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Lies, damn lies, and ...
genomics

Navigating your data, your perceptions and reality

Christopher West Wheat

Professor at Department of Zoology
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1995 - 2001 PhD California
2002 - 2005 Postdoc Germany
2005 - 2008 Postdoc Finland
2009 - unemployed 4 month, spent all savings
— > 50 job applications, 1 grant application « Learning how to believe in my
2009 - visiting scientist Germany ideas/skills
— T job offer UK
— 1 grant Finland
2012 - Assistant Prof. at Stockholm University
2022 - Full Professor

What was important?

« Being able to move, chase the
money & get new skills

| was able to put science first, and
had lots of fun along the way
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Alternative life history switches

Ecological & Evolutionary
Functional Genomics

Circadian and seasonal clock

Colias eurytheme, North America
Colias crocea, Eurasia
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| am a Judge of Field Trials,
for the American Field Trial Clubs of America, since 2003
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Goals of this lecture

Present a critical view of things genomic

Make you uncomfortable by sharing
some of my nightmares with you

Critically assess findings and
expectations in light of easy errors and
publication biases

Encourage you to be part of the solution




1/13/24

Would that

impact your
science?




Adaptive protein evolution at the
Adh locus in Drosophila

John H. McDonald & Martin Kreitman

Department of Ecology and Evolutionary Biology, Princeton University
Princeton, New Jersey 08544, USA Nature 1991

D. melanogaster D. simulans D. yakuba

Con. abhddafghi ikl abcdef abcdefghijkl
781 G TTTTTTTTTTTT ——-—--= ===~~~ Repl. Fixed
789 T e — e m - - gececcecececececcecceccc  Syn. Fixed
808 ) U GGGGGGGGGGGG Repl. Fixed
816 G TTTTTT - —-—~ Syn. Poly.
834 T CC---C e === Syn. Poly.
859 C e e e e s m e m e e - m - GGGGGGGGGGGG Repl. Fixed
867 . ekt Bl iR = COLGEAGGCGG G .Syn. 2 Poly
870 C TTTTTTTTTTTT - —————  — = — —— == =~=~ Syn. Fixed
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Adaptive protein evolution at the
Adh locus in Drosophila
John H. McDonald & Martin Kreitman

Department of Ecology and Evolutionary Biology, Princeton University
Princeton, New Jersey 08544, USA Nature 1991

We suggest that these excess replacement substitutions
result from adaptive fixation of selectively advantageous muta-

tions.

TABLE 2 Number of replacement and synonymous substitutions for fixed
differences between species and polymorphisms within species

Fixed Polymorphic

Replacement 7 2
Synonymous 17 42

A G-test of independence (with the Williams correction for continuity)*
was used to test the null hypothesis, that the proportion of replacement
substitutions is independent of whether the substitutions are fixed or
polymorphic. G=7.43, P=0.006.
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| wanted fo us this new
molecular test of selection on a

classic example of balancing
coiaseuryereme  selection from allozyme era

From DNA to Fitness Differences: Sequences and Structures of Adaptive
Variants of Colias Phosphoglucose Isomerase (PGI)

Christopher W. Wheat,*+! Ward B. Watt,*+ David D. Pollock,*'f'2 and Patricia M. Schulte*+>

*Department of Biological Sciences, Stanford University and TRocky Mountain Biological Laboratory, Crested Butte, Colorado

Among C. eurytheme and C. meadii PGI sequences, we find
126 synonymous and 20 nonsynonymous polymorphic
sites. From their ratio, 6.3:1, neutrality predicts ~13 synon-
ymous fixations alongside the two observed interspecies
nonsynonymous fixations. But, no fixed synonymous
sites were found (above). These data differ significantly
by Fisher’s exact test, P = 0.021, following Moriyama
and Powell (199 Bwitein’s (1964) exact binomial

test, x* = 3.41 P—OOOO()

Wheat et al. 2005
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But ... the implications of the D.yakuba 2,48)
MK test results in Drosophila D. simalans 1,7
melanogaster were never
rigorously investigated till 30 Siow
years later ... Q43| D melanogaster

Fast (4,115)

100 F-71K

(%)

nature

éC O]béyy & CVOI u t iOl] PUBLISHED: 13 JANUARY 2017 | VOLUME: 1| AéTIEIlI”EEt E)ZSS

Experimental test and refutation of a classic
case of molecular adaptation in Drosophila
melanogaster
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S0.....

my PhD chased an
adaptive story
lacking a rigorous

Does this
foundation

happen only in

bugs?

13

If the biomedical science has the
most money and oversight, then ...
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Publication replication failures

« Biomedical studies
— 0f 49 most cited clinical studies, 45 showed intervention was effective

— Most were randomized control studies (robust design)

« Mouse cocaine effect study, replicated in three cities
— Highly standardized study

loannidis 2005 JAMA; Lehrer 2010

Publication bias increases effect size

o* o TallReustiGs RicamEOUgst HbHSTE BrPHRReC
0.8 g o ® published

0.4
s 0.0 :5-;‘2'-:‘50& ;n:‘.ﬂ"* &= < effect
@ 3': e size
g ® :...~
T -04t® oo .

® Published study

0.8 % o Pvalue = 0.05

1.0 — 100

Log Sample size (n) Palmer 2000 Ann. Rev. Eco. Sys.
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What if there is no replication?

What is most likely to publish first & where?

Log Sample size (n)

17

Palmer 2000 Ann. Rev. Eco. Svs.

size

Precision

0 6

6, The vicious cycle of power analysis and publication bias

Power analysis

Studies with relatively strong effects
are more likely to get published -
power analysis based on the
largest estimates (8.), usually far
from true effect sizes (8;) will
therefore introduce marked bias.

[ ]
Even meta-analyses will be
ol affected by the filtering bias
studies " .
leading to estimates larger (5-)
[ ] than the true average.

Effect size (all possible effects)

Estimated 6 is sufficiently large
Because of sampling variance
estimate may turn out of sufficient
magnitude/statistically significant -
they get published, further biasing

Estimated 6 is small

Due to its apparent unsexiness,
small effect sizes often attract
less motivation to publish and
they rarely become visible

Nakagawa et al. 2024 Finding the right power baland

Low sample size of planned
future studies

Nominal power recommends
lower sample size than would
be required for the true value
of effect size (N, < N, << Ny)

Future studies yield smaller
estimates of 6

The estimated effect size is
more likely to be close to the real
value (6o) than the assumed one

18
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Why Most Published Research Findings Are False

A research finding is less likely o be true when:
/?‘he studies conducted in a field have a small sample size
“ /when effect sizes are small
““ when there are many tested relationships using tests without a

/oriori selection

W where there is greater flexibility in designs, definitions, outcomes,
/'md analytical modes

/" when there is greater financial and other interest and prejudice

4/ when more teams are involved in a scienfific field, all chasing after
statistical significance by using different tests
loannidis 2005 Plos Med.

But surely, this doesn't
apply to genomics ....

Or does it?

20
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« Are these biases inherent in genomic studies?

« Why is this happening?

« How can we try and overcome these problems?

8 topics first reported with P < 0.05

total genetic information (subjects or alleles)
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loannidis, J. P, E. E. Ntzani, T. A. Trikalinos, and D. G. Contopoulos-loannidis. 2001. Replication

validity of genetic association studies. Nat Genet 29:306—-309.
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There are lies, damn lies,
and ....

23

Where does this bias come from?

« Population heterogeneity
—Space and time

o Publication culture

—Large & significant effects publish fast with
high impact

—Small & non-significant effects publish slow,
rarely, and with low impact

12



Where does this bias come from?

And me .... All of us

lts arises from humans doing science

The way we think
The way our institutions work

25

Apophenia

The tendency to seek and see patterns
in random information and view this
as important

Story telling of the false
positives

1/13/24
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Genomics is too big to fail

« Making errors is exiremely common
« Errors almost always result in highly significant results
« Studies in non-model species are rarely replicated

Thus, always question your bioinformatics before
falling in love with your results

When results are better than you could have
dreamed,

Publications with significant human error that have not been retracted

¥ Comparison of the transcriptional landscapes between

74 human and mouse tissues

“the expression for many sets of genes was found to be more similar in
different tissues within the same species than between species”

ARI :[‘ I E 174 NATURE VOL 473 12 MAY 2011

doi:10.1038/nature09944

Enterotypes of the human gut microbiome

we |dent|fy three robust clusters (referred to as enterotypes hereafter) that

LETTER228 NATURE | VOL 502 | 10 OCTOBER 2013

do0i:10.1038/nature12511

Genome-wide signatures of convergent evolution in
echolocating mammals

¥ More genes underwent positive selection in
& chimpanzee evolution than in human evolution

14
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= Comparison of the transcriptional landscapes between
human and mouse tissues

“the expression for many sets of genes was found to be more similar
in different tissues within the same species than between species”

Time of the most recent
common ancestor:

Human and Mouse

Authors found strong
grouping of all organs by
species, not by organ

Should gene expression
patterns group by species or
fissues?

What do we expect from
first principals, evolutionary
relationships?

15



“the expression for many sets of genes was “[after accounting] for the batch effect,
found to be more similar in different tissues ... human and mouse tend to cluster by
within the same species than between tissue, not by species” Gilad and

species” Lin et al. 2014 PNAS Correlation Mizrahi-Man 2015. F1000 Research

HE N testis (m) 09 adipose (m)
4‘:- pancreas (m) testis (h)
spleen (m) testis (m)
.. e (n() 08 adronal (h)
| | kidney drenal (m)
Isigmoi brain (h)
-. lung (h :CE 0.7 brain (m)
" et [ e
testis (h
.. heart ; % 0.6 heart (h)
| | lpancre: heart (m)
| | adrenal (h] 05 (ovary (h)
|| ladipose (h) : ovary (m)
Tung ()
lung (m
Kidney (h)
kidney (m)

adipose (h)
pancreas (h)
pancreas (m)
iver (n)
fomrim ]

small bowel (h)

sigmoid (h)
B sigmoid (m)
small bowel (m)

Why? this was a batch effect, which confounded sequencing
grouping with biological grouping

D87PMIN1 D87PMIN1 D4LHBFN1 MONK HWI-ST373

(run 253, (run 253, (run 276, (run 312, (run 375,

flow cell flow cell flow cell flow cell flow cell
D2GUAACXX, D2GUAACXX , C2HKJACXX, C2GR3ACXX, C3172ACXX,
lane 7) lane 8) lane 4) lane 6) lane 7)

heart adipose adipose heart brain

kidney adrenal adrenal kidney pancreas

liver sigmoid colon sigmoid colon liver brain

small bowel lung lung small bowel spleen

spleen ovary ovary testis ® Human
testis pancreas ® Mouse

Solution = Keep technical effects orthogonal to biological
*  Process sumples together, both species in same lane, same fissues in same lane

» Will your Core facility know to do this for you?

1/13/24
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.... why is this still being cited?

Cited by 503

2014 2015 2016 2017 2018 2019 2020 2021 2022

Do you want significant results? use Excel

« Personal medicine study, searching for ?ene expression
signatures predicting sensifivity fo specitic cancer drugs, as
patients show highly variable response to drug called cisplatin

— treatment for advanced non-small-cell lung cancer

Resistant Sensitive

« Found strong signature in
transcriptome between resistant vs.
reponsive cells to cisplatin

« Leading to additional funding
— Prescreen patients, get better outcome
— Planned clinical trials with drugs
Hsu et al. 2007

Cell Lines

17
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FORENSIC BIOINFORMATICS AND REPRODUCIBLE
RESEARCH IN HIGH-THROUGHPUT BIOLOGY

“Data g)rocessing, however, is often not described well enough to
or exact reproduction of the results,

allow

Thanks: Malachi Griffith Baggerly and Coombes 2009

sampled data

Digging revealed: [INESEEemterareuttn
Ingugncesg of repeated | melmwmmmmmmg

Only 84/122 test samples
were distinct

Some repeated samples
labeled both sensitive and
resistant

Row offset in data table

Test Samples

18
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. T - ) .
Published result .. -y P sult mirrors publication

Resistant Sensitive

VOLUME 25 - NUMBER 28 - OCTOBER 1 2007

This article was retracted on November 16, 2010

Pharmacogenomic Strategies Provide a Rational Approach
to the Treatment of Cisplatin-Resistant Patients With
Advanced Cancer

19



Can we reduce these type of publications?

« Work better as a community, check each others code

« As author, as supervisor, as reviewer, as Associate Editor, make
sure all studies you touch :
— Have all code and raw data open source
— Analyzed datasets open source
— Methods clearly described

1575 researchers surveyed 7% Don’t know
3% No,
there is no crisis

IS THERE A -

REPRODUCIBILITY
CRISIS?

A Nature survey lifts the lid on
how researchers view the ‘crisis’
rocking science and what they
think will help.

BY MONYA BAKER

38% Yes,
a slight crisis

Baker 2016 Is there a reproducabiillty crisis?

40
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Breakdown by research field

HOW MUCH PUBLISHED WORK IN YOUR FIELD IS REPRODUCIBLE?

Physicists and chemists were most confident in the literature.

PHYSICS AND EARTH AND
CHEMISTRY ENGINEERING ENVIRONMENT BIOLOGY MEDICINE OTHER

i
o
=]
X
% of published literature that
is reproducible (predicted)

Number of respondents from each discipline:

Biology 703, Chemistry 106, Earth and environmental 95, Medicine 203, Physics and engineering 236, Other 233

Baker 2016 Is there a reproducabiillty crisis?

HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.

® Someone else’s My own

Chemistry

Biology

Physics and
engineering

Medicine

Earth and
environment

Other

O A a0 80 100%

o

1/13/24

21



WHAT FACTORS CONTRIBUTE TO
IRREPRODUCIRIF REFSFARCH?

I Many top-rated factors relate to intense competition and time pressure. I

® Always/often contribute Sometimes contribute

Cherry picking

Selective reporting

Publish | perish

Pressure to publish
Low statistical power or poor analysis
Not replicated enough in original lab

Rushed work

Insufficient oversight/mentoring Poor su pervision

Methods, code unavailable

Poor reporting

Poor experimental design

Posthoc study?

Raw data not available from original lab Poor reporting

Fraud Not super common

Insufficient peer review

O 20 40 60 8 100%

43

HAVE YOU EVER TRIED TO PUBLISH

A REPRODUCTION ATTEMPT? h h f .
Although_only a small proportion of resp_ondents tried to publish T 0 Ug ew Trled 1.0
replication attempts, many had their papers accepted.
® Published  ® Failed to publish pu bliSh replicuﬁons
!

... i h
Suc;lce;s_;unl muny ud pupers
= 7

. W
i i : 1% HAVE YOU ESTABLISHED PROCEDURES
P FOR REPRODUCIBILITY?

Among the most popular strategies was having different lab
members redo experiments.

accepted!!

34%
No

Most popular strategy
for replication was

: .33% B
having different lah St 1,976

surveyed

26%
Procedures have
members redo work N Procedures
More than — since | started
5 years ago working in my lab

1/13/24
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ROUBLE WITH

BY RICHARD VAN NOORDEN

A surge in withdrawn papers is highlighting
weaknesses in the system for handling them.

45

@& PubMed notices
300

50 -

Number of retraction notices

Fabrication
or falsification

The trouble with retractions: Nature News 2011

46

| T/T ’

1977 1981 1985 1989 1993 1997 2001 2005 2009

MISCONDUCT
Self-plagiarism Other

16%

1/13/24
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Nature

Cell  science
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Retraction Index

“the frequency of refraction varies among journals and shows
a strong correlation with the journal impact factor”

Fang 2011 Infect. Immun.

o Website shows retraction

PublfQed PubMed

Natona etites i Hoan Advanced

Format: Abstract ~ Sendto~
RETRACTED ARTICLE

See: Retraction Notice

J Clin Oncol. 2007 Oct 1;25(28):4350-7.

Pharmacogenomic strategies provide a rational approach to the treatment of cisplatin-resistant
patients with advanced cancer.

HsuDS',
PG, Potti A.

BS, Acharya CR, Vlahovic V, Walters KS, Garman K, Anders C, Riedel RF, Lancaster J, Harpole D, Dressman HK, Nevins JR, Febbo

48
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Retracti@&n
Watch\

Keep community updated

Help kill zombie papers that keep getting cited when they
should not

Starting to get integrated into different websites for
automatic scans

Be sure you are never keeping zombies alive

K} Frances Arnold

@francesamold

For my first work-related tweet of 2020, | am totally bummed to

la

i hallaad L

announce that w
enzymatic synthe
reproducible. scig

Rodopsinse
color vision in ¢
fishes pp. 52t

vv—f' ~"

Site-selective en

Enzymes excel af
sites. With approq

50

h

Prof. Lee Cronin @leecronin - Jan 2

Replying to olc

First class. Sometimes things appear to work, then they don’t. Science should
be a process, not winner takes all whatever the cost. Entrepreneurs are
encouraged to fail well, but in science it’s still taboo. | hope when | slip up I'm
able to do it so openly & well.

Q 4 T 13 QO 262

Lynn Kamerlin @kamerlinlab - Jan 2

Replying to olfs

Sorry about the problems, but kudos for doing the right thing, and setting a
good example.

Q1 1 Q 1718

Waheed Ahmed @WaheedURAhmed1 - Jan 3

Honesty is so important and unfortunately, pretty underrated. Lots of respect
and admiration for your actions.

1/13/24
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So ... there are lots of high-
profile errors out there ...

51

What is your personal error

rate?

| assume mine is 12%

therefore | perform many sanity & error checks to
catch errors that | KNOW | WILL MAKE

52

26
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What other biases might we suffer from?

-
https://www.ay|prints.com/colIections/monkeys-a ng-apes-black-and-white/chimpanzee

We're basically a rather lost, self
domesticated chimp

We're very likely to :
« see patterns when none exist

« think we can predict the future, cause we think we know how

things work ... like:
— gravity, your car, sunsets
— weather, the stock market, Covid ...
— the central dogma

27
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Hindsight bias

the knew-it-all-along effect

Three Levels of Hindsight Bias

I KNEW
=y that would happen

Predictability

28



The central dogmu

Protein
g transcription j translation @
repllcatlon % reverse

transcription
But, can we, in a novel species :

« Predict gene expression level from DNA alone?

Predict when / where a gene will be expressed from DNA alone?
Write a protein that will do a specific enzymatic reaction, or several?

57
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- Protein of Gene A

= mRNA of Gene A

Concentration

Protein concentration

Gene B

Gene A

Cond. 1 =
Cond. 2 =
Cond. 3 =
Cond. 4 =
Cond. 5 =

mRNA concentration

“We don't know how to write Ihut wuy

J

V‘:n
ik

R )
rY] %) of *o 4 ':l LA ﬁ
f:f#,‘m‘: f?.‘?‘#[hﬁ‘ AR

Jan-bfe oty A2 - :
4% s §% : a ethoven s hand written sheet music 00
60

Going from peptide sequence to cutulytic function ...

8\
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In sum, we think we how things work...

... but biology is exceptionally complex

In sum, we think we how things work...

... but biology is exceptionally complex

Three Levels of Hindsight Bias &

start, lets remove them

1/13/24
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What about the genes we study?

Do we ever conduct “unbiased” investigations?

What if we looked at investigations by gene, over time

DNA, RNA, protein
sequence
chemistry

430 features
Genes

200
p=0.64 150
100
2 50

P

o 1 2 3
Observed log,, publications

machine

12,948 well- .
learning

genome-scale supported genes

experiments

essentiality

o\
/

stability ,// N

No. Publications

expression

Predicted log,, publications

Genes

Stoeger et al. 2018 Plos Biology

63

Each dot = one gene

SAMHD1

| coorf72|iEnLs P!

FNDC5 [+ 9B
,{IFNL4 | !

0

No. of publications
2011-2015
S

)

(=]

p=0.84

10° 10" 102 10
No. of publications*
until 2010

« 30 percent of all genes have never been the focus of a scientific study

* less than 10 percent of genes are the subject of more than 90 percent
of published papers

« historical precedence drives what genes get detailed study

It's hard to get money to study unknown genes ...

Stoeger et al. 2018 Plos Biology
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Understudied genes primarily dropped during writing

stage, not due to later follow-up studies

Biological Experimental Write-up of Follow-up
reality results results studies

All genes | o 8 : L : | | Well-studied
® @ genes
& & é

Understudied genes

The problem of understudied genes is a consequence of:
* How we view importance
« Draw conclusions

« Use limited space provided in publications in order to sell our story

Richardson et al. 2023 Meta-Research: understudied genes are lost in a leaky pipeline ..

fng “synthesizes data from an array of sources to allow users to identify
understudied genes and characterize their tractability for future research”

e filter
Number of articles about ge o
| | II“h Categorial
Understudied e fiters |
Real-time ey oo -0 e
feedback o .
Genes on effect of m
filters | Swmmeo
NOTE: Humans only!!!! Export results .
I:I as a table il Filter
gene list

But good template for

comparative Welcome and Import gene list
framework learn more (copy/paste or import text file) n

66
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