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 34 

Abstract  35 

 36 

Background 37 

The accurate description of ancestry is essential to interpret and integrate 38 

human genomics data, and to ensure that advances in the field of genomics 39 

benefit individuals from all ancestral backgrounds. However, there are no 40 

established guidelines for the consistent, unambiguous and standardized 41 

description of ancestry. To fill this gap, we provide a framework, designed for 42 

the representation of ancestry in GWAS data, but with wider application to 43 

studies and resources involving human subjects.  44 

 45 

Result 46 

Here we describe our framework and its application to the representation of 47 

ancestry data in a widely-used publically available genomics resource, the 48 

NHGRI-EBI GWAS Catalog. We present the first analyses of GWAS data 49 
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using our ancestry categories, demonstrating the validity of the framework to 50 

facilitate the tracking of ancestry in big data sets. We exhibit the broader 51 

relevance and integration potential of our method by its usage to describe the 52 

well-established HapMap and 1000 Genomes reference populations. Finally, 53 

to encourage adoption, we outline recommendations for authors to implement 54 

when describing samples. 55 

 56 

Conclusions 57 

While the known bias towards inclusion of European ancestry individuals in 58 

GWA studies persists, African and Hispanic or Latin American ancestry 59 

populations contribute a disproportionately high number of associations, 60 

suggesting that analyses including these groups may be more effective at 61 

identifying new associations. We believe the widespread adoption of our 62 

framework will increase standardization of ancestry data, thus enabling 63 

improved analysis, interpretation and integration of human genomics data and 64 

furthering our understanding of disease.  65 

 66 

Keywords 67 

Genomics - Genome wide association studies – GWAS Catalog – Ancestry – 68 

diversity – Population Genetics 69 

 70 

Background 71 

 72 

The past 15 years have seen a dramatic growth in the field of genomics, with 73 

numerous efforts focused on understanding the etiology of common human 74 
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disease and translating this to advances in the clinic. Genome-wide 75 

association studies (GWAS), in particular, are now a well-established 76 

mechanism to identify links between genetic variation and human disease[1–77 

3]. The NHGRI-EBI GWAS Catalog[2,4], one of the largest repositories of 78 

summary GWAS data, contains over 3,000 publications and 43,000 SNP-trait 79 

associations as of July 2017. The Catalog is indispensable for researching 80 

existing findings on common diseases, enabling further investigations to 81 

identify causal variants, understand disease mechanisms and establish 82 

targets for treatment[5–8]. 83 

 84 

Essential to the interpretation and application of genomic data is the accurate 85 

description of the ancestry of the samples studied. Levels of genetic diversity 86 

and patterns of linkage disequilibrium (LD) vary by ancestry, with important 87 

implications for the experimental design, the generalizability of results and the 88 

identification of causal variants. Standardized ancestry representation is 89 

necessary to integrate data from different sources for further analysis and to 90 

enable robust search functionalities in bioinformatics resources. There are 91 

currently no established guidelines for the characterization and classification 92 

of ancestral background information. This has led to ambiguity and 93 

inconsistency, along with challenges in accessing and integrating data.  94 

 95 

The need for genetic studies in more ancestrally diverse populations has been 96 

repeatedly articulated[9], most recently by Popejoy and Fullerton[10] and by 97 

Manolio, et al.[11]. The benefit of including diverse populations extends 98 

throughout the translational research spectrum, from GWAS discovery efforts 99 
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to genomic medicine, for which variant interpretation can be greatly aided by 100 

ancestrally diverse sequence information[12,13]. Although inclusion efforts 101 

are improving over time, it is challenging to assess the status of such efforts, 102 

or to implement improved approaches, without a standardized way of 103 

representing ancestry data.  104 

 105 

To fill these gaps, we here provide a framework to systematically describe 106 

and represent detailed ancestry information. Our method is driven by an 107 

analysis of data we manually curated from over 3,000 GWAS publications.  108 

We developed it for immediate application to the GWAS Catalog to make 109 

curated data accessible, searchable and compatible with other genomics 110 

data. However, the framework is broadly applicable to studies and resources 111 

involving human subjects, and its widespread adoption will enable improved 112 

analysis, interpretation and integration of data, ultimately furthering our 113 

understanding of the genetic architecture of disease in different human 114 

populations. 115 

 116 

Results  117 

Standardized ancestry framework  118 

We developed the framework to enable the generation of comprehensive and 119 

standardized representation of ancestry information for samples included in 120 

GWAS. We had several motivations: 1) our observation, from curating 121 

thousands of publications, that ancestry data is often poorly represented, 122 

inconsistent or even completely absent, 2) the requirement to describe, 123 

represent and store ancestry data in a manner that allows robust searching 124 
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and visualization of data in the GWAS Catalog, 3) the increased interest in 125 

ancestry from the scientific community and 4) the need to analyze the 126 

ancestry of samples, assess diversity and generate metrics that would allow 127 

the community to identify and address gaps in this area. 128 

 129 

Our framework involves representing ancestry data in two forms: (1) a 130 

detailed sample description and (2) an ancestry category from a controlled list 131 

(Table 1). Detailed descriptions aim to capture accurate, informative and 132 

comprehensive information regarding the ancestry or genealogy of the 133 

samples. Ancestry categories are used to establish hierarchical relationships 134 

between groups and populations. We believe this dual representation of 135 

ancestry is both informative and useful. The two types of descriptions 136 

complement each other. The detailed description is granular and 137 

heterogeneous, whereas the use of a limited number of categories reduces 138 

complexity, facilitating data representation, integration, searchability and 139 

further analyses. The framework also allows for country information to be 140 

recorded providing additional detail on sample demographics.  141 

 142 

Application of the framework to the GWAS Catalog and other resources 143 

Application of this framework by curators to samples reported in publications 144 

relies on manual interpretation and extraction of author-reported data. To 145 

ensure consistent application by GWAS Catalog curators, we created a set of 146 

comprehensive data extraction guidelines (Supplementary Note). When the 147 

information provided by authors is limited or ambiguous, we consider country 148 
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of recruitment demographics and peer-reviewed population genetics 149 

publications.  150 

 151 

We have now generated detailed descriptions and assigned ancestry 152 

categories to 3,000 publications, representing 4,000 separate GWA studies 153 

and 83 million individuals, as of July 2017. A full list of all detailed descriptions 154 

currently included in the Catalog is provided in Supplementary Table 1. 155 

Examples that illustrate how the framework was applied to Catalog samples 156 

can be found in Supplementary Table 2. All curated ancestry data is available 157 

from the GWAS Catalog website[4] (Figure 1) and via download[14].  158 

 159 

Detailed description 160 

The detailed description aims to accurately represent the ancestry or 161 

genealogy of each distinct group analyzed in a specific study in detail, as 162 

reported by the author. Information about the homogeneity of the samples, 163 

including whether the cohort is admixed or taken from a founder or isolated 164 

population, is included. In the GWAS Catalog, the majority of the detailed 165 

descriptions include terms that describe the location of participants’ ancestors 166 

over the past few generations (“French”, “Japanese”), while admixed 167 

populations are primarily described using ethnic descriptors (“Hispanic”). 168 

Isolated populations are described using either location or ethnicity terms in 169 

addition to being described explicitly as genetically isolated (“Old Order Amish 170 

(founder or genetic isolate) population”, “Norfolk Island (founder or genetic 171 

isolate) population”.  172 

 173 
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 Ancestry categories 174 

Ancestry category assignment from the list presented in Table 1 requires 175 

careful consideration.  When clearly stated, author-reported categories are 176 

extracted, with precedence given to genetically-inferred data. If a category is 177 

not stated, curators infer the category based on the detailed description for 178 

the sample, which, as noted above, represents author-provided information.  179 

 180 

In the absence of any ancestry data, the category “Not Reported” is assigned, 181 

unless geographical location of sample recruitment is stated. In such 182 

instances, curators infer ancestry from external sources, such as the United 183 

Nations[15] and The World Factbook[16]. Selecting a category for samples 184 

that derive from a country with a homogenous demographic composition, 185 

such as Japan, is straightforward. However, for samples from populations with 186 

limited known genetic genealogy, such as Azerbaijan, or for samples recruited 187 

in countries with ancestral diversity, such as Singapore, assigning a category 188 

is more challenging. These sources are particularly useful to obtain 189 

geographical and country-specific population information. The World Factbook 190 

is a regularly updated, comprehensive compendium of worldwide 191 

demographic data, covering all countries and territories of the world. However, 192 

since it does not necessarily provide ancestry data, the World Factbook is 193 

consulted when the only known information is the country of recruitment of 194 

samples. We expect that as increased care is taken to accurately report 195 

ancestry data, reliance on this resource will decrease. Peer-reviewed 196 

population genetic studies that characterize the genetic background of a given 197 

population may also be consulted. This is particularly helpful in cases where 198 
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the sample cohort self-reported or is described using geographical or ethno-199 

cultural terms, such as “Scandinavian” or “Punjabi Sikh”. Supplementary 200 

Table 3 provides a list of countries for which external sources were consulted. 201 

If the ancestry data provided in publications does not allow the resolution of 202 

samples into ancestrally distinct sets, more than one category may be 203 

selected from the list in Table 1, such as in the Catalog entry for Jiang R et. 204 

al. [17][18].  205 

 206 

 Country information 207 

Country of recruitment (Figure 1) and country of origin provides additional 208 

demographic information and is extracted for each distinct sample set. 209 

Country of origin or recruitment is author-reported and not inferred from 210 

ancestry data. An exception is made for occasions when authors combine 211 

country of recruitment with an ancestry description (“Singaporean Chinese”). 212 

In these cases, we infer the country of recruitment (“Singapore”) although it is 213 

not explicitly stated. Country of origin is defined as the country of origin of the 214 

study participant’s grandparents or as the genealogy of the participants dating 215 

several generations. 216 

 217 

Wider application of the framework 218 

The HapMap[19] and 1000 Genomes[20] projects have delivered a 219 

comprehensive survey of human genetic variation across worldwide 220 

populations. The application of our method to the ancestry representation of 221 

these reference populations therefore provides huge integration potential and 222 

demonstrates the relevance of our framework beyond GWAS publications. 223 
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For all populations, we assigned ancestry category, country of recruitment, 224 

country of origin and a detailed description, if provided by each project 225 

(Supplementary table 4). We are developing an integrated tool to  provide 226 

access to population genetic and linkage disequilibrium data from these 227 

reference populations. This will be available in the near future. 228 

 229 

To facilitate the application of our approach to databases and resources, we 230 

have developed an ancestry-specific ontology based on our framework. We 231 

have defined terms, identified synonyms and established hierarchical 232 

relationships between all curated terms and categories. Integration of the 233 

ontology into any search interface will enable users to perform more powerful 234 

and precise ancestry-related queries[21]. We aim to integrate it into the 235 

GWAS Catalog website in the near future. The ancestry ontology[22] can be 236 

browsed and downloaded (manuscript in preparation). 237 

 238 

Application of framework to assess changes in diversity 239 

Several members of the community have called for greater efforts to increase 240 

diversity in genomics studies[10]. However, it is difficult to assess progress or 241 

identify concrete areas for improvement without a method to easily track 242 

changes in ancestry data. Our framework addresses this challenge by 243 

requiring the use of specific categories when describing ancestry. This 244 

process establishes hierarchical relationships between populations, thus 245 

facilitating reproducible tracking of changes in standardized categories over 246 

time. A number of authors[9,10] have reviewed the ancestry distribution in the 247 

Catalog, but focused exclusively on the detailed descriptions, which are 248 
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heterogeneous as they are based on the authors’ language.  Here we present 249 

the first analyses using our ancestry categories and demonstrate the validity 250 

of our framework to facilitate the tracking of ancestry in big data sets.  251 

 252 

As expected, similar to previous reports[10], we found that the majority (78%) 253 

of individuals in the Catalog are exclusively of European ancestry (Figure 2a). 254 

The second largest group includes individuals of Asian descent (11%), with 255 

East Asians comprising 9% of the Catalog’s samples. The disproportionate 256 

focus on Europeans was more prevalent in the earlier years of the Catalog 257 

(86% of individuals in studies published between 2005 and 2010; 76% 258 

between 2011 and 2016, Figure 3). The reduced proportion of European 259 

ancestry individuals added to the Catalog in the last 5 years reflects an 260 

increase in Asian (7.5% to 11.4%, 1.5-fold increase), African (0.8% to 2.8%, 261 

3.5-fold increase), Hispanic or Latin American (0.1% to 1.2%, 9-fold increase) 262 

and Middle Eastern (0.01% to 0.08%, 7-fold increase) samples. Though the 263 

proportion of Hispanic or Latin Americans exhibited the largest increase, when 264 

considering the absolute number of individuals, the largest increase, by far, 265 

came from Asian populations; Asian ancestry individuals increased from 266 

almost 900,000 in the first 5 years to over 7 million added to the Catalog in the 267 

last 5 years, compared to an increase of 721,000 Hispanic or Latin 268 

Americans.  269 

 270 

A similar trend is observed when analyzing the ancestry distribution in 271 

independent GWA studies. Approximately 50% of all studies are performed on 272 

exclusively European ancestry individuals, with an additional 24% of studies 273 
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including some samples of European descent (Figure 2b). A more granular 274 

analysis of the traits with the largest number of GWAS in the Catalog 275 

presented the same European bias, with 57-80% of studies, depending on the 276 

trait, carried out in European ancestry individuals, followed by East Asians (7-277 

28% of studies) (Supplementary Fig. 3). In studies that analyzed multiple 278 

ancestries, the vast majority (> 90%) include some European ancestry 279 

individuals, regardless of the trait. The traits that display the largest proportion 280 

of ancestral diversity are anthropometric traits, such as body mass index 281 

(BMI) and height, and common diseases, including type 2 diabetes and 282 

cardiovascular disease (Supplementary Fig. 3). 283 

 284 

Interestingly, when we focused our analysis on the number of associations 285 

identified in each ancestry category, we noted a different distribution to the 286 

ancestry distribution of individuals (Figure 2c). This disparity is particularly 287 

pronounced for studies including African or Hispanic or Latin American 288 

samples; African ancestries contribute 2.4% of individuals but 7% of 289 

associations, while Hispanic/Latin Americans contribute 1.3% of individuals 290 

compared to 4.3% of associations. The opposite effect was seen in 291 

Europeans, with 54% of associations compared to 78% of individuals. In 292 

addition, we also observed a disproportionate number of associations 293 

contributed by the “Multiple ancestries” category, likely reflecting the Catalog’s 294 

inclusion of trans-ethnic meta-analyses and replication efforts in diverse 295 

ancestries.  296 

 297 

Recommendations to authors 298 
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The analysis of the over 3,000 GWAS publications revealed inconsistent and 299 

ambiguous reporting of ancestry data, with a significant percentage of studies 300 

(~ 4%) not reporting any ancestry information at all.  Given that there are no 301 

established guidelines for the description of ancestry, and in an effort to assist 302 

the community as it seeks to improve in this area, we here provide a set of 303 

specific recommendations for authors, also summarized in Box 1. We believe 304 

implementation of these recommendations will improve the quality of reporting 305 

and have a positive impact on the interpretation of published results, data re-306 

use and reproducibility. 307 

 308 

We recommend that authors make every effort to generate a detailed 309 

description for each distinct set of individuals included in their studies. Authors 310 

should also assess whether the genetic diversity of each distinct set is 311 

representative of one of the known populations listed and defined in Table 1, 312 

and indicate the corresponding category in the publication. If authors have no 313 

knowledge about the ancestry of the participants, are not able to determine it 314 

or cannot share it due to confidentiality concerns, we suggest noting this 315 

explicitly in the publication.  316 

 317 

Where possible authors should provide genetically inferred, in addition to self-318 

reported, ancestry information as the latter is often not an accurate 319 

representation of the underlying genetic background. Software to assess and 320 

control for ancestry is readily available and computationally feasible[23–28]. 321 

Encouragingly the proportion of studies that assess ancestry by genetic 322 

methods has increased, from 25% in the early days of GWAS (the first 100 323 

.CC-BY-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted October 2, 2017. ; https://doi.org/10.1101/129395doi: bioRxiv preprint 

https://doi.org/10.1101/129395
http://creativecommons.org/licenses/by-nd/4.0/


14 

eligible publications, 2005-2008) to 57% in 2016 (the first 100 eligible 324 

publications; Supplementary Fig. 4). Thus, we suggest authors consider using 325 

the methods listed in Supplementary Box 1 when inferring the ancestry of 326 

samples. 327 

 328 

In general, terms that pertain to an individual’s ethno-cultural background 329 

should be avoided, unless this provides additional information regarding the 330 

genealogy of the samples. In such cases a descriptor that accurately reflects 331 

the underlying genetics should also be provided. For example, when 332 

describing “Punjabi Sikh” participants, every effort should be made to assess 333 

the genetic background and to indicate this in the publication, for example by 334 

stating “Punjabi Sikh South Asian ancestry individuals” rather than simply 335 

“Punjabi Sikh” or “Sikh”.  336 

 337 

Particular care should be taken to note if a sample derives from founder or 338 

genetically isolated population; given their homogeneity and reduced genetic 339 

variation, these populations are especially well-suited for GWAS[29] and are 340 

increasingly used as sample sources. To reduce ambiguity, when describing 341 

isolates, the broader genetic background within which the population clusters 342 

should also be indicated. For example, Old Order Amish participants should 343 

be described as “Old Order Amish population isolate individuals of European 344 

ancestry”. While describing admixed populations can be challenging due to 345 

varying levels of admixture, every effort should be made to explicitly note 346 

whether the population is admixed and the ancestral backgrounds that 347 

contribute to admixture. For example “Hispanics/Latinos are ethnically 348 
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heterogeneous, with admixture of European, West African, and Amerindian 349 

ancestral populations”, as stated in Hodonsky 2017[30]. 350 

 351 

 352 

Discussion 353 

Summary 354 

In this article we describe a framework for the standardized representation of 355 

ancestry data from genomics studies. Our method provides structure to 356 

unstructured data, enabling robust searching across large datasets and 357 

integration across resources. We have established validity by application to 358 

the over 3,000 GWAS publications currently in the GWAS Catalog and 359 

performed a detailed analysis. These data represent over 83 million 360 

individuals from diverse ancestral backgrounds, and, as such, it is likely one 361 

of the largest and most widely-used repositories of curated ancestry data. We 362 

have demonstrated relevance to, and integration potential with, other data 363 

types and studies by using our method to describe well-characterized 364 

reference populations, such as the HapMap and 1000 Genomes project 365 

populations. This will greatly facilitate integration of studies involving these 366 

populations with data included in the Catalog, and, indeed, with any other 367 

resource that implements our framework. We display the utility of the ancestry 368 

categories to simplify the tracking of efforts towards diversity, allowing the 369 

identification of gaps and highlighting specific areas for improvement. 370 

Interestingly, in addition to confirming known biases, our category-based 371 

analyses revealed that African and Hispanic or Latin American ancestry 372 

populations contribute a disproportionately high number of associations, 373 
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suggesting that analyses including these groups may be more effective at 374 

identifying new associations. Finally, stemming from our extensive manual 375 

review of publications, we note a lack of current standards with regard to 376 

ancestry reporting and offer recommendations to authors to implement when 377 

describing their samples. This, we believe, will increase consistency and 378 

reduce ambiguity, facilitating the interpretation of results.   379 

 380 

Limitations to the framework 381 

There are challenges inherent to both the design of the framework and its 382 

application. We recognize the sensitivities surrounding the concepts of race, 383 

ethnicity and ancestry, and that these terms are often used interchangeably 384 

without making a distinction between physical appearance, cultural traditions 385 

and genetic variation. This conflation can often be observed in censuses and 386 

other demographic tools, influencing how individuals and communities 387 

describe their background. The United States Census, for example, defines 388 

“White” as “a person having origins in any of the original peoples of Europe, 389 

the Middle East, or North Africa”[31], even though Middle Eastern and North 390 

African populations are known to cluster, in genetic analyses, independently 391 

from European ancestry populations. We thus recommend that authors 392 

continue to move away from relying solely on self-reported information and, 393 

as much as possible, also use genomic mechanisms to infer and describe the 394 

ancestry of participants.  395 

 396 

We are aware that classifying the global human population is a challenging 397 

endeavor and the subject of numerous publications by expert population 398 
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geneticists.  Due to human evolution and patterns of migration, the ancestry of 399 

a particular population is complex and its definition is dependent on time. It is 400 

generally accepted that all modern human populations originated in Africa, 401 

and, due to the relatively small amount of genetic variation between 402 

populations from disparate geographical locations[20], genetic diversity 403 

among modern populations may be more suitably described as a continuum. 404 

However, it is both possible and useful to generate informative groupings. 405 

Reference populations, such as those included in the HapMap and 1000 406 

Genomes Projects, or ancestry informative markers[32] that allow populations 407 

to be distinguished, have been characterized, and methods have been 408 

developed to adjust for population stratification and separate samples into 409 

clusters. In fact, these analyses between and within populations have 410 

demonstrated that clusters identified through genomic methods generally 411 

align with geographical and regional groupings [33]. Taking this into account, 412 

we designed our framework such that our categories closely resemble 413 

classifications currently in use by the community and defined by experts.  414 

 415 

We do not view our categories as exhaustive or static. We envision that as 416 

more cohorts from diverse populations are characterized, there might arise a 417 

need to create additional categories or sub-categories. In addition, 418 

anticipating that admixture is likely to increase in the future, due to migration, 419 

for example, we also created categories to represent known (for example, 420 

“Hispanic or Latin American”) and emerging (for example, “Other admixed 421 

ancestries”) admixed groups. We recognize that classification of admixed 422 

samples is particularly challenging. The degree and type of admixture may 423 
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vary within the population, and the accuracy of classification requires well-424 

defined reference samples, which are lacking for some groups. As the 425 

community moves towards genetically-inferred ancestry descriptions, our 426 

categories are likely to become more precise and granular over time. 427 

 428 

We believe there are benefits to utilizing categories. Practically, categories 429 

facilitate data integration and allow robust searches, which is an essential 430 

component of databases such as the GWAS Catalog. Also, the use of 431 

categories can be useful when carrying out further analyses. For example, 432 

querying the generalizability of results, identifying ancestry-specific 433 

associations or utilizing linkage disequilibrium information from a reference 434 

population to identify independent signals.  We did not set out to define novel 435 

or authoritative global ancestral classifications. Rather, we aim to formalize 436 

and encourage the use of existing classifications to increase standardization 437 

and improve resource functionality, ultimately enabling more robust scientific 438 

analyses.  439 

 440 

Assessing diversity in genomics 441 

Several reports have been published urging the scientific community to 442 

ensure that individuals from all ancestry backgrounds benefit from advances 443 

in the field of genomics[9,10]. Our proposed framework lays out a mechanism 444 

for the generation of consistent and comprehensive ancestry descriptions and 445 

this, in turn, facilitates the establishment of metrics and ultimately, the tracking 446 

of ancestry data over time.  447 

 448 
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Our analysis of individuals in GWA studies, using ancestry categories rather 449 

than Catalog detailed descriptions, as carried out in previous studies, confirms 450 

the persistent bias towards inclusion of European ancestry samples and the 451 

modest trend towards increased diversity.  Our more robust analysis of 452 

approximately 43,000 associations found a disproportionately larger 453 

proportion of associations derived from African and Hispanic or Latin 454 

American populations, many of which have significant African admixture[34], 455 

than is expected based on the proportion of individuals. We suggest that the 456 

higher degree of genetic diversity and reduced linkage disequilibrium (LD) in 457 

African populations[35] offers an explanation for this result. Shorter LD blocks 458 

in African populations facilitate the separation of nearby but independent 459 

signals in a way that is more challenging in European populations, in which 460 

LD blocks tend to be longer. Additionally, the inclusion of larger numbers of 461 

individuals from African or Hispanic or Latin American populations allows for 462 

the identification of variants specific to these ancestries. Together, these 463 

observations suggest that utilizing samples from diverse populations for 464 

genomic studies may be advantageous and yield increased and more 465 

comprehensive results.  466 

 467 

There are limitations to our analysis. First, considering that some cohorts 468 

have been included in numerous GWAS, it is highly likely that some 469 

individuals are represented multiple times in the Catalog. The impact of this is 470 

the skewing of results towards commonly-used or publicly available cohorts, 471 

which are perhaps likely to be of European or Asian ancestry. Another 472 

limitation stems from our criteria for inclusion of associations. Since we only 473 
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include variants with a p-value < 1x10-5 and only the “index” variant at each 474 

locus, our analysis does not take into account all associations. To address 475 

this and make the Catalog more comprehensive, we now also include in the 476 

Catalog published summary statistics[36]. Finally, we were unable to assign a 477 

category to associations identified in studies that include multiple ancestries. 478 

This may be a factor contributing to the reduced number of associations 479 

derived from European populations, since the vast majority of multiple 480 

ancestry studies include Europeans (Figure 2b).  481 

 482 

The analysis of diverse ancestries is advantageous from a scientific 483 

perspective. No one population contains all human variants[37], and alleles 484 

that are rare in one population may be common in a different population and 485 

thus easier to detect. Studies of diverse populations may also aid in fine 486 

mapping of existing signals or in identifying population-specific functional 487 

variation[37,38]. Variant interpretation for genomic medicine in ancestrally 488 

diverse or admixed populations relies on the availability of non-European 489 

allele frequencies, with potentially serious clinical consequences if such data 490 

are not available[12]. Finally, disease burden of common or complex diseases 491 

(e.g., cardiovascular disease or cancer) disproportionately impacts non-492 

European populations. Of the commonly studied traits, the largest diversity of 493 

backgrounds was found for common anthropometric traits, heart disease, and 494 

type 2 diabetes. This is perhaps not surprising considering that metrics for 495 

these traits are easy to obtain, and the two diseases are among the top ten 496 

causes of death around the world, according to the World Health 497 

Organization[39]. It is also consistent with the observation that diseases for 498 
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which global disease burden is substantial tend to lead to increased funding 499 

and research infrastructure. While we are encouraged by the trend we have 500 

seen in recent years towards increased diversity, we note that there are still 501 

very clear gaps as some groups continue to be underserved or ignored. We 502 

strongly urge the scientific community to expand their efforts to assemble and 503 

analyze cohorts, including especially underrepresented communities.  504 

 505 

Recommendations to authors 506 

Our analysis also validates the need for a framework to improve the 507 

description of ancestry. Approximately 5.8% of individuals in the Catalog 508 

(2005 - 2016) are currently labeled with the category “Not reported” due to a 509 

lack of adequate information in the publication. Although confidentiality 510 

concerns certainly contribute to this, this large proportion of uncharacterized 511 

samples supports the notion that guidelines for the reporting of ancestry data 512 

are an absolute necessity. For this reason, we offer recommendations to 513 

increase standardization of ancestry reporting, with an emphasis on 514 

genetically-inferred ancestry, in publications (Box 1). We encourage 515 

implementation by authors reporting ancestry data and by editors reviewing 516 

publications that include human subjects.  517 

 518 

 519 

Conclusions 520 

Genome-wide association studies have been enormously successful. 521 

However, the lack of clarity regarding the ancestry of samples and the lack of 522 

studies including diverse ancestral backgrounds raises questions about the 523 
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interpretation and generalizability of results across populations. The 524 

framework we provide aims to address these challenges. It improves 525 

standardization of ancestry, increases integration of data, supports the 526 

assessment of diversity in large sets and facilitates further analyses. Its 527 

widespread adoption will enable the scientific community to investigate the 528 

generalizability of trait-associations across diverse populations, to identify 529 

associations unique to specific ancestries, to identify novel variants with 530 

clinical implications, and to help pinpoint causative variants, thus increasing 531 

our understanding of common diseases.  532 

 533 

Methods  534 

 535 

GWAS Catalog data curation 536 

Details of GWAS publication identification, GWAS Catalog eligibility criteria 537 

and curation methods can be found on the GWAS Catalog website[40]. 538 

Extracted information encompasses publication information, study cohort 539 

information, including ancestry, and SNP-trait association results. Curation of 540 

ancestry data from the literature was performed according to Ancestry 541 

Extraction Guidelines outlined in the Supplementary Note. 542 

 543 

1000 Genomes and HapMap Project population ancestry assignment 544 

Information describing the 1000 Genomes[20] phase 3 and HapMap 545 

Project[19] phase 3 populations was taken from the Coriell Institute 546 

website[41]. Ancestry information, including ancestry category, country of 547 

recruitment, country of origin and additional information, was assigned to each 548 
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population following the GWAS Catalog ancestry extraction guidelines 549 

(Supplementary Note).   550 

 551 

GWAS Catalog ancestry analysis 552 

To determine the distribution of individuals, associations and traits by ancestry 553 

category, we first downloaded all Catalog data in tabular form[14]. All data 554 

(gwas-catalog-associations_ontology-annotated.tsv, gwas-catalog-555 

ancestry.tsv, gwas-catalog-studies_ontology-associated.tsv, gwas-efo-trait-556 

mappings.tsv) included in these analyses were curated from GWA studies 557 

published between 2005 and the end of 2015, with a release date of July 18 558 

2017. The data can be found on the Catalog’s FTP site[42]. 559 

 560 

Analysis of ancestry assessment methods in a subset of the GWAS Catalog 561 

We selected the first 100 publications included in the Catalog (approximately 562 

covering the period between March 2005 to January 2008), and for 563 

comparison, the first 100 publications from 2016. For each publication, the 564 

method was assessed and classified into one of the following: 1. Self-565 

reported, 2. Genetically assessed, 3. Ancestry stated without method, 4. 566 

Inferred from limited ancestry-related information (e.g. country information), 5. 567 

No ancestry information reported and 6. Mixed method (when a combination 568 

of methods was utilized to describe the study samples). Publications classified 569 

as “Genetically assessed” includes those where the author had clearly 570 

identified the genetic ancestry or admixture of the population, for example by 571 

using methods such as those described in Supplementary Box 1. It also 572 

includes those that confirmed self-reported information or defined samples 573 
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based on self-reports but then excluded genetic outliers. Publications where 574 

no ancestry was stated, but curators inferred an ancestry based on country 575 

information are included in the fourth classification. In many cases authors 576 

used a statistical method to assess or control for ancestry or population 577 

stratification, without assigning individuals to a particular category, for 578 

example using a continuous axis of genetic variation from PCA to compute 579 

the association statistic. However, since this did not add any information that 580 

curators could use to assign a population ancestry to the study, it was not 581 

included under category 2.    582 
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 779 

Figures, tables and additional files 780 

 781 

Table 1. Ancestry categories. Distinct regional population groupings used in this 782 

framework. They are assigned to cohorts with distinct and well-defined patterns of 783 

genetic variation, in addition to individuals with inferred relatedness to these cohorts. 784 

A full list of GWAS Catalog sample descriptions assigned to each category can be 785 

found in supplementary table 2. 786 

Ancestry 

category 

Definition Examples of 

detailed 

descriptions 

for samples 

included in the 

category 

Aboriginal 

Australian 

Includes individuals who either self-report or 

have been described by authors as 

Australian Aboriginal. These are expected to 

be descendants of early human migration 

into Australia from Eastern Asia and can be 

distinguished from other Asian populations 

by mtDNA and Y chromosome 

variation[43,44]. 

Martu Australian 

Aboriginal 
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African American 

or Afro-

Caribbean 

Includes individuals who either self-report or 

have been described by authors as African 

American or Afro-Caribbean. This category 

also includes individuals who genetically 

cluster with reference populations from this 

region, for example 1000 Genomes and/or 

HapMap ACB or ASW populations. We note 

that there is likely to be significant admixture 

with European ancestry populations. 

African 

American, 

African 

Caribbean  

 

African 

unspecified 

Includes individuals that either self-report or 

have been described as African, but there 

was not sufficient information to allow 

classification as African American, Afro-

Caribbean or Sub-Saharan African.  

African, non-

Hispanic black 

Asian unspecified 

Includes individuals that either self-report or 

have been described as Asian but there was 

not sufficient information to allow 

classification as East Asian, Central Asian, 

South Asian or South-East Asian.  

Asian, Asian 

American 

Central Asian 

Includes individuals who either self-report or 

have been described by authors as Central 

Asian[45]. We note that there does not 

appear to be a suitable reference population 

for this population and efforts are required to 

fill this gap. 

Silk Road 

(founder/genetic 

isolate) 
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East Asian 

Includes individuals who either self-report or 

have been described by authors as East 

Asian or one of the sub-populations from this 

region (e.g Chinese). This category also 

includes individuals who genetically cluster 

with reference populations from this region, 

for example 1000 Genomes and/or HapMap 

CDX, CHB, CHS and JPT populations.  

Chinese, 

Japanese, 

Korean 

European 

Includes individuals who either self-report or 

have been described by authors as 

European, Caucasian, White or one of the 

sub-populations from this region (e.g Dutch).  

This category also includes individuals who 

genetically cluster with reference populations 

from this region, for example 1000 Genomes 

and/or HapMap CEU, FIN, GBR, IBS and 

TSI populations. 

Spanish, 

Swedish 

Greater Middle 

Eastern (Middle 

Eastern, North 

African or 

Persian) 

Includes individuals who self-report or were 

described by authors as Middle Eastern, 

North African, Persian or one of the sub-

populations from this region (e.g. Saudi 

Arabian)[46]. We note there is heterogeneity 

in this category with different degrees of 

admixture as well as levels of genetic 

isolation. We note that there does not appear 

to be a suitable reference population for this 

Tunisian, Arab, 

Iranian 
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category and efforts are required to fill this 

gap. 

Hispanic or Latin 

American 

Includes individuals who either self-report or 

are described by authors as Hispanic, Latino, 

Latin American or one of the sub-populations 

from this region. This category includes 

individuals with known admixture of primarily 

European, African and Native American 

ancestries, though some may have also a 

degree of Asian (e.g. Peru). We also note 

that the levels of admixture vary depending 

on the country, with Caribbean countries 

carrying higher levels of African admixture 

when compared to South American 

countries, for example. This category also 

includes individuals who genetically cluster 

with reference populations from this region, 

for example 1000 Genomes and/or HapMap 

CLM, MXL, PEL and PUR 

populations[34,47]. 

Brazilian, 

Mexican 

Native American 

Includes indigenous individuals of North, 

Central and South America, descended from 

the original human migration into the 

Americas from Siberia[48]. We note that 

there does not appear to be a suitable 

reference population for this category and 

Pima Indian, 

Plains American 

Indian 
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efforts are required to fill this gap. 

Not Reported 

Includes individuals for which no ancestry or 

country of recruitment information is 

available. 

 

Oceanian 

Includes individuals that either self-report or 

have been described by authors as 

Oceanian or one of the sub-populations from 

this region (e.g. Native Hawaiian)[49]. We 

note that there does not appear to be a 

suitable reference population for this 

category and efforts are required to fill this 

gap. 

Solomon 

Islander, 

Micronesian 

Other 

Includes individuals where an ancestry 

descriptor is known but insufficient 

information is available to allow assignment 

to one of the other categories. 

Surinamese, 

Russian  

Other admixed 

ancestry 

Includes individuals who either self-report or 

have been described by authors as admixed 

and do not fit the definition of the other 

admixed categories already defined (“African 

American or Afro-Caribbean” or “Hispanic or 

Latin American”). 

 

South Asian 

Includes individuals who either self-report or 

have been described by authors as South 

Bangladeshi, Sri 

Lankan 

.CC-BY-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted October 2, 2017. ; https://doi.org/10.1101/129395doi: bioRxiv preprint 

https://doi.org/10.1101/129395
http://creativecommons.org/licenses/by-nd/4.0/


38 

Asian or one of the sub-populations from this 

region (e.g Asian Indian).  This category also 

includes individuals who genetically cluster 

with reference populations from this region, 

for example 1000 Genomes and/or HapMap 

BEB, GIH, ITU, PJL and STU populations. 

Sinhalese 

South East Asian 

Includes individuals who either self-report or 

have been described by authors as South 

East Asian or one of the sub-populations 

from this region (e.g Vietnamese). This 

category also includes includes individuals 

who genetically cluster with reference 

populations from this region, for example 

1000 Genomes KHV population. We note 

that East Asian and South East Asian 

populations are often conflated. However, 

recent studies indicate a unique genetic 

background for South East Asian 

populations. 

Thai, Malay 

Sub-Saharan 

African 

Includes individuals who either self-report or 

have been described by authors as Sub-

Saharan African or one of the sub-

populations from this region (e.g. Yoruban). 

This category also includes individuals who 

genetically cluster with reference populations 

from this region for example 1000 Genomes 

Yoruban, 

Gambian 
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and/or HapMap ESN, LWK, GWD, MSL, 

MKK and YRI populations. 

  787 
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 788 

Box 1. Recommendations for authors reporting ancestry data in 789 

publications. These recommendations were generated by expert curators 790 

following a detailed review of the over 3,000 GWAS publications included in 791 

the Catalog. 792 

 793 

1. Preferentially use genomic methods to assess the ancestry of samples 794 

included in the GWAS Catalog. See Box 1 for a description of 795 

commonly used methods. 796 

2. Indicate whether the background of participants was self-reported, 797 

inferred by genomic methods or a combination of both. If genetically 798 

inferred, indicate the analytical procedure utilized. 799 

3. Provide detailed information for each distinct group of samples, 800 

a. Ancestry descriptors should be as granular as possible (e.g. 801 

Yoruban instead of Sub-Saharan African, Japanese instead of 802 

Asian). 803 

b. Avoid using country or citizenship as a substitute for ancestry. 804 

c. Avoid using geographic descriptors that are part of a cohort 805 

name as a substitute for ancestry (e.g. TwinsUK cannot be 806 

assumed to be European ancestry). 807 

d. If a population self-identifies using sociocultural descriptors (e.g. 808 

Old Order Amish), clearly state the genetic ancestry within which 809 

this sub-population falls. 810 

e. If samples were derived from an isolated or founder population 811 

with limited genetic heterogeneity, clearly state the genetic 812 
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ancestry within which this sub-population falls. 813 

f. If available, genetic genealogy or ancestry of grandparents or 814 

parents should be included. 815 

4. Assign an ancestry category for each distinct group of samples. See 816 

Table 1 for a list of ancestry categories. Refer to Supplementary Table 817 

1 for a list of descriptors in use in the Catalog with their category 818 

assignments. 819 

5. Provide the sample size for each distinct group of samples included in 820 

the analysis. 821 

6. Provide country of recruitment. 822 

7. If ancestry information is not available due to confidentiality, or any 823 

other concerns, note this in the publication. 824 

 825 

  826 
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 827 

 828 

Figures 829 

1. Figure 1 – Representation of ancestry data in the GWAS Catalog 830 

search interface  831 

2. Figure 2 – Ancestry category distribution in the GWAS Catalog 832 

a. Figure 2a - Distribution of individuals by ancestry category 833 

b. Figure 2b - Distribution of studies by ancestry category 834 

c. Figure 2c - Distribution of associations by ancestry category  835 

3. Figure 3 – Distribution of individuals in GWAS Catalog studies 836 

published between 2005 – 2010 compared to 2011 – 2016. 837 
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Figure 1. Representation of ancestry data in the GWAS Catalog search 

interface (www.ebi.ac.uk/gwas). Ancestry-related data is found in the Studies and 

Associations tables (underlined in black) when searching the Catalog. This figure 

shows the results of a search for PubMed Identifier 27145994. The sample 

description can be found in the Studies table, either by pressing “Expand all Studies” 

or the “+” on the study of interest (highlighted in red). Sample ancestry is captured in 

2 forms: (1) Detailed description (highlighted in blue) and (2) Ancestry category 

(highlighted in green). The latter follows the format: sample size, category, (country 

of recruitment). In cases where multiple ancestries are included in a study, the 

ancestry associated with a particular association is found as an annotation in the p-

value column in the Associations table (highlighted in pink). 
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Figure 2. Ancestry category distribution in the GWAS Catalog. This figure 

summarizes the distribution of ancestry categories in percentages, of individuals 

(N=83,200,468; panel a), studies (N= 4,100; panel b) and associations (N=43,919; 

panel c). The largest category in all panels is European (aqua). At the level of 

individuals (a), the largest non-European category is Asian (bright pink), with East 

Asian (light pink) accounting for the majority. Non-European, Non-Asian categories 

together (yellow) comprise 4% of individuals, and there are 6% (white) of samples for 

which an ancestry category could not be specified. Panel c demonstrates the 

disproportionate contribution of associations from African (blue) and Hispanic/Latin 

American (purple) categories, when compared to the percentage of individuals (a, 

blue, purple, respectively) and studies (b, blue, purple, respectively).  
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1 

Figure 3. Distribution of individuals in GWAS Catalog studies published 1 

between 2005 – 2010 compared to 2011 – 2016. This figure displays the 2 

distribution of individuals in percentages, included in the 915 studies 3 

published between 2005 – 2010 compared to the distribution of individuals 4 

included in the 2,905 studies published between 2011 – 2016.  5 
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