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Today’s Outline
*Introduction: Genetics and Chemistry?
*Why Golden Helix?

*Design of the educational study

*What type of data to use? SNP or WES?
*Maybe both types?

*|s the data quality high?

*What’s been my experience from the
pilot seat?

www.illinois.edu



http://www.beckman.illinois.edu/conf/ERBM-2/images/Beckman_front.jpg
http://www.beckman.illinois.edu/conf/ERBM-2/images/Beckman_front.jpg

About Today’s Webinar

« The webinar will outline an educational project aimed at developing a sequence of chemistry
courses for pre-health students as a pathway to biochemistry that builds a strong foundation
of molecular understanding and scientific reasoning skills.

* Aligns with the premedical competencies outlined in the American Association of Medical
Colleges (AAMC)-HHMI report on Scientific Foundation for Future Physicians, which calls for
stronger connections between course content and the underlying principles in health and
medicine.

* Acquiring personal genetic data is affordable and is expected to become an important part of
the healthcare industry. There is a growing need to educate prospective healthcare
professionals in the interpretation of genetic data and the role of genotype-phenotype
association in molecular etiology

* Aninvestigation of “self” will not only serve to motivate, but also to equip students with
knowledge and hands-on experiences to help them understand scientific and medical
principles, and challenges that come with revolutionary changes, so they navigate more
confidently through their future professional careers and lead change in the healthcare field.

 Disclaimer: With no formal education or training in genetics, | see the subject with fresh, but
naive eyes. | am, nonetheless an experienced learner. It’s good for my students to an
experienced learner continue to love to learn, even in the struggles of not teaching as the
master.

e Constructive feedback is highly appreciated!
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Why Golden Helix? A Commitment to Education

Link to Andreas’ blog on...

Preparing the Next Generation of Genetic Researchers

Posted on March 25, 2014 by Andreas Scherer
I B B

New breakthroughs are being made every day in
genomics. It's a dynamic and fascinating industry,
and with exceptional growth forecast in the DNA
sequencing market, a new generation of people are
entering the field: future researchers, clinicians,
counselors and doctors. This new generation will
need to learn not only the science, but also
understand how to process the massive amounts of

data generated with DNA sequencing (and genomics

in general).
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http://blog.goldenhelix.com/ascherer/preparing-the-next-generation-of-genetic-researchers/
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Do Personal Connections Lead to Greater Learning Gains?

Hypothesis: Learning gains are
greater when content is strongly
connected to knowledge that
students acquire in an aligned field.

/o;h ..._....

\ecula,&_‘"

Question: How to teach organic
chemistry using content that
connects to students’ knowledge
from the Molecular Life Sciences?

The Molecular
Life Sciences

Fundamental Principles
m Chemistry, Mathe
Statistics and Physics

University of lllinois at Urbana-Champaign School of Chemical Sciences



Atoms-to-Instructions: CHEM 332 Fal

2013

A chemist's way oI thinkKing

about bisulfite’;
its chemic

RSEp elementary steps & reaction mechanisms
Lesson 05 | ® proton tral:lsfer
T Sep-10 . general-am(.l / gener.'al-base electrfan flow
» the mechanism of bisulfite formation
» electrostatic potential energy surfaces
(PES)
Lesson 06 | e frontier MOs (FMOs)
R Sep-12 | « FMO energies for H2S03, HSO3- & SO3%
» which atom is most nucleophilic?
» which atom is most electrophilic?
» charge- vs. FMO-controlled react
Lesson 07 : : .
T Sep-17 o filled / (f:mpty interactions |
» generalized o-type & m-type int
e T MOs
Lesson 08 | « w delocalization
R Sep-19 | e aromaticity
» aromatic heterocycles
» reactions of heteroaromatics
Lesson 09 | e the m MO as a nucleophile
T Sep-24 | » the nonbonding (n) MO as a nucler
e the m* MO as an electrophile
e the nucleobases
Lesson 10 |  tautomeric forms & equilibria
R Sep-26 | ¢ nucleophilic & electrophilic reactivi.

 hydrolytic deamination (without bisu..

Building a bridge between molecular genetics and organic chemistry



“Studies on the chemical nature of the substance inducing transformation of Pneumococcal types”

Chemical roots: More than seventy years have passed since Avery, MacLeod and McCarty published their landmark
paper revealing that DNA possessed genetic information that could transform the heritable character of cells.

Chemical analysis showed that the proportions of carbon, hydrogen, nitrogen, and phosphorus in this active portion
were consistent with the chemical composition of DNA.

Elementary Chemical Analysis.'—Four purified preparations were analyzed
for content of nitrogen, phosphorus, carbon, and hydrogen. The results are
presented in Table I. The nitrogen-phosphorus ratios vary from 1.58 to 1.75
with an average value of 1.67 which is in close agreement with that calculated

TABLE I
Elementary Chemical Analysis of Purified Preparations of the Transforming Substance
Preparation No. Carbon Hydrogen Nitrogen Phosphorus N/P ratio

"‘ per cent per cent per cent per cent
f 37 34.27 3.89 14.21 8.57 1.66
s 38B — — 15.93 9.09 1.75
42 35.50 3.76 15.36 9.04 1.69
11 —_ — 13.40 8.45 1.58

‘ Theory for sodium
desoxyribonucleate. . . . . 34.20 3.21 15.32 9.05 1.69
Oswald T. Avery

on the basis of the theoretical structure of sodium desoxyribonucleate (tetra-

nucleotide). The analytical figures by themselves do not establish that the
substance isolated is a pure chemical entity. However, on the basis of the
nitrogen-phosphorus ratio, it would appear that little protein or other sub-
stances containing nitrogen or phosphorus are present as impurities since if

Avery, O.T., MaclLeod, C.M. &
McCarty, M. (1944) J. Exp. Med.
79, 137-159.

they were this ratio would be considerably altered.

See: Current Biology (2004) 14, pp. R605-R607 d0i:10.1016/j.cub.2004.07.038

University of lllinois at Urbana-Champaign School of Chemical Sciences


http://www.sciencedirect.com/science/article/pii/S0960982204005421

The Molecular Sciences Made Personal

Hypothesis: Learning gains are greater when content is strongly connected to
knowledge that students recently acquired in an aligned field.
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The Molecular Sciences Made Personal

Hypothesis: Learning gains are

University of lllinois at Urbana-Champaign School of Chemical Sciences



The Molecular Sciences Made Personal

Hypothesis: Learning gains are

even greater,
when the content is personal.

Comprehensible
New | Complex |
Personal meaning

Seek knowledge

Y Fans 15 & Roavim, oo oesple havat sox? e ave | waiks wy liga 3 Interest
wtrg ansifing? &he 15 ‘..”mlg',w‘ﬁ.,'.'.v“ Hew vosd " jpast wiill” —
e 1 fare? Wisl wil! pesclu w3y &f vy pooire'? How wedd vy lige
3 d.,';.w‘;.’ U 1 wav wara willing v auilove initasd & ernd
whallivnges? Aoa Chare wara des 8 ma | fave yet 9 kane?

How san § praresms wy josrd? Wiy aw | a9 wedily bavad? Wy

e | oo cod vp v durd snpd reladivadlips® How s |

Dacsma mrve peadustive swd soxalsve ol werk? Wiy 1e o losf

L

Embrace the uncertain

TODD KASHDAN, PH.D. D Explore

s vibeant b oxler whoe i+ dping? Wiy v | dy é5 wivy *® Discover
Flings 1 o l1de and (ke o vavy Hicst | don £ e Why oo |
Lind 1F 50 baed (o ppan wy 9 $ers. Wiy o | 48 warricd sbest
whet atter prrie R o w7 v Lo fraved possilded Iv
Blare swoh ¢ (hing 9% “cave of firdt 50T Why S bodd Bioge
Mpoan Co qond paaplai Wiy do aw jeor dedld7 How oo0 |

reigate passiva in vy wnriogel Hew voa weosstiody b btk New ) Personal growth
; Knowledge

Fesrifrong wod foui¥ Ao 1 hapey? What wow | de vight wom £y
=
ﬁ 7

whingdl? Haw Loag dows if Foie fy male v rewl. 105tinn shange

) Open mindedness

University of lllinois at Urbana-Champaign School of Chemical Sciences



The Molecular Sciences Made Personal

Hypothesis: Learning gains are
even greater,

when the content is personal.

Question: How to deliver personally meaningful content to the individual
organic chemistry student?
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The Molecular Sciences Made Personal

Hypothesis: Learning gains are
even greater,

when the content is personal.

Question: How to deliver personally meaningful content to the individual
organic chemistry student?

NATURE | COLUMN: WORLD VIEW

Molecular Me:
An

Improving genome understanding

¥ The cost and accuracy of genome sequencing have improved dramatically. Y
= '~ George Church asks why so few people are opting to inspect their genome. | nvestlgatlon

of Self

" 09 October 2013 Corrected: 09 October 2013
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Molecular Sciences Made Personal

Phenotype

Molecular Me:
An
Investigation
of Self




Molecular Sciences Made Personal

Phenotype

Molecular Me:
A An
PAGGCATTG Investigation

YTCCTCGGC of Self
TTCGCCTCS!
‘ A &
TTTGCGCACI

GCATTGGGGA CGGCGTCCT
\TTGGGAGTCCTCGGCGVCCTr
“GCCTCGCATCGGGAGT”
TTMCCATTGGE™

Genotype

Genotype a population of pre-professional students
(intervention group) and measure learning outcomes
relative to a control group of comparable students.




Molecular Sciences Made Personal

Phenotype

"ition, Molecular Me: & Genetic
ONCCOUT inesigation | TeRessteicldl A Association
ITCCTCGGE of Self BCECCCCAl

TTCGCCTCGHM !
'TTTGCGCACIPPMLECCTCGCAT'
'GCATTGGGGA CGGCGTCCT
“GCCTCGCATCGGGAGT” Genetics

“NRCATTGGR™
Genotype

MCB 250,316,317

Genotype a population of pre-professional students
(intervention group) and measure learning outcomes
relative to a control group of comparable students.




Molecular Sciences Made Personal

Phenotype

Molecular Me:
A An
PAGGCATTG Investigation

YTCCTCGGC of Self
TTCGCCTCS!
‘ A &
TTTGCGCACI

GCATTGGGGA CGGCGTCCT
\TTGGGAGTCCTCGGCGVCCTr

Genetic The Molecular Mode
Association Of Action

Molecular .
Organic

Biolo ;
Molecular =1 150‘-,31%’52 EZI Chemistry

"GCCTCGCATCGGGAGT” Genetics CHEM 232, 332
TNCCATTGGET MCB 250, 316,317

Genotype Biochemistry
MCB 354/450



Molecular Sciences Made Personal

Bonds & Atoms
« Structure
» Reactivity
« Mechanism

- Non-covalent
interactions

Phenotype

Moleclar e Genetic The Molecular Mode
i n . L :
PAGGCATTG Investigation Association Of Action

' TCCTCGGE of Self
TTCGCCTCG .
'TTTGCGCACI PN Organic
‘GCATTGGGGA CGGCGTCCT Molecular Chemistry
\TTGGGAGTCCTCGGCGVCCT Molecular Biology CHEM 232, 332
"GCCTCGCATCGGGAGT” Genetics MCB 150, 252 I:.:l
TECATTGGE” MCB 250, 316, 317
Genotype Biochemistry

MCB 354/450




Molecular Sciences Made Personal Drug Dosage

_ Drug Use & Abuse
Counseling CHLH 243

Diet
Phenotype I:D Actionable
Response

Food Sci & Nutrition
FSHN 101

Lifestyle

Molecular Me:
A An
PAGGCATTG Investigation

YTCCTCGGC of Self
TTCGCCTCS!
1 '-‘J‘ K .r'
TTTGCGCACI

GCATTGGGGA CGGCGTCCT
\TTGGGAGTCCTCGGCGVCCTr

Genetic The Molecular Mode
Association Of Action

Molecular .
Organic

Biolo ;
Molecular =1 150?%’52 Eil Chemistry

"GCCTCGCATCGGGAGT” Genetics CHEM 232, 332
TMRCATTGGET MCB 250, 316,317
Genotype Biochemistry

MCB 354/450



A Crosscutting Example of Molecular Sciences Made Personal
Fructose 1-phosphate -
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Design of Study

0
%
G ©€
Interventions "@Q! 'Cgo

To test the “stronger connection, greater learning” hypothesis. @l'( ’?@Qh
1. Course content approach @Qf . l@,?

. 0[0 /
2. Personal genotyping approach (4

Specific Aims

» Establish logistics and protocols for genotyping a group of students (intervention
group).
* Pilot genotype activities:
* Teaching The Molecular Me Freshman Discovery Course to non-science majors
(Fall 2014)
e Teaching The Molecular Me to lllinois OLLI students (Spring 2015).
* Genotype intervention students as they finish MCB 150 (i.e., Fall 2015)
* Develop and teach a sequence of chemistry courses for the intervention group that
integrates use of personal genetic data (Fall 2015).
* Measure learning outcomes in Biochemistry (e.g,. Fall 2017) for intervention group
relative to control group.

University of lllinois at Urbana-Champaign School of Chemical Sciences



Genotyping Protocols and Logistics

Phenotype

Molecular Me:
An
[AGGCATTY Investigation GTCCTCGC

i TCCTCGGE of Self 5CCCCCCAC
TTCGCCTCG CTCGGCGT
'TTTGCGCACH® WLZCCTCGCAT

‘GCATTGGGGATCCCTCGGCGTCCT
\TTGGGAGTCCTCGGCGVCCTr
“GCCTCGCATCGGGAGT”
TTECATTGGET

Genotype

Each student will be given the option to undergo
genome-wide genotyping

Student-managed data

IRB approval

To qualify, participants must demonstrate an
understanding of risks and protocols

SNP Genotyping vs. WES or both?

Oragene saliva collection kit

6- 8 weeks to receive genotype data

Learn from others - Personalized genomic services
already used in the classroom

What type of data should be collected?
 DTCSNPs?

e WES?

* Both?

Today we’ll conduct data validation
analyses using VarSeq




Data validation by a systematic hereditary analysis in VarSeq

= Ref/ Ref | Not Ref # =

* Genotype data for mother and father obtained = Reference (JSM 23andMe) * -
by 23andMe in Nov-2013 using their v3 Hemizygous 8,974
microarray Chlp Heterozygous 268,542
* Son’s genotype data obtained by 23andMe in Homozygous Variant 176.118
Jun-2014 using the v4 microarray chip Beference 485'930
* Data sheet for lllumina’s HumanOmniExpress- Missin ?3’?00

24 format chip reports reproducibility values g '
between 99.9 to 99.99% 485,930
*  Genotype data from 23andMe were = Reference (LMM 23andMe) - -
downloaded in their standard .txt format and Hemizvanus .

converted to .vcf files using the open source v9

program 23andme2vcf converter (see next Heterozygous 107,552
slide for a detailed set of instructions including Homozygous Variant 27,004
Mac and PC platforms) Reference 346,747
* Trio data loaded as .vcf files into VarSeq using Missing 4,624
Hereditary Gene Panel Starter Template 46 747

*  Computed genotype zygosity for all three ’
samples using VarSeq algorithm = Not Reference (Son 23andMe) # -
*  For each possible combination of parent’s Hemizygous 0
zygosity, examined son’s SNPs for Heterozygous 76
in;onsistencigs (No'ge: _d_ue to the (;hange in Homozygous Variant 3
microarray g:hlp, a significant fraction of SNPs T 172,925
were not aligned) Micel 173 743

. issin \

*  Only considered autosomal DNA ° '
79

79

University of lllinois at Urbana-Champaign

School of Chemical Sciences


http://blog.23andme.com/news/23andmes-new-custom-chip/
http://www.illumina.com/content/dam/illumina-support/documents/documentation/chemistry_documentation/humanomniexpress-24/humanomniexpress_datasheets/datasheet_human_omni_express.pdf
http://archetyp.al/blog/2012/08/13/convert-your-23andme-raw-data-into-vcf-format/

Instructions for .txt to .vcf conversion

*  Windows users: Detailed instructions and an instructional video for the

23andme2vcf converter

converter ~ @ Finder File

* Mac users: Detailed instructions and an instructional video for the 23andme2vcf

Edit View Go Window Help

e

[<]>]

DEVICES
- Macintosh HD
E iDisk

PLACES
E Desktop
A ayee236

/A Applications
[}l Documents

SEARCH FOR

) Today

5 Yesterday

(-) Past Week

(5] All Images

[-_Zl All Movies

All Documents

= 23andme_...g19_ref.txt
Ej 23andme._..._ref.txt.gz
= 23andme2vcf.pl

|2:/ Applications

|=]] Desktop

| (] Documents

(&2] Downloads

| Jmol.pov

. Jmol.pov.ini

il Library

Movies

Music

Pictures

Public

| Sites
sites_not_i...ference.txt
3 mp

(L] untitled folder

IEEEEE

Special thanks to Mr. Albert and Ms. Anna Yee for writing and testing the instructions and for preparing the instructional videos

University of lllinois at Urbana-Champaign
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https://www.evernote.com/l/AEQlmoJYAYpBjahJUcgWyCTPb2gUXAWyBjg
https://www.evernote.com/OutboundRedirect.action?dest=https://dl.dropboxusercontent.com/u/31204209/vcf_file_conversion_video.swf
https://www.evernote.com/l/AERWvI8F9VdKp5DX53yXfup7jhWS0rICbVg
http://screencast.com/t/xKKOpsJREu

Data validation via systematic heritability analysis

Inheritance consistencies used Mother
to validate genotype data Ref (0/0) ht (0/1) Hvar (1/1)
Ref (0/0) Ref or ht ht
% ht (0/1) Ref or ht Re:,lvlf;tror ht or Hvar
Hvar (1/1) ht or Hvar Hvar
Inheritance inconsistencies used Mother
to identify genotyping errors Ref (0/0) ht (0/1) Hvar (1/1)
_ Ref (0/0) Not Ref Hvar Not ht
% Ht (0/1) B e
e
Hvar (1/1) Ref Not Hvar

University of lllinois at Urbana-Champaign

School of Chemical Sciences



Findings from systematic heritability analysis

Inheritance consistencies used Mother

to validat type dat
© validate genotype data Ref (0/0)  ht(0/1)  Hvar (1/1)

_ Ref(0/0) 172,925 = 61,941 14,991

Q

s /1) 61583 [ 33190

~ Hvar(1/1) 15,068 34,308 48,202
Inheritance inconsistencies used Mother

to identify genotyping errors

Ref (0/0)  ht(0/1)  Hvar (1/1)
Ref (0/0) 79 5 17

won o NN

Hvar (1/1) 7 1 31

Father

University of lllinois at Urbana-Champaign School of Chemical Sciences



Summary of results for systematic heritability analysis

Percentage of
inconsistent SNPs Mother

in the trio data set.
Ref (0/0) ht (0/1) Hvar (1/1)
Ref (0/0) 0.05% 0.008% 0.11%

ht (0/1) 001% [ 0.02%

Hvar (1/1)  0.05% 0.003% 0.06%

Father

* The quality of the SNP data from 23andMe is high consistent with specifications
reported in lllumina’s technical data sheets.

* Note that the inconsistent SNP data (table above) required 3 measurements for
each entry (which of the three is in error cannot be determined).

* A reproducibility test on independent samples from the same individual is a
worthwhile alternative for educational purposes (not yet performed).

* The inconsistencies are currently being analyzed for systematic genotyping errors.

e VarSeq provides a simple yet powerful way to validate SNP data!

University of lllinois at Urbana-Champaign School of Chemical Sciences




A Look Under the Hood: SNP Chip Genotyping Chemistry

[P TR S———y 7Y
Cakutanons Serwces ol

= « Screen Shot 2014. 4 m 2005 - \
- 2 y Vs
Covalen®Attachment ¢ DNA to Beads 0, i
S5'-en 3
 § . [ 3'-end [
e 4 ol o

$ el ‘ - Y'Y Tmgreseied N 5'-end
Qo-dmwrfh T Qro-grer{x W o > A= T=CmGmT=Gm 1= (=G T=A=GmC =A=C = TG =G =G mA=C = GmCmCm =G,
? o ¥ o J ’ampliﬁed and fragmented gDNA q(
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e T Sena £
000 0 ™ ‘

BeadArray and Oligonucleotide Chemistry The Single Base Extension
for SNP Genotyping Technology Method of SNP Detection

Quick demo: From GenomeBrowse to MarvinSketch (i.e., Letters to Bonds & Atoms)
Let’s look into GRCh37 at 8: 18,257,451 - 18,258,779 (an exon of the NAT2 gene)

1. FrankJ Steemers, Weihua Chang, Grace Lee, David L Barker, Richard Shen & Kevin L Gunderson Whole-
genome genotyping with the single-base extension assay. Nature Methods 2006, 3, 31 -

33 doi:10.1038/nmeth842

Frank J. Steemers, Kevin L. Gunderson Whole genome genotyping technologies on the BeadArray™
platform. Biotech J 2007, 2, 41-49 DOI: 10.1002/biot.200600213

3. lllumina Technical Note on Infinium® Il Assay Workflow. Pub. No. 370-2006-027 07Dec06

University of lllinois at Urbana-Champaign School of Chemical Sciences


https://youtu.be/YmfJHmJr_wM?list=UUxorX8qgdNGuinRODRrFS6g
https://youtu.be/UuU09nu7Fsg
http://www.nature.com/nmeth/journal/v3/n1/abs/nmeth842.html
http://onlinelibrary.wiley.com/doi/10.1002/biot.200600213/abstract
http://res.illumina.com/documents/products/workflows/workflow_infinium_ii.pdf
http://goldenhelix.com/GenomeBrowse/index.html
http://www.chemaxon.com/products/marvin/marvinsketch/

Comparison of Variants from WES Data with SNP Chip Microarray Data Using VarSeq

Method

WES data obtained Sep-2014 by Gene-by-
Gene, Average 70X Coverage.

.vcf files loaded into VarSeq using
Hereditary Gene Panel Starter Template

Matched WES variant calls to available SNPs

Systematically compared consistencies and
inconsistencies for all matched variants

Applied no quality controls to WES .vcf file

Compared Read Depths and Genotype
Qualities of WES data at consistent vs.
inconsistent variant data

Found one suspect region in WES data
(EPPK1)

Only considered autosomal DNA

WES Methodology
Enrichment: Nextera Rapid Capture Expanded Exome Kit - FC-
140-1006
Platform: Illumina HiSeq
Analysis: Gene By Gene uses the Arpeggi Engine for NGS
analytics. They claim the pipeline has been vetted and shown
to be more accurate than traditional tools for alignment,
variant calling, and variant annotation.

University of lllinois at Urbana-Champaign

= GbG_Hvar / 23&Me_Hvar -
homozygous variant (JSM 23andMe) # O
176,119
homozygous variant (JSM Gene-by-Gene WES) # O
6,949

6,949

CCE L N TN TEN B N ITTTH W T

GRC14394684_post
Coverage

Pile-up

1: 888,651 1: 888,654 1: 888,657 1:B888,660 1:888,663 1:888,666

JSM Data s

Variants - GRC14394684_exome [merged with 1 other(s)]

JSM Gene-by-Gene WES -
J5M 23andMe S

RefSeq Genes 105, NCBI_

Project Data m

User Annotations s

M
Vv | Vv M R
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Findings: Variant Comparison for WES vs. SNP Chip Data Sets

Number of SNPs 23andMe Genotype Assignment
in each category Ref (0/0) ht(0/1)  Hvar (1/1)
% ‘g «  ht(0/1) 9,662
‘C @®
= L © Hvar(1/1)

Total no. aligned

: 16,753
variants
_ Numberof 143
inconsistencies
Percent of 0.85%

inconsistent calls

University of lllinois at Urbana-Champaign School of Chemical Sciences



Findings: WES Variant Quality for Consistent vs. Inconsistent SNPs

WES Read Depths 23andMe Genotype Assignment
Ref (0/0) ht (0/1) Hvar (1/1)

g Ex MmO

=830 pyar(1/1)

WES Genotype 23andMe Genotype Assignment

Qualities Ref (0/0) ht(0/1)  Hvar (1/1)

% ‘g «  ht(0/1) 1771

= g O Hvar (1/1)

* For most of the inconsistent categories, WES Read Depths and Genotype Qualities
reflect poorer data than the consistent categories.

* This is not the case for the WES (0/1) genotype | 23&Me (0/0) genotype

* Could I possibly lead 100+ students through an analysis of their WES data?

University of lllinois at Urbana-Champaign School of Chemical Sciences



VarSeq in the Wild
Student Journal Entries a Few Weeks After VarSeq's Initial Release
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VarSeq in the Wild
Student Journal Entries a Few Weeks After VarSeq’s Initial Release
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Ongoing and Future Plans
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