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Talk Overview

|. Background on |MU, my position & course and our
research question

2. Overview of my 7 week course-embedded RNA-Seq
module

3. Reflection from 3 semesters of developing RNA-Seq
modules & future directions

RNA-Seq ©r ihe NextGeneration



About James Madison University

* Public PUI; Harrisonburg, VA

* ~19,000 undergraduates

& e ~60% admission rate

* ~1,000 Biology/Biotech majors

* Emphasis on undergrad research
& course based research

JMU Biosciences building

.,
APUANES, &GEMS

UNIVERSITY, Center for Genome & Metagenome Studies
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About My Lab & Position

* Tenure track
-just finished 3" year
-limited prior teaching experience
-limited prior training in bioinformatics

* 50% :40% : 10%

teaching : research :service

|+ 12 contact hours/semester
(combo of 4 lecture or labs/semester)

Small undergraduate research
lab (4-8 students)

B3 MADISON g‘IGEMS

UNIVERSITY, Center for Genome & Metagenome Studies

RNA-Seq NextGeneration
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Images from http://webvision.med.utah.edu/

* Regulation of gene expression in the developing & diseased retina

-chicken, mouse, human
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BIO480 Advanced Molecular Biology

Spring 15 class

* Junior/senior level course
* [8-36 students in lecture

e |8 students/lab section
-6 groups of 3

* 4 credit lecture/lab course

-4 hours/week
e ~50% have lab research

experience other than classes

* Developed & incorporated RNA-Seq analysis over the past 2
years over 3 semesters

RNA-Seq NextGen



Our Research Question: What genes are differentially regulated
during development of the chicken retina?

Embryo Eye Retina

neuronal precursors

] photoreceptors (PRs)

What genes are differentially expressed between:
« E8retina vs E18 retina (developmental changes in gene expression)

« E18 retina vs E18 cornea (tissue-specific changes in gene expression)

RNA-Seq NextGen



BIO480 Course-embedded RNA-Seq Research
Modules (4 hour lab/week)

(in class student activities)

. completed prior -
to course

week #1 week #2 week #3 week #4 week #5-6 week #7

Student
Poster
Session

*Green Line run prior to course activities

RNA-Seq o ihe NextGeneration :



My Teaching Materials Website

http://lwww.rnaseqforthenextgeneration.org/profiles/raymond-enke.html#teaching

PROFILES: Working Group Faculty, 2014 Previous | Next

Ray Enke

Assistant Professor of Biclogy, |ames Madison University

Webdine

Characterizing differential gene expression in the developing chicken retina

Abstract Research and Data Teaching and Resources

Wet lab protocols:
= Simultanecus DNA and RNA purification (Download PDF)
= Spectrophotometric analysis of RNA on a Synergy H4 Hybrid plate reader (Download PDF)

= Analysis of RNA quality by agarose gel electrophoresis (Download PDF)

- 1st strand cDNA synthesis from total RNA (Download PDF) *updated materials will posted after
Computer lab tutorials: the workshop has concluded

« QRT-PCR primer design (Download PDF)

= Obtaining and Importing data from the SRA database into DMA Subway (Download PDF)

Wet lab combined with computational lab activities:

« 15t strand cDNA synthesis from total RNA, Gene Ontology (GO) analysis of CuffDIff output and sequence
analysisfannotation (Download PDF)

= QRT-PCR set up and analysis (Download PDF)

Lectures:

» DNA sequencing technology (Download PDF)

= Next Generation sequencing (Download PDF)

RNA-Seq or ine NextGeneration



Wk#1 (computational): Analysis of TopHat Mapping

completed prior - * Students create a DNA Subway account and navigate to a
to course

pre run public project

e
(=} e o((\
o 0"
Projects oo P
Public
Projects
Annotate
Prospect CuffDiff
Genomes o ——
using TARGeT Key
(®R) Run
Determine ® Running
Sequence
Relationships O View
@ Error
10 Next X Blocked
8€" Generation -
Sequencing

- [

RNA-Seq o ihe NextGeneration 10




Wk#1 (computational): Analysis of TopHat Mapping

e
g\a“”ge o@“‘:ﬁg“"‘o«\
ol aa

Y

Public
Projects

Manage data

Annotate
a Genomic .

FastX Toolkit

Sequence
] : TopHat Stats (th14236) *
G;‘,:g',‘;,":, = Left Reads
Usicy TARGWT, - g Input 42691807
Mapped 35178869 (82.4%)
(R Running
Determine = .
el S Right Reads
Relationships s Input 42691807
& B:):;ed Mapped 34799498 (81.5%)
BetOGenerab:ﬁ,xr: Overall Mapping Rate  82.0%
Sequencing Paired Properly 74.80%

* Students navigate to & view individual TopHat alignment files to
gather info for each sample

RNA-Seq ©r ihe NextGeneration 1



Wk#1 (computational): Analysis of TopHat Mapping

Students fill in TopHat alignment info on a GoogleSheet | provided to them

EASTQ Filename
RNAS5_S5_R1.fasta.gz
RNAS5_S5_R2.fasta.qz
RNAE_S6_R1.fasta.qz

RNA6_S6_R2.fasta.qz
RNA7 _S7 R1.fasta.qz
RNA7_S7_R2fasta.qz
RNA8 S8 R1.fasta.qz
RNA8 S8 _R2.fasta.qz
292652 _S1_R1.fastq.gz
292652 _S1_R2.fastq.qz
293205_S8 R1.fastq.qz
293205_S8 R2.fastq.qz

TopHat Job#

th14236
th14236

Sample

ES8 retina replicate #1
ES8 retina replicate #1
ES8 retina replicate #2
EB8 retina replicate #2
E18 retina replicate #1
E18 retina replicate #1
E18 retina replicate #2
E18 retina replicate #2
E18 cornea replicate #1
E18 cornea replicate #1
E18 cornea replicate #2
E18 cornea replicate #2

1-left
2-right
1-left
2-right
1-left
2-right
1-left
2-right
1-left
2-right
1-left
2-right

42691807
42691807

35178869
34799498

82.40192082 81.95760723

81.51329364

***this is the number of bairved end sequencing r&ads available to ulculaté diﬂerential'expression corﬁpared to another éample group
Note: this GoogleSheet is set to view only and not edit. Download and editable version of this spreadsheet to complete the lab assignment

% Overall

N/A

N/A

N/A

N/A

N/A

N/A

% Properly
Read End # Input Reads # Mapped Reads % Mapped Reads Mapping Rate Paired Reads _

N/A

N/A

N/A

N/A

N/A

N/A

748

# of mapped paired end
reads (in millions)*** |
26.17

N/A

N/A

N/A

N/A

N/A

N/A

e The activity gives students an introductory experience with Green Line

* Also demonstrates the huge amount of sequence data in analysis pipeline

RNA-Seq ©r e NextGeneration
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Wk#:1 (wet lab): Chicken Embryo Dissections

completed prior

to course . - E8 & EIS8 embryo dissections
. week #l o .
: _ e Silica column-based RNA extractions
* RNA extraction
For RNA-Seq ° _Embryo
. dissection &
RNA extraction
for gRT-PCR
lllumina
RNA-Seq Analysis of

TopHat Mapping

Bioinformatics
- analysis of raw
. sequence data

Required equipment/associated costs:
Eggs
Dissection tools & supplies Wet lab

Key:

Computational
module module

RNA-Seq NextGen




Wk#:1 (wet lab): Chicken Embryo Dissections

6. Scalpel & scissors to cut around
equator of eye

7. Remove anterior portion (front half)
-save for cornea

RNA-Seq or e NextGeneration 14



Wk#1 (wet lab): Total RNA Extractions

completed prior : . .1y
to course . ° RNeasy Mini Kit
. week #1

e Silica column-based RNA extractions

Required equipment/associated costs:
RNeasy kit- ~$260
Qiashredders- ~$75
DNasel kit ~$90

RNA-Seq o ihe NextGeneration E




Wk#2 (wet lab): RNA Quality & Quantity Analysis

completed prior : week #2
tocourse | * UV Spectrophotometer to obtain concentration

& 260/280 ratio
-optimally ~2.0 for pure RNA

* Agarose gel electrophoresis of total RNA
-no formaldehyde needed!

-do need a dedicated RNA only gel box

Required equipment/associated costs: r 9

UV spectrophotometer

RNA-Seq o ihe NextGeneration 6




Wk#2 (wet lab): RNA Quality & Quantity Analysis

completed prior
to course

week #2 * Students input spec data into a GoogleSheet
* Calculate | pg mixture for gel analysis

. 3 example: 1 blue Gg E18 retina 83 from spec use equation use equation 3

] s uL H20 to bring

. 1] Group #/color sample ng/ul 260/280 uL for 1 ug up to 15 uL uL of 6X gel dye notes

2 ' #3 Green Gg E8.1 retina 299.172 2.046 3.342559 11.657441 3

' : #3 Green Gg E8.2 retina 397 2.059 2.518892 12.481108 3

: . #3 Green Gg E18.1 retina 86.388 2.029 11.57568 3.42432 3

. = #3Green  Gg E18.2 retina 78.547 2417 12.73123 2.26877 3 ] ]
. * #4 Orange Gg E8.1 retina 459.778 2,067 2.174962699 12.8250373 3

L] s #4 Orange Gg E8.2 retina 320.299 2.065 3.122082804 11.8779172 3

s : #4 Orange  Gg E18.1 retina 29.672 2113 33.70180642 -18.70180642 5 25 pL RNA; low quality

: : #4 Orange  Gg E18.2 retina 8.328 2708 120.0768492 -105.0768492 5 25 pL RNA; low quality

: . #1 Blue Gg E8 1 retina 111.056 2,065 9.004466215 5.995533785 3 18
. . #1 Blue Gg E8 2 retina 495.191 2072 2.019422809 12.98057719 3 18
. 5 #1 Blue Gg E18 1 retina 223.69 2.06 4.470472529 10.52952747 3 18
| ' #1 Blue Gg E18 2 retina 265.155 2.039 3.771379005 11.228621 3 18
& : Pink #5 Gg E18 retina 11.346 2.446 88.13679 -73.13679 6 25 pL RNA; low quality

: . Pink #5 Gg E18 retina 14.057 2.375 71.13893 -56.13893 6 25 pL RNA; low quality

. . Pink #5 Gg E18 retina 7.153 3.036 139.8015 -124.8015 6 25 pL RNA; low guality

Required equipment/associated costs:
* UV spectrophotometer

Key:
RNA-Seq o ihe NextGeneration 17




Wk#2 (wet lab): RNA Quality & Quantity Analysis

* Regular agarose w/ no formaldehyde!

» Students RNA quality generally looks good!

completed prior - week #2
to course :

Group #6 Group #5 Group #4

lane#: 1 2 3 4 1 2

285 rRNA- v
18STRNA- W

5.8S rRNA-

Lane #:

285 rRNA-
185 rRNA-

5.5 rRNA- “om Wi R TS a8

Required equipment/associated costs:
Agarose ~$100
RNA only gel rig

RNA-Seq o ihe NextGeneration



completed prior
to course

RNA extraction
For RNA-Seq

IHlumina
RNA-Seq

Bioinformatics
analysis of raw
sequence data

RNA-Seq

Wk#2 (computational): Intro to R Studio

week #2 S d .
RNA
quantity &
quality
I. Console: where the processin
and computation occurs
Intro to 2. So:rce: Where you type your
R Studio =
3. Environnent: list the variables,
tables, etc.
Visualizing 4. Files, Plots, Packages, help,
TopHat View. Lists all the files, plots, P © "
Alignments packages, and help. —

Key: Wet lab Computational
€ module module

NextGen




Wk#2 (computational): Visualizing TopHat Alignments in the UCSC
Genome Browser (dedicated lecture 6/15 @ 1pm)

- * TopHat alignments (BAM files) can be visualized in a genome
completed prior 4 week #2 browser (IGV, UCSC, etc)

to course :
«09° \9‘°«\
oo ﬂ"‘sd

o bllc
: ojects

s n
:- - a&% - o
. Aana =] = #o7
: Prospect ; TopHat Stats (th14236) x
Genomes (N
. using TARGeT | Key Left Reads
R Input 42691807
Ouermine g C“““'"g Mapped 35178869 (82.4%)
Relationships e Right Reads
C o Input 42691807
8% enermext Bl Mapped 34799498 (81.5%)
Sequencing Overall Mapping Rate  82.0%
Paired Properly 74.80%

- [

RNA-Seq o ihe NextGeneration 20




Wk#2 (computational): Visualizing TopHat Alignments in the UCSC
Genome Browser (dedicated lecture 6/15 @ 1pm)

- * TopHat alignments (BAM files) can be visualized in a genome
completed prior -
pletedprior - week #2 browser (IGV, UCSC, etc)
to course .
. ’ RNA Scale 10 kb { galGal4
* RNA extraction . chr3: | 22,370,000 223750000 22,380,000 22,385000 22,390,000  22,395,000|
. . quantity & Cornea vs Retina DMRs (hypermethylated in cornea)
. quallty ornea S
E8 v E18 Retina DMRs (hypermethylated in E8 retina)
Retina DMRs |

E18 Cornea RNA-Seq

lllumina : Intro to
RNA-Seq : R Studio
Visualizing
TopHat
Alignments

Bioinformatics

I
E8 Retina RNA-Seq
E18 Retina RNA-Seq
- analysis of raw W—d_
sequence data

RefSeq Genes
PRPH2 L i =

* r G V view OI BAI I I es Omputatlona
Ke .

) module module
RNA-Seq NextGen




Wk#3 (wet lab): cDNA Synthesis from Total RNA

* cDNA synthesis using RNAs from wk#|

completed prior

to course week #3
Groups #1+2
Tube # RNA template ng/ul. for 400 ng
1 E8 retina #1 26.67 15.00
2 E8 retina #2 26.67 15.00
3 E8 retina #3 26.67 15.00
*4 E8 retina #3 (no RT) 26.67 15.00
5 E18 retina #1 26.67 15.00
6 E18 retina #2 26.67 15.00
7 E18 retina #3 26.67 15.00
*8 E18 retina #3 (no RT) 26.67 15.00
RT reaction master mix: no RT mix:
per reaction ingredient X7 per reaction ingredient X3
4uL 5X buffer 28 uL 4 uL 5X buffer 12 uL
1uL RT 7 uL 1uL H20 3uL

Add 5 uL of RT mix to 15 uL RNA in tubes #1-3 & #5-7 and keep on ice. Add 5 uL of no RT mix to 15
uL RNA in tubes #4 & 8 and keep on ice.

Required equipment/associated costs:
* iScript cDNA synthesis kit ~$340/100 rctns

* Conventional PCR cycler
Key:

RNA-Seq o ihe NextGeneration 2




Wk#3 (wet lab): cDNA Synthesis from Total RNA

e cDNA synthesis
completed prior - 5 cap &
. ructure AAALA), )
to course . week #3 MANA 3° poly(A) tail
l 3IOH 5
AN AN 0ligo(dT), 5. primer
5 AAA(A) .
dATP
dTTP reversa Avian Mysloblastosie Virus (AMV)
aGTP transcriptase  Moloney Murine Leukemia Virus (MMLV)
dcTpP
Mg+
> 5
A AATAATATATATATA"AS
S N\ ARA(A),

| )

3 T 5
PAANNNAANNNNANNNNANNNNN Tz
s N\ A.‘ANN,‘

CONA mRNA hytid

F primer ¢

.

—>

TTTT... cDNA copy

S of mRNA
R primer

Required equipment/associated costs:

iScript cDNA synthesis kit ~$340/100 rctns
Conventional PCR cycler

RNA-Seq o ihe NextGeneration
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Wk#3 (computational): GO Analysis of DEGs

GO=gene ontology; DEG= differentially expressed genes

* Students navigate to and download CuffDiff data from Green Line

completed prior
to course

week #3

Loc out Ray Enke

Cr—_————

TopHat: alignment of individual reads from each sample to a
ng.q"m."""" reference genome
Relationships
CuffDiff: differential expression analysis of all transcripts
G,W.':E,'.: between any 2 samples
Sequencing

1

- [

RNA-Seq o ihe NextGeneration 24




Wk#3 (computational): GO Analysis of DEGs

GO=gene ontology; DEG= differentially expressed genes

. * Students navigate to and download CuffDiff data from Green Line
completed prior

. t week #3

. O Cuffdiff N
¢d14319= E8 retina vs E18 retina DEGs (groups #3-6)
cd14319= E18 cornea vs E18 retina DEGs (groups #1-2) | Gene summary tables |

2016-02-18T11:46:55.394-06:00  2016-02-18T13:05:58.000-06:00

2 cd14321  2016-02-18T11:51:06.094-06:00 error
2016-02-18T21:04:06.978-06:00  2016-02-18T22:42:06.000-06:00 done  |A]

|

Cuffdiff et
¢ Back Viow: (Gerws =] €8.wona =] €6 00rw ] Go
Gene summary table:
Transcripts sorted by Q-Value ¢d14319= E8 retina vs E18 retina DEGs I [ Export data to spreacsheet
Search:
Transcript ¢ Nearest Refld ¢ Gene ¢ Alias ¢ Fold Change ¢ Direction ¢ Sample 1 FPKM ¢ Sample 2 FPMK ¢ Q-Value * Description ¢
ENSGALT00000000003 - ENSGALGO0000000003 PANX2 216 uP 925776 19.5978 0.0001
ENSGALTD0000000026 - ENSGALGO0000000019 AAK1 389 uP 18.9927 73806 0.0001
ENSGALT00000000064 ENSGALGO0000000049 csDC2 310 up 44,2007 137.082 0.0001
ENSGALT00000000070 ENSGALGO0000000055 LAMTOR3 174 up B0.5424 140282 0.0001
ENSGALT00000000071 ENSGALGO0000000056 DAPP1 858 DOWN 108211 1.2606 0.0001
ENSGALT00000000074 ENSGALGO0000000059 TUBB3 i DOWN B860.907 280 966 0.0001
ENSGALT00000000104 ENSGALGO0000000076 NRBP2 a2 up 294817 953326 0.0001
ENSGALT00000000141 ENSGALGO0000000102 uBE2T 817 DOWN 85520 7.14856 0.0001

RNA-Seq o ihe NextGeneration

Key:
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Wk#3 (computational): GO Analysis of DEGs

GO=gene ontology; DEG= differentially expressed genes

» Students sort the DEG data by biological & statistical significance

completed prior
. to course

week #3

Assignment

1. How many total DEGs in the unfiltered CuffDiff data?

2. How many biologically & statistically significant up regulated DEGs are there in E18
retina?

3. What's the highest biologically & statistically significant up regulated gene in E18
retina? How much up regulated?

4. How many biologically & statistically significant down regulated DEGs are there?

5. What's the most decreased biologically & statistically significant down regulated gene
in E18 retina? How much down regulated?

6. Add data table to your detailed notebook page

Cuffdiff -
« Back View: Gerws  ~| (66 rwine ~] E%6.mne ~| Go

Gene summary table:

RNA-Seq o ihe NextGeneration

Transcripts sorted by Q-Value ¢d14319= E8 retina vs E18 retina DEGs [ [ Export datato >

Search:
Transcript ¢ Nearest Refld ¢ Gene ! Alias ¢ Fold Change ¢ Direction ¢ Sample 1 FPKM ¢! Sample 2 FPMK ¢ Q-Value * Description *
ENSGALT00000000003 ENSGALGO0000000003 PANX2 218 up 925776 19.69T8 0.0001
ENSGALTD0000000026 ENSGALGO0000000019 AAK1 389 uP 18.9927 738076 00001
ENSGALT00000000064 ENSGALGO0000000049 €sDC2 310 uP 44,2807 137.082 0.0001
ENSGALT00000000070 ENSGALGO0000000055 LAMTOR3 174 up B0.5424 140282 0.0001
ENSGALT00000000071 ENSGALGO0000000056 DAPP1 ase DOWN 10,8211 1.2606 0.0001
ENSGALT00000000074 ENSGALGO0000000059 TUBB3 310 DOWN 860.907 280.966 0.0001
ENSGALT00000000104 ENSGALGO0000000076 NRBP2 32 up 204817 9.53326 0.0001
ENSGALT00000000141 ENSGALGO0000000102 uBeE2T 217 DOWN 65529 7.14856 0.0001

Key:

26



RNA-Seq: Cuffdiff output

+ 1,416 significant (<0.05) downregulated genes sorted by log2 fold change

_ A B C D E F G
1 gene_id associated gene name locus E8 retina FPKM E18 retina FPKM log2 (fold change EB:E18) p_value
2 ENSGALTO0000037609 sMmc2 2:66288452-66312320 138.159 0.144311 -9.90293 5.00E-05
3 ENSGALTO0000025338 SLBP 4:83495205-83502378 42.2289 0.0659106 -9.32351 0.0005
4 ENSGALTO0000013400 BUB1 3:3037096-3057283 31.3715 0.0493455 -9.31232 5.00E-05
5 ENSGALTO0000016208 cbc20 8:18577131-18584614 104.17 0.176012 -9.20906 0.0007
G_ ENSGALTO0000023752 DEPDC1B 2:18712424-18733642 14.4097 0.0265575 -9.08371 0.00035
ri ENSGALTOD000021577 CENPE 4:60597387-60634806 20.5329 0.0399888 -9.00413 5.00E-05
B8 ENSGALTO0000009864 PLK1 14:6884684-6889557 138.655 0.279497 -8.95446 5.00E-05
9 ENSGALTO0000043007 UBE2C 20:10853788-10854730 318.565 0.959296 -8.37539 5.00E-05
10 | ENSGALTO0000026525 RRM2 3:96086207-96107950 175.158 0.548728 -8.31835 5.00E-05
11 | ENSGALTO0000027509 CKAP2 1:169701517-169710954 167.704 0.965468 -7.44048 5.00E-05
12 | ENSGALTO0000025333 TACC3 4:83447127-83469304 111.934 0.675251 -7.37301 5.00E-05
13 | ENSGALTO0000013978 NUSAP1 5:23859403-23873313 92,6816 0.585096 -7.30746 5.00E-05
14 | ENSGALTO0000043356 MKI&T7 6:32889675-32910556 16.1344 0.112181 -7.16817 5.00E-05
5 | ENSGALTOO000032863 CENPH Z2:21769912-21776084 105.188 0.763317 -7.10647 5.00E-05
16 | ENSGALTO0000044727 ZIC2 1:143534165-143535092 59.1463 0.446545 -7.04934 5.00E-05
ﬁ ENSGALTO0000010135 RACGAP1 22C19W28 E50C23:335215-342 57.6397 0.452772 -6.99214 5.00E-05
18 XLOC_018967 FANCF 5:20945015-2947340 7.29388 0.0618329 -6.88217 0.000%
19 | ENSGALTOO000006667 KIF4A 4:1248685-1266250 83,2927 0.715993 -6.8621 5.00E-05
20 | ENSGALTO0000027693 CENPJ 1:178533779-178551434 2.99984 0.0284654 -6.71853 0.00025
’
Lots of DEGs, what’s next?
« Students parse out CuffDiff list into separate list of significant up &
down regulated genes

RNA-Seq NextGen 27




RNA-Seq: Cuffdiff output

+ 1,416 significant (<0.05) downregulated genes sorted by log2 fold change

] A B l C l D | E | F G
1 gene_id associated gene name locus E8 retina FPKM E18 retina FPKM log2 (fold change EB:E18) p_value
2 | ENSGALTO0000037609 sSMC2 Z2:66288452-66312320 138.159 0.144311 -9.90293 5.00E-05
3 ENSGALTO0000025338 SLBP 4:83495205-83502378 42,2289 0.0659106 -9.32351 0.0005
4 | ENSGALTO0000013400 BUB1 3:3037096-3057283 31.3715 0.0493455 -9.31232 5.00E-05
5 | ENSGALT0O0000016208 CcDC20 8:18577131-18584614 104.17 0.176012 -9.20906 0.0007
6 | ENSGALTO0000023752 DEPDC1B Z2:18712424-18733642 14.4097 0.0265575 -9.08371 0.00035
7 | ENSGALTO0000021577 CENPE 4:60597387-60634806 20.5329 0.0395888 -9.00413 5.00E-05
8 | ENSGALTO0000009864 PLK1 14:6884684-6889557 138.655 0.279497 -8.95446 5.00E-05
9 | ENSGALTO0000043007 UBE2C 20:10853788-10854730 318.565 0.959296 -8.37539 5.00E-05
10 | ENSGALTO0000026525 RRM2 3:96086207-96107950 175.158 0.548728 -8.31835 5.00E-05
11 | ENSGALTO0000027509 CKAP2 1:169701517-169710954 167.704 0.965468 -7.44048 5.00E-05
12 | ENSGALTO0000025333 TACC3 4:83447127-83469304 111.934 0.675251 -7.37301 5.00E-05
13 | ENSGALTO0000013978 NUSAP1 5:23859403-23873313 92.6816 0.585096 -7.30746 5.00E-05
14 | ENSGALTO0000043356 MKI&7 6:32889675-32910556 16.1344 0.112181 -7.16817 5.00E-05
5 | ENSGALTO0000032863 CENPH Z2:21769912-21776084 105.188 0.763317 -7.10647 5.00E-05
16 | ENSGALTO0000044727 ZIC2 1:143534165-143535092 59.1463 0.446545 -7.04934 5.00E-05
ﬁ ENSGALTO0000010135 RACGAP1 24C19W28 E50C23:335215-342 57.6397 0.452772 -6.99214 5.00E-05
18 XLOC_018967 FANCF 5:2945015-2947340 7.29388 0.0618329 -6.88217 0.0009
19 | ENSGALTO0000006667 KIF4A 4:1248685-1266250 83.2927 0.715993 -6.8621 5.00E-05
20 | ENSGALTO0000027693 CENPJ 1:178533779-178551434 2.99984 0.0284654 -6.71953 0.00025
Lots of candidates, what next?
« What's the full gene name?
« What's the associated function of the gene?
RNA-Seq NextGen 28




GO analysis using Ensembl Biomart

1 gene_id gene locus EB retina FPKM  E18 retina FPKM  log2 (fold change EB:E18) p_value
954 | ENSGALTCODI0D16fB7 NFKBIE 11731-29620288 6.47754 12.2766 0.922305 0.0007
955 | ENSGALTOOO0003EMR3 GARNLI 17:10400898-10448322 7.83474 14.8297 0.920531 0.01405
956 | ENSGALTCODO0000933 RHOBTEZ 23:1277203-1295625 8.432 15.8793 0.913204 0.00045
957 | ENSGAL 2:124512B81-124538358 12.4378 234133 0912631 0.0007
958 ENSGAL 7553 27:3836211-3842176 126749 23.8305 0.910833 0.0048
959 | ENSGALTDO000200852 THRA 27:4342651-4348356 23.2756 437473 2910332 0.0003
960 | ENSGALTOO000030851 D151 5:15037217-15068612 337814 17.5764 0.906268 0.00015
961 | ENSGALTOOO00029867 ENSGALGO000001E7EL PADND30ODIIE0.1:6747-7970 5.6B673 10.6387 0.903774 0.01385
962 XLOC_022183 SLC35G2 2:361086-373502 17.3758 324342 0.0017
963 | ENSGALTCODO00ZSgE RNF103 4:85175054-85192537 13.1117 24.2757 0.00025
964 ENSGALTOO000035970 SPTANL 17:5139816-5193697 26.0985 48.3296 5.006-05
965 ENSGALTCODJ000B RS CZH3IORF75 2:851260-867494 7.30864 13.5215 o.0027
966 | ENSGALTOO020007882 DRAXIN 21:5645769-5657879 7.54955 139259 0.00155
967 | ENSGALTOO000031808 HIGD1A 2:2061654-2066620 430516 793184 5.006-05
96E | ENSGALTOO000031978 FEXD48 3:11240339-11243704 426504 7.84938 0.0102
969 | ENSGALTCODO0043ER SLC35F1 3:62486815-62723122 1E.9053 347753 5.00E-05
970 | ENSGALTCODO0012485 EFEMPL 3:215183-277652 522133 9.58035 0.00105
971 X¥LOC 003103 ENSGALGD0000016249 1:112077952-112079656 112323 20.5953 0.00125
972 | ENSGALTCOO20D16969 GLo1 3:2BB58537-28B65172 133.985 227.285 5.006-05
973 | ENSGALTOO000043826 MED30 2:134883353-135002167 4.0047 7.33202 0.00085
974 | ENSGAL aTc 18:7285352-7310413 38.0908 69.7281 5.006-05
975 | ENSGALTOOO00045862 DNAJC2T 3:105062346-105072565 6.6B68 12.2269 0.00375
976 | ENSGALTCODO0001MR6 STH12 23:1410226-1422896 437438 811303 5.00E-05
977 ENSGALTOOOO000E gE4 SLCO4AL 20:8527769-8555187 3.03701 550518 0.0063
978 X¥LOC 000291 gea-let-7i 1:33018777-33022900 181779 3.28149 0.00425
979 | ENSGALTOO020017884 GOLGAS 5:44104939-44131283 5.30064 104823 0.00085
980 | ENSGALTO0000044483 ENSGALGO000002! 13:16565757-16577228 7.8578 14.1768 0.0087
981 XLOC_015476 CDCAZEP3 27956-31154524 8.85953 15.9356 0.00125
982 X¥LOC_D00221 GPRES 14541-26640975 138272 250222 0.0006
983 | ENSGALTCODJ0D128E1 SLCOAIRL 18:10711116-10718410 8B.2415 158.102 5.00E-05
934 ENSGALTOO000035866 PGAML 18938E7-21B95347 478.442 856.169 5.006-05
985 | ENSGALTOO0200098L0 ¥BP1 15:7713030-7716156 48.3108 88.2253 0.0026
986 | ENSGALTOO020009851 ABTBL 13:9657434-9685180 7.01307 125255 0.0015
987 | ENSGAL 4 EGFLAM 1778981-11853316 51758 92.367 5.006-05
98B | ENSGALTOO000001409 TMEM222 23:1913664-1920438 20.2143 0.0012
989 | ENSGALTOODO0032934 LRRC57 5020022-25024747 : 18.9363 0.0008
930 X¥LOC_D17582 GPRIN3 A:346ETSET-34723721 5.58983 9.96474 0.00015
991 X¥LOC 022582 9:3031932-3037191 139929 24 BT7EL 2.0002
992 | ENSGALTOO020D14867 PIGK B:1B0E2727-1814E024 25.0445 44,4455 0.00025
993 | ENSGALTOO000020861 BOH2 0581710-60595813 2.25257 3.9958 0.00775
994 | ENSGALTOO0000209R0 S¥YN3 ZBGT0B4-53186826 3.36118 5.94407 0.009%
995 | ENSGALTOODO0019800 Basa 2:4B355516-48554134 3.23873 570227 0.01315
996 | ENSGAL CH5T12 14:3136262-3137952 3.61126 6.32278 0.01125
997 ENSGALTOO000044 856 AMPD2 PADNO3I0L1366 0-3184 14.4459 25.2649 0.0031
998 X¥LOC 023504 mastANA-menANA JADNO30L6580.1:1101-6473 455562 795.798 5.006-05
999 | ENSGAL 2 MLLT11 25:1746767-1963328 76.9278 134,108 0.01355
1000 | ENSGALTCOO000069ES ENOXZ 4:1508580-1532529 11568 20,045 0.01115
1001 | ENSGALTCOO00016826 FAM177A1 5:35371255-35397675 253797 43.96% 0.00145
1002 XLOC_D17B57 SNORAZE A:G5582744-65585564 7.90758 13.698 0.0141
1003 | ENSGAL 7588 25:475092-478012 11.6658 201761 0.002%
1004 | ENSGALTCOOJ0D1E@R1 TAX18PL 2:33445806-33496509 30,0585 51.8669 0.0003
1005 | ENSGALTCO0000404R3 ULK3 10:1911381-1917110 5.47033 2.42648 K 0.01235
= .

N om | 7 T E18 upregul ‘)fls d lated | genes to validate , GO Term (up) | GO (down) | +‘-
[ ]

Animals:
http://www.ensembl.org/biomart/

Plants:

http://plants.ensembl.org/biomart/martview/

b95ebad3df/cde39d430b6b8efedd2ae

Protists:
http://protists.ensembl.org/biomart/martview/

ac3930f7a0a4a426957b0afdé6375af5¢

Fungi:
http://fungi.ensembl.org/biomart/martview/
229629f5dcf60a90a57c15a527c304cc

Filter associated gene names in cuffdiff output through Biomart to

obtain full gene names and GO terms

RNA-Seq or ine NextGeneration
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GO analysis using Ensembl Biomart

el

Search all sp

Please restrict your query using criteria below

() Limit to genes (external references)...

« Input external references ID list [Max 500 advised]

- - . -
1 gene_id Bene Rl A

954 | ENSGALTOO00001GHB7 NFXBIE =

955 | ENSGALTO000003ER3 GARNLY 1

956 | ENSGALTCOD000OIME3 RHOBTBZ

957 | ENSGALTCODO0046fp2 TMEMSSA 2

958 | ENSGALTOODD002EJS2  ENSGALGOOODOD17SS3 :

959 | ENSGALTO0000000fE2 THRA :

960 | ENSGALTO0000039f61 151 5

961 | ENSGALTOODOOO29fE7  ENSGALGOOODODIE7EL ™ 2 New j§ E Count m

962 XLOC_022183 sLC3sG2

963 | ENSGALTOODO0025fES RNF103 []

964 | ENSGALTO0000039fF0 SPTANL ]

965 | ENSGALTOO00000EfEE C2H3ORFTS

966 | ENSGALTO0000007fE2 DRAXIN ] Dataset

967 | ENSGALTO000003Lfoa HIGD1A

968 | ENSGALTO00000318 FEXO4E BGa"us gallus genes (GalgaM') REGION:

969 | ENSGALTO0000043fE8 SLC3SFL 3 -

970 | ENSGALTCOD00012f8S EFEMPL Filters

971 XLOC_003103 ENSGALGDIOD0016249 1 . =2 GENE:

972 | ENSGALTOODI0016869 GLO1 3 ASSOCIated Gene Name(S)

973 | ENSGALTO0000043fR6 MED30 2 . . e

955 enseasroaouononko o . [e.g. BRCAZ2]: [ID-list specified]

975 | ENSGALTO0000045f62 DNAJCZT 3 -

976 | ENSGALTCOD000OLERS sTR12 Attributes

977 | ENSGALTOODJOOOEfEA SLC04AL 3

978 ¥LOC_000291 gea-let-Ti 1 Ensembl Gene |D

979 | ENSGALTO0000017f84 GOLGAS 5 X

930 | ENSGALTO00000¢4fBa ENSGALGOJOD0026654 = Ensembl Transcrlpt ID

931 XLOC_015476 CDC42EP3 3

982 XLOC_000221 GPRES 1

933 | ENSGALTOODO0012fE1 SLCOAIRL 1

934 | ENSGALTOOD00039ES PGAML [

935 | ENSGALTO0000003fk0 ¥BP1 ]

936 | ENSGALTO0000003f61 ABTBL ] Dataset

937 | ENSGALTO0000005§4 EGFLAM z

938 | ENSGALT00000001§09 TMEM222 :[None SeIeCted]

939 | ENSGALTCOD00032fB4 LRRCS7 5

990 XLOC_017582 GPRINI [l

991 XLOC 022582 ENSGALGDIOD0024369

992 | ENSGALTO0000014f7 PIGK ]

993 | ENSGALTO0000020ff1 £OH2 [

994 | ENSGALT00000020R0 SYN3 1

995 | ENSGALT00000019400 pasa 2

996 | ENSGAL cHsT12 ]

997 | ENSGALTOOD00044f6S AMPD2 hal

998 XLOC_023504 maseANA-menANA o

999 | ENSGALTO000000LfB2 MLLT2L ;

1000 | ENSGALTO000000G4ES ENOX2

1001 | ENSGALTO0000016R6 FAM177A1 5

1002 XLOC_D178S7 SNORAZG ]

1003 | ENSGALTOODOOOZEJBC ENSGALGOOODOD17SES

1004 | ENSGALTO000001EfB1 TAX18PL 2

1005 | ENSGALTO00000404BE uLK3 3

mi i« <« v 7] E18 upregulated | JE1

with HGNC ID(s)

+/ @Only
Excl

Associated Gene Name(s) [e.g. BRCA2]

ENSGALGUUUUUUUZ638
ENSGALG00000026161
S0X10

NECAB2
ENSGALG00000014441
ss2

WNT10A

HS6ST3

FADS6

SNTB1
ENSGALG00000019291

Browse... | No file selected.

* Filter associated gene names in cuffdiff output through Biomart to

obtain full gene names and GO terms

RNA-Seq

NextGen
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GO analysis using Ensembl Biomart

1 gene_id gene

954 | ENSGALTOODDODIEHET NFRBIE 328
955 | ENSGALTCODIOD3EMB3 GAANLI 1710
956 | ENSGALTCODI000HB3 RHOBTE2 22
957 | ENSGALTCODI0D46fp2 TMEMSSA 2:124
956 | ENSGALTOOD002EfS2 ENSGALGOOODOO175S3 27
959 | ENsGALTOO020200fE2 274
960 | ENSGALTOOD20039f51 151 515
961 | ENSGALTOOD0D20f7  ENSGALGOOODODIE7S:  MADNO:
962 XLOC 022183 51C3562 a:
963 | ENSGALTCODI00254E9 RNF103 a5
964 | ENSGALTO0020039f70 SPTANL 17:
965 | ENSGALTOO02020EfPS C2H3ORFTS 2
966 | ENSGALTO0020207fE2 DRAXIN 21
967 | EnscALToooz003Lfps HIGD1A 22
968 | ENSGALTCOD2003LE FEXDAE 31
969 | ENSGALTCODI0D43fES SLC35FL 362
570 | ENSGALTCODI0012485 EFEMPL 3:
71 ¥LOC_003103 ENSGALGO0000016249 1322
572 | ENSGALTOOD200164E9 6L01 328
573 | ENSGALTO002004346 MED30 2134
574 | ENSGALTCOD2000EfE0 ar 195
975 | ENSGALTCODD0D45fE2 DNAIC2T 3:105
976 | ENSGALTCODI000LRE stz 23
977 | ENSGALTOOD3000EfE4 sicoant 20i
978 ¥LOC_000291 gga-let7i 133
579 | ENSGALTOO020017fE4 6OLGAS 544
980 | ENSGAL 13:%¢
981 XLOC_015476 €oCazEP3 331
982 XLOC_000221 GPRES 126
983 | ENSGALTOOD00012jE1 SLCOAIRL 1810
984 | ENSGALTOODI00394E6 PEAML 621
985 | ENSGALTO0020209f0 XBPL 155
986 | ENSGALTO0D20203f51 ABTBL 121
987 | ENSGALTOODD0005§4 EGFLAM 711
988 | ENSGALTO0D2000L4P9 TMEM222 23
985 | ENSGALTCODI0032f84 LRRCS7 525
990 ¥LOC_017582 GPRIND 434
591 ¥LOC 022532 ENSGALGO2000024369 93
992 | ENSGALTOOD00D14fE7 PIGK 818
993 | ENSGALTO0D20020f1 BoH2 460
994 | ENsGALTOODD00204R0 syN3 152
995 | ENSGALTCODI00194D0 pasg 248
996 | ENSGAL cHsT12 183
997 | ENSGALTOOD20044f66 AMPD2 hADN(
998 ¥LOC_023904 mascANA-menANA oo
999 | ENSGAL 2 MLLTEL 25
1000 | ENSGALTOODI00064ES ENOX2 a1
1001 | ENSGALTOODD0016fRE FAM177A1 535
1002 XLOC_017857 SNORAZE 465
1003 | ENSGALTCOD002EJB0 ENSGALGOODOD17589 S
1004 | ENSGALTOO0Z001EfB1 TAX18PL 233
1005 | ENSGALTO00200404BS K3 10

[« ¥ l E18 upregulated | JE18 ¢

> New ] @ Count | @ Rosuts

Dataset

Gallus gallus genes (Galgal4)
Filters
Associated Gene Name(s)
[e.g. BRCAZ2]: [ID-list specified]
Attributes

Description
Associated Gene Name
GO Term Name

Dataset
[None Selected]

Please select columns to be included in the output and hit 'Results' when

© Features () Variation (Germline)
() Structures () Variation (Somatic)

) Homologs () Sequences

2 GENE:
Ensembl
(1 Ensembl Gene ID
() Ensembl Transcript ID
() Ensembl Protein ID
) Ensembl Exon ID
« Description
() Chromosome Name
(1 Gene Start (bp)
(1 Gene End (bp)
() Strand
) Band
() Transcript Start (bp)
() Transcript End (bp)
() Transcription Start Site (TSS)
() Transcript length

Phenotype
() Phenotype description
() Source name

B EXTERNAL:

GO
) GO Term Accession
« GO Term Name

AT~

 Associated Gene Name

| Associated Gene Source

~ Associated Transcript Name
) Associated Transcript Source
) Transcript count

1% GC content

~1Gene type

) Transcript type

) Source (gene)

) Source (transcript)

) Status (gene)

) Status (transcript)

) Version (gene)

) Version (transcript)

) Study External Reference

~1 GO Term Evidence Code
~1GO domain

Filter associated gene names in cuffdiff output through Biomart to

obtain full gene names and GO terms

RNA-Seq

NextGene!

atiol
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GO analysis using Ensembl Biomart

clusterin-like 1 (retina
clusterin-like 1 (retinal) [Source HGMNC Svmbol Acc:HGMNC:2096)

Gallus gallus peripheral myelin protein 2 (PMP2), mRNA. [Source:Ref!

Gallus gallus peripheral myelin protein 2 (PMP2), mRNA. [Source:Ref!
Gallus gallus peripheral myelin protein 2 (PMP2), mRNA. [Source:Ref!
Gallus gallus peripheral myelin protein 2 (PMP2), mRNA. [Source:Ref!
Gallus gallus peripheral myelin protein 2 (PMP2), mRNA. [Source:Ref!
Gallus gallus peripheral myelin protein 2 (PMP2), mRNA. [Source:Ref!
Gallus gallus peripheral myelin protein 2 (PMP2), mRNA. [Source:Ref!
Gallus gallus acetylserotonin O-methyltransferase (ASMT), mRMA. [Sc
Gallus gallus acetylserotonin O-methyltransferase (ASMT), mRMA. [Sc
Gallus gallus acetylserotonin O-methyltransferase (ASMT), mRMA. [Sc
Gallus gallus acetylserotonin O-methyltransferase (ASMT), mRNA. [Sc
Gallus gallus acetylserotonin O-methyltransferase (ASMT), mRMA. [Sc
Gallus gallus acetylserotonin O-methyltransferase (ASMT), mRMA. [Sc
Gallus gallus acetylserotonin O-methyltransferase (ASMT), mRNA. [Sc
Gallus gallus acetylserotonin O-methyltransferase (ASMT), mRNA. [Sc
Gallus gallus SOUL protein (SOUL), mRNA. [Source:RefSeq mRMA;Acc:
ethanolamine-phosphate phospho-lyase [Source:HGNC Symbol;Acc:F
ethanolamine-phosphate phospho-lyase [Source:HGNC Symbol;Acc:F
ethanolamine-phosphate phospho-lyase [Source:HGNC Symbol;Acc:F

ethanolamine-phosphate phospho-lyase [Source:HGNC Symbol;Acc:F

RNA-Seq

dopamine receptor DS [Source:HGNC Symbol;Acc:HGMC:3026)
dopamine receptor DS [Source:HGNC Symbol;Acc:HGNC:3026]
dopamine receptor D5 [Source:HGNC Symbol;Acc:HGNC:3026)

positive regulatlon of beta-amyloid formation
transporter activity

transport

lipid binding

extracellular vesicular exosome

cholesterol binding

fatty acid binding

membrane organization

methyltransferase activity
O-methyltransferase activity

melatonin biosynthetic process

methylation

identical protein binding

protein homodimerization activity
acetylserotonin O-methyltransferase activity
negative regulation of male gonad development

catalytic activity

metabolic process

transaminase activity

pyridoxal phosphate binding

signal transducer activity

G-protein coupled receptor activity
dopamine neurctransmitter receptor activity

« Search or sort spreadsheet for your favorite GO terms

NextGen
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GO analysis using Ensembl Biomart

Description

dopamine receptor D5 [Source:HGNC Symbol;Acc:HGNC:3026)

von Willebrand factor A domain containing 1 [Source:HGMC Symbaol;f
von Willebrand factor A domain containing 1 [Source:HGNC Symbaol; £
von Willebrand factor A domain containing 1 [Source:HGMC Symbaol;#
von Willebrand factor A domain containing 1 [Source:HGMC Symbaol;s
von Willebrand factor A domain containing 1 [Source:HGNC Symbaol; £
von Willebrand factor A domain containing 1 [Source:HGMC Symbaol;s
von Willebrand factor A domain containing 1 [Source:HGNC Symbaol; £
von Willebrand factor A domain containing 1 [Source:HGMC Symbaol;f
von Willebrand factor A domain containing 1 [Source:HGMC Symbaol;f
von Willebrand factor A domain containing 1 [Source:HGNC Symbaol; £
Gallus gallus rhodopsin (RHO), mRNA. [Source:RefSeq mRNA:Acc:NM
Gallus gallus rhodopsin (RHO), mRNA, [Source:RefSeq mRNA;Acc:NM
Gallus gallus rhodopsin (RHO), mRMNA. [Source:RefSeq mRNA:Acc:NM
Gallus gallus rhodopsin (RHO), mRNA. [Source:RefSeq mRNA;Acc:NM

Associated Gene Name

DEDS
MWAT

RNA-Seq

phototransduction

@allus gallus rhodopsin (RHO), mRNA. [Source:RefSeq mRNA;Acc:NM
1

allus gallus rhodopsin (RHO), mRNA. [Source:RefSeq mRNA; Acc:NM
Gallus gallus rhodopsin (RHO), mRNA, [Source:RefSeq mRNAAcc:NM
Gallus gallus rhodopsin (RHO), mRNA. [Source:RefSeq mRNA;Acc:NM
Gallus gallus rhodopsin (RHO), mRNA. [Source:RefSeq mRNA:Acc:NM
Gallus gallus rhodopsin (RHO), mRNA, [Source:RefSeq mRNAAcc:NM
Gallus gallus rhodopsin (RHO), mRNA. [Source:RefSeq mRNA:Acc:NM

GO Tarm Name
regulation of female receptivity
protein binding
extracellular space
extracellular vesicular exosome
extracellular region
identical protein binding
extracellular matrix organization
basement membrane
behavioral response to pain
extracellular matrix
interstitial matrix
signal transducer activity
G-protein coupled receptor activity
signal transduction

integral component of membrane
visual perception

photoreceptor activity

membrane

protein-chromophore linkage
response to stimulus

« Search or sort spreadsheet for your favorite GO terms (e.g. “phototransduction”)

NextGen
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GO analysis using Ensembl Biomart

A B c D E F
" group# | designedby | Gene Symbol | GO Term Fold change notes
2 example Dr. Enke GPR98 phototransduction 6.02272 This gene is awesome!
3 Blue #1 CHD NEUROD4 Notch signaling pathway 754.58
Z Blue #1 JJD RGR phototransduction 43.27
5 Blue #1 JPN OPN4 phototransduction 301.73
6 Red #2 Laura Morales GUCA1A Photoreceptor 110.48
v Red#2 Monique Waldman PDE6C phototransduction, visible light 509.76
8 Red #2 Paul Roberson GOT1 Notch Signaling Pathway 2.61
9 Green #3 Se Chang Sox9 Notch signaling pathway 4.56
10 Green #3 Aiola Stoja DLL4 Notch signaling pathway 19.93
11 Green #3 Juan Rittgers HES5 Notch Signalling Pathway 19.09
12 QOrange #4  Kristin McKenna LFNG Notch Signalling Pathway 15.55
13 Orange #4 Kevin Decker OPN3 phototransduction 14.2
14 QOrange #4 Zach Schuhmacher ASIC2 phototransduction 8.5
15 Pink #5 BWL OPN4-5 phototransduction 28.4918
16 Pink #5 AHL cdk6 Notch Signalling Pathway 6.739
17 Pink #5 TPL OPN1MSW phototransduction
18 Yellow #6 CAH PDE6C phototransduction, visible light 484.52

19 Yellow #6 BHY NEURL Notch Signalling Pathway 73.54

20 Yellow #6 EAT MIB1 notch signaling 5.49

« Each student chooses 1 significant DEG in the “phototransduction” or “Notch” pathway
for downstream analysis

« Populate GoogleSheet with relevant information from CuffDiff & GO analysis

RNA-Seq NextGen



Wk#3 (computational): Sequence Retrieval & Annotation

completed prior
to course

RNA extraction
For RNA-Seq

Illumina
RNA-Seq

Bioinformatics
analysis of raw
sequence data

RNA-Seq

week #3

cDNA
synthesis

Gene ontology
analysis

Sequence
annotation

gPCR primer
design

NextGen

UCSC Genome Browser

UCSC Genome Browser on Chicken Nov. 2011 (ICGSC Gallus_gallus-4.0/galGal4)

move <<« << > >> >>>  zoomin  15x 3x 10x base zOoomout 15x 3x 10x
Chl‘12:19,501 ,119-19,506,117 4,999 bp. enter position, gene symbol or search terms go
‘chﬂz [ 12

Scale 1 kb} | galGala
chr1z: 18,501,500 18,502,000 18,502,500 1&50&DDD| T&SU&SDDl T&EUQDDDl 18,504,500 IH
1323 _ E18_Retina_mRMNA
1000 -

E18_Retina
0_
RefSeq Genes
Fio R =

Mouse (Dec. 2011 (GRCm38/mm10)) Alignment Net

ApE Sequence Editor

e 00 mouse CRX gene.ape Text Map

S/UL dclartgLglatglagryioracagagyaagagyaaatitgatylyagiiaciiiglygyyyiiygyaatagaacteCyygrocte

* * * * * * * *

5801 gcagggctgtctttccagaccctatacattatatgtttcaaattagtgecttgtttaaaaattataaacagtggcataatgtge
B

CRX F1 primer
* * * * * * * *
5901 cctttattctttgaatatacactgtatatagtaaatatgctcataaactttatatatcaaatgacactaaatacaaacataaca

* * * * * * * *
6001 attattatctataatttggatatacagtatatgtaacactttttttttggtttctcaagacagggtttctctttatagecctgg

* * * * * * * *
6101 tcattttgtagaccaggctgccctcgaactcagaaatccgectgectetgectececcgagtgetgggattaaaggegtgegecac

* * * * * * * *

6201 tatgtaacacatgcacttagtatcaaagtgtgactttgacagtaacctcagiiiiiigoanoooaoaeagcactattgctaty
<<<eC<Le<LL<<L<<L<<L

Rl primer

* * * * * * * *
6301 cggctagtaagttcctgtctcattaatggtacatccaggagatagtttattcagtagectgettggttttteccaagtatgagga

K Wet lab Computational
module module




Wk#3 (computational): Sequence Retrieval & Annotation

UCSC Genome Browser on Chicken Nov. 2011 (ICGSC Gallus_gallus-4.0/galGal4)

move <<< << > >> >>> zoom in 1.5x 3x 10x base zoom out 1.5x 3x 10x
chr12:19,501 )1 1 9-19,506,1 17 4,999 bp ‘ enter position, gene symbol or search terms ‘ go
‘chﬂ 2 | 12
Scale 1 kbl { galGal4
chriz: 19,501,500' 19,502,000 19,502,500 19,503,000' 19,5[]3,5EIU| 19,504,DDU| 19,504,500 1€
1323 _ E18_Retina_mRMNA

1000 -
E18_Retina

RefSeq Genes

Mouse(Dec 201 1 (GRCB!mme) Alignment MNet

http://genome.ucsc.edu

UCSC Genome Browser:
* Highly intuitive genome browser and sequence repository for many
genomes (no plant genomes unfortunately; try Ensembl)

RNA-Seq NextGen



Wk#3 (computational): Sequence Retrieval & Annotation

Genomes

UCSC (

chr12:19,5

Rho mRNA

>NM _001030606.1

atgaacgggacggaaggccaagacttctacgtgcccatgtccaacaagac
cggggtggtgcggagccccttcgagtacccccagtactacctggectgage
cctggaagttctcggecgectggectgectacatgttcatgectgatecctgete
ggcttccccgtcaacttcctcacgectgtacgtcaccatccagcacaagaa
actccggacgcctctaaactacatcctecctgaacctggtggtecgecgace
tctttatggtctttggaggecttcacgaccaccatgtacacctcgatgaac
gggtactttgtctttggagtaacagggtgctacatcgagggettcectttge
tacgctgggcggtgaaatcgctctctggtcactecgtegtectggeecgtgg
aacgatatgtggtggtctgtaagcccatgagcaactteccgettecggggag

|enrie T——

aaccacgccatcatgggggtcgegttctecctggatcatggecatggectg

cgcagcccccccgectgttecggetggtcacggtacateccccgagggecatge

Scale
chri2:

agtgctcgtgtgggatcgactactacacgctgaagccggagatcaacaac
gaatcctttgtcatctacatgttcgtggtccacttcatgatcccactgge
cgtcatcttcttctgectatgggaacctggtctgcactgtgaaggaggetg
ccgcccagcagcaggagtctgccaccacccagaaggcagagaaggaagtg

19,581,548

=

acccgcatggtgatcatcatggtcatcgecttcctcatectgetgggttee
ctacgccagcgtcgctttectacatcttcaccaaccagggectcagactttg
gacccatcttcatgaccatccecggcattctttgeccaagagetectgecate
tacaatcctgtgatctacatcgtaatgaacaaacagttccgtaactgecat
gatcacaaccctctgctgcggcaagaacccgectgggecgatgaggacacgt
ctgctggaaagacagagacctcctececgtctccaccageccaggtgtcecect
gcatag

UCSC Genome Browser:
Students retrieve DNA & mRNA sequence for their candidates genes

RNA-Seq

NextGen

Rho genomic DNA

>galGal4_refGene NM 001030606 range=chrl12:19501548-
ATGAACGGGACGGAAGGCCAAGACTTCTACGTGCCCATGTCCAACAAGAC
CGGGGTGGTGCGGAGCCCCTTCGAGTACCCCCAGTACTACCTGGCTGAGC -

CCTGGAAGTTCTCGGCGCTGGCTGCCTACATGTTCATGCTGATCCTGCTC
GGCTTCCCCGTCAACTTCCTCACGCTGTACGTCACCATCCAGCACAAGAA
ACTCCGGACGCCTCTAAACTACATCCTCCTGAACCTGGCGGTCGCCGACC
TCTTTATGGTCTTCGGAGGCTTCACGACCACCATGTACACCTCGATGAAC
GGGTACTTTGTCTTTGGAGTAACAGGGTGCTACATCGAGGGCTTCTTTGC
TACGCTGGGCGgtgagttctccaagtttccaaaaatctgacagaagtttc able!
cccagattttggtgggggggggatgcccagectgectgectgaaageccgggtg

ctgcgtgccaggcecctgectgectgetgegggetgeggtgtectgecagecactt

ctgggtgggaagtgaagaaagtggcaaatggcacttcttttttaagecctt
gttttggtagccacctgttccatctcctgecgaaccacagecgtaaccatga
aaagtaaccaacagcagattgtgcagctgctggatttgcacatccctttg
gcttgctttctgacgggagaggtgacagtttgttctggecattgggggget
gagagttactgcagcgcagcgcagcccagcagageccgecttcactgtgee
gccttcactgtgeccgtccageecggtgatggacagtgtaaataagggeecgt
gtgtctgagaacggcctccteccagccagectccgectecccageecgtactgea
ggcagctgttggcagggccgggcccccaggcacgggtgacccgagcagaa
cctgggggcagtgctgcagctcagagtgggtgcagecgetgtgtgtgggag
gagggcaggatccagtggtgggtctcaaagcagagcagcacagcggtcac
cgctggggctctggaggcatcttctgactccttecccaccacactggtggg
gtactcgtecctctgectcececgttetgtttectgagcacagggtggaggttcac
tgctgatgggggtcttcceccatgeccagcaatggcaggectttgtectece
atcactcgaggtccccgcatctctaccectectectececccggtgcagGTGAA
ATTGCTCTCTGGTCACTCGTCGTCCTGGCCGTGGAACGATACGTGGTGGT
CTGTAAGCCCATGAGCAACTTCCGCTTCGGGGAGAACCACGCCATCATGG
GGGTCGCGTTCTCCTGGATCATGGCCATGGCCTGCGCAGCCCCCCCGCTG
TTCGGCTGGTCACGgtagggagggggctgggcatggagcgcagggtgtgg
gcagctctgccgggecgctgaccacccecgegtgectecgecagGTACATCCCCG
AGGGCATGCAGTGCTCGTGTGGGATCGACTACTACACGCTGAAGCCGGAG
ATCAACAACGAATCCTTTGTCATCTACATGTTCGTGGTCCACTTCATGAT
CCCACTGGCCGTCATCTTCTTCTGCTATGGGAACCTGGTCTGCACTGTGA

AGGAGgtgggtgctgcececggggggtgggggetgtgececgggecteccacgegg

19,5¢€



Wk#3 (computational): Sequence Retrieval & Annotation

f Genomes

UCSC (

chr12:19,5

|enrie T——

Scale
chri2: 19,581,58

[

Rho mRNA

>NM _001030606.1
atgaacgggacggaaggccaagacttctacgtgcccatgtccaacaagac
cggggtggtgcggagccccttcgagtacccccagtactacctggectgage
cctggaagttctcggecgectggectgectacatgttcatgectgatecctgete
ggcttccccgtcaacttcctcacgectgtacgtcaccatccagcacaagaa
actccggacgcctctaaactacatcctecctgaacctggtggtecgecgace
tctttatggtctttggaggecttcacgaccaccatgtacacctcgatgaac
gggtactttgtctttggagtaacagggtgctacatcgagggettcectttge
tacgctgggcggtgaaatcgctctctggtcactecgtegtectggeecgtgg
aacgatatgtggtggtctgtaagcccatgagcaactteccgettecggggag
aaccacgccatcatgggggtcgegttctecctggatcatggecatggectg
cgcagcccccccgectgttecggetggtcacggtacateccccgagggecatge
agtgctcgtgtgggatcgactactacacgctgaagccggagatcaacaac
gaatcctttgtcatctacatgttcgtggtccacttcatgatcccactgge
cgtcatcttcttctgectatgggaacctggtctgcactgtgaaggaggetg
ccgcccagcagcaggagtctgccaccacccagaaggcagagaaggaagtg
acccgcatggtgatcatcatggtcatcgecttcctcatectgetgggttee
ctacgccagcgtcgctttectacatcttcaccaaccagggectcagactttg
gacccatcttcatgaccatccecggcattctttgeccaagagetectgecate
tacaatcctgtgatctacatcgtaatgaacaaacagttccgtaactgecat
gatcacaaccctctgctgcggcaagaacccgectgggecgatgaggacacgt
ctgctggaaagacagagacctcctececgtctccaccageccaggtgtcecect
gcatag

Exonic: UPPER CASE

UCSC Genome Browser:
« Students retrieve DNA & mRNA sequence for their candidates genes

RNA-Seq NextGen

Rho genomic DNA

>galGal4 refGene NM 001030606 range=chr12:19501548-
A A‘A a A‘A A'A ) A\ A\ 4
CGGGGTGGTGCGGAGCCCCTTCGAGTACCCCCAGTACTACCTGGCTGAGC
CCTGGAAGTTCTCGGCGCTGGCTGCCTACATGTTCATGCTGATCCTGCTC
GGCTTCCCCGTCAACTTCCTCACGCTGTACGTCACCATCCAGCACAAGAA
ACTCCGGACGCCTCTAAACTACATCCTCCTGAACCTGGCGGTCGCCGACC
TCTTTATGGTCTTCGGAGGCTTCACGACCACCATGTACACCTCGATGAAC
GGGTACTTTGTCTTTGGAGTAACAGGGTGCTACATCGAGGGCTTCTTTGC
ns  TACGCTGGGCGgtgagttctccaagtttccaaaaatctgacagaagtttc
cccagattttggtgggggggggatgcccagectgectgectgaaageccgggtg
77— ctgcgtgccaggccctgctgetgectgegggectgeggtgtectgecagcactt —
ctgggtgggaagtgaagaaagtggcaaatggcacttcttttttaagcctt ——
— gttttggtagccacctgttccatctcctgcgaaccacagcgtaaccatga
aaagtaaccaacagcagattgtgcagctgctggatttgcacatccctttg 19.s¢
[r— gcttgctttctgacgggagaggtgacagtttgttctggcattgggggget
— gagagttactgcagcgcagcgcagcccagcagagccgecttcactgtgece
gccttcactgtgeccgtccageecggtgatggacagtgtaaataagggeecgt
gtgtctgagaacggcctccteccagccagectccgectecccageecgtactgea
ggcagctgttggcagggccgggcccccaggcacgggtgacccgagcagaa
cctgggggcagtgctgcagctcagagtgggtgcagecgetgtgtgtgggag
gagggcaggatccagtggtgggtctcaaagcagagcagcacagcggtcac
cgctggggctctggaggcatcttctgactccttecccaccacactggtggg
gtactcgtecctctgectcececgttetgtttectgagcacagggtggaggttcac
tgctgatgggggtcttcceccatgeccagcaatggcaggectttgtectece

ATTGCTCTCTGGTCACTCGTCGTCCTGGCCGTGGAACGATACGTGGTGGT
CTGTAAGCCCATGAGCAACTTCCGCTTCGGGGAGAACCACGCCATCATGG
GGGTCGCGTTCTCCTGGATCATGGCCATGGCCTGCGCAGCCCCCCCGCTG

AGGGCATGCAGTGCTCGTGTGGGATCGACTACTACACGCTGAAGCCGGAG
ATCAACAACGAATCCTTTGTCATCTACATGTTCGTGGTCCACTTCATGAT
CCCACTGGCCGTCATCTTCTTCTGCTATGGGAACCTGGTCTGCACTGTGA




Wk#3 (computational): Sequence Retrieval & Annotation

Genomes

UCSC (

chr12:19,5

Rho mRNA

>NM _001030606.1

atgaacgggacggaaggccaagacttctacgtgcccatgtccaacaagac
cggggtggtgcggagccccttcgagtacccccagtactacctggectgage
cctggaagttctcggecgectggectgectacatgttcatgectgatecctgete
ggcttccccgtcaacttcctcacgectgtacgtcaccatccagcacaagaa
actccggacgcctctaaactacatcctecctgaacctggtggtecgecgace
tctttatggtctttggaggecttcacgaccaccatgtacacctcgatgaac
gggtactttgtctttggagtaacagggtgctacatcgagggettcectttge
tacgctgggcggtgaaatcgctctctggtcactecgtegtectggeecgtgg
aacgatatgtggtggtctgtaagcccatgagcaactteccgettecggggag

|enrie T——

aaccacgccatcatgggggtcgegttctecctggatcatggecatggectg

cgcagcccccccgectgttecggetggtcacggtacateccccgagggecatge

Scale
chri2:

agtgctcgtgtgggatcgactactacacgctgaagccggagatcaacaac
gaatcctttgtcatctacatgttcgtggtccacttcatgatcccactgge
cgtcatcttcttctgectatgggaacctggtctgcactgtgaaggaggetg
ccgcccagcagcaggagtctgccaccacccagaaggcagagaaggaagtg

19,581,548

=

acccgcatggtgatcatcatggtcatcgecttcctcatectgetgggttee
ctacgccagcgtcgctttectacatcttcaccaaccagggectcagactttg
gacccatcttcatgaccatccecggcattctttgeccaagagetectgecate
tacaatcctgtgatctacatcgtaatgaacaaacagttccgtaactgecat
gatcacaaccctctgctgcggcaagaacccgectgggecgatgaggacacgt
ctgctggaaagacagagacctcctececgtctccaccageccaggtgtcecect
gcatag

Exonic: UPPER CASE

UCSC Genome Browser:
Students retrieve DNA & mRNA sequence for their candidates genes

RNA-Seq

NextGen

E
(IC

E

ns

EE

Rho genomic DNA

>galGal4_refGene NM 001030606 range=chrl12:19501548-
ATGAACGGGACGGAAGGCCAAGACTTCTACGTGCCCATGTCCAACAAGAC
CGGGGTGGTGCGGAGCCCCTTCGAGTACCCCCAGTACTACCTGGCTGAGC -

CCTGGAAGTTCTCGGCGCTGGCTGCCTACATGTTCATGCTGATCCTGCTC
GGCTTCCCCGTCAACTTCCTCACGCTGTACGTCACCATCCAGCACAAGAA
ACTCCGGACGCCTCTAAACTACATCCTCCTGAACCTGGCGGTCGCCGACC
TCTTTATGGTCTTCGGAGGCTTCACGACCACCATGTACACCTCGATGAAC
GGGTACTTTGTCTTTGGAGTAACAGGGTGCTACATCGAGGGCTTCTTTGC
TACGCTGGGCGgtgagttctccaagtttccaaaaatctgacagaagtttc ahle!
cccagattttggtgggggggggatgcccagectgectgectgaaageccgggtg
ctgcgtgccaggccctgctgctgctgcgggctgcggtgtctgcagcactt-————
ctgggtgggaagtgaagaaagtggcaaatggcacttcttttttaagcctt-————
gttttggtagccacctgttccatctcctgecgaaccacagcgtaaccatga
aaagtaaccaacagcagattgtgcagctgctggatttgcacatccctttg
gcttgctttctgacgggagaggtgacagtttgttctggecattgggggget
gagagttactgcagcgcagcgcagcccagcagagccgcecttcactgtgece ——
gccttcactgtgeccgtccageecggtgatggacagtgtaaataagggeecgt
gtgtctgagaacggcctccteccagccagectccgectecccageecgtactgea
ggcagctgttggcagggccgggcccccaggcacgggtgacccgagcagaa
cctgggggcagtgctgcagctcagagtgggtgcagecgetgtgtgtgggag
gagggcaggatccagtggtgggtctcaaagcagagcagcacagcggtcac
cgctggggctctggaggcatcttctgactccttecccaccacactggtggg
gtactcgtecctctgectcececgttetgtttectgagcacagggtggaggttcac
tgctgatgggggtcttcceccatgeccagcaatggcaggectttgtectece
atcactcgaggtccccgcatctctaccectectectececccggtgcagGTGAA

19,5¢€

AlLilivviviviUvuUglLnvivUulLULlLVLLIUUVUVCLUOLUOUANLUOUALALVOL OOl OO L
CTGTAAGCCCATGAGCAACTTCCGCTTCGGGGAGAACCACGCCATCATGG
GLULUTUCGUGTTUTCCTGOOATCATGOGLUUCATELLUTGEUGLAGULCLCLLCULLGUTG
TTCGGCTGGTCACGgtagggagggggctgggcatggagcgcagggtgtgg
gcagctctgccgggcgctgaccaccccgcgtgctcgcagGTACATCCCCG

NnUUULAlLULAULUOUVLIVULULIOUUUALLVUOUAL LAV LILALALUOV L unnu\.\.wnu

ATCAACAACGAATCCTTTGTCATCTACATGTTCGTGGTCCACTTCATGAT
CCCACTGGCCGTCATCTTCTTCTGCTATGGGAACCTGGTCTGCACTGTGA
AGGAGgtgggtgctgcececggggggtgggggetgtgececgggecteccacgegg



Wk#3 (computational): Sequence Retrieval & Annotation

Rho mRNA

Rho genomic DNA

® 00 {3 GgRho mRNA.ape
3 g e OB s (% 9 % L]0 # a4 % =
| ] Sequence Start Length End ORF Tm %GC | Linear &
938 1056 936<2> 2<2> 937<0> <0 50% [Z] Dam/Dcm
S| * 10 * 20 * 30 * 40 * 50 *x 60 %

1 atgaacgggacggaaggccaagacttctacgtgcccatgtccaacaagaccggggtggtgcggag
66 ccccttcgagtacccccagtactacctggectgageccctggaagttctecggegetggetgectaca
131 tgttcatgctgatcctgctcggecttecceccgtcaacttecctcacgetgtacgtcaccateccageac
196 aagaaactccggacgcctctaaactacatcctcctgaacctggtggtcgecgacctectttatggt
261 ctttggaggcttcacgaccaccatgtacacctcgatgaacgggtactttgtctttggagtaacag
326 ggtgctacatcgagggcttctttgctacgectgggecggtgaaatcgetectectggtecactegtegte
391 ctggccgtggaacgatatgtggtggtctgtaagcccatgagcaacttccgettcggggagaacca
456 cgccatcatgggggtcgegttctcctggatcatggeccatggectgegcagececceccgetgtteg
521 gctggtcacggtacatccccgagggcatgcagtgctcgtgtgggatcgactactacacgectgaag
586 ccggagatcaacaacgaatcctttgtcatctacatgttcgtggtccacttcatgatcccactgge
651 cgtcatcttcttctgectatgggaacctggtctgcactgtgaaggaggectgeccgecccagcagecagg
716 agtctgccaccacccagaaggcagagaaggaagtgacccgcatggtgatcatcatggtcatcgece
781 ttcctcatctgctgggttcecctacgccagecgtegetttectacatcttcaccaaccagggectcaga
846 ctttggacccatcttcatgaccatcccggcattctttgeccaagagectctgeccatctacaatcectg
911 tgatctacatcgtaatgaacaaaca: -tccgtaactgcatgatcacaaccctctgctgcggcaag
976 aacccgctgggcgatgaggacacgtctgctggaaagacagagacctcctececgtctccaccagceca
1041 ggtgtcccctgecatag

*annotated exon junctions in mRNA

& *# 10 % 20 * 30 *x 40 *x 50 *x 60  *

‘5 exons |

ApE Sequence Editor:

® O O {3 Gg Rho DNA primer examples.ape
303 &4 OB S e % 9 2 00 2 £ %% =
|IJ Sequence Insert@ Linear +
958 2972 958<0> (¥ Dam/Dcm
Feature Direction Type Location {
F1 primer >>> misc_feature 109..129

>>> 330..349

misc_feature

gvi * 10 * 20 * 30 * 40 * 50 * 60 * 70

1 |ATGAACGGGACGGAAGGCCAAGACTTCTACGTGCCCATGTCCAACAAGACCGGGGTGGTGCGGAGCCCCTTCG

74 [AGTACCCCCAGTACTACCTGGCTGAGCCCTGGAAGTTCTCGGCGCTGGCTGCCTACATGTTCATGCTGATCCT
147 |GCTCGGCTTCCCCGTCAACTTCCTCACGCTGTACGTCACCATCCAGCACAAGAAACTCCGGACGCCTCTAAAC
220 |TACATCCICCICAACCICECEENEEEEEACCTCTTTATGGTCTTCGGAGGCTTCACGACCACCATGTACACCT
293 [CGATGAACGGGTACTTTGTCTTTGGAGTAACAGGGTGCTACATCCAGGGCTTCTTTGCTACGCTGGGCGgtga
366 |gttctccaagtttccaaaaatctgacagaagtttccccagattttggtgggggggggatgeccagetgetget
439 [gaaagccgggtgctgcgtgccaggeccctgetgetgetgegggetgeggtgtectgecagecacttectgggtgggaa
512 [gtgaagaa ttttaagccttgttttggtagccacctgtteccatctectgecgaac
585 [cacagcgtaaccatgaaaagtaaccaacagcagattgtgcagctgctggatttgcacatccctttggettget
658 [ttctgacgggagaggtgacagtttgttctggcattggggggctgagagttactgcagecgcagecgecagecccage
731 |agagccgecttcactgtgeccgecttcactgtgecgtccageccggtgatggacagtgtaaataagggececgtgtg
804 |tctgagaacggcctcctccageccagectececgetecccagecgtactgcaggcagetgttggcagggecgggecce
877 [caggcacgggtgacccgagcagaacctgggggcagtgctgcagectcagagtgggtgcagegetgtgtgtggga
950 [ggagggcalggatccagtggtgggtctcaaagcagagcagcacageggtcacegetggggetetggaggeatct
1023 |tctgactccttecccaccacactggtggggtactegtectetgetecegttetgtttectgagecacagggtggagg
1096 |ttcactgctgatgggggtcttcceccatgeccagcaatggcaggectttgtecctecccatcactecgaggtececege
1169 |atctctacccctctetececcecggtgecagGTG. GTCCTGGCCGTGGAACGATA
1242 |CGTGGTGGTCTGTAAGCCCATGAGCAACTTCCGCTTCGGGGAGAACCACGCCATCATGGGGGTCGCGTTCTCC

=) * 10 * 20 * 30 * 40 * 50 * 60 * 70

exon/intron junctions: 362, 1196, 1365, 1440, 1606, 1736, 1976, 2853

http://biologylabs.utah.edu/jorgensen/wayned/ape/

« Students annotate exons junctions in mMRNA in preparation for gPCR primer design

(primers usually span exon junctions)

RNA-Seq NextGen



Wk#3 (computational): gPCR Primer Design
using IDT PrimerQuest Web Browser

completed prior :
pieted p week #3
to course

Popular free software for primer design:

(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi/)

- - - NCBI Primer-BLAST

(http://www.ncbi.nlm.nih.gov/tools/primer-blast)

e IDT PrimerQuest

(http://www.idtdna.com/primerquest/home/index)

« Students annotate exons junctions in mMRNA in preparation for gPCR primer design

(primers usually span exon junctions)

RNA-Seq o ihe NextGeneration 41




Wk#3 (computational): gPCR Primer Design

using IDT PrimerQuest Web Browser

PrimerQuest

Assay Design  Results .
’ IDT PrimerQuesthttp://www.idtdna.com/primerquest/home/index

Sequence Entry
~ Enter sequence(s) manually
Hints
ACCAACCAGGGCTCAGACTTTGGACCCATCTTCATGACCATCCCGGCATTCTTTGCCAAGAGCTCTGCCATCT « Paste your seq knio
ACAATCCTGTGATCTACATCGTAATGAACAAACAGGTAACTBCCAGCTGATTECCTCTEGTAGTGTTTCTCTTTGT
AGAAGCTGCGGGEGAGCTCCCACACCTCCAGCACGCCGTGAGCCGTGAGGGGATTCCAGGGACTGCGTGET the Textbox
GATGTGCAGGAGAGTGAAGTGCAGCTCACTCCTTCACACTGTGCAGCTCTCATTGATGCAGACACCCACCTG * Acd up to 50 sequences in
AGCAATGTGCACGCTGGCCCAGCGGAGCAGCTGGGAGTGCCTCCCCCAGCCCTGAGCACTGGGAGGGAGA FASTA format
CTTCACCAGCACAGTGCCCTGGTGCAGACACGCTGGAGGGTTCCAAGCAGTTCCCACTACAGCATGTGGGAT * Sequence length must be
CTGTACCTGCGTTTGCTCCTGCTATGGTAGTTCCTTCCARATCTTATGAGGAGCAGCTGAGGGAGTTGGGATT greater than 80 bases

« PrimerQuest accepts only
nucheic acid bases

Sequence Name ,ou Rho | Cloar Sequance Entry

* Navigate to IDT PrimerQuest (http://www.idtdna.com/Primerquest/Home/Index)
* Paste the mRNA sequence from your annotated ApE file into sequence entry box
* Select “Show custom design parameters
* Set Design Parameters for “qQPCR Intercalating Dyes (primers only)"
* Change the following Parameters:
o Primer Tm (C): min=59; opt=60; max=61
o Primer CG%: min=40; opt=50; max=60
o Primer size (nt): min=17; opt=22; max=30
o 3 GCclamp (nt) =1

« Each student designs 2 F/R primer sets for their target gene of interest

RNA-Seq or ine NextGeneration 4



1 group # [
2 example
3 Blue #1
4 Blue #1
5 Blue #1
6 Blue #1
7 Blue #1
8 Blue #1
9 Blue #1
10 Blue #1
" Blue #1
12 Blue #1
13 Blue #1
14 Blue #1
15 Red #2
16 Red #2
17 Red #2
18 Red #2
19 Red #2
20 Red #2
2 Red #2
22 Red #2
23 Red #2
24 Red #2
25 Red #2
26 Red #2

27 Green #3
28 Green#3
29 Green #3
30 Green #3

Wk#3 (computational): gPCR Primer Design

designed by
Dr. Enke
CHD
CHD
CHD
CHD
JJD
JJD
JJD
JJD
JPN
JPN
JPN
JPN
Laura Morales
Laura Morales
Laura Morales
Laura Morales
Monique Waldman
Monique Waldman
Monique Waldman
Monique Waldman
Paul Roberson
Paul Roberson
Paul Roberson
Paul Roberson
Se Chang
Se Chang
Se Chang
Se Chang

using IDT PrimerQuest web browser

| Oligo Name

Gg-GPR98-RT-F1
Gg-NEUROD4-RT-F1
Gg-NEUROD4-RT-R1
Gg-NEUROD4-RT-F2
Gg-NEUROD4-RT-R2

tinal G protein-coupled |
tinal G protein-coupled 1|
tinal G protein-coupled |
tinal G protein-coupled 1|

Gg-OPN4-RT-F1

Gg-OPN4-RT-R1

Gg-OPN4-RT-F2

Gg-OPN4-RT-R2

Gg-GUCA1A-RT-F1
Gg-GUCA1A-RT-R1
Gg-GUCA1A-RT-F2
Gg-GUCA1A-RT-R2

Gg-PDE6C-RT-F1

Gg-PDE6C-RT-R1

Gg-PDE6C-RT-F2

Gg-PDEBC-RT-R2

Gg-GOT1-RT-F1

Gg-GOT1-RT-R1

Gg-GOT1-RT-F2

Gg-GOT1-RT-R2

Gg-Sox9-RT-F1
Gg-Sox9-RT-R1
Gg-Sox9-RT-F2
Gg-Sox9-RT-R2

GPR98
NEUROD4
NEUROD4
NEUROD4
NEUROD4

RGR
RGR
RGR
RGR
OPN4
OPN4
OPN4
OPN4
GUCA1A
GUCA1A
GUCA1A
GUCA1A

PDE6C

PDE6C

PDE6C

PDE6C

GOT1
GOT1
GOT1
GOT1
Sox9
Sox9
Sox9
Sox9

| Gene Symbol |

Oligo Sequence 5'-3'

GCTGCAGAAATCCCTCTG
TGCTCTGCAAAGGGTTATC
GTGCTTCTCCAGGAATAAGG
AACCTGAGGAGGGTGATG
GACAGAGCCCAGATGTAATTC
TGAAGACGCTGGTCATTTG
TAATGGCAGGAATCATTCGG
GATTCCAGGGCTTCTTGAC
CTGCAGCTTGCTCCTTG
TGTGGAGGAAATTCAGAGAAG
CTGAGATGCGGATGTTCTAC
CCAGACGAACCACCATAAC
GTACAGCCCGATTCACTATC
AAGCTGCGGTGGTATTTC
GCTCGGATGGCTTTGATG
CTCTGCACAGGGATAATGTC
AGGTACCCAAGACATCTCAG
GGAGGTGCAAAGCAAGG
CTGTCCATCATGGGAATTGG
AATGAAATCAGCTGCTCCAC
ACTCTCATCTTGCAGTAGGG
CTGAGTGGAAGGACAATGTG
GATCTGTGATGTGGTTCCAG
CTGGATGACATGGAGAAAGC
TTCCACTCGTCTGGAGTAG
GTGGAGGCTGCTGAATG
CGTGGTTGGTACTTGTAGTC
AACGCCTTCATGGTGTG

CATTCAGCAGCCTCCAC

82 bp
89bp
89bp
95bp
95bp
19
20
19
17
85
85
100
100
92
92
84
84
105
105
97
97
117
117
98
98
68
68
81
81

| amplicon bp ] up/down reg

Up
Up
Down
Down
Down
Down

GO Term

phototransduction
Notch signaling pathway
Notch signaling pathway
Notch signaling pathway
Notch signaling pathway
phototransduction
phototransduction
phototransduction
phototransduction
phototransduction
phototransduction
phototransduction
phototransduction
Photoreceptor
Photoreceptor
Photoreceptor
Photoreceptor
phototransduction, visible light
phototransduction, visible light
phototransduction, visible light
phototransduction, visible light
Notch Signaling Pathway
Notch Signaling Pathway
Notch Signaling Pathway
Notch Signaling Pathway
Notch signaling pathway
Notch signaling pathway
Notch signaling pathway
Notch signaling pathway

Fold change

6.02272
754.58
754.58
754.58
754.58
43.27
43.27
43.27
43.27
301.73
301.73
301.73
301.73
110.48
110.48
110.48
110.48
509.76
509.76
509.76
509.76
2.61
2.61
2.61
2.61
4.56
4.56
4.56
4.56

pricing: *18 students * 4 primers each = ~$300

« Each student designs 2 F/R primer sets for their target gene of interest

« Populate GoogleSheet with 5’-3’ primer info for ordering

-hold them accountable for both correct primer design as well as correctly inputting into the sheet!

RNA-Seq
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Wk#4 (computational): Basic RNA-Seq Analysis in R Studio

SRLEEEREEERE _ * analysis of CuffDiff output beyond the list of DEGs

completed prior - week #4 -ie what’s the quality of the data set?

e
My 29° w't.e wxo““
Projects ‘ol :\° 'fi‘:a"‘gd

to course

. Annotate
: . a Genomic -
. . Sequence
: . Prospect |

y
Genomes ) e
using TARGeT | Key
(R) Run
Determine W ® Running
Sequence
Relationships O View
@ Error
10 Next L X Blocked
5" Generation J

Sequencing

[ [
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Wk#4 (computational): Basic RNA-Seq Analysis in R Studio

< Back

Transcripts sorted by Q-Value

Search:

Cuffdiff

View: | Genes vI E8_retina vI E18_retina vI

Export data to spreadshe

Transcript ¢ Nearest Ref Id ¢

Gene ¢ Alias ¢ Fold Change %

Direction %

Sample 1 FPKM %

Sample 2 FPMK %

Q-Value * Description %

ENSGALT00000000003
ENSGALT00000000026
ENSGALT00000000064
ENSGALT00000000070
ENSGALT00000000071
ENSGALT00000000074
ENSGALT00000000104
ENSGALT00000000141
ENSGALT00000000161
ENSGALT00000000171
ENSGALT00000000190
ENSGALT00000000206
ENSGALT00000000210
ENSGALT00000000221

ENSGALG00000000003
ENSGALG00000000019
ENSGALG00000000049
ENSGALG00000000055
ENSGALG00000000056
ENSGALG00000000059
ENSGALG00000000076
ENSGALG00000000102
ENSGALG00000000112
ENSGALG00000000122
ENSGALG00000000137
ENSGALG00000000150
ENSGALG00000000154
ENSGALG00000000165

PANX2
AAK1
CcsDC2
LAMTOR3
DAPP1
TUBB3
NRBP2
UBE2T
PLP1
GNB2L1
SNRPE
RPL9
DENND2D

2.16
3.89
3.10
1.74
8.58
3.10
3.23
9.17
25.25
2.30
4.04
244
9.75
2.50

upP
upP
upP
uP
DOWN
DOWN
upP
DOWN
upP
DOWN
DOWN
DOWN
upP
uP

9.25776
18.9927
44.2807
80.5424
10.8211
869.907
2.94817
65.529

3.97947
1302.8

229.053
2565.02
3.29344
32.2086

19.9978
73.8016
137.052
140.282
1.2606
280.966
9.53326
7.14856
100.472
566.928
56.72
1052.75
32.0971
80.6627

* 12,939 differentially regulated transcripts between E8 retina & EI8 retina

* Are the same genes differentially expressed in sample replicates?

RNA-Seq

NextGen

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
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Principal Component Analysis: PCA Plot

PCA Biplot

20 30

PC1 (25.2%)
10

* e08retina
* efl6retina
o * e18cornea
* e18retina

E|8 cornea #1+#2

36576558

. RNA5 s5
® RNA6_S6

El6 retina #1+#2

¢ X35653-82

RNAB_SB

I
-150

-100

-50

1 [
0 50

PC1 (71.6%)

RNA-Seq ©r ihe NextGeneration

E8 retina #1+#2

Globally compares Cuffdiff data for
each sample replicate

Visualization of “do my sample
replicates look the same”

Students are given the code to and
generate these plots essentially by
copy/pasting (not ideal)

El8 retina #1+#2
100

Thanks Taylor B & Alanna H!
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Wk#4 (computational): Basic RNA-Seq Analysis in R Studio

< Back

Transcripts sorted by Q-Value

Search:

Cuffdiff

View: | Genes vI E8_retina vI E18_retina vI

Export data to spreadshe

Transcript ¢ Nearest Ref Id ¢

Gene ¢ Alias ¢ Fold Change %

Direction %

Sample 1 FPKM %

Sample 2 FPMK %

Q-Value * Description %

ENSGALT00000000003
ENSGALT00000000026
ENSGALT00000000064
ENSGALT00000000070
ENSGALT00000000071
ENSGALT00000000074
ENSGALT00000000104
ENSGALT00000000141
ENSGALT00000000161
ENSGALT00000000171
ENSGALT00000000190
ENSGALT00000000206
ENSGALT00000000210
ENSGALT00000000221

ENSGALG00000000003
ENSGALG00000000019
ENSGALG00000000049
ENSGALG00000000055
ENSGALG00000000056
ENSGALG00000000059
ENSGALG00000000076
ENSGALG00000000102
ENSGALG00000000112
ENSGALG00000000122
ENSGALG00000000137
ENSGALG00000000150
ENSGALG00000000154
ENSGALG00000000165

PANX2
AAK1
CcsDC2
LAMTOR3
DAPP1
TUBB3
NRBP2
UBE2T
PLP1
GNB2L1
SNRPE
RPL9
DENND2D

2.16
3.89
3.10
1.74
8.58
3.10
3.23
9.17
25.25
2.30
4.04
244
9.75
2.50

upP
upP
upP
uP
DOWN
DOWN
upP
DOWN
upP
DOWN
DOWN
DOWN
upP
uP

9.25776
18.9927
44.2807
80.5424
10.8211
869.907
2.94817
65.529

3.97947
1302.8

229.053
2565.02
3.29344
32.2086

19.9978
73.8016
137.052
140.282
1.2606
280.966
9.53326
7.14856
100.472
566.928
56.72
1052.75
32.0971
80.6627

* 12,939 differentially regulated transcripts between E8 retina & EI8 retina

* Are they all statistically & biologically significant?

RNA-Seq

NextGen

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
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-log10(pvalue)

Volcano Plot: statistical & biological significance

Volcano Plot E8 retina vs EI8 retina

300
I

CKAP2 |

250
]

Most down regulated stat
significant transcripts

. ENO2

Most up regulated stat
significant transcripts

. AMIGO2
S - CCNB2 . NTN4
2 -
=+ LRYPR
. NPAS2
o
2 4
B PRS!
bo26622 SISEs - PRSSZ3er
CDCA3 |, eops
NEEMS
fifd1qeA .
o SKA3 | RRM1 | NP1
S
ZC3H12@2F7 _ BID , ENSCALG00000026629
ENSGALG00000019291

NCABFZ38
ERSBALG000000175EERER1 |
BRCA2 PHLDBZ

2 rY
G0000000209Fz .
ENSGAL CUTh 080 PRt

. NYX

. Bikhs

o KEfitcgaprra: SLORG2

GAl 67
S Wﬁylmz ccposuBEY
2

R27

BEEHG000EbiESH

231 G000000193

ENSGALGO

* FDR=1e-12

* both

|LogFC|=2

RNA-Seq

log2FoldChange

Thanks Josh D!
NextGenerati

T
10

Scatter plot of each DEG
Stat significance on y axis (Q-
value)

Bio significance on x axis (log
fold change)

Students are given code to and

copy/pasting to generate plots
(not ideal)
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Wk#4-6 (wet lab): gPCR Analysis

Sdssssssvssey : * Bio-Rad CFX96 Real Time Cycler: ~$27K

completed prior :
pleted p . week #4
to course

* iTaq cDNA synthesis kit (100 rctns): $328

e iTaq SYBR Green PCR mix (1000 rctns): $353

* gPCR plates and seals: ~$300

e Multichannel pipettes recommended: ~$600-$800 each

- [
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PCR primers are individually validated for “amplification efficiency”
using a standard curve assay

. =35067x + 3BEE3
:: y #:o:n
51| % ...
week #4 =,
a4

1 3 3 . . .
4 Log Ploograme Toll ANA

- 34
Threshold Cycle (C1)

1- '

RFU

1 5 9 13 17 2 25 29 33 7 4 45

www.affymetrix.com

Cyclke Number

* Each student amplifies a cDNA dilution series with 2 primer sets to ID efficiency

RNA-Seqorihe NextGeneration



Wk#4 (wet lab): gPCR analysis of primer efficiency

Plate #1 (groups 1-2)

cDNA: 1:10 1:100 1:1K 1:10K 1:10 1:100 1:1K 1:10K

o~ Red #2, student #3 F2/R2 primer
N N N N N N N |

- Red #2, student #3 F1/R1 primer
=) (‘R/ed #2, student #2 F2/R2 primer
N NN NN

cn@ed #2, student #2 F1/R1 primer )

T e e e e e

o Red #2, student #1 F2/R2 primer
o S S S S S

~ Red #2, student #1 F1/R1 primer

e _ e

© Blue #1, student #3 F2/R2 primer
=== = <
© Blue #1, student #3 F1/R1 primer

«( Blue #1, student #2 F2/R2 primer |
o N o N N N

@ | Blue #1, student #2 F1/R1 primer |

T T T T e T

o | Blue #1, student #1 F2/R2 primer
== o= o= =< <<

— | Blue #1, student #1 F1/R1 primer
< @ O 0O Wwo-zI

Plate #2 (groups 3-4)

DNA: 1:10 1:100 1:1K 1:10K 1:10 1:100 1:1K 1:10K

N N N N N N N

=3 Green#3, student #2 F2/R2 primer
N N N NN NN

o ( Green#3, student #2 F1/R1 primer

M N N N e N

o Green#3, student #1 F2/R2 primer
e N S N S S N

~ Green#3, student #1 F1/R1 primer )

T T T Twe” Twem Twe Tae

==X XX X

S S S S S S S

= I 3 =2 = a =

o Orange #4, student #1 F2/R2 primer
X X X X XX X

| Orange #4, student #1 F1/R1 primer
< m O 0O WwwoTzT

N Green#3, student #3 F2/R2 primer

- Green#3, student #3 F1/R1 primer

© Orange #4, student #3 F2/R2 primer

- Orange #4, student #3 F1/R1 primer
< ( Orange #4, student #2 F2/R2 primer

™ ( Orange #4, student #2 F1/R1 primer

Plate #3 (groups 5-6)

cDNA: 1:10 1:100 1:1K 1:10K 1:10 1:100 1:1K 1:10K

o~ Pink #5, student #3 F2/R2 primer
N N N N N N N |
- Pink #5, student #3 F1/R1 primer

o ( Pink #5, student #2 F2/R2 primer
N N N NN NN

m@nk #5, student #2 F1/R1 primer

M N N e e S

o Pink #5, student #1 F2/R2 primer
o o o o o o

~ Pink #5, student #1 F1/R1 primer

T T T Twe” Twem Twe e

© Yellow #6, student #3 F2/R2 primer
=== = |
0 Yellow #6, student #3 F1/R1 primer

<« ( Yellow #6, student #2 F2/R2 primer
= S S N S N |

@ Yellow #6, student #2 F1/R1 primer

e T Tae T The The The

o | Yellow #6, student #1 F2/R2 primer
=__E = o= = =<

~| Yellow #6, student #1 F1/R1 primer

< @ O 0O W w O T

* Each student amplifies a cDNA dilution series with 2 primer sets to ID efficiency
e 18 students X 2 primers sets X 4 dilutions in duplicate = 288 well (3X 96 well plates)

RNA-Seq or ine NextGeneration
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week #4

gPCR primer
standard
curves

RNA-Seq Data
Analysis in
R Studio

Wk#4 (wet lab): gPCR analysis of primer efficiency

RHO, primer F1/R1 avg Cq Dilution RHO, primer F2/R2 avg Cq Dilution
28.62502591 dil 1/10 28.8 dil 1/10
32.33293404 dil 1/100 323 dil 1/100
"34.48830653 dil 1/1000 35.4 dil 1/1000
na dil 1/10000 r 37.0 dil 1/10000
cDNA concentration log10 value : : cDNA concentration log10 value -
dil 1/10 -1 Slope Interceptfl PCR efficiency dil 1/10 -1 Slope Intercept PCR efficiency
dil 1/100 -2 -2.93164031 "#VALUE 1.2 dil 1/100 -2 -2.77711834 29.2022983 1.3
dil 1/1000 -3 dil 1/1000 -3
dil 1/10000 -4 R* 0.97716 dil 1/10000 -4 R* 0.978838439
40 40.0
*
35 Y 35.0 N 4
. *
30 30.0
. ’

25 25.0
20 Series1| 20.0 Series1
15 15.0
10 10.0

5 5.0

0 - 0.0 .

1 -2 3 -4 1 -2 3 4

* Each student amplifies a cDNA dilution series with 2 primer sets to |ID efficiency

* Ideally each group IDs 2 “good” primers pairs from the 6 sets screened

RNA-Seq

NextGen



Wk#5-6: gPCR Analysis of DEGs (set up & analysis)

completed prior -
to course

week #5-6

e
=
-

Amplification
L] 1200 + T S .
]
. 1000 + - Feee . .
: 800 + B
L]
. 2 600}

[4

L]
. B .
L]

Pral gene exprssion

Required equipment/associated costs:
PCR primers ~$300
SYBR Green PCR mix- $436/1K rctns
Real Time PCR cycler

RNA-Seq o ihe NextGeneration
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cDNA

Example of in class qPCR experiment

Plate #1 (groups 1+2)

no E1B E18 E16 E14 E12 E10 EB
RT brain

Plate #2 (groups 3+4)

no E18 E18 E16 E14 E12 E10 EB
RT_brain

Plate #3 (groups 5+6)

no E18 E18 E16 E14 E12 E1D0 EB
RT brain

= =

@ m™moow »
Nicole, GRPS98 rep #1
Nicole, GRP98 rep #2

Matt, DTX rep #1

Matt, DTX1 rep #2

R e

Tracy, SLITRKG rep #1
Tracy, SLITRKSG rep #2

— m— e e

TR TR TR TR

Colin, ZIC2 rep #2

— e e =

. Aman, SNAIZ rep #1

oL 6 8

13

B . S

Zh

I ® m"mmooO o P
Osscar, FSCN2 rep #1

Osscar, FSCN2 rep #2

P e e

Erin, REEPG rep #1
e e e e e
Erin, REEPG rep #2

Katie, PTPRK rep #1

—— e e e e

Katie, PTPRK rep #2
Jon, NR2E1 rep #1

L e

Jon, NR2E1 rep #2
Alexandra, DLL1 rep #1

0b 6 8

3

B e

Zi

— e e e

I O " mooO o P
Emily, Hes5 rep #1

L T

Emily, Hes5 rep #2
Lina, CLNG rep #1

Lina, CLNG rep #2

Lemar, BBS2 rep #1

e e e

Lemar, BBS2 rep #2

T T T ™ ™

Quinlin, OPN4 rep #1

T T T e T

Quinlin, OPN4 rep #2 '
(_E)amden, NRARP rep #1 )o

e e e e we e

Camden, NRARP rep #2 )3

Ashton, DFNB31 rep #1 ):.

Ashton, DFNB31 rep #2 )i

aan

Each student designs | gPCR primer set (18 genes/class analyzed)

Students analyze 7 cDNA samples + no RT control run in duplicate

B-actin housekeeping gene is run in tandem

RNA-Seqorihe NextGeneration
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Example of class gene expression data
extra time built into wk#6 to repeat

Amplification

- V77—
R o = o o e e R B o o TR |

1200 T Eg retina A2

1000 ._ ................ N

300 -_ ........... E16 retina #1 ~.... REEEE , . _, v s -

E16 r@atina #2

RFU

Cycles

« Too much variability to interpret!
«  We will repeat this week...VERY CAREFULLY!

RNA-Seq ©r ihe NextGeneration



Example of class gene expression data

OPN4-1 gene expression DLL1 gene expression Hes5 gene expression

100 12 100

90

80 1]

70

08
60
50 50 1

normalized gene expression relative to E8
normalized gene expression relative to E18

40 1
04
30
20 4
02 1
10
04— — ju— o e— r— .

U,I,l,l,-,lv_,

E8 retina E10 retinaEl2 retinaE14 retinaE16 retinakl8 retina E18 brain

normalized gene expression relative to
E18
Q
o

EBretina ElOretina El2retina Eldretina El6retina El8retina E18brain E8retina ElOretina E12retina Eldretina El6retina E18retina E18 brain
DTX1 gene expression SOX2 gene expression CLNG6 gene expression

900

0o 140 25 -]

g . g%

o 1) 1

s o i 20 g 10

i 100 - T .g 600

4 8

£ - 500

-% 80 - g1 g

4 % g a0

x 60 -

g g 10 g 300

% 40 g E 200

Pl

i g s £ 100

3 20 3 5

z AN —

g o 0 E8 retina E10 retinaE12 retinaE14 retinaE16 retinaE18 retina E18 brain

Egretina El0retina El2retina Eldreting El6retina E18retina  E18 brain E8retina ElOretina El2retina Eldretina El6retina El8retina E18 brain

* Spring 15 class validated 6 out of 18 genes; spring 16 class 0/18 genes

* Technical difficulties included poor/no amplification and replicate variability
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Wk#7: Student Poster Session
The MU Acvanced Molecular Biology Class

invites you to

~ -~

The Donuts & Transcrlptom!cs Poster Session

F N W ol =l |

2kb} { hg19
129,248,000 129,249,000| 129,250,000| 129.251.000| 129,252,000 129,253,000 129,254,000|
Human Normal Retina

ol

UCSC Genes (RefSeq, GenBank, CCDS, Rfam, tRNAs & Comparative Genomics)

100 vertebrates Basewise Conservation by PhyloP '

SR BT I " S | ST
g

ey e

In partnership with:

Wed April 27th

8:30-10am &

Biosciences #2009 & 2" floor atrium “Cotm

BreakfaSt prOVIded ée:wter for Genome & Metagenome Studies

contact Dr. Enke or Dr. Rife for more details @ Colsborsing o Al Hroiias Gosi forHoner Faveaten
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Wk#7: Student Poster Session

RNA-Seq NextGen



Wk#7: Student Poster Session

2 . . R . {
7 Differential Expression Analysis of GNAT1 and OPN1MSW Genes in : g
%" JAMES Chicken Embryo Eyes
& M DISON tAlanna Hutchinson-Lundy, tBruce Liberi, tTaylor Light, and *4Dr. Ray Enke
VN VS T Depar of tChemistry and *Biology, James Madison University
- Center for G & Metagenome Studies, James Madison University
Background g
9 Table 1. The percentage of RNA seq ~
The phototransduction pathway is the visual system properly paired reads and the = e (A ]
in which ight is converted intoelectrical signals | | rumber ot macped pares ans ot 1. Properly Paied | 'gabhed Pal
through cones and rods within the retina of the eye feads (in milions) for £8 retina, et Reads (%) “:‘ s
Though wel studied, the phototransduction pathway | |55/ sod €16 cormes . mitions)
is still greatly misunderstood. Studying the regulation pared ond reads equals the ESIoto 148 4 2018
and expression of genes in this pathway, not only umber of paired end E18 retina 75.07 3334
through  experimental methods, but through Sequenciag reads eveliebla fo T
bioinformatics can lead to significant advances in ,"::M_ °mm';;':""" E18 comea) 9061 27.94
better comprehension of this pathway. B
is @ widely used method that uses software tools to
study biological data. This method is currently being i
into across the R Studio
nation in the hopes that these undergraduate A ROA Bt
students will become trailblazers for bioinformatics L) o)
resulting in it will becoming a more universally used
technique. For our project we studied the differences ®
in gene expression in chicken embryo retinas at a
various stages of their development for a better 4
of the pathway. In ) 1
order to study these differences, a comprehensive {0
RNA-Seq experiment was complemented with ———
| statistical and bioinformatic analyses. °
F—3 T eaum
Methods D R e —
* RNA extracted from chicken embryo eyes PEAEIDN
EB retina - neuronal precursors ® = - AT = —— Rt
E18 retina - fully mature with fully dfferentiated
maypr cell types 1 i -
o E18 comea (reference tissue) - 1 1
1. Dissection
Figure 3. Bionformatics analyss on (A) GNAT1 (B) gen using the UCSC
gencme beowser tracks for the £8 retna, E18 retna, and 18 comnea are overiaid for divect comparison
OPNIMSW and GNAT1 are both expressed in retna colls at 18 weeks. OPNIMSW is also sightly expressed at 8|
woeks.
Conclusions
* There are sig: in the mMRNA between E8 and E18 retinas
« Two proteins invoived in the phototransduction pathway, GNAT1 and OPN1MSW, were
found to be upregulated in E18 chicken retinas.
* GNAT1 and Ol were both amplified using g
primers with a PCR ampiification efficiency of 85% and 102%,
* Meiting peaks show that GNAT1 melts at 85°C and OPN1MSW melts at 81°C and
confirmed that a single amplicon was in each sample
* Determination of fold changes was unsuccessful for both genes.

Data Analysis Future Work
® * Repeat qPCR in order to obtain better quality data for DEG
@ 2 analysis
e  Study other genes in the phototransduction and notch signaling
i. pathways. j
: References
5 * UCSC Genome Browser
5 gy o R * DNA Subway
- Figure 4. PCR (A) GNAT1 and (1 e GNAT1 .l D, K. Larsson, T. A (2009). Evolution of
ms.uuwmuwsamewm_n:u peimer was 85% and the OPNIMSW primer was 102% rod‘:-‘ o
CcImen Shvee Sae s w g == (®) s the Royal Society B: Biological Sciences. 364,

* RNA-Seq
DNA Subway TopHat read alignment
o Wiggle tracks (visuakzation of read alignment)
CutfOff

[\ 2867-2880.
Al

-
‘ Lo ‘ = Acknowledgements
o GO (Gene ontology) — narrows gene selecton - * JMU Department of Biology
R poaes, - [ © JMU Center for Genome & [N
- » Studes
: q‘;g:waam 2 = W * 4VAC Research Grant ¥ | ONA
q i o4y » Cold Spring Harbor Lab DNA TR
QPCR primer efficiency analysis 1 ) The ing Center
QPCR DEG analysis b=

RNA-Seq NextGen




Reflections & Future Directions |

» Hope to include more student Green Line analysis in future
-i.e. FastQC analysis of sequencing quality
-unsure about feasibility of having students actually run Green Line

* Hope to expand R Studio analysis modules
-requires me becoming more comfortable with R Studio

* Hope to make qPCR analysis less variable and more

universally successful
-possibly adding several more weeks to repeat experiments

RNA-Seq ©r ihe NextGeneration 60



Reflections & Future Directions Il

« (If possible) mixing wet bench & computational activities is key
-no budget for wet lab? Find collaborators!

 Make your in class modules dovetail with your research program
-maintains research focus during the academic year
-course budgets can be used to propel your research
*planning & troubleshooting efforts for class will benefit your lab research

« Start small, build up over several iterations/semesters
‘Rome wasn’t built in a day” (even Secaucus NJ took a while)
-start with activities you feel most comfortable with & build out
-post your protocols to the Wiki & Website!

RNA-Seq ©r ihe NextGeneration 6



Evolution of activities over 3 semesters

(in class student activities)

. completed prior :

completed prior
to course

to course week #1-2 week #3-4

*|st jteration of RNA-Seq module

RNA-Seq o ihe NextGeneration

62



Evolution of activities over 3 semesters

(in class student activities)

completed prior -
to course

week #1 week #2 week #3 week #4 week #5-6 week #7

Student
Poster
Session

*most recent iteration of RNA-seq module

RNA-Seq o ihe NextGeneration 63



Thanks!

2014 RNA-Seq Working Group

= . CHSL DNA Learning Center
« JMU Biology & GCEMS
= Christophe Langouet
=== . Annamarie Meinsen
« Stephen Turner (UVA)
- JMU/UVA 4-VA Funding

contact: enkera@jmu.edu
Twitter: @Enke_Lab

Py Cold

) Spring
& Harbor
#" Laboratory

% CENTER
% FOR GENOME &

GE ORGES g METAGENOME STUDIES

(F AR M S
Twitter: @JMU_CGEMS

DNA
LEARNING
7> CENTER
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