Genetic analysis of 753,010 individuals of European ancestry identifies 517 loci for liver enzymes and points to pathways involved in liver and metabolic disorders

Supplementary Note 1
· The Million Veteran Program (MVP)
The Million Veteran Program (MVP) is mega-biobank that was launched in 2011 and supported entirely by the Veterans Health Administration Office of Research and Development in the United States (US) of America, in order to develop a genetic repository of US Veterans with additional information from VA electronic health record system and MVP questionnaires to learn how genes, lifestyle, and military exposures affect health and illness. Veterans have been recruited from over 60 Veterans Affairs Medical Centers with informed consent. The specific design and initial demographics of the MVP have been detailed previously 1. For clinical and demographic information, electronic health record information from the VA’s Corporate Data Warehouse (CDW) was used. For genetic analyses, DNA extracted from whole blood was genotyped in customized Affymetrix Axiom Array, with further quality control procedures as previously reported 2,3 with results from 300,766 Veterans of European ancestry included in this study.

· Lifelines Study
Lifelines is a prospective, multi-generational, multi-disciplinary, population-based cohort study of 167,729 residents of the northern part of the Netherland, who were recruited between 2006 and 2009, with a planned follow-up period up to 30 years. Lifelines aims to identify the genetic, environmental, and micro environmental factors, and their interactions associated with aging and the development of complex chronic diseases.  At baseline and during the follow-up, participants are requested to complete several structured, and validated extended self-administered questionnaires consisting of inquiries over demographic, environmental, lifestyle, social, behavioral, psychological, health status, and disease conditions. Physical examinations, aanthropometric measurements, routine biomedical measurements, psychiatric tests, genetic and genomic analyses are being performed for participants during the study. Lifelines is conducted according to the principles of the Declaration of Helsinki and is approved by the medical ethics committee of the University Medical Centre Groningen, The Netherlands. Written informed consent were obtained from all participants.

· The Rotterdam Study
The Rotterdam Study (RS) is a prospective population-based cohort study conducted among middle-aged and elderly people in the suburb Ommoord in Rotterdam, the Netherlands. In 1989, 7,983 inhabitants aged 55 and older were recruited in the first cohort (RS-I). In 2000, the RS was extended with a second cohort of 3,011 participants that moved to Ommoord or turned 55 years old (RS-II). In 2006, the third cohort (RS-III) was initiated in which inhabitants aged 45-54 years were invited and included 3,932 participants. Participants have been re-examined every 3-4 years and have been followed up for a variety of diseases. The Rotterdam Study has been approved by the medical ethics committee according to the Population Screening Act: Rotterdam Study, executed by the Ministry of Health, Welfare and Sports of the Netherlands. All participants in the present analysis provided written informed consent to participate and to obtain information from their treating physicians. A more detailed description of the Rotterdam Study can be found elsewhere 4. In the Rotterdam Study, blood samples were collected by venipuncture, and immediately frozen (−20°C). Serum GGT, ALT and ALP levels, were determined within two weeks using a Merck Diagnostica kit (Merck, Whitehouse Station, NJ, USA) on an Elan Autoanalyzer (Merck). Non-fasting samples were considered acceptable, as fasting status does not greatly affect serum liver enzyme levels (Ref). All liver biochemistry measurements were obtained in the laboratory of the Department of Epidemiology, Erasmus University Medical Center. For this project, GGT, ALT and AST levels were log-transformed to obtain normal distribution.
Supplementary Table 1- Liver enzymes data in the Rotterdam Study 
	Rotterdam Study sub sample
	N
	restriction

	Rotterdam Study 1 (RS1-5)
	3,549
	participants with genotyping and liver enzymes available

	Rotterdam Study 2 (RS2-3)
	1,014
	participants with genotyping and liver enzymes available

	Rotterdam Study 3 (RS3-2)
	2,377
	participants with genotyping and liver enzymes available


 
· The Airwave Health Monitoring Study
The Airwave Health Monitoring Study is a cohort of police force personnel established in 2003 in the UK to study the effect of TETRA, a digital communication system used by police forces. Police forces (who agreed to participate further in the study) underwent clinical assessment and completed comprehensive health assessment questionnaires. By March 2015, over 45,000 participants had attended the health screening 5. Age group of the participants ranged between 18 to 65 years of whom two thirds were male and 70% were TETRA users. The Airwave study has collected a broad range of phenotypes including demographics, diet assessments, conventional cardiovascular risk factors, inflammation and metabolic biomarkers, anthropometry, family history of cardiovascular disease, and cardiac/ vascular function. DNA from the blood of the participants has been extracted and the samples have been genotyped using the Illumina Infinium HumanExome-12v1-1 BeadChip Array 5 and Affymetrix Biobank array. Quality control procedures and imputation into 1000 genome reference panels have been performed according to the standard protocols of genome-wide association studies 5. For ~4,000 participants of the Airwave study, untargeted metabolomics data have been obtained and are available.
· Northern Finland Birth Cohort 1966
The Northern Finland Birth Cohort 1966 (NFBC1966) is a prospective follow-up study of children from the two northernmost provinces of Finland born in 1966.6 All individuals still living in northern Finland or the Helsinki area (n = 8,463) were contacted and invited for clinical examination. A total of 6007 participants attended the clinical examination at the participants’ age of 31 years. DNA was extracted from blood samples given at the clinical examination (5,753 samples available).7 The subset with DNA is representative of the original cohort in terms of major environmental and social factors. Informed consent was obtained from all subjects. For genetic analysis we performed standard sample QC and included 5,402 NFBC1966 participants that were genotyped on an Illumina HumanCNV370DUO Analysis BeadChip. 329,401 variants were included in the imputation scaffold. Variants were imputed to the HRC reference r1.1 2016 on the Michigan Imputation Server. 
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Supplementary figure 1- Overview of Genetic correlation between ALT, ALP, and GGT SNPs with 257 LD hub traits using discovery stage summary statistics. Genetic correlation for ALT (left panel), ALP (middle panel), and GGT (right panel) ranked according to P-value of the genetic correlation is illustrated.
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Supplementary figure 2- Heatmap of median gene expressions for nearest genes to novel ALT SNPs in 51 tissues within GTeX database. Green represents low expression, Magenta represent medium expression, and yellow and white represent high expression. 
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Supplementary figure 3- Heatmap of median gene expressions for nearest genes to novel ALP SNPs in 51 tissues within GTeX database. Green represents low expression, Magenta represent medium expression, and yellow and white represent high expression. 
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Supplementary figure 4- Heatmap of median gene expressions for nearest genes to novel GGT SNPs in 51 tissues within GTeX database. Green represents low expression, Magenta represent medium expression, and yellow and white represent high expression. 
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Supplementary figure 1- Overview of Genetic correlation between ALT, ALP, and GGT SNPs with 257 LD hub traits using discovery stage summary statistics. Genetic correlation for ALT (left panel), ALP (middle panel), and GGT (right panel) ranked according to P-value of the genetic correlation is illustrated.
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