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中  文  摘  要

	建立中国人群基因组的SNP系统目录并研究其与多基因病和药物反应性等生物学性状的关系是当前我国人类基因组研究最重要的内容之一。本论文建立了SNP发掘、分型和遗传分析的技术平台，进而在中国人群基因组中对128个重要功能基因进行了系统的SNP发掘，并以此为遗传标记，采用病例-对照和传递/不平衡检验（TDT）等手段，针对慢性乙型肝炎的遗传易感性机制进行了系列研究。此外，还对人群中多态性的波动和维持的分子进化机制开展了研究。主要获得以下四个方面的结果：（1）建立了SNP发掘、分型和遗传分析的技术平台。（2）在由27个个体组成的中国人参考群体中，对128个与慢性乙型肝炎发生相关的候选基因的编码区、调控区和内含子与外显子交界区进行了大规模重测序。测序覆盖的长度约为795 kb，共发掘到1370个SNP位点；构建了每个基因的单倍型，确定了372个单倍型标签SNP；评价了每个基因的连锁不平衡模式。（3）首次发现IL12A、IL18BP和ESR1基因分别与中国人群HBV感染后的慢性化过程关联。（4）发现哮喘病的易感基因IL13在中国汉族人群和高加索人群中具有独特的单倍型结构和多态性模式，一系列的中性理论检验表明，IL13基因在这两个人群近期受到了正选择作用，从而揭示自然选择在IL13基因遗传变异模式形成中起主要作用。本论文中建成的技术平台和基于中国人群基因组的SNP参考目录可供我国生物医药学术界和产业界用于严重危害国人的多基因疾病（如自身免疫病、肝癌等）的遗传病因的研究；乙型肝炎慢性化的遗传易感基因的初步鉴定可能用于这种疾病的风险预测、预防和基因治疗。
乙型病毒性肝炎是我国最严重、最广泛的传染病。慢性乙型肝炎属于多基因疾病，其发生有遗传因素的参与。我们以发掘的SNP为遗传标记，采取病例-对照或TDT的研究策略，进行了候选基因的遗传多态性与疾病之间的关联研究。病例-对照研究揭示，IL12A G6624A位点（OR = 1.4, 95%CI = 1.1-1.7, P = 0.003）、IL18BP A-559C位点（OR = 2.0, 95%CI = 1.3-2.9, P < 0.001）和ESR1 T29C位点（OR = 1.39, 95% CI = 1.14-1.70, P = 0.001）分别与中国人群乙型肝炎的慢性化过程关联。我们观察到淋巴细胞来源的Jurkat细胞中某些未知的转录因子能更紧密地结合到IL12A 3’UTR的6624A等位上，而且该等位与外周血单个核细胞（PBMC）中IL12A的表达下降相关。已有研究显示，在HBV转基因小鼠肝组织中IL12能够阻止病毒基因的表达和复制；一些临床研究也显示，与持续HBV感染患者相比，自限性恢复者个体血清中生物活性的IL12显著升高。上述已报导的IL12的体内生物学功能和我们观察到的IL12A G6624A位点的体外功能，使我们得出结论：具有3’UTR 易感等位6624A的个体产生了较低的IL12p35（即IL12A），从而导致有生物活性的异二聚体IL12的产量下降；有生物活性的IL12的减少能减弱Th1反应，使得HBV清除不完全，从而导致持续性的HBV感染。我们针对IL18BP的功能研究显示，易感的-559A等位型与IL18BP的表达上升相关。IL18BP是新近鉴定的IL18的天然负反馈抑制因子，是另一个重要的介导Th1反应的细胞因子。已有报道指出在转基因小鼠的肝组织中IL18能够抑制HBV的复制。结合上述我们对IL18BP -559G/A位点的体外实验的结果，我们推断，在具有易感等位型的个体中IL18BP的产量升高，这样可能中和IL18的活性，从而导致持续HBV感染风险的增加。
也有研究表明ESR1参与HBV感染慢性化的发生机制。与基于群体的关联研究结果一致，基于293个核心家系的TDT检验也表明，从杂合子父母传递到先证者的29T等位型显著增多（29T等位型的频率 = 56.4%, (2 = 4.60, P = 0.033）。进一步的LD作图分析显示，T29C位点存在于一个LD 模块内，该模块跨越了ESR1基因内从启动子到内含子3 的基因组区域，表明是ESR1基因本身与HBV感染的慢性化相关。
此外，我们还以IL13基因为模型，对人群中多态性的波动和维持的分子进化机制开展了研究。我们在国际上首次发现IL13基因具有独特的单倍型结构和多态性模式，而且该基因位点受到分子水平的达尔文正选择的作用。主要证据有：（1）IL13位点的遗传结构在非洲人群和非洲外人群之间存在高度显著的差异；（2）中国人群和高加索人群中高频突变等位的数目显著增加；（3）单倍型结构的分析显示，不同人群中IL13位点的单倍型分布方式不一，在高加索人群，主要由1种常见单倍型构成的偏斜的单倍型分布模式表明该人群只受到了简单直接的选择作用，而在中国人群，由3种主要单倍型组成的偏斜的单倍型分布模式可以用两次“搭乘”理论（Two-round Hitchhiking Hypothesis）来解释。我们的研究揭示了自然选择（而非人群历史）在现阶段人群IL13位点独特的遗传变异模式的形成中起主要作用。
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Large-scale SNPs discovery in Chinese population and genetic susceptibility to persistent HBV infection
Zhou Gangqiao
ABSTRACT
	Large-scale single nucleotide polymorphisms (SNPs) discovery in Chinese and applying these SNPs to the common diseases gene mapping and pharmacogenomics is one of the key important aims of national human functional genomics project presently. In the present study, we established technical platforms for large-scale SNP discovery, genotyping and genetic analysis, respectively. By using these platforms, we screened SNPs systematically in the 128 functionally important genes in Chinese individuals, and then examined the relationship between SNP markers in these genes and susceptibility to persistent HBV infection in Chinese population, through case-control and/or transmission/disequilibrium test (TDT). The main results of our study including: (1) We successfully established technical platforms for SNP discovery, genotyping and genetic analysis, respectively; (2) Large-scale SNPs screening of all exons, relevant exon-intron boundaries and ~2 kb promoter regions of 128 candidate genes was performed, and more than 1370 SNPs were identified. On the basis of the genotype data from these SNPs, haplotype assignment, linkage disequilibrium (LD) mapping and haplotype-tagged SNPs (htSNPs) determination for each gene were performed; (3) The polymorphisms in the IL12A, IL18BP and ESR1 gene showed significant associations with persistent HBV infection in Chinese population, respectively; (4) IL13, which is a susceptibility gene for asthma, is characterized by unusual haplotype structure and polymorphism pattern in Chinese and Caucasian population. This unusual pattern suggests that positive selection that acts in Chinese and Caucasian population may have played a role in establishing present-day variation at the IL13 locus. The technical platforms established here and SNP catalogs constructed based on Chinese individuals can be used for common diseases gene mapping and pharmacogenomics studies. The identification of susceptibility genes for the chronicity of HBV infection may help future improved treatment and prevention of this disorder.

Persistent HBV infection is one of the major infectious diseases with viral, environmental and genetic components. The human leukocyte antigen (HLA) was previously reported to mediate its chronicity. Here, by means of a large-scale case-control study using SNPs discovered from 128 genes, we identified that one SNP in the 3’UTR of IL12 p35 (IL12A) (odds ratio (OR) = 1.4, χ2 = 13.2, P = 0.00028) and another one in the promoter of IL18 binding protein (IL18BP) (OR = 2.0, χ2 = 8.9, P = 0.003) are associated with susceptibility to persistent HBV infection, respectively. Moreover, a significant gene-gene interaction between the two SNPs was detected, i.e. individuals with the risk genotypes for both genes showed more than 3 times greater risk for the development of persistent HBV infection compared to ones with both non-risk genotypes. Functional analyses both in vitro and in vivo indicated that the IL12A 3’UTR alleles and IL18BP promoter alleles show different levels of transcription, respectively. These results indicate that variants contribute to variation in the IL12A and IL18BP production, which influence T-cell responses crucial for HBV clearance, and interaction between them markedly increase an individual’s susceptibility to persistent HBV infection.
Several studies have demonstrated that estrogen receptor (ESR1) participates in the pathogenesis of persistent HBV infection. To examine whether polymorphisms at the ESR1 gene locus are associated with persistent HBV infection, we resequenced ESR1 genomic region for SNPs in 27 unrelated Chinese. Two htSNPs, T29C and A252966G, were selected for genotyping in 1277 persistent HBV-infected cases, 748 spontaneously recovered controls, and 293 nuclear families using polymerase chain reaction (PCR)-restriction fragment length polymorphism (PCR-RFLP) analysis. We observed that the subjects bearing ESR1 29T/T genotype had an increased susceptibility to persistent HBV infection compared to those bearing at least one 29C allele (OR=1.41; 95% CI, 1.17-1.71, P < 0.001). Consistent with the results of population-based association study, a significantly greater than expected transmission of the 29T allele (56.4%) from heterozygous parents to offspring with persistent HBV infection was observed (χ2 = 4.60, P = 0.033) using the TDT in 293 nuclear families. LD mapping analysis indicated that the T29C polymorphism contained within a LD block located from promoter region to intron 3 of ESR1, suggesting that the strong association detected with T29C in ESR1 originated from ESR1 itself. In conclusion, our results suggest that the genetic variation at the ESR1 locus influences susceptibility to persistent HBV infection in a Chinese population.

IL13 is believed to play an important role in the pathogenesis of atopy and allergic asthma. To better understand genetic variation at the IL13 locus, we resequenced a 5.1-kb genomic region spanning the entire locus and identified 26 SNPs in 74 individuals from three major populations—Chinese, Caucasian, and African. Our survey suggests exceptionally high and significant geographic structure at the IL13 locus between African and outside Africa populations. This unusual pattern suggests that positive selection that acts in some local populations may have played a role on the IL13 locus. In support of this suggestion, we found a significant excess of high frequency–derived SNPs in the Chinese population and Caucasian population, respectively, as expected after a recent episode of positive selection. Further, the unusual haplotype structure indicates that different scenarios of the action of positive selection on the IL13 locus in different populations may exist. In the Caucasian population, the skewed haplotype distribution dominated by one common haplotype supports the hypothesis of simple directional selection. Whereas, in the Chinese population, the two-round hitchhiking hypothesis may explain the skewed haplotype structure with three dominant ones. These findings may provide insight into the likely relative roles of selection and population history in establishing present-day variation at the IL13 locus, and, motivate further studies of this locus as an important candidate in common diseases association studies.
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