Cosegregation Online (COQOL) v3

About

This server performs cosegregation analysis by the Full-Likelihood method [1] and outputs a
Bayes factor that can be integrated into the variant classification guidelines developed by the
American College of Medical Genetics and Genomics (ACMG) and the Association of Molecular
Pathology (AMP) [2].

The website is designed for classifying variants in a known disease gene as pathogenic or
benign within the context of clinical genetic testing. If you want to conduct cosegregation
analysis for gene discovery research, i.e., to find out which gene associates with the disease of
interest, then please see my other package VICTOR.

Quick start

Click here, provide a gene symbol and upload a pedigree file, then click the “Submit” button.

Pedigree File

Filename cannot contain spaces. The Pedigree File must be a tab- or space-delimited text file. If
you edit data in Excel, please save as “Tab delimited Text (.txt)”. Missing values are represented

by a period (“.”). Empty fields, space within fields, or quoted fields are not allowed. IDs are
case-sensitive with alphanumeric characters or the _ character.

Required columns:

1. PedID: Pedigree_ID. Alphanumeric. It cannot be 0. Multiple pedigrees are allowed.

2. IndID: Individual_ID. Alphanumeric. It cannot be 0. IndID does not need to be unique across

pedigrees.

Father: Individual_ID of father. Put O for founders. If one parent is 0, both parents must be 0.

4. Mother: Individual _ID of mother. Put O for founders. If one parent is 0, both parents must be
0.

5. Sex: Biological sex, not the personal identification of one's own gender. 0=UnknSex,
1=M=Male, 2=F=Female.

6. Aff *; Affection status. Value is UnknAff (unknown), Unaff (unaffected), or a disease name.

7. Age: Age-of-onset for affected and age-of-the-last-exam for unaffected individuals. O for
unknown age.

8. FPTP: The first person tested positive for the variant in each pedigree. 1 for FPTP; 0 for
others.
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https://fenglab-r9-coseg3.chpc.utah.edu/

9. Geno: Genotype. 0=unknown, neg=negative, het=heterozygous-carrier,
hom=homozygous-carrier. You don’t need to input genotype for obligatory carriers as the
program will infer automatically. You don’t need to input negative genotype (non-carrier) for
spouses even if you assume that the variant enters the pedigree only once. The program will
fill in the genotype based on allele frequency.

Optional columns:

e Twin: Twin status. 0: not twin; positive integer: siblings with the same number are twins.

e Pop: Population. This column overrides the advanced option "Population" on the webpage.

e Cohort: Year range. This column overrides the advanced option "Year range" on the
webpage.

e Comment: Information to be shown in pedigree drawings.

* For cancer-associated genes, Aff is the first diagnosis of any cancer. Below is a list of strings

for the “Aff":
Name Descriptions
unaff unaffected
Lip Lip
Tongue Tongue
Mouth Mouth
Oral Oral cavity (lip, tongue, mouth)
Saliv Salivary gland

Parotid Parotid gland

Tonsil Tonsil

Oroph Oropharynx

Nasoph Nasopharynx

Pyrifm Pyriform sinus

Hypoph Hypopharynx

Pharynx Pharynx (include Oropharynx, Nasopharynx, Hypopharynx, Pharynx unspecified)

BCP Buccal cavity and pharynx (include Lip, Tongue, Mouth, Saliv, Parotid, Tonsil, Pharynx)
Throat Oropharynx, Tonsil, Base of tongue

Nasal Nasal cavity and middle ear

A.sinus Accessory sinuses

Larynx Larynx

Trachea Trachea

Oesoph Oesophagus




Stomach

Stomach (synonym: Gastric)

SmBowel |Small intestine

Colon Colon

RS.junc Rectosigmoid junction

Rectum Rectum

CRC Colorectal cancer (include Colon, RS.junc, Rectum)

Anus Anus

Liver Liver

Gall Gallbladder

Biliary biliary tract

PanCa Pancreas

SSBP Stomach SmBowel Biliary PanCa

BilPan biliary tract and Pancreas

Lung Lung

Thymus Thymus

Heart Heart

Bone Bone

Bone.l Bone of limbs

Bone.o Bone other than limbs

Osteo Osteosacoma

Sarcoma  |Soft tissue sarcoma and bone sarcoma

CM Cutaneous Melanoma

NM.skin Non-melanoma of skin

Meso Mesothelioma

STS Soft-tissue sarcoma (Mesothelioma, Kaposi, Peripheral nerves, Peritoneum & retroperitoneum, Connective &
soft tissue)

BrCa Breast

Vagina Vagina

Cervix Cervix uteri

Corpus Corpus uteri

Uterus Cervix or corpus uteri

OvCa Ovary




Penis Penis

ProCa Prostate

Testis Testis

UpUrin Upper Urinary tract malignancy (kidney, renal pelvis, ureter)
Kidney Kidney

RenalCC |Renal Cell Carcinoma (only for CI5-XI, a subset of UpUrin)
RCC Renal Cell Carcinoma (only for CI5-XI, a subset of UpUrin)
Ureter Ureter

Bladder Bladder

Urinary Urinary tract (include Kidney, Renal pelvis, Ureter, Bladder, Other urinary organs)
Eye Eye

UM Uveal melanoma

Mening Meninges

CNS Central nervous system

Brain Brain

Thyroid Thyroid

MTC Medullary Thyroid Cancer

Adrenal Adrenal gland

Hodgkin Hodgkin lymphoma

NH.lym Non-Hodgkin lymphoma

IPD Immunoproliferative diseases

Myeloma |Multiple myeloma

L.leuk Lymphoid leukemia

M.leuk Myeloid leukemia

U.leuk Cell-unspecified leukemia

Leuk Leukemia

Lymph Lymphoid Neoplasms (Hodgkin lymphoma, Non-Hodgkin lymphoma, MALT-lyphoma, Lymphoid leukaemia)

Below is an example Pedigree File and a drawing for BRCA1. Do not copy and paste; you can
download the file here. Please note that affection status depends on the gene. Because the
model for BRCA1 involves only breast, ovarian, and pancreatic cancer, individual 6 (prostate
cancer) and 17 (lung cancer) are “unaffected” in the figure. Also note that the proband,
individual 17, is unaffected. This is correct as the definition of proband is the first person who
tested positive for the variant.



http://bjfenglab.org/download/ped210.txt

PedID IndID Father | Mother Sex Aff Age Geno FPTP
ped1 1 0 0 M 79 0
ped1 2 0 0 F : 78 0
ped1 3 1 2 F BrCa 40 0
ped1 4 1 2 F unaff 100 0
ped1 5 1 2 F BrCa 85 0
ped1 6 1 2 M ProCa 43 0
ped1 7 0 0 M unaff 80 0
ped1 8 7 3 M unaff 73 0
ped1 9 7 3 M unaff 41 0
ped1 10 0 0 F : 89 . 0
ped1 11 7 3 M PanCa 30 Het 0
ped1 12 0 0 F unaff 80 . 0
ped1 13 9 10 F BrCa 41 Het 0
ped1 14 9 10 M unaff 60 . 0
ped1 15 9 10 F BrCa 50 Het 0
ped1 16 9 10 F unaff 60 Het 0
ped1 17 11 12 M Lung 49 Het 1
ped1 18 11 12 F unaff 38 . 0
ped1 19 11 12 M unaff 36 Het 0
ped1 20 11 12 F OvCa 48 Het 0
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BRCA1, BRCA2

e Kuchenbaecker KB et al. Risks of Breast, Ovarian, and Contralateral Breast Cancer for
BRCA1 and BRCA2 Mutation Carriers. JAMA. 2017;317(23):2402-2416.
PMID:28632866.

e Antoniou AC et al. The BOADICEA model of genetic susceptibility to breast and ovarian
cancers: updates and extensions. Br J Cancer. 2008;98(8):1457-66. PMID:18349832.

e Mocci E et al. Risk of pancreatic cancer in breast cancer families from the breast cancer
family registry. Cancer Epidemiol Biomarkers Prev. 2013;22(5):803-11. doi:
10.1158/1055-9965.EPI-12-0195. PMID:23456555.

e BOADICEA V7 Release 114.

BRCA1_Japan, BRCA2 Japan

e Yukihide Momozawa, Rumi Sasai, Yoshiaki Usui, Kouya Shiraishi, Yusuke Iwasaki,
Yukari Taniyama, Michael T Parsons, Keijiro Mizukami, Yuya Sekine, Makoto Hirata,
Yoichiro Kamatani, Mikiko Endo, Chihiro Inai, Sadaaki Takata, Hidemi Ito, Takashi
Kohno, Koichi Matsuda, Seigo Nakamura, Kokichi Sugano, Teruhiko Yoshida, Hidewaki



Nakagawa, Keitaro Matsuo, Yoshinori Murakami, Amanda B Spurdle, Michiaki Kubo.
Expansion of Cancer Risk Profile for BRCA1 and BRCA2 Pathogenic Variants. JAMA
Oncol. 2022 Jun 1;8(6):871-878. PMID: 35420638, PMCID: PMC9011177.

BRCA1:p.R1699Q

Setareh Moghadasi, Huong D Meeks, Maaike Pg Vreeswijk, Linda Am Janssen, Ake
Borg, Hans Ehrencrona, Ylva Paulsson-Karlsson, Barbara Wappenschmidt, Christoph
Engel, Andrea Gehrig, Norbert Arnold, Thomas Van Overeem Hansen, Mads
Thomassen, Uffe Birk Jensen, Torben A Kruse, Bent Ejlertsen, Anne-Marie Gerdes, Inge
Sokilde Pedersen, Sandrine M Caputo, Fergus Couch, Emily J Hallberg, Ans Mw van
den Ouweland, Margriet J Collée, Erik Teugels, Muriel A Adank, Rob B van der Luijt,
Arjen R Mensenkamp, Jan C Oosterwijk, Marinus J Blok, Nicolas Janin, Kathleen Bm
Claes, Kathy Tucker, Valeria Viassolo, Amanda Ewart Toland, Diana E Eccles, Peter
Devilee, Christie J Van Asperen, Amanda B Spurdle, David E Goldgar, Encarna Gomez
Garcia. The BRCA1 c. 5096G>A p.Arg1699GIn (R1699Q) intermediate risk variant:
breast and ovarian cancer risk estimation and recommendations for clinical management
from the ENIGMA consortium. J Med Genet. 2018 Jan;55(1):15-20. PMID: 28490613.

TP53

Cristina Fortuno, Bing-Jian Feng, Courtney Carroll, Giovanni Innella, Wendy Kohimann,
Conxi Lazaro, Joan Brunet, Lidia Feliubadalo, Silvia Iglesias, Mireia Menéndez, Alex
Teulé, Mandy L Ballinger, David M Thomas, Ainsley Campbell, Mike Field, Marion Harris,
Judy Kirk, Nicholas Pachter, Nicola Poplawski, Rachel Susman, Kathy Tucker, Mathew
Wallis, Rachel Williams, Elisa Cops, David Goldgar; kConFab Investigators; Paul A
James, Amanda B Spurdle. Cancer Risks Associated With TP53 Pathogenic Variants:
Maximum Likelihood Analysis of Extended Pedigrees for Diagnosis of First Cancers
Beyond the Li-Fraumeni Syndrome Spectrum. JCO Precis Oncol. 2024 Feb:8:€2300453.
PMID: 38412388, PMCID: PMC10914239.

MLH1, MSH2, MSH6, PMS2

Dominguez-Valentin M, Sampson JR, Seppala TT, Ten Broeke SW, Plazzer JP, Nakken
S, Engel C, Aretz S, Jenkins MA, Sunde L, Bernstein |, Capella G, Balaguer F, Thomas
H, Evans DG, Burn J, Greenblatt M, Hovig E, de Vos Tot Nederveen Cappel WH,
Sijmons RH, Bertario L, Tibiletti MG, Cavestro GM, Lindblom A, Della Valle A,
Lopez-Kdstner F, Gluck N, Katz LH, Heinimann K, Vaccaro CA, Blttner R, Gérgens H,
Holinski-Feder E, Morak M, Holzapfel S, Hineburg R, Knebel Doeberitz MV, Loeffler M,
Rahner N, Schackert HK, Steinke-Lange V, Schmiegel W, Vangala D, Pylvanainen K,
Renkonen-Sinisalo L, Hopper JL, Win AK, Haile RW, Lindor NM, Gallinger S, Le
Marchand L, Newcomb PA, Figueiredo JC, Thibodeau SN, Wadt K, Therkildsen C,
Okkels H, Ketabi Z, Moreira L, Sanchez A, Serra-Burriel M, Pineda M, Navarro M,
Blanco |, Green K, Lalloo F, Crosbie EJ, Hill J, Denton OG, Frayling IM, Rgdland EA,



Vasen H, Mints M, Neffa F, Esperon P, Alvarez K, Kariv R, Rosner G, Pinero TA,
Gonzalez ML, Kalfayan P, Tjandra D, Winship IM, Macrae F, Mdslein G, Mecklin JP,
Nielsen M, Mgller P. Cancer risks by gene, age, and gender in 6350 carriers of
pathogenic mismatch repair variants: findings from the Prospective Lynch Syndrome
Database. Genet Med. 2020 Jan;22(1):15-25. PMID: 31337882.

POLE, POLD1

Buchanan DD, Stewart JR, Clendenning M, Rosty C, Mahmood K, Pope BJ, Jenkins
MA, Hopper JL, Southey MC, Macrae FA, Winship IM, Win AK. Risk of colorectal cancer
for carriers of a germ-line mutation in POLE or POLD1. Genet Med. 2018
Aug;20(8):890-895. PMID: 29120461.

PALB2

Yang X, Leslie G, Doroszuk A, Schneider S, Allen J, Decker B, Dunning AM, Redman J,
Scarth J, Plaskocinska I, Luccarini C, Shah M, Pooley K, Dorling L, Lee A, Adank MA,
Adlard J, Aittomaki K, Andrulis IL, Ang P, Barwell J, Bernstein JL, Bobolis K, Borg A,
Blomqvist C, Claes KBM, Concannon P, Cuggia A, Culver JO, Damiola F, de Pauw A,
Diez O, Dolinsky JS, Domchek SM, Engel C, Evans DG, Fostira F, Garber J, Golmard L,
Goode EL, Gruber SB, Hahnen E, Hake C, Heikkinen T, Hurley JE, Janavicius R, Kleibl
Z, Kleiblova P, Konstantopoulou I, Kvist A, Laduca H, Lee ASG, Lesueur F, Maher ER,
Mannermaa A, Manoukian S, McFarland R, McKinnon W, Meindl A, Metcalfe K, Mohd
Taib NA, Moilanen J, Nathanson KL, Neuhausen S, Ng PS, Nguyen-Dumont T, Nielsen
SM, Obermair F, Offit K, Olopade OlI, Ottini L, Penkert J, Pylkas K, Radice P, Ramus SJ,
Rudaitis V, Side L, Silva-Smith R, Silvestri V, Skytte AB, Slavin T, Soukupova J, Tondini
C, Trainer AH, Unzeitig G, Usha L, van Overeem Hansen T, Whitworth J, Wood M, Yip
CH, Yoon SY, Yussuf A, Zogopoulos G, Goldgar D, Hopper JL, Chenevix-Trench G,
Pharoah P, George SHL, Balmana J, Houdayer C, James P, El-Haffaf Z, Ehrencrona H,
Janatova M, Peterlongo P, Nevanlinna H, Schmutzler R, Teo S-H, Robson M, Pal T,
Couch F, Weitzel JN, Elliott A, Southey M, Winqvist R, Easton DF, Foulkes WD, Antoniou
AC, Tischkowitz M. Cancer Risks Associated With Germline PALB2 Pathogenic Variants:
An International Study of 524 Families. J Clin Oncol. 2020 Mar 1;38(7):674-685. PMID:
31841383.

RAD51C, RAD51D

Yang X, Song H, Leslie G, Engel C, Hahnen E, Auber B, Horvath J, Kast K, Niederacher
D, Turnbull C, Houlston R, Hanson H, Loveday C, Dolinsky JS, LaDuca H, Ramus SJ,
Menon U, Rosenthal AN, Jacobs |, Gayther SA, Dicks E, Nevanlinna H, Aittomaki K,
Pelttari LM, Ehrencrona H, Borg A, Kvist A, Rivera B, Hansen TVO, Djursby M, Lee A,
Dennis J, Bowtell DD, Traficante N, Diez O, Balmafia J, Gruber SB, Chenevix-Trench G,
Investigators K, Jensen A, Kjeer SK, Hagdall E, Castéra L, Garber J, Janavicius R,
Osorio A, Golmard L, Vega A, Couch FJ, Robson M, Gronwald J, Domchek SM, Culver



JO, de la Hoya M, Easton DF, Foulkes WD, Tischkowitz M, Meindl A, Schmutzler RK,
Pharoah PDP, Antoniou AC. Ovarian and Breast Cancer Risks Associated With
Pathogenic Variants in RAD51C and RAD51D. J Natl Cancer Inst. 2020 Dec
14;112(12):1242-1250. PMID: 32107557.

PTEN

NF1

Min-Han Tan, Jessica L Mester, Joanne Ngeow, Lisa A Rybicki, Mohammed S Orloff,
Charis Eng. Lifetime cancer risks in individuals with germline PTEN mutations. Clin
Cancer Res. 2012 Jan 15;18(2):400-7. PMID: 22252256, PMCID: PMC3261579.

O O Seminog, M J Goldacre. Age-specific risk of breast cancer in women with
neurofibromatosis type 1. BrJ Cancer. 2015 Apr 28;112(9):1546-8. PMID: 25742481,
PMCID: PMC4453683.

CHEKZ2:¢c.1100delC

Hanne Meijers-Heijboer, Ans van den Ouweland, Jan Klijn, Marijke Wasielewski, Anja de
Snoo, Rogier Oldenburg, Antoinette Hollestelle, Mark Houben, Ellen Crepin, Monique
van Veghel-Plandsoen, Fons Elstrodt, Cornelia van Duijn, Carina Bartels, Carel Meijers,
Mieke Schutte, Lesley McGuffog, Deborah Thompson, Douglas Easton, Nayanta Sodha,
Sheila Seal, Rita Barfoot, Jon Mangion, Jenny Chang-Claude, Diana Eccles, Rosalind
Eeles, D Gareth Evans, Richard Houlston, Victoria Murday, Steven Narod, Tamara
Peretz, Julian Peto, Catherine Phelan, Hong Xiang Zhang, Csilla Szabo, Peter Devilee,
David Goldgar, P Andrew Futreal, Katherine L Nathanson, Barbara Weber, Nazneen
Rahman, Michael R Stratton; CHEK2-Breast Cancer Consortium. Low-penetrance
susceptibility to breast cancer due to CHEK2(*)1100delC in noncarriers of BRCA1 or
BRCA2 mutations. Nat Genet. 2002 May;31(1):55-9. PMID: 11967536.

Charlotte Naslund-Koch, Bgrge G Nordestgaard, Stig E Bojesen. Increased Risk for
Other Cancers in Addition to Breast Cancer for CHEK2*1100delC Heterozygotes
Estimated From the Copenhagen General Population Study. J Clin Oncol. 2016 Apr
10;34(11):1208-16. PMID: 26884562.

CDKN2A

Thomas P Potjer, Heidi E Kranenburg, Wilma Bergman, Wouter H de Vos tot Nederveen
Cappel, Hester S van Monsjou, Daniela Q C M Barge-Schaapveld, Hans F A Vasen.
Prospective risk of cancer and the influence of tobacco use in carriers of the p16-Leiden
germline variant. Eur J Hum Genet. 2015 May;23(5):711-4. PMID: 25227142, PMCID:
PMC4402641.



CDH1

e Xicola RM, Li S, Rodriguez N, Reinecke P, Karam R, Speare V, Black MH, LaDuca H,
Llor X. Clinical features and cancer risk in families with pathogenic CDH1 variants
irrespective of clinical criteria. J Med Genet. 2019 Dec;56(12):838-843. PMID:
31296550.

APC

e Christopher Groves, Hanan Lamlum, Michael Crabtree, Jill Williamson, Claire Taylor,
Sylvia Bass, Darren Cuthbert-Heavens, Shirley Hodgson, Robin Phillips, lan Tomlinson.
Mutation cluster region, association between germline and somatic mutations and
genotype-phenotype correlation in upper gastrointestinal familial adenomatous
polyposis. Am J Pathol. 2002 Jun;160(6):2055-61. PMID: 12057910, PMCID:
PMC1850828.

Populations

Algeria
Zimbabwe
Uganda
Argentina
Brazil
Colombia
CostaRica
Ecuador
Canada
US_Natives
US_Hispanic
US_Asian
US_White
US_Black
China

India

Israel Jews
Israel
Japan
Korea
Kuwait
Philippines
Thailand
Austria
Belgium



Belarus
Croatia
Czech
Denmark
Estonia
France
Germany
Iceland
Ireland

Italy

Latvia
Lithuania
Malta
Netherlands
Norway
Poland
Portugal
Slovenia
Spain
Switzerland
Turkey

UK
Australia
NewZealand

Relative Risk File

You can upload a Relative Risk File instead of using the relative risk tables provided by the
server. This is useful for analyzing a gene not supported by the server or using an updated
relative risk table. Penetrance will be calculated by combining the uploaded relative risk table
with the incidence rate obtained from the Cancer Incidence in Five Continents (CI5). Therefore,
this function is only useful for cancer-related genes.

Here is an example of a relative risk file. Lines starting with # are comments and will be ignored.
Lines beginning with two hyphens are arguments. The --gene argument is mandatory; it
specifies a gene name, which does not have to be an official symbol. Following the argument
lines is a relative risk table. This table has three header rows, with the first column as “Geno”,
“Sex”, and “Disease”, respectively. “Geno” can be “het” (heterozygous) or “hom” (homozygous).
If you specify a --dominant argument, “hom” columns are unnecessary. Although a --recessive
argument is not implemented, you can still analyze a recessive or additive model by providing
both the “het” and “hom” columns. After the headers are data rows, the first column shows age
ranges. The line “TableEnd” marks the end of the table. No blank lines are allowed within this
block of data. You can specify multiple genes in one Relative Risk File by adding a blank line
followed by another data block, as shown in the example file.


http://bjfenglab.org/download/test.rr.txt

Grid search

The grid search option can be used to model reduced penetrance. It is set to “no” by default,
i.e., no grid search. To use the grid search, set the option to 5 or 10 or 20. This number is the
starting percentage of the elevated relative risk. The program will start from this number, do
cosegregation analysis, and continue with an increment of 20%. For example, if you set grid
search with 5, the program will conduct cosegregation analysis using 5%, 25%, 45%, 65%,
85%, and 100% of the original elevated relative risk. If you set it to 10, the analysis will be on
10%, 30%, 50%, 70%, 90%, and 100%. Note that the 100% is always conducted. | do a 20%
increment just to reduce run time so that the results will be returned to your browser.

FAQ

You can add your own questions below. | may move some answers to History.

1. 1 got a warning “no year of birth” and “no population info”
The warning you've received is due to the absence of birth years in your pedigree file. Our
cosegregation analysis relies on the background incidence rate, which will be retrieved from
the Cancer Incidence in Five Continents (CI15). CI5 has several versions, each five years
apart. To determine the most suitable version, COOL needs the birth years. However, at
least for some populations, the influence of the birth year on the results is small. Therefore,
you may disregard the warning. The "Year range" option on the website provides another
simple method to determine which CI5 version to use without needing to specify birth year
for each individual in a pedigree file.

2. So, how do you specify a birth year?
You can add a column to the pedigree file with the header “YOB”.

3. | cannot specify a penetrance file. Uploads are not accepted.
This function has not been tested yet. | will do that later.

References

1. Thompson D, Easton DF, Goldgar DE. A Full-Likelihood Method for the Evaluation of
Causality of Sequence Variants from Family Data. The American Journal of Human
Genetics 2003;73(3):652-655.

2. Sophie Belman, Michael T Parsons, Amanda B Spurdle, David E Goldgar, Bing-Jian Feng.
Considerations in assessing germline variant pathogenicity using cosegregation analysis.
Genetic in Medicine 2020;22(12):2052-2059. PMID:32773770.



History

2024-10-25 fixed this problem when the Pedigree File name contained a space. Previously it will
give an error: “/bin/sh: line 1: xxx: command not found”. Now the server will show a
message “Pedigree File name cannot contain spaces.”
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