developm ent, its role is 
som ewhat controversial (36, 38, 39). D efects in autophagy exacerbate 
m ost form s of acute kidney injury, which could lead to m ore severe 
fibrosis. Furtherm ore, autophagy is also a key m echanism  for retrieval 
of stored lipids for oxidation (34) and elim inating dysfunctional 
m itochondria by m itophagy. Kidney tubule cells strongly rely on fatty 
acid oxidation and oxidative phosphorylation as their m ajor energy 
source, and a defect in autophagy could easily disturb energy 
hom eostasis as well (40). H ere, we show that the M A N B A -induced 
lysosom al dysfunction and defect in autophagy resulted in inflam -
m asom e (N LRP3) activation, pyroptosis, and inflam m atory cell 
death. This is likely to be the key m echanism  of M A N BA  deficiency–
induced kidney disease developm ent, and this effect seem s to be 
m ore pronounced during aging or a toxic injury. W hereas a toxic 
injury (cisplatin) is associated with an acute injury and recovery in 
wild-type m ice, we observed a profibrotic response in the M anba 
knockout m ice.

Key strengths of the study are the system atic com m on and rare 
variant analysis, and the identification of a disease-causing gene and 
m echanism . O ur results indicate that G W A S and eQ TL data are 
powerful for causal gene identification, and analyzing subjects with 
heterozygous LoF could provide im portant avenues to understand 
phenotype developm ent. The phenotypes in subjects with M A N B A  
LoF were neuropsychiatric and pulm onary diseases. End-stage kidney 
disease and renal dialysis reached nom inal significance in the 
m eta-analysis. Future larger studies using this approach m ight be 
able to refine the phenotype with better precision, as full PheW AS 
studies are heavily penalized for the m ultiple com parisons.

O ur study has several lim itations, such as we used kidney function–
based G W AS and not variants per se associated with CKD . Future 
studies shall analyze the role of C ISD 2 in kidney disease develop-
m ent. In addition, the role of inflam m asom e activation in M A N B A - 
associated kidney disease developm ent should be form ally tested 
using genetically m odified anim al m odels. O ur finding could open 
new avenues for therapeutic targeting of the autolysosom al pathways 
in kidney disease developm ent.

In conclusion, we identified M A N B A  as a kidney disease severity 
gene through the integration of the CKD  G W AS, eQ TL, and exom e 
analyses. W e show that deletion of M anba exacerbated kidney injury 
in anim al m odels, m ostly via lysosom al derangem ent.

M A TERIA LS A N D  M ETH O D S
Study design
The objective of this study was to understand how genetic variants 
on chrom osom e 4 regions cause in kidney disease developm ent. 
Com putational integration of com m on genetic variants (from  
G W AS) associated with kidney function and hum an kidney eQ TL 
studies prioritized M A N B A  as a likely causal gene. W e analyzed 
the phenotypes (PheW A S) of subjects w ith rare heterozygous 
LoF variants in M A N B A  and studied kidney disease developm ent 
in m ice with genetic deletion of M A N B A . For in vivo studies, we 
used litterm ates. Anim als (wild type, heterozygous, or knockout) 
from  the sam e litter were random ly assigned to sham , folic acid, or 
cisplatin injection. The num ber of replicates (n > 3) is indicated in 
the figure legends. Sam ple processing was perform ed sim ultaneous-
ly and in parallel for all conditions w ithin each experim ent. Renal 

Fig. 7. Phenotypic characterization of kidneys obtained from  subjects w ith 

CKD -associated genetic risk variants. (A ) Representative im ages of LAM P1 staining 

in the hum an kidney tissues of subjects w ith AA, AG , and G G  alleles, respectively. 

The A allele is the risk allele. W hite squares indicate im ages show n at higher m agni-

fication. Scale bars, 10 mm . (B) G ene expression analysis of m icrodissected kidney 

tubule sam ples from  risk allele versus reference allele. Pathw ay enrichm ent analysis 

of top differentially expressed genes. The bar plot show s the significance [log10(P) 

and log10(odds ratio)] of the enrichm ent of specific pathw ays. (C) Relative m RN A 

expression of C1Q L1 in reference and risk genotype kidney tubule sam ples.
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and alkaline phosphatase (29). Future studies should analyze the renal 
phenotype of patients with hom ozygous M A N B A  m utations.

O ur studies highlight the critical role of lysosom al integrity in 
protecting from  kidney disease developm ent. The renal glom erulus 
serves as a size-selective filter, where m olecules sm aller than around 
60 kD a are filtered. This necessitates the uptake and recycling of a 
large num ber of biom olecules. Proxim al TECs express high levels of 
the m ultiligand receptors such as m egalin and cubilin, which m ediate 
the efficient uptake of low–m olecular w eight proteins and other 
ligands from  the filtrate (30). The apical endocytic pathway in prox-
im al tubule cells is uniquely specialized to accom m odate the high- 
capacity needs of these cells and is acutely and chronically regulated 
in response to changes in ligand exposure (31). Receptor-m ediated 
endocytosis is strongly linked to lysosom al function. M ice that lack 
M egalin have low–m olecular weight proteinuria and lose lysosom al 
proteins in the urine, indicating a role for M egalin in recapturing 
these enzym es as well as in lysosom al biogenesis (32, 33).

A nother key function of lysosom es is the direct digestion and 
degradation of endogenous proteins via autophagy (34). G enetic 
deletion of autophagy regulators such as A tg5 and A tg7 in kidney 
tubules indicated an im portant role for autophagy in TEC health 
and protection from  injury (21, 35, 36). Autophagy flux relies on the 
degradative capacity of lysosom es, an im paired lysosom al function 

that m ay explain the accum ulation of autophagosom es in lysosom al 
storage diseases such as cystinosis (37). Although autophagy defect 
has been proposed to play a role in fibrosis developm ent, its role is 
som ewhat controversial (36, 38, 39). D efects in autophagy exacerbate 
m ost form s of acute kidney injury, which could lead to m ore severe 
fibrosis. Furtherm ore, autophagy is also a key m echanism  for retrieval 
of stored lipids for oxidation (34) and elim inating dysfunctional 
m itochondria by m itophagy. Kidney tubule cells strongly rely on fatty 
acid oxidation and oxidative phosphorylation as their m ajor energy 
source, and a defect in autophagy could easily disturb energy 
hom eostasis as well (40). H ere, we show that the M A N B A -induced 
lysosom al dysfunction and defect in autophagy resulted in inflam -
m asom e (N LRP3) activation, pyroptosis, and inflam m atory cell 
death. This is likely to be the key m echanism  of M A N BA  deficiency–
induced kidney disease developm ent, and this effect seem s to be 
m ore pronounced during aging or a toxic injury. W hereas a toxic 
injury (cisplatin) is associated with an acute injury and recovery in 
wild-type m ice, we observed a profibrotic response in the M anba 
knockout m ice.

Key strengths of the study are the system atic com m on and rare 
variant analysis, and the identification of a disease-causing gene and 
m echanism . O ur results indicate that G W A S and eQ TL data are 
powerful for causal gene identification, and analyzing subjects with 
heterozygous LoF could provide im portant avenues to understand 
phenotype developm ent. The phenotypes in subjects with M A N B A  
LoF were neuropsychiatric and pulm onary diseases. End-stage kidney 
disease and renal dialysis reached nom inal significance in the 
m eta-analysis. Future larger studies using this approach m ight be 
able to refine the phenotype with better precision, as full PheW AS 
studies are heavily penalized for the m ultiple com parisons.

O ur study has several lim itations, such as we used kidney function–
based G W AS and not variants per se associated with CKD . Future 
studies shall analyze the role of C ISD 2 in kidney disease develop-
m ent. In addition, the role of inflam m asom e activation in M A N B A - 
associated kidney disease developm ent should be form ally tested 
using genetically m odified anim al m odels. O ur finding could open 
new avenues for therapeutic targeting of the autolysosom al pathways 
in kidney disease developm ent.

In conclusion, we identified M A N B A  as a kidney disease severity 
gene through the integration of the CKD  G W AS, eQ TL, and exom e 
analyses. W e show that deletion of M anba exacerbated kidney injury 
in anim al m odels, m ostly via lysosom al derangem ent.

M A TERIA LS A N D  M ETH O D S
Study design
The objective of this study was to understand how genetic variants 
on chrom osom e 4 regions cause in kidney disease developm ent. 
Com putational integration of com m on genetic variants (from  
G W AS) associated with kidney function and hum an kidney eQ TL 
studies prioritized M A N B A  as a likely causal gene. W e analyzed 
the phenotypes (PheW A S) of subjects w ith rare heterozygous 
LoF variants in M A N B A  and studied kidney disease developm ent 
in m ice with genetic deletion of M A N B A . For in vivo studies, we 
used litterm ates. Anim als (wild type, heterozygous, or knockout) 
from  the sam e litter were random ly assigned to sham , folic acid, or 
cisplatin injection. The num ber of replicates (n > 3) is indicated in 
the figure legends. Sam ple processing was perform ed sim ultaneous-
ly and in parallel for all conditions w ithin each experim ent. Renal 

Fig. 7. Phenotypic characterization of kidneys obtained from  subjects w ith 

CKD -associated genetic risk variants. (A ) Representative im ages of LAM P1 staining 

in the hum an kidney tissues of subjects w ith AA, AG , and G G  alleles, respectively. 

The A allele is the risk allele. W hite squares indicate im ages show n at higher m agni-

fication. Scale bars, 10 mm . (B) G ene expression analysis of m icrodissected kidney 

tubule sam ples from  risk allele versus reference allele. Pathw ay enrichm ent analysis 

of top differentially expressed genes. The bar plot show s the significance [log10(P) 

and log10(odds ratio)] of the enrichm ent of specific pathw ays. (C) Relative m RN A 

expression of C1Q L1 in reference and risk genotype kidney tubule sam ples.
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肾小管上皮细胞

肾小管



• 基因组上单核苷酸位点的遗传变异（SNP）可能会引起其邻近区域的甲
基化水平、染色质开放程度，以及基因表达等数量性状的变化。

• 以GWAS数据为指导，对数量性状位点（xQTL）的多组学整合分析，
将有利于识别疾病的潜在致病基因，并解析疾病的发病机制。

• 贝叶斯共定位分析、孟德尔随机化方法是整合多组学分析的常用方法。

小结



内容大纲

➢ 基本概念

➢ 慢性肾脏病及其并发症

➢ 多组学数据整合分析方法

➢ 肾脏具有高度细胞异质性

➢ 从单细胞水平解析SNP-基因-CKD机制

➢ 总结



多组学整合分析：解析遗传变异的调控机制

SNP



Genotype Epigenome Gene expressionCell-omic Phenotype

CATGACTG
CATGCCTG

Genetic
Variant

Chronic 
Kidney
Disease

Chromatin
states

Promoter

Enhancer

Insulator

Silencer

Circuitry

Control regions

Prox tub

Endoth

Podocy

LOH

DCT

Lymph

Macro

Tissue
Cell Type

Intermediate
(Endophenotype)

Nephrotic
HTN
eGFR
K level 
Fluid 
overload

Protein

miRNA

DAB2

ncRNA

Target genes

Factors

多组学整合分析：精准定位遗传因素导致CKD的具体细胞



肾脏中发现新的细胞类型

Park et al, Science 2018



整个肾脏（Whole Kidney）

Ko et al, AJHG 2017

Only 9 putative causal genes were identified.



显微切割：肾小球与肾小管(Glom and Tubule)

Qiu et al, Nature Medicine 2018



考虑个体细胞组分的差异



eQTL的计算方式

（a）常用计算方法：

线性回归：lm (Gene Exp ～ SNP dosage + Confounders)

Confounders: age, gender, genetic PCs, and PEER factors (estimated hidden confounders)

（b）Cell fraction eQTLs:

线性回归：lm (Gene Exp ～ SNP dosage + Confounders)

Confounders: age, gender, genetic PCs, Cell fractions, and PEER factors (estimated hidden confounders)

可能存在的问题：相似细胞之间的共线性问题，细胞组分较少的细胞类型



反卷积算法比较



个体细胞组分随疾病状态改变



359 human kidneys

tubule glomerulus

9,723 eGenes
(eGene: gene contains at least one eQTL variant)

9,209 eGenes

Sheng et al, Nature Genetics 2021

考虑个体细胞组分的差异



样本数量与eGene个数的线性关系



Tubule Glom

新鉴定的SNP-Gene调控



Cell fraction eQTLs



Variant

CKD

GWAS Gene

eQTL

CKD和高血压的潜在致病基因



CKD疾病表型的相关性



内容大纲

➢ 基本概念

➢ 慢性肾脏病及其并发症

➢ 多组学数据整合分析方法

➢ 肾脏具有高度细胞异质性

➢ 从单细胞水平解析SNP-基因-CKD机制

➢ 总结
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mash(T-stat) =2.16, LFSR=0.04
lm (T-stat)=4.18, P(eQTL(ci))=4.00E-05
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mash(T-stat) =-0.10, LFSR=0.36

lm (T-stat)=-0.80, P(eQTL(ci))=0.42
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mash(T-stat) =-0.49, LFSR=0.26

lm (T-stat)=-1.08, P(eQTL(ci))=0.28
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lm (T-stat)=-2.04, P(eQTL(ci))=0.04
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mash(T-stat) =-0.10, LFSR=0.36

lm (T-stat)=-0.80, P(eQTL(ci))=0.42
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mash(T-stat) =-0.49, LFSR=0.26

lm (T-stat)=-1.08, P(eQTL(ci))=0.28
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PT-specific expression in human kidney scRNA-seq data

细胞特异的eQTL调控



Variant

CKD

GWAS Gene

eQTL

依赖特定细胞的：CKD和高血压的潜在致病基因



肾脏：单细胞水平染色质可及性

Single nuclear ATAC-seq



肾脏：单细胞水平开放染色质区域



细胞特异的转录因子
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研究结论的可重复性

Park et al, Science 2018



LDSC: 注释肾脏各类细胞所承担的生物学功能



MAGMA和LDSC: 注释肾脏各类细胞所承担的生物学功能
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肾脏特异的调控作用：rs4292-ACE



Fine mapping: 定位致病SNP



肾素-血管紧张素系统（ACEi）



内容大纲

➢ 基本概念

➢ 慢性肾脏病及其并发症

➢ 多组学数据整合分析方法

➢ 肾脏具有高度细胞异质性

➢ 从单细胞水平解析SNP-基因-CKD机制

➢ 总结



总结

• 慢性肾脏病（CKD）与高血压

• 肾脏具有高度细胞异质性

• 鉴定细胞“互作”的eQTL调控的新算法

• 组织的细胞异质性对复杂疾病的潜在致病基因鉴定十分重要


