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What is data analysis?

▶ Answer questions with data
▶ Identify/develop appropriate methods to do so
▶ Quantify uncertainty
▶ Assess appropriateness of the method
▶ Identify problems in the data
▶ Understand where the data came from and possible biases or other

limitations
▶ Manage and organize data
▶ Manage/organize/develop/test software and analyses so they are

reproducible and correct
▶ Communicate/present the results
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Important principles

1. You’ll never know all the methods

2. Focus on the question and data, not the method

3. “Because you can” is not a good reason to do something
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This course

▶ Data analysis projects
▶ Tools for organizing analyses so that they are reproducible
▶ Stories of data analysis projects, with lessons
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Lesson 1

Follow up artifacts

They might be the most interesting results
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Eucalypt genetic map
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Meiosis
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Ordering markers

A
B
C

a
b
c

−→

ABC abc
ABc abC
Abc aBC
AbC aBc

Marker orders: A–B–C A–C–B B–A–C

With M markers, there are M!/2 possible orderings.

For M = 100, M!/2 ≈ 10157
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CEPH pedigrees
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Marshfield genetic maps: Tasks

▶ Assemble data
▶ Understand marker names

AFM, UT, CHLC (GATA etc.), Mfd, D*S*

▶ Identify cryptic duplicates
▶ Order markers and identify genotyping errors

Removed 764 / 969,425 genotypes
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CRIMAP chrompic
1332-03 ma -11-i--11--111-i111-11-1111i--1111i-1111-i--11---1--11-1111-1-1i1---1...
1332-03 pa 0000----0000000o00o00-000-000-0000o00-000-00000-00001---000-00-o000-0...

1332-04 ma -11-i--11--111-1111-11-i111i--i1111-1111-i--11---1--11-1111-1-11i--11...
1332-04 pa 1111----1111111111i11-1i1-111-i111i11-111-11111-11111---111-11-1i1111...

1332-05 ma -11-i--11--111-i111-11-1111o--0000o-0000-o--00---0--00-0000-0-0o0--00...
1332-05 pa 0000----0000000o00o00-000-111-1111i11-111-1111--11111---111-11-i11111...

1332-06 ma -00-o--00--000-o000-00-0000o--0000o-0000-o--00---0--00-0000-1-11i--11...
1332-06 pa 1111----1111111i11i11-111-111-1111i11-111-11111-11111---111-11-1i1111...

1332-07 ma -00-o--00--000-o000-00-0000o--0000o-0000-o--00---0--00-0000-0-0o0--00...
1332-07 pa 1111----1111111i11i11-111-111-1111i11-111-1111--11111---111-11-i11111...

1332-08 ma -10-o--00--000-00-0-00-0000o--o0000-0000-o--00---0--11-1111-1-1i1--11...
1332-08 pa 0000----000000000-o00-010-000-o000o00-000-00000-00000---000-00-o00000...

1332-10 ma -11-i--1---111-i111-11-1111i--1111i-1111-i--11---1--11-1111-1-1i1--11...
1332-10 pa 1000-----000000o00o00-000-000-0000o00-000-00000-00000---000-00-o00000...

1332-11 ma -11-o--00--000-o000-00-0000o--0000o-0000-o--00---0--00-0000-0-0o0--00...
1332-11 pa 1111----1111111i11i11-111-111-1111i11-111-11111-11111---111-11-i11111...

1332-12 ma -00-i--11--111-i111-11---11i--1111i-1111-i--11---1--11-1111-1-1i1---1...
1332-12 pa 0000----0000000o00o00-0---000-0000o00-000-00000-00000---000-00-o000-0...

1332-17 ma -11-i--1---11--i111-1--1111i--1111i-1111-i--11---1--11-1100-0-00o--00...
1332-17 pa 0000-----0000--o00o00-000-000-0000o-0-000-0000--00000---000-00-0o0000...
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CRIMAP chrompic
1332-03 ma -11-i--11--111-i111-11-1111i--1111i-1111-i--11---1--11-1111-1-1i1---1...
1332-03 pa 0000----0000000o00o00-000-000-0000o00-000-00000-00001---000-00-o000-0...

1332-04 ma -11-i--11--111-1111-11-i111i--i1111-1111-i--11---1--11-1111-1-11i--11...
1332-04 pa 1111----1111111111i11-1i1-111-i111i11-111-11111-11111---111-11-1i1111...

1332-05 ma -11-i--11--111-i111-11-1111o--0000o-0000-o--00---0--00-0000-0-0o0--00...
1332-05 pa 0000----0000000o00o00-000-111-1111i11-111-1111--11111---111-11-i11111...

1332-06 ma -00-o--00--000-o000-00-0000o--0000o-0000-o--00---0--00-0000-1-11i--11...
1332-06 pa 1111----1111111i11i11-111-111-1111i11-111-11111-11111---111-11-1i1111...

1332-07 ma -00-o--00--000-o000-00-0000o--0000o-0000-o--00---0--00-0000-0-0o0--00...
1332-07 pa 1111----1111111i11i11-111-111-1111i11-111-1111--11111---111-11-i11111...

1332-08 ma -10-o--00--000-00-0-00-0000o--o0000-0000-o--00---0--11-1111-1-1i1--11...
1332-08 pa 0000----000000000-o00-010-000-o000o00-000-00000-00000---000-00-o00000...

1332-10 ma -11-i--1---111-i111-11-1111i--1111i-1111-i--11---1--11-1111-1-1i1--11...
1332-10 pa 1000-----000000o00o00-000-000-0000o00-000-00000-00000---000-00-o00000...

1332-11 ma -11-o--00--000-o000-00-0000o--0000o-0000-o--00---0--00-0000-0-0o0--00...
1332-11 pa 1111----1111111i11i11-111-111-1111i11-111-11111-11111---111-11-i11111...

1332-12 ma -00-i--11--111-i111-11---11i--1111i-1111-i--11---1--11-1111-1-1i1---1...
1332-12 pa 0000----0000000o00o00-0---000-0000o00-000-00000-00000---000-00-o000-0...

1332-17 ma -11-i--1---11--i111-1--1111i--1111i-1111-i--11---1--11-1100-0-00o--00...
1332-17 pa 0000-----0000--o00o00-000-000-0000o-0-000-0000--00000---000-00-0o0000...
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Top of chr 22

Marker Dnumber sex-ave(cM) female(cM) male(cM)

1 ATA2G02 Unknown 0.00 0.00 0.00
1.79 0.00 2.60

2 GATA198B05 Unknown 1.79 0.00 2.60
2.27 3.32 0.00

3 AFM217xf4 D22S420 4.06 3.32 2.60
4.26 4.51 5.42

4 AFM288we5 D22S427 8.32 7.83 8.02
5.25 7.52 3.00

5 265yf5 D22S425 13.57 15.35 11.02
0.03 0.00 0.65

6 GGAA10F06 D22S686 13.60 15.35 11.67
0.84 0.00 0.82

7 AFMa037zd1 D22S539 14.44 15.35 12.49
0.00 0.00 0.00

8 AFM292va9 D22S446 14.44 15.35 12.49
3.27 5.91 0.00

9 Mfd51 D22S257 17.71 21.26 12.49
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Marker search
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10th worst graph

Broman et al., Am J Hum Genet 63:861–869, 1998 16



Total no. crossovers

Broman et al., Am J Hum Genet 63:861–869, 1998
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Crossover locations

Broman et al., Am J Hum Genet 63:861–869, 1998
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Family 884, chr 6
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Autozygosity

Broman and Weber, Am J Hum Genet 65:1493–1500, 1999
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Crossover interference

Broman and Weber, Am J Hum Genet 66:1911–1926, 2000 23



Maternal chr 8
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Apparent triple XOs

Broman et al., In: Science and Statistics: A Festschrift for Terry Speed, 2003 25



Chr 8p inversion

Broman et al., In: Science and Statistics: A Festschrift for Terry Speed, 2003 26



Comparison to sequence

Matise et al., Am J Hum Genet 70:1398–1410, 2002
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Comparison to sequence
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Lesson 1

Follow up artifacts

They might be the most interesting results
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Lesson 2

The simplest things
can be the most important
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