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SOP # BIO-001

Title Analysis of Hoxa2 amino acid sequences I: Extraction of Hoxa2 amino acid
sequences from Genbank, Clustal Alignment, Formatting, and Color-Coding
of these Sequences, and Generation of Percent Identity Matrices of Aligned
Sequences

Author Adam Davis, Ph.D.
Department of Biology
University of North Georgia

Objective:

To understand the function and evolution of Hoxa2, amino acid sequences, which make up the
protein sequences, must be retrieved from the Genbank database over the National Center for
Biotechnology Information (NCBI) website. Furthermore, amino acid sequences from
evolutionarily divergent species must be analyzed to fully understand how proteins function.
Amino acid sequences will be analyzed from several primate species, including Human (Homo
sapiens), Chimpanzee (Pan troglodytes), Gorilla (Gorilla gorilla), and Orangutan (Pongo abelii)
and several vertebrate biomedical models, including Zebrafish (Danio rerio), Chicken (Gallus
gallus), and Mouse (Mus musculus). Sequence alignments between evolutionarily divergent
species will help to reveal conserved and functional domains of proteins. Regions of amino acid
sequences that are conserved over millions of years and between species indicate that there is
functional importance of these sequences.

Relevant Terms and their Definitions:

Hoxa?2 — Developmental regulatory gene that is evolutionarily conserved and functions to
pattern the development of several cranial nerves and craniofacial skeletal elements.

National Center for Biotechnology Information (NCBI) — Web-based database containing
genetic information submitted by scientists. Used for genetic, developmental, medical,
ecological and evolutionary research analyses.

Genbank Accession Number — Identifying number for amino acid sequences

FASTA — Sequence format that must be obtained for amino acid sequences for downstream
analyses.

Clustal — Multiple sequence alignment program for DNA or proteins.

Conservative mutations — Point mutation of a nucleotide that results in an amino acid change.
However, the properties of the amino acid remain the same (e.g.: hydrophobic,
hydrophyllic, etc.). These mutations generally are not detrimental to the organism as a

whole.

Non-conservative mutations — Point mutation of a nucleotide that results in an amino acid
change that has different properties from wild-type (phenotype of the typical form of a
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species as it occurs in nature). Non-conservative mutations may cause the protein to lose
its function, which can result in a disorder in the organism (e.g.: sickle-cell anemia). This
mutation may also cause a “gain of function” (or protein becoming abnormally activated)
(e.g.: cancer).

Indel mutations — Insertion or deletion of nucleotides resulting in the gain or loss of amino

acids.
Procedure:
L Retrieve all Hoxa2 amino acid sequences from the Genbank database in FASTA

format and copy them to a Microsoft Word file.

A. Using an internet-based software program (e.g.: Google Chrome, Mozilla Firefox,
Internet Explorer, etc.), type in https://www.ncbi.nlm.nih.gov

B. Click on the drop down menu titled “All Databases” and select “Protein” (see
image below).

& NCBI  Resources ) How To @) Sign in to NCBI
-
<o NCBI All Databases ¥ @
National Center for . =
Biotechnology Information NCBI Web Site ‘
NLM Catalog
Nucleotide
NCBI Home OMIM 'NCBI Popular Resources
Resource List (A-Z) PMC ter for Biotechnology Information advances science and health by providing ~ PubMed
All Resources PopSet flical and genomic information Bookshelf
Probe
Chemicals & Bioassays PubMed Central
Data & Software Protein Clusters BLAST
DNA & RNA PubChem BioAssa it Download Learn Nucleotide
PubChem Compound s
Domains & Structures PubChem Substance r Transfer NCBI data to Find help documents, enome
Genes & Expression PubMed foN your computer attend a class or watch a SNP
SNP tutorial Gene
Genetics & Medicine Sparcle broten
Genomes & Maps SRA |
PubCh
Homology Structure ubChem
Taxonomy
Literature ToolKit
Proteins TonlKitAll h NCBI News & Blog
Sequence Analysis November 28 NCBI Minute: Getting the
Taxonomy Develop Analyze REsearch Most from Track Hubs in NCBI's Genome
Use NCBI APIs and code Identify an NCBI tool for Explore NCBI research Data Viewer (GDV)
Training & Tutorials libraries to build your data analysis task and collaborative projects 19 Nov 2018
annlications Thic wahinar ic infandad far hath now .

C. Type in the appropriate Genbank accession number in the text box next to the
Drop-down menu to retrieve the appropriate coding amino acid sequences and
click on the “Search” button. The Genbank accession numbers for the species-
specific Hoxa2 amino acid sequences are listed in the table below.
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Organism Hoxa2 Genbank
Accession
Human NP006726
Chimpanzee XP527697
Gorilla XP004045263
Orangutan XP002818153
Mouse NP034581
Chicken NP990481
Zebrafish NP571181

BIO-001

D. Once the Genbank sequence information is displayed, retrieve the Hoxa2 amino
acid sequence in FASTA format.

NOTE 1: FASTA format is necessary for future downstream analyses, including
amino acid sequence alignment.

NOTE 2: The Human Hoxa2 amino acid sequence (Accession #: NP006726)
will be used as an example for retrieving amino acid sequences in FASTA format.

1. Type “NP006726” in the text box in the to the right of the dropdown menu.

2. Click on the “Search” button to the right of the textbox (see image below).

S NCBI  Resources (¥ How To ¥ Sign in to NCBI
=
=NCBI Protein + | INP006726 [ Search |
National Center for
Biotechnology Information
NCBI Home Welcome to NCBI Popular Resources
Resource List (A-Z) The National Center for Biotechnology Information advances science and health by providing PubMed
All Resources access to biomedical and genomic information. Bookshelf
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central
Data & Software BLAST
DNA & RNA Submit Download Nucleotide
Domains & Structures Deposit data or Transfer NCBI data to Find help documents Genome
Genes & Expression manuscripts into NCBI your computer attend a class or watch a SNP
databases tutorial Gene
Genetics & Medicine
Genomes & Maps Protein
PubChem
Homology
Literature
Proteins NCBI News & Blog
Sequence Analysis Develop Analyze November 28 NCBI Minute: Getting the

Taxonomy

Use NCBI APIs and code Identify an NCBI tool for

Training & Tutorials libraries to build

aoolications

your data analysis task

Explore NCBI research
and collaborative projects

Most from Track Hubs in NCBI's Genome
Data Viewer (GDV)
19 Nov 2018

Thic wohinar ic infandad far hath now

3. The Human Hoxa2 amino acid sequence Genbank information will be
displayed. “Click on FASTA” on the upper left corner of the screen. The
FASTA sequence format removes all identifying information from the
sequence file (see images below).
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S NCBI  Resources @ How To @

Protein Protein v

Advanced

GenPept v

homeobox protein Hox-A2 [Homo sapiens]

NCBI Reference Sequence: NP_006726.1
Identical Proteins FASTA  Graphics

Goto:®

Locus NP_006726

DEFINITION homeobox protein Hox-A2 [Homo

ACCESSION  NP_006726

VERSION NP_006726.1

DBSOURCE REFSEQ: accession NM_©06735.3

KEYWORDS RefSeq.

SOURCE Homo sapiens (human)
ORGANTSM  Homn <anisnc

& NCBI  Resources @ How To ()

Protein Protein v

a3 linear PRI 23-JUN-2018

Advanced

FASTA~

homeobox protein Hox-A2 [Homo sapiens]

NCBI Reference Sequence: NP_006726.1
GenPept Identical Proteins  Graphics

>NP_0@6726.1 homeobox protein Hox-A2 [Homo sapiens]
MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNPGSHPRHGAG
GRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAAAARATAAATGPACLSHKESLEIADGSG
GGSRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAALLDLTERQVKVIFQNRRMKHKRQTQCKENQNS
EGKCKSLEDSEKVEEDEEEKTLFEQALSVSGALLEREGYTFQQNALSQQQAPNGHNGDSQSFPVSPLTSN
EKNLKHFQHQSPTVPNCLSTMGQNCGAGLNNDSPEALEVPSLQDFSVFSTDSCLQLSDAVSPSLPGSLDS
PVDISADSLDFFTDTLTTIDLQHLNY

4. Highlight the entire sequence including the sequence identification line, copy
it, and paste it into a new Microsoft Word document (see image below).

FASTA~ Send to:~
Change region shown v

homeobox protein Hox-A2 [Homo sapiens]

NCBI Reference Sequence: NP_006726.1
GenPept  Identical Proteins ~ Graphics

Analyze this sequence
Run BLAST

Identify Conserved Domains

>NP_006726.1 homeobox protein Hox-A2 [Homo sapiens]
INYEFEREIGF INSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNPGSHPRHGAG
RPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTAL LPAAAAAATAAATGPACL SHKESLETADGSG
GSRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVETAAL LDL TERQVKVWFQNRRMKHKRQTQCKENQNS
EGKCKSLEDSEKVEEDEEEKTLFEQAL SVSGAL LEREGYTFQQNALSQQQAPNGHNGDSQSFPVSPLTSN
[EKNLKHFQHQSPTVPNCLSTMGQNCGAGLNNDSPEAL EVPSLQDFSVESTDSCLQLSDAVSPSLPGSLDS
PVDISADSLDFFTDTLTTIDLQHLI

Highlight Sequence Features

Find in this Sequence

Show in Genome Data Viewer

5. In Microsoft Word, replace all information in the sequence identification line
after the carrot symbol (>) with the word “Human”(see images below). Make
sure to keep the “>” symbol!!!!

Replace with “>Human” |

>NP _006726.1 homeobox protein Hox-A2 [Homo sapiens]{
MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNPGSHPRHGAGYT
GRPKPSPAGSRGSPVPAGALQPPEY PWMKEKKAAKKTALLPAAAAAATAAATGPACLSHKESLEIADGSGY
GGSRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAALLDLTERQVKVWFONRRMKHKRQTQCKENQNS{
EGKCKSLEDSEKVEEDEEEKTLFEQALSVSGALLEREGY TFQONALSQQQAPNGHNGDSQSFPVSPLTSNY
EKNLKHFQHQSPTVPNCLSTMGQNCGAGLNNDSPEALEVPSLODFSVFSTDSCLQLSDAVSPSLPGSLDST
PVDISADSLDFFTDTLTTIDLQHLNYY
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IL.

>Human
MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNPGSHPRHGAG
GRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAAAAAATAAATGPACLSHKESLEIADGSG
GGSRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAALLDLTERQVKVWEFQNRRMKHKRQTQCKENQNS
EGKCKSLEDSEKVEEDEEEKTLFEQALSVSGALLEREGYTFQONALSQQQAPNGHNGDSQSEFPVSPLTSN
EKNLKHFQHQSPTVPNCLSTMGONCGAGLNNDSPEALEVPSLODFSVEFSTDSCLQLSDAVSPSLPGSLDS
PVDISADSLDFFTDTLTTIDLQHLNY

BIO-001

6. Repeat steps [.C.-1.D.5. for adding all other primate and model vertebrate
Hoxa2 amino acid sequences using the accession numbers listed on the table

on page 3 of this SOP.

7. Once all sequences have been added to the Microsoft Word file, save this file

as “Hoxa2 Protein_Unaligned”.

NOTE 3: Several FASTA sequences are shown below as an example.

>Human
MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNPGSHPRHGAG
GRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAAAAAATAAATGPACLSHKESLEIADGSG
GGSRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAALLDLTERQVKVWEQNRRMKHKRQTQCKENQNS
EGKCKSLEDSEKVEEDEEEKTLFEQALSVSGALLEREGYTFQONALSQQQAPNGHNGDSQSFPVSPLTSN
EKNLKHFQHQSPTVPNCLSTMGONCGAGLNNDSPEALEVPSLODFSVFSTDSCLQLSDAVSPSLPGSLDS
PVDISADSLDFFTDTLTTIDLQHLNY

>Chimpanzee
MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNPGSHPRHGAG
GRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAAAAAATAAATGPACLSHKESLEIADGSG
GGSRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAALLDLTERQVKVWEQNRRMKHKRQTQCKENQNS
EGKCKSLEDSEKVEEDEEEKTLFEQALSVSGALLEREGYTFQONALSQQQAPNGHNGDSQSFPVSPLTSN
EKNLKHFQHQSPTVPNCLSTMGONCGAGLNNDSPEALEVPSLODFSVFSTDSCLQLSDAVSPSLPGSLDS
PVDISADSLDFFTDTLTTIDLQHLNY

>Gorilla
MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNPGSHPRHSAG
GRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAAAAAAAAATGPACLSHKESLEIADGSGG
GSRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAALLDLTERQVKVWEFQNRRMKHKRQTQCKENQNSE
GKCKSLEDSEKVEEDEEEKTLFEQALSVSGALLEREGYTFQQONALSQQQAPSGHNGDSQSFPVSPLTSNE
KNLKHFQHQSPTVPNCLSTMGONCGAGLNNDSPEALEVPSLODFSVFSTDSCLQLSDAVSPSLPGSLDSP
VDISADSLDFFTDTLTTIDLQHLNY

A. Using an internet-based software program (e.g.: Google Chrome, Mozilla
Firefox, Internet Explorer, etc.), pull up the Clustal Omega website.

1. Type in https://www.ebi.ac.uk/Tools/msa/clustalo/

Align the FASTA formatted Primate Hoxa2 amino acid sequences using the Clustal
alignment software program.

NOTE 4: Clustal produces biologically meaningful multiple sequence

alignments of evolutionarily divergent DNA or protein sequences. It

calculates the best match for the selected sequences and lines them up so that

the identities, similarities and differences can be observed.

C. Select “Protein” from the drop-down menu.
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D. Copy all four primate Hoxa2 amino acid sequences (Human, Chimpanzee,
Gorilla, and Organgutan), including the sequence identification lines with the “>”
symbols, from the “Hoxa Protein_Unaligned” file and paste these sequences in
the textbox under the text, “sequences in any supported format”.

E. Click on the dropdown menu under the text, “OUTPUT FORMAT?”, and select
“ClustalW”.

F. Click on the “Submit” button on the bottom of the screen (see image below).

ERELCLUN  Web services | Help & Documentation Bicinformatics Tools FAQ ® Feedback | <SShare

Multiple Sequence Alignment

Clustal Omega s a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments between three
or more sequences. For the alignment of two sequences please instead use our painvise sequence alignment tools.

Important note: This tool can align up to 4000 sequences or a maximum file size of 4 MB
STEP 1 - Enter your input sequences

Enterorpasis a set of
PROTEIN

'sequences in any supported format

MNVEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLI PPPFEQTIPSLNPGSHPRHGAG
QP GPACLSHKESLEIADGSG

GGSRRLRTAWNTQLLELEKEFHFNKVLCRPRRVEIAALLDLTERQVKVWFONRRMKHKR

EGKCKSLEDSEKVEEDEEE! QALSVSGALL LEREGYTFOQNALSOQOAPNGHNGDSOSFPVS PLTSN

EKNLKHFQHQSP‘I’VPNCLS'I'MGQNCGAGLN INDSPEALEVPSLQDFSVFSTDSCLQLSDAVSPSLPGSLDS e

PVDISADSLDFETDTLITIDLQHLNY Y

O, upload a file: [ Chose File | No fle chosen Use 3 examele sequence | Clear sequence | See more example inputs

STEP 2 - Set your parameters.

QUIPUT.EQRMAT.

ClustalW

The default settings wil fulfill the needs of most users.

(Click here, if you want to view or change the default settings )

STEP 3 - Submit your job

=]
G. Once the results of the sequence alignment are complete, copy all aligned
sequences and paste them into a new Microsoft Word file. Below is a subset of a
sequence alignment for the primate Hoxa2 protein sequences.

Clustal Omega

Input form ’ Web services Help & Documentation Bioinformatics Tools FAQ

Tools = Multiple Sequence Alignment > Clustal Omega

Results for job clustalo-120190408-160357-0365-6591093-p1m

m Result Summary = Phylogenetic Tree ' Submission Details
Download Alignment File | Show Colors ' View result with Jalview ' Send to Simple Phylogeny ' Send to MView

CLUSTAL 0(1.2.4) multiple sequence alignment

Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQTIPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLN
Gorilla MNYEFEREIGF INSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLN
Orangutan PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPHMKEKKAAKKTALLPAAAA- -AAA
Human PGSHPRHGnGGRPkPSF‘AGSRGSWP»&GALQPPEYPHHK KKAAKKTALLPAAAAAATAA
Chi 2 QPPEYPHMKEKKAAKKTALLPAAAAAATAA
Gorilla PGSHPRHS»’\GGRPKPSPAGSRGSPVPAGALQPPEVMMK:LKA{-\K)\TALLPAAAAA ARA
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NOTE 5: Gaps are inserted between amino acid residues so that identical or
similar characters are aligned in successive columns. Therefore, gaps represent
insertion and deletion mutations.

NOTE 6: Asterisks under sequences denote amino acids that show 100%
sequence identity across all sequences analyzed. Columns without asterisks
indicate that at least one point mutation (conservative, non-conservative,
insertion, or deletion) has occurred at that site within the coding DNA sequences.

H. Save the new Microsoft Word file as “Hoxa2 Primate Protein Aligned”

Obtain the Percent Identity Matrix for the Primate Hoxa2 Sequence Alignment from
the Clustal Omega software program.

A. Click on the “Result Summary” button (see image below).

Clustal Omega

Input form | Web services Help & Documentation Bioinformatics Tools FAQ

Tools > Multiple Sequence Alignment > Clustal Omega

Results for job clustalo-120190408-160357-0365-6591093-p1m

m Result Sum

Download Alignment File

Phylogenetic Tree = Submission Details

Colors | View result with Jalview = Send to Simple Phylogeny = Send to MView

CLUSTAL 0(1.2.4) multiple sequence al:

Orangutan MNYEFEREIGFINSQPSLAECLTSFPPV) SSSIKTSTLSHSTLILPPFEQTIPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVAD SIKTSTLSHSTLIPPPFEQTIPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPPVADTF IKTSTLSHSTLIPPPFEQTIPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLN
Orangutan PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPHIMKEKKAAKKTALLPAAAA- -AAA
Human PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPUIMKEKKAAKKTALLPAAAAAATAA
Chi PGSHPRHGAGGRF QPPEYPHMKEKKAAKKTALLPAAAAAATAA
Gorilla PGSHPRHSAGGRPKPSPAGSRGSPVPAGALQPPEYPHMKEKKAAKKTALLPAAAAA.

-AAA
xxxxxxx i Joe

B. Click on the link for the Percent Identity Matrix on the next web page (see image
below).
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Clustal Omega

Input form Web services Help & Documentation Bioinformatics Tools FAQ

Tools > Multiple Sequence Alignment > Clusial Omega

Results for job clustalo-120190409-001334-0159-47183357-p1m
Alignments Phylogenetic Tree || Submission Details

Input Sequences Jalview
clustalo-120190409-001334-0159-47183357-p Im.input

ToOupat e | Mew el Jabvew
clustalo-120190409-001334-0159-47183357-pim.outout | Simple Phylogeny
Aigmeat in CLUSTAS oot Send to Simple Phylogeny.
clustalo-120190409-001334-0159-47183357-p !
MView

Phylogenetic Tree

Clustalo-120190409-001334-0153¢883357-0 1m.ph Sendlo Mview Bl
Percent Identity Matrix

C. A new page will appear showing the Percent Identity Matrix for all of the
primates (see image below).

A

A Percent Tdentity Matrix - created by Clustal2.l

A

A
1: Orangutan 102.886 9B8.66 9B.66 98.42
2: Human GB.66 100.26 108.€6 99.20
3: Chimpanzee QB.G6 106.26 106.26 99.20
4: Gorilla Q8.4 99.280 99.20 186.2@

NOTE 7: The percent identity matrix shows the percent similarity between
Hoxa2 amino acid sequences of all sequence pairs. For instance, the Orangutan
Hoxa2 is 100% similar to itself, 98.66% similar to Human, 98.66% similar to
Chimpanzee, and 98.4% similar to Gorilla.

D. Open a new Microsoft Word file and make a 5 row X 5 column table.

1. Under the “Insert” tab, click on the down arrow next underneath Table (see
image below).

B3 Cover Page~ D [ Pictur

D Blank Page ine
2 Table

= Page Break 2 (] Shapes

Pages Tables
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2. A grid representing the columns and tables will pop up below the arrow.
3. Move the cursor over the grid to highlight a 5x5 table.
4. Click the left mouse button on the square that represents the cell in the 5% row

and 5" column. A 5x5 table will be appear in the Microsoft Word document
(see image below).

HS O -
File Home Insert Design Layout References
Bj Cover Page~ D [ Pictures 75 SmartArt
7] Blank Page _ L_‘g Online Pictures g || Chart
able <
= Page Break - [ Shapes ~ &4+ Screenshot ~
Pages 5x5 Table

L

-

|
4 Draw Table

A A A A A

L_['g Excel Spreadsheet
] Quick Tables >

E. Label the table and add in the Percent Identity values from the data obtained from
the Clustal Omega software program.

1. Center all cells in Columns 2-5.
2. Leave the top-most and left-most cell blank but type in the primate names in
the following order in the cells of the first row and first column: Human,

Chimpanzee, Gorilla, Orangutan.

3. For cells that correspond to the primate Hoxa2 sequence being compared to
itself (e.g.: Human vs Human), type “---*“ (see image below).

Human Chimpanzee Gorilla Orangutan

Human -—-

Chimpanzee -

Gorilla —

Orangutan —
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4. Type in the percent identity data for all other pairwise comparisons. These
should be entered in twice for the table. For instance, Human is 100% similar
to Chimpanzee, 99.2% similar to Gorilla, and 98.66% similar to Orangutan
(see image below).

Human Chimpanzee Gorilla Orangutan
Human --- 100 99.2 98.66
Chimpanzee 100 -
Gorilla 99.2 —
Orangutan 98.66 -—-

F. Save the file as “Hoxa2 Primate Protein Matrix”.

Follow steps II.A.-II.G. to align the Human Hoxa2 amino acid sequence with the
three model vertebrate amino acid sequences (Mouse, Chicken, and Zebrafish). Save
the new Microsoft Word file as “Hoxa2 ModelVert Protein Aligned”.

Follow steps III.A.-III.E. to obtain the Percent Identity Matrix data for the model
vertebrates. The order for the organisms in the first row and column should be
Human, Mouse, Chicken, and Zebrafish. Save the new Microsoft Word file as
“Hoxa2 ModelVert Protein Matrix”.

Format the amino acid sequence alignment documents developed from steps II. and
I'V. above for amino acid color coding and eventual figure development.

NOTE 8: The “Hoxa2 Primate Protein Aligned” document will be used as an
example in this SOP.

A. Under the Home tab in Microsoft Word, click on the paragraph button (). This
will allow all spaces and paragraph marks to be viewed. Spaces appear as dots
(see image below).

Document] - Wor

Review View Help S Tell me what

[
AaBbCcDc¢

rmal ‘

B. If the data is not already at a Font style of “Courier New” and “9”, change the
Font style to “Courier New” and the Font size to “9”.

Page 11



BIO-001

1. Under the “Home” tab, click on the down arrow next to the “Select” button at
the top-right portion of the screen.

2. Click on “Select All”. All data in the word document should now be
highlighted (see image below).

X
,QShare
| P Find ~
AaBbCcC AaBbCcDt AaBchDt" | ab Replace
M wac
Subtitle  Subtle Em... Emphasis || [[<ciaot

elect All

Select Objects
Select All Text With Similar Formatting (No Data)

E’[‘} Selection Pane...

3. While all data is highlighted, under the “Home” tab, click on the down arrow
in the window that reads the font style

4. A dropdown menu will appear showing all font styles. If “Courier New” is
not already the font in place, click on it from the dropdown menu (see image
below).

Insert  Design  Llayout  References  Mailings
Calibri lﬂ A A Ra- | A =
Theme Fonts -

inter
Calibri Light (Headings)
Calibri (Body)

Recently Used Fonts
Times New Roman

Palatino Linotype

Arial /
Courier New

Symbol ABXSEHI'Ip
Al Fonts

Arial

Arial Black

Arial Narrow

Bahnschrift

Bahnschrift Condensed

Bahnschrift Light

Bahnschrift Light Condensed

Bahnschrift Light SemiCondensed
Bahnschrift SemiBold

Bahnschrift SemiBold Condensed
Bahnschrift SemiBold SemiConden
Bahnschrift SemiCondensed >
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5. While all data is still highlighted, under the “Home” tab, click on the down
arrow in the window that reads the font size.

6. Click on “9”. All data should now be in “Courier New” font at a size of “9”
(see image below).

Insert Design Layout Refe

Calibri Body) ~[11 ] A" &

UL
mter | BT U *ng

5 10
n | =
12
14
16
18
20
2
2%
2
28
%
48
7

C. After each set of data, add two paragraph () marks so that each set of data
(including the line with the asterisks) is separated by three paragraph marks. This
will be necessary when labeling specific regions of the protein sequence (see
example below).

Orangutan---*-"" MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIRTSTLSHSTLILPPFEQTIPSLNY
Human - =--=""="""" MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIRTSTLSHSTLIPPPFEQTIPSLNY
Chimpanzee - - " " MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIRTSTLSHSTLIPPPFEQTIPSLNY
Gorilla-=--=----" MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIRTSTLSHSTLIPPPFEQTIPSLNY
................ e e e e Y e ke v e ke e T vk e T vk e T e Tk ke e ke vk e ke v ke Y v ok e e sk e e vk ke W e ke vk ke b v ke ok e -***********1
T

q 4= Three paragraph marks between data sets

T

Orangutan-----"" PGSHPRHGAGGRPRPSPAGSRGSPVPAGALQPPEY PWMKERKAAKRTALLPARAA-—AAAT
Human - --=""="""" PGSHPRHGAGGRPRPSPAGSRGSPVPAGALQPPEY PWMKERKAAKRTALLPAAAAAATAAT
Chimpanzee - """ PGSHPRHGAGGRPRPSPAGSRGSPVPAGALQPPEY PWMKERKAAKRTALLPAAAAAATAAT
Gorilla-=-=--=----" PGSHPRHSAGGRPRPSPAGSRGSPVPAGALQPPEY PWMKERKAAKRTALLPAAAAA-ARAT

---------------- ¥k %k ke ok _*i{*i****i**i**********i{*********i*******i****** .. :*i!

D. Save the file.

E. Follow steps VI.A.-VL.D. for the “Hoxa2 ModelVert Protein Aligned”
document.

VII.  Color code the amino acid data to highlight conserved protein regions.

Page 13



BIO-001

A. In Microsoft Word, use the Text Highlight Color to color-code the amino acid
data (see image below).

Insert Design Layout References Mailings

s - v .— 1 — 1 —

D Jb Cut | Courier New 'l9 “|A A Aav B = viz v
BE) Copy : N—

Paste B I U ~abk X, X* &.‘II.A- =l===

« ¥ Format Painter !
Clipboard [ Font/ ™ Par

1. Amino acid residues in columns that show 100% sequence identity across all
organisms assayed must be colored yellow.

a. Highlight amino acid sites that are 100% identical. Under the “Home”
tab, click the button with the “ab” text and paintbrush symbol to highlight
the text.

b. Press the “yellow” color to color the amino acid yellow (see below).

Insert Design Layout References Mailings

oa
D b Cut [CourierNew ']9 v
[L?E] Copy
Paste B I U~abkXx, X

. <~ Format Painter

Clipboard ~ Font

Yellow color

Blue color l

Stop Highlighting

NOTE 9: Asterisks underneath sequence alignments denote 100%
sequence identity at specific sites. Therefore, asterisks can be used as a
guide to color-code amino acid sites with 100% sequence identity.

NOTE 10: When there are two or more columns of data that have similar
sequences, the “Alt” button on the keyboard and the left button on the
mouse can be held down to highlight large segments of sequence. Once
all desired amino acid characters are highlighted, let go of both the “Alt”
button on the keyboard and the left mouse button. All highlighted
characters can now be color-coded (see images below).
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Orangutan----- - MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQTIPSLNG
Human----------- MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNG
Chimpanzee - - - - - - MNYEFEREIGFySQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNG
Gorilla--------- MNYI-:H-:REIefxﬂaz{m-:irSFPPVADIEQSSSIKISILSHSILIPPPEEQTIpsmi
................ e e e e e e e e e e e e e o o W e e e e e e e e e e e e e o ok o o o o o R o e e e e -i#ﬁ********q
9

q Multiple amino acids simultaneously highlighted

9

Orangutan------- PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAARR--ARR]
Human----------- PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPARARAATARY
Chimpanzee - - - - - - PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPARARAATARY
Gorilla--------- PGSHPRHSAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPARARA-ARLY
................ t*'ttﬁi.*********t*‘(****Q*kttﬁ**ﬁ******ﬁtttt#ﬁt*it#&*** - -:**q
Orangutan------- MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQTIPSLNY
Human----------- MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNY
Chimpanzee------ MNYEFEREIGF QPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNY
Gorilla-------"-- MNYEFEREIGFiﬁgﬁiﬁéﬁiz:fSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLN!
................ W e o e e e e e e e e e e ok o ok e ke e e e e e e e e e e e o o o o o o o R o R e e e -#**ﬁi****‘r*q
1 . . .

q All amino acids simultaneously colored yellow

9

Orangutan------- PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAARRA--ARR]
Human----------- PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAARAARTARYG
Chimpanzee - - - - - - PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAARRRATARY
Gorilla--------- PGSHPRHSAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPARARA-AANY
................ ﬁ*fﬁﬁt*.*ﬁ***ﬁ***ﬁ*t*t*tkﬁt*tﬁ********ﬁ&ﬁ*#tt*t**k#ﬁ*** - .:*ﬁi

2. Amino acid residues in columns that make up more than 50% but less than
100% of the residues in columns across all organisms assayed must be colored
blue. Since all sequence alignment files contain four sequences, columns
must have 3 residues that are identical when using the blue coloration.

a. Highlight amino acid sites that make up more than 50% of the columns of
data. Under the “Home” tab, click the button with the “ab” text and
paintbrush symbol to highlight the text.

b. Press the “blue” color to color the amino acid blue.

NOTE 11: Gaps, which represent indel mutations, are not given any
colors, even if there are three gaps per one site in the sequence
alignment. Sites with three gaps should not be given any color.

NOTE 12: See the examples for the Hoxa2 amino acid data below.

Regions of aligned sequences that show increased yellow and blue
coloring indicate functional significance and overall selective constraint.
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Orangutan------- MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQTIPSLNY
Human """ "" " MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNY
Chimpanzee """ MNYEFEREIGFINSQPS LTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNY
Gorilla:-:------- MNYEFEREIGFINSQPS;??E!‘&%E:Z?DTFQSSSIKTSTLSHSTLIPPPFEQTIPSLN%
................ FF K K K K K K K Rk R Rk kR ok kR R R R FK KK K K K K K kK R R R R R R R Rk .***********ﬂ
q - - - -

q Yellow coloration with 100% sequence identity

q

Orangutan------- PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAAAA--AAAT
Human::=--**""*"**"* PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAAAAAATAA]
Chimpanzee - - - PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAAARRATAAT
Gorilla-:------- PGSHPRHSAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAAAAAFAAA%

................ ******’***************‘k**‘k*‘k*******‘k‘k**‘k*‘k****‘k****** -:*‘kql

Blue coloration No colorin columns when gaps
with > 50% make up >50%

sequence identity

B. Once all amino acid color coding is finished, remove all lines containing asterisks

and dots underneath each set of amino acid sequence alignment. Therefore, each
data set of amino acid sequence should be separated by just three paragraph marks
(see example below).

Orangutan-=------ MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQTIPSLNY
Human-:--------" MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNY
Chimpanzee - - - - - - MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNY
Gorilla::------- MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQTIPSLNY

b
OraNgutan: - - - -PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAAAA--ARA]
HumarN - -+ - " - -PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEY PWMKEKKAAKKTALLPAAARRATAAT

Chimpa - f - - ‘PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAARARATAR]
Gorilla\ ' '/ -+ ‘PGSHPRHSAGGRPKPSPAGSRGSPVPAGALQPPEYPWMKEKKAAKKTALLPAARRA-ARA]

Removal of lines with asterisks. Only three
paragraph marks between data sets.

C. Save the file.

D. Follow steps VII.A.-VII.C. for the “Hoxa2 ModelVert Protein Aligned”
document.

Import the formatted and color-coded amino acid sequence alignment data from the
“Hoxa2 Primate Protein Aligned” document as a figure into Microsoft Powerpoint.

A. Copy the entire color-coded Hoxa2 Primate sequence alignment.
B. Paste the aligned data in Microsoft Powerpoint as an image.

1. Open Microsoft Powerpoint and select “Blank Presentation”.
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Remove the text boxes that are present in the Powerpoint file.

Paste the amino acid sequence alignment text from the Word file into
Powerpoint as an image.

a. Under the Home tab in Powerpoint, click on the small, black arrowhead
that is pointing down and located underneath the Paste clipboard icon
(shown below).

b. Under the Home tab in Powerpoint, click on the small, black arrowhead
that is pointing down and located underneath the Paste clipboard icon
(shown below).

Design Transitions
;¥ Cut o E]Layout'
D E® Copy ~ ) Reset
Paste

ew
. ¥ Format Painter | glide~ O Section~

lipboard [ Slides

| Arrow under clipboard |

c. A new pop-up window will open just below the paste clipboard icon that
is labeled “Paste Options”. Click on the third option from the left. When
the mouse cursor rests on this image, a small text box labeled “Picture
(U)” should appear (see example below).

Insert Design Transitions

4 “D'%Cut _ [5] Layout ~
EQ Copy ~ — 2] Reset
Paste B New 1

= N Format Painter Slide ~ O Section ~

| Paste Options: 1 Slides
Fa ] ‘

=12y (0n,
=2, 12 & LA
Paste§pe& -
1 Il-

| Icon to click on to convert text to figure |

d. The sequence alignment will appear as an image in the center of the
PowerPoint slide (see image below).
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Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQTIPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLN
i MNYEFEREIGFINSQPSLAECLTSFPPVADTFQ! IKTSTLSHSTLIPPPFEQTIPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLN
o PAGALQPPEYFY TALEPAARR-
Gorilla QPPEYP! KKTALL
PAGALQPPEYPI TALLPARARAATAR
Human PAGALQPPEYPI AKKTALLPAARARATAR
o ATGPACLSHKESLEI] TAYTNTQLLELEKEFHFNKYLCRPRRVEIAALL
Gorilla ATGPACLSHKESLET RTAYTNTQLLELEKEFHFNKYLCRPRRVEIAALL
c ATGPACLSHKESLET TAYTNTQLLELEKEFHFNKYLCRPRRVEIAALL
Human ATGPACLSHKESLEI] TAYTNTQLLEL 'HFNKYLCRPRRVEIAALL
[} DLT KSLEDSEKIEEDEEEKTLFEQALSVS
Gorilla DLTERC JTQCKENQNSEGKCKSLEDSEKVEEDEEEKTLFEQALSVS
c DLTERQ! KENQNSEGKCKSL TLFEQALSVS
Human DLT! TLFEQALSVS
o GALL TFOONALSQQQ PVSPLTSNEKNLKHFQHQSPTVENCLST
Gorilla GALLEREGYTFY LSQQQ: PVSPLTSNEKNLKHFQHQSPTVPNCLST
Chimpanzee GALLEREGYTFQONALSQQQ PVSPLTSNEKNLKHFQHOSPTVENCLST
Human GALI TFOONALSQQQ PVSPLTSNEKNLKHFQHQSPTVENCLST
Orangutan MGONCGAGLNNDSPEALEVESLODFNVESTDSCLOLSDAVSPSLPGSLDSPVDISADSED
Gorilla MGONCGAGLNNDSPEALEVPSLQDFSVFSTDSCLQLSDAVSPSLPGSLDSPVDISADSED
Chimpanzee MGONCGAGLNNDSPEALEVESLODFSVFSTDSCLOLSDAVSPSLPGSLDSPVDISADSED
uman MGONCGAGL ALEVPSL( TDSCLOL PGSLDSPVDISADSLD
Orangutan FFIDTLTTIDLQHLNY
Gorilla FFTDTLTTIDLOHLNY
Chimpanzee FFTDTLTTIDLOHLNY
Human FFIDTLTTIDLQHLNY

C. Move the Primate sequence alignment data to the left of the screen by left clicking
on the image, holding the mouse button down, and dragging the image to the left
(see image below).

Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQTIPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLN

QPPEYPWMKEKKARKKTALLPARAR--RAA

Gorilla QPPEYP! KTALLPARAAR-RAR
Chimpanzee QPPEYP TALLPARAABATAR
Human ALQPPEYP AKKTALLPAAARAATAR
o ATGPACLSHKESLET TAYTNTQLLEL LCRPRRVEIAALL
Gorilla TGPACLSHKESLET: RTAYTNTQLLELEKEFHFNKYLCRPRRVEIAALL
c ATGPACLSHKESLEL TAYTNTQLLEL LCRPRRVEIAALL
Human ATGPACLSHKESLET TAYTNTQLLEL LCRPRRVEIAALL
[ DLT KSLEDSEKIEEDEEEKTLFEQALSVS
Gorilla DLTERQVKVWE EEDEEEKTLFEQALSVS
DLT EEDEEEKTLFEQALSVS
Human DLTERC QCKENQNSEGKCKSLEDSEXVEEDEEEKTLFEQALSVS
Orangutan GALLEREGYTFQQNALSQQ PVSPLTSNEKNLKHFQHQSPTVPNCLST
Gorilla GALL TF PVSPLTSNEXNLKHFQHQSPTVENCLST
Chimpanzee GALI TF LSQQQ? PVSPLTSNEXNLKHFQHOSPTVENCLST
Human GALLEREGYTFQONALSQQO! PVSPLTSNEXNLKHFQHQSPTVPNCLST
Orangutan MGONCGAGLNNDSPEALEVPSLODENVESTDSCLOLSDAVSPSLPGSLDSPVDISADSFD
Gorilla MGONCGAGLNNDSPEALEVPSLQDFSVFSTDSCLOLSDAVSPSLPGSLDSPVDISADSED
Chimpanzee MGONCGAGLNNDSPEALEVPSLQDFSVFSTDSCLOLSDAVSPSLPGSLDSPVDISADSLD
Human MGONCGAGLNNDSPEALEVPSLQDESVFSTDSCLOLSDAVSPSLPGSLDSEVDISADSED
Orangutan FFTDTLTTIDLOHLNY
Gorilla FFTDTLTTIDLOHLNY
Chimpanzee FFTDTLTTIDLOHLNY
Human FFTDTLTTIDLOHLNY

D. Add a title to the Primate amino acid sequence alignment data.

1. Shrink the Primates alignment figure in size slightly so that a title can be
added above the figure.
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2. Click and hold one of the upper corners of one of the alignment images
and drag downward and inward to shrink the image (see image of slightly
shrunken sequence alignment below).

Orangutan MNYEFEREIGFINSQPSLAECLTS FPPVADTFQSSS IKTSTLSHSTLILPPFEQT IPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTS FPPVADTFQSSS IKTSTLSHSTLIBPPFEQT IPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTS FPPVADTFQSSS IKTSTLSHSTLIBPPFEQT IPSLN
Human MNYEFEREIGFINSQPSLAECLTS FPPVADTFQSSS IKTSTLSHSTLIBPPFEQT IPSLN
Orangutan PGSHERHGAGGRPKPSPAGSRGSEVPAGALQP PEYPRMKE KKAAKKT ALLPAARA --ARA
Gorilla PAGALQP PEYPWMKE KKAAKKTALLPARARA-AAR
Chimpanzee PAGALQPPEYP KKT ANATAR
Human PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQP PEYPHMKE KKAAKKT ALLEAARARATAR
Orangutan ATGPACLSHKESLET TAYTNTQLLELEKEFHENKYLCRPRRVE IAALL
Gorilla ATGPACLSHKESLET; TAYTNTQLLELEKEFH FNKYLCRPRRVE IARLL
Chi ATGPACLSHKESLEL TAYTNTQLLELEKEFH FNKY LCRPRRVE TAALL
Human ATGPACLSHKESLEL, TAYTNTQLLELEKEFH FNKYLCRPRRVE IAALL
Orangutan DLTERQVK EDSEKIEEDEEEKTLFEQALSVS
Gorilla DLTE TLFEQALSVS
Chimpanzee DLTE TOC KS LEDSEKVEEDEEEKT LFEQAL
Human DLIE TQC K5 LEDSEKVEEDEEEKT.
Orangutan GALLEREGYT! A ‘PVSPLTSNEKNLKHFQHQS PTVENCLST
Gorilla GALLEREGYT! A ‘PVSPLTSNEKNLKHEQHQS PTVPNCLST
Chimpanzee GALLEREGYT! QQ0A ‘PVSPLTSNEKNLKHEQHQS PTVENCLST
Human GALLEREGYT] 00R ‘PVSPLTSNEKNLKHEQHQS PTVENCLST
Orangutan MGQNCGAGLNNDS PEALEVPS LQDENVE STDS CLQLSDAVSPS LPGSLDSPVDISADSED
Gorilla MGQNCGAGLNNDS PEALEVPS LQDFSVF STDS CLQLSDAVSPS LEGS LDSPVDISADSED
Chimpanzee MGQNCGAGLNNDS PEALEVPS LQDFSVF STDSCLOLSDAVSPS LPGS LDSPVDISADSLD
Human MGQNCGAGLNNDS PEALEVPS LQDFSVE STDSCLOLSDAVSPS LGS LDSP D
Orangutan FFTDILTTIDLQHLNY

Gorilla FFTDILTTIDLQHLNY

Chimpanzee FFTDTLTTIDLQHLNY

Human FFTDTLTTIDLQHLNY

3. Add atitle over the alignment data.

a.

Click on the “Insert” tab.

b. Under the “Insert” tab, click on “Text Box (See image below).

Design Transitions Animations

SOP Figures - PowerPoint

Slide Show Review View Help

S Tell me what you

New
Slide ~
Slides

v Pictures v Album ~ v

Tables Images lllustrations
T I ~a

El__|® - @]@ll & Store

Table | Pictures Online Screenshot Photo | Shapes SmartArt Chart

Add-ins

A\
)

[%]

.‘MyAdd-ins - Link Action

Links

t

Comment

Text box icon

Text | |
Box |&

The mouse icon will appear as a cursor. Move the cursor above the
Primates sequence data and left click the mouse button. A text box
will automatically appear where the mouse was clicked.

Type “Primate Hoxa2 Amino Acid Sequence Alignment”.

Keep the Font type and size as is or change it to your liking.

Bold and Underline all Text.
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g. Position the text box so that it is centered over the Primate data set (see
image below).

Primate Hoxa2 Amino Acid Sequence Alignment

Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSS IKTSTLSHSTLILPPFEQT IPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSS IKTSTLSHSTLIBPPFEQT IPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPEVADTFQSSS IKTSTLSHSTLIBPPFEQT IPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPEVADTFQSSS IKTSTLSHSTLIBPPFEQT IPSLN

Orangutan QP PEYPWMKE KKAAKKTALEP
Gorilla QP PEYPWMKE KKAAKKT ALLPARAAR-ARR
Chimpanzee QE PEYPWMKE KKAAKKT ALLPARRABATAR
Human PAGALQP PEYPWMKE KKAAKKT ALLPARAABAT;

Orangutan ATGPACLSHKESLEL RTAYTNTQLLELEKEFHFNKYLCRPRRVEIRALL
Gorilla ATGPACLSHKESLEIA TAYTNTQLLELEKEFHFNKY LCRPRRVE TAALL
Chimpanzee ATGPACLSHKESLEI \TAYTNTQLLELEKEFHEFNKY LCRPRRVE TAALL
Human ATGPACLSHKESLEI TAYTNTQLLELEKEFHENKY LCRPRRVE TAALL
Orangutan DLTERQ! LEDSEKIEEDEEEKTLFEQALSVS
Gorilla DLTERQVK LEDSEKVEEDEEEKT LFEQALSVS

Chimpanzee DLTERQVK LEDSEKVEEDEEEKT LFEQALSVS

Human DLTERQVK TQCKENQNSEGKCKS LEDSEKVEEDEEEKT LFEQALSVS
Orangutan GALLEREGY TFQQNALS QQQR PNGHNGDSQSF PVSPLTSNEKN LKHF QHQS PTVENCLST
Gorilla GALLEREGYTEC A ‘PVSPLTSNEKNLKHFQHQSPTVENCLST
Chimpanzee GALLEREGYT 5QQQA PNGHNG ‘PVSPLTSNEKNLKHFQHQSPTVPNCLST
Human GALLEREGY TFQQNALS QQQA PNGHNG ‘PVSPLTSNEKNLKHFQHQSPTVPNCLST
Orangutan MGQNCGAGLNNDS PEALEVPS LODENVE STDS CLOL SDAVSPS LPGSLDSPVDISADSFD

Gorilla LNNDS PEALEVPS LQDFSVF STDSCLQLSDAVSPS LPGSLDSPVDISADSED

Chimpanzee LNNDS PEALEVPS LODFSVF STDSCLQLSDAVSPS LPGSLDSPVDISADSLD
Human LNNDS PEALEVPS LODFSVF STDSCLQLSDAVSPSLPGSLDSPVDISADSLD
Orangutan FFTDILTTIDLQHLNY
Gorilla FFTDILTTIDLQHLNY
Chimpanzee FFTDILTTIDLQHLNY
Human FFTDILTTIDLQHLNY

Follow steps VIIL.A.-VIIL.D.3.f. for importing the formatted and color-coded amino
acid sequence alignment data from the “Hoxa2 ModelVert Protein Aligned”
document as a figure into Microsoft Powerpoint. However, this image should be (1)
on the right side of the Microsoft PowerPoint slide, (2) resized and positioned so that
it is the same size and at the same level along the Y axis of the slide as the Primate
Hoxa2 amino acid sequence alignment and at the same position, and (3) given the
title, “Model Vertebrate Hoxa2 Amino Acid Sequence Alignment”, that is in the same
font type and size as that for the Primate sequence alignment, centered above the
Model Vertebrate amino acid sequence alignment and positioned at the same level
along the Y axis of the PowerPoint slide as the title for the Primate Hoxa2 amino acid
sequence alignment (see image below).
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Primate Hoxa2 Amino Acid Sequence Alignment Model Vertebrate Hoxa2 Amino Acid Sequence Alignment
Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQT IPSLN Zebrafish MNYEFERETGFII )PSLAECLTSF PP AFQ:! IKSSTLSHSTLI PPPFEQTIPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN Chicken HNFEFEREIGFINSQPSLAECLTSFPP’VqD’IFQSSSIKNSTLSHSTLIPPPE‘EQTIPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPPVADIFQSSSIKTSTLSHSTLIBPPFEQTIPSLN Mouse MNYEFEREIGFII TSFPPVADIFQ: IKTSTLSHSTLI PPPFEQTIPSLN

MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIPPPFEQT IPSLN Human MNYEFEREIGFI AECLISFPWAAL\!U  IKTSTLSHSTLI PPPFEQTIPSLN
Orangutan 'PAGALQP PEYPWMKE KKAAKKTALL --RAR Zebrafish PGSHPRHS-----] RPKQN PNGS--C PLPAAS-L PPEY PRMKEKKASKENQTT STAN--
Gorilla  ALQP PEYPWMKE KKAAKKTALL Chicken PGGHPRHSG- GGﬂPmPRnﬁsGSPJPAGA *****
Chimpanzee PGSHPRHGAGGRPKPSPAGSRGSPVPAG}\LQYPEYPWMKEKKAAIG{TALY.YAAAARHTAA Mouse | PVPAGALQPPEY PWMKEKKAAKKTALP PAA- -
Human 'PAGALQP PEYPWMKE KKAAKKT Human PGSHPRH,,rfGGRPKPSP,,GSRGSPVD GALQPPEY PRMKEKKAAKKTALL PARNAAAT
Orangutan AT GP}\CLSHKESLE[ADGSGGGSRRLRI)\YTHIQLLELEKEFHFMKYLCRYRRVE IAALL Zebrafish TTDPGPLYFSPQGS PEIS:X;JS GATRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAA
Gorilla ATGPACLSHKE: TAYTNTQLLELEKEFH FNKY LCRPRRVEIAALL Chicken ASAAGPACLSHKDPLE: TAYTNTQLLELEKEFHFNKYLCRPRRVEIAA
Chimpan: ATGPACLSHKE: YFT TAYTNTQLLELEKEFH FNKY LCRPRRVEIAALL Mouse q,STFDnﬂ'HW H'T TAYTNTQLLELEKEFHFNKYLCRPRRVEIAA
Human ATGPACLSHKESLE TAYTNTQLLELEKEFHENKYLCRPRRVEIAALL Human ATGPACLSHKESLETA TAYTNTQLLELEKEFHFNKYLCRERRVEIAR
Orangutan DLTER: T LEDSEKI EEDEEEKT LFEQALSVS Zebrafish LLDLTERC QCKENHH -cwcsus GG GDGKSFFEQ!
Gorilla DLT TQC 'KS LEDSEKVEEDEEEKT LFEQALSVS Chicken LLDLTE QC DPERAAEDDEEEKALFEQAN
Chimpanzee DLT TQC KSLEDSEKVEEDEEEKT LFEQALSVS Mouse LLDLIE QC FRNIEDSDKVEE- DEEEKSLFEQAL
Human DLT TQC 'KS LEDSEKVEEDEEEKT LFEQALSVS Human LLDLTE QC KSLEDSEKVEE- DEEEKTLFEQAL
Orangutan GALLEREGYT PVSPLTSNEKNLKHFQHQSPTVPNCLST Zebrafish NNVSGALLEREGYPFQONTLT: TVSPLGSNDKHLKHFPNPSPTVET
Gorilla GALLEREGYT, PVSPLTSNEKLKHFQHQS PTVPNCLST Chicken GTVSGALLEREGYAFQONAL TSNEKIL Vo
Chimpan: GALLEREGYT! QQQA. 'PVSPLTSNEKNLKHFQHQS PTVPNCLST Mouse -SVSGALLEREGYT SQQ0A FPVSPL TVEN
Human GALLEREGYT! A PVSPLTSNEKNLKHFQHQS PTVPNCLST Human -SVSGALLEREGYT A "' NEKNL TVEN
Orangutan JNNDS PEALEVPS LQDENVEST! QLSL PSLPGSLDSPVDISADSFD Zebrafish CTTTMAPDCASAQDNGSPSARDV-SLADFNVFSNDSCLHLS DAWSPSLSESVDSPIGLTT
Gorilla HGQNCGAGLN’NDSPEALEVPSLQDFSV'FSTDSCLQLSD}\VSPSLPGSLDSPV’DISADSLD Chicken CESTMAQNCARS \LEVES LQDFNVFSTDSCLQLS DAV SPSLPGSLDSPVDISA
Chimpanzee PEALEVPSLQDFSVF STDSCLQLSDAVSPSLPGS LDSPVDISADSLD Mouse CLSTMG| G| IEVES LQDFNVFSTDSC! DALSPSL
Human HGQNCGAGLNNDSPFJ—\LEVPSLUUJ:S FSTDSCLQLSD PSLPGSLDSPVDISADSED Human CLSTMGONC :VBS LQDF SVFSTDSCLQLS DAVSPSLPGSLDSPVDISA
Orangutan FFTDTLTTIDLQHLNY Zebrafish EAEDFFSETLTTIDLQHLSY
Gorilla FFTDTLTTIDLQHLNY Chicken DSEDFFIDTLTTIDLQHLNY
Chimpanzee FFTDTLTTIDLQHLNY Mouse DSEDFFIDTLTTIDLQHLNY
Human FFTDTLTTIDLQHLNY Human DSLDFFIDTLTTIDLQHLNY

X. Save the Microsoft PowerPoint file as “Hoxa2 Figures Powerpoint”. More figures
from later BIO SOPs will be made in this file.

XI.  Turn in all three documents listed below according to the deadline set by the
instructor:

—_—

Hoxa2 Figures Powerpoint
Hoxa2 Primate Protein Matrix
Hoxa2 ModelVert Protein Matrix

bl
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SOP # BIO-001

Title Analysis of Hoxa2 amino acid sequences I: Extraction of Hoxa2 amino
acid sequences from Genbank, Clustal Alignment, Formatting, and Color-
Coding of these Sequences and Generation of Percent Identity Matrices of
Aligned Sequences

Author Adam Davis, Ph.D.
Department of Biology
University of North Georgia

SOP Assessment

1. True or False: A conservative mutation gives rise to an amino acid with different
properties from the wild-type amino acid.

2. NCBI is short for;

National Center for Bigoted Idiots

National Center for Biological Instagrams
National Center for Biotechnology Information
National Center for Biochemical Issues

aoc o

3. Amino acid sequence formats that do not contain all sequence identifying information
and are necessary for downstream analyses are:

a. Genbank
b. FASTA
c. Graphical
d. Biotech

4. Gaps in sequence alignments represent:

Conservative mutations
Non-conservative mutations

Insertion or Deletion (Indel) mutations
Clustal mutations

ac o

Date:

Name (Print):

Signature:
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SOP # BI10-002

Title Analysis of Hoxa2 amino acid sequences II: Identification and labeling of
Functional Hoxa2 Protein Domains.

Author Adam Davis, Ph.D.
Department of Biology
University of North Georgia

Objective:

To understand the function and evolution of Hoxa?2, the functional domains of the Hoxa2 protein
must be identified. The Hoxa2 Amino acid sequence retrieved from the NCBI website from
BIO-001 SOP will be used in the ProSite software to identify the functional domains. Further,
these domains will be labeled using Microsoft PowerPoint.

Relevant Terms and their Definitions

Hoxa?2 — Developmental regulatory gene that is evolutionarily conserved and functions to

pattern the development of several cranial nerves and craniofacial skeletal elements.

ProSite — online software package and database of protein domains and families.

Hexapeptide — Functional domain of Hoxa2 that binds with co-transcription factors, such as

Pbx and Meis

Homeodomain — DNA binding domain of Hoxa2.

Procedure

L

Identify the functional domains of Hoxa2 by using the PROSITE database.

A.

Using an internet-based software program (e.g.: Google Chrome, Mozilla
Firefox, Internet Explorer, etc.), pull up the PROSITE website.

1. Type in https://prosite.expasy.org/prosite.html

Open the “Hoxa2 Protein_Unaligned” file from the BIOI-001 SOP.

Copy the entire Human Hoxa2 amino acid sequence but NOT the sequence
identification line (>*Human).

Paste the sequence in the textbox underneath the title “Quick Scan mode of
ScanProSite”.

If it is not already checked, check the box for the “Exclude motifs with a high
probability of occurrence from the scan” option.

Click on the “Scan” button (see image below).
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pr_ A Q Database of protein domains, families and functional sites

PROSITE consists of documentation entries describing protein domains, families and functional sites as well as associated patterns and
profiles to identify them [More._.. / References / Commercial users ].

PROSITE is complemented by ProRule , a collection of rules based on profiles and patterns, which increases the discriminatory power of
profiles and patterns by providing additional information about functionally and/or structurally critical amino ac

s [More._..]
Release 2019_03 of 10-Apr-2019 contains 1829 documentation entries, 1310 patterns, 1240 profiles and 1264 ProRule.

Search

Browse
e.g. PDOC00022, PS50089, SH3, zinc finger « by documentation entry

Search | « by ProRule description

: « by taxonomic scope
« by number of positive hits

Quick Scan mode of ScanProsite Other tools
Quickly find matches of your protein sequences to PROSITE signatures « PRATT - allows to interactively generate
(max. 10 sequences). [?] conserved patterns from a series of
GGSRRLRTAYTNTQLLELEKEFHFN IAALLDLTERQVKVWFQNR & unaligned proteins.

RMKHKRQTQCKENQNS « MyDomains - Image Creator - allows to
EGKCKSLED: EDEEEKTLFEQALSVSGALLEREGYTFQUNALSQQQAPNG generate custom domain figures.
HNGDSQSFPVSPLTSN

EKNLKHFQHQSPTVPNCLS TMGONCGAGLNNDSPEAL EVPSLQOFSVFSTDSCL

QLSDAVSPSLPGSLDS

L — *

[ scan || clear |
¢ Exclude motifs with a high probability of occurrence from the scan

For more scanning options go to ScanProsite

G. The results page will appear with the Hoxa2 amino acid sequence and hits (or

matches) of functional domains of Hoxa2 with those of other proteins within the
database.

1. Under “hits by profiles”, move your cursor over the orange hexagon labeled
“HOMEQO”. The amino acids making up this domain will be highlighted in
yellow (see image below).

USERSEQ1 (276 33)

Legend:

. .

disuide bidge  active site other ‘ranges’  other sites

Piaase note that the grashical representations of domains displayed heresfier ar for ilusirative purposs anly, 3nd that ther colors and shapes are not intended to indieate homlogy or shared function.
For more information about how these graghical representations are constructed, go to hitps://prosite. expasy.orgimydomains:

hits by profiles: [1 hit (by 1 profile) on 1 sequence]

Upper case represents match positions, lower case insert positions, and the ' symbol represents deletions relative to the matching profie.

L m w w0 w  w  w  w
ruler:

USERSEQ1 w/ra 23)

PS50071 HOMEOBOX_2 Homeobax' domain profile :

141-201: score = 21.151
‘GGSARLRTAYTNTQLLELEKEFHFNKYLCRPRRVETAALLDLTERQVKVNF QNRRMKHKR
Q

NOTE 1: The amino acid sequence shown above corresponds to the

homeodomain, a 60 amino acid sequence that functions as the DNA binding
domain of Hoxa?2 (see references below).
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2. Under “hits by profiles”, move your cursor over the first green line rectangle.
The amino acids making up this domain will be highlighted in yellow (see
image below).

USERSEQ1 (376 23]

disuMide bridge  active site other 'ranges’  other sites.

Fiease note that the graohical representations of domains disolayed hereafter are for llust

ez ses only, and that their colors and shapes
For more information about how these graphical representations are constructed, go to s

asy.orgimydomains.
hits by profiles: [1 hit (by 1 profile) on 1 sequence]
Upper case represents match positions, lower case insert positions, and the ' symbol represents deletions relative to the matching profie

1 100 200 an 400 500 600 700 an 300 1600
ruler:

USERSEQ1 & (376 23

PS50071 HOMEOBOX_2 ‘'Homeobox'domain profile
141-201 score = 21.151

GGSARLRTAYTNTQLLELEKEFHFNKYLCRPRRVETAAL LDLTERQVKVAF QNRRMKHKR

hits by patterns: [2 hits (by 2 distinct patterns) on 1 sequence]

NOTE 2: The amino acid sequence shown above corresponds to the
hexapeptide, a 6 amino acid sequence that functions in binding to co-
transcription factors, such as Pbx (see references below).

Based on the ProSite data above, develop a figure that labels the homeodomain and

hexapeptide domains in the amino acid sequence alignments generated from the BIO-
001 SOP.

A. Open the “Hoxa2_ Figures Powerpoint” file developed from BIO-001.

B. Label the Homeodomain region in the Model Vertebrates sequence alignment
data.

NOTE 3: Since the Primate amino acid sequence alignment data shows virtually
identical sequence identity among all organisms, the homeodomain and
hexapeptide are not easily recognizable. They are more recognizable in the
Model Vertebrates sequence alignment data because these organisms share a
much more distant common ancestor.

1. Label the homeodomain in the 3™ set of data within the Model Vertebrates
sequence alignment data.

a. Locate the conserved homeodomain amino acid sequence. This is roughly
60 amino acids long, starts with the amino acids, “GGSRRL” for Human,
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Mouse, and Chicken, and ends with the characters, “MKHKRQ” for all
model vertebrates. Most of the homeodomain sequence shows 100%
sequence identity among all model vertebrate organisms, except for amino
acids 2 and 3 for zebrafish. Also, the homeodomain can be seen on both
the end-half of the 3™ data set and the beginning of the 4™ data set.

b. Under the “Home” tab, click on the rectangle tool in the “Drawing” items

window. The rectangle tool is adjacent to and to the right of the arrow
tool (see image below).

PowerPoint

Y Tell me what you want to do

“ﬁ Text Direction ~ BN \NJOO - Om
[2] Align Text ~ AL Srl- U
rEConvertto SmartArt ~ b@ ) { Y&+ Arravngest
h [ Drawing
B I N I R T A R R TR Y

Rectangle tool

c. Move the mouse cursor to just above the first amino acid of the
homeodomain of the first organism, click and hold the left mouse button,
and drag the mouse to the right and down so that the entire portion of the
homeodomain within the 3™ data set is covered with a rectangle (see
image below).

Primate Hoxa2 Amino Acid Sequence Alignment Model Vertebrate Hoxa2 Amino Acid Sequence Alignment
Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQT IPSLN Zebrafish MNYEFERETGF: AECLTSF IKSSTLSHSTLI PPPFEQTIPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKISTLSHSTLIBPPFEQT IPSLN Chicken MNFEFEREIGFINSQPSLAECLTSFPPVGDEFQSSSIKNST LSHSTLI PPPFEQTIPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKISTLSHSTLIBPPFEQT IPSLN Mouse MNYEFEREIGFINSQPSLAECLTSFPPVADIFQSSSIKISTLSHSTLI PPPFEQTIPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN Human MNYEFEREIGFINSQPSLAECLTSFPPVADIFQSSSIKISTLSHSTLI PPPFEQTIPSLN
Orangutan QP PEYPI AKKTAL --ARR Zebrafish —-RPKQN PNGS--CPLPAAS-LPPE TSTAR----
Gorilla 'PAGALQP PEYP] AKKT| Chicken ISAS-—-
Chimpanzee YP AKKT TAR Mouse TALPPAN- ----
Human PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQP PEYPWMKE KKAAKKT ALLPAARARATAA Human T PARA. T
Orangutan ATGPACLSHKESLE TAYTNTQLLEL LCRPRRVEIAALL Zebrafish TIDPGPLYFSPQGSPEISDEGS)

Gorilla ATGPACLSHKESLEI TAYTNTQLLELEKEFHFNKY LCRPRRVE IAALL Chicken ASAAGPHECESHRDPEEIPDSGS]

Chimpanzee ATGPACLSHKESLE TAYTNTQLLELEKEFHFNKYLCRPRRVEIAALL Mouse ~ASTGPACLGHKESLEIADGS

Human ATGPACLSHKESLE TAYTNTQLLEL LCRERRVEIAALL Human 2AATGPACLSHKESLEIADGS!

o1 DL T LEDSEKIEEDEEEKT LFEQALSVS Zebrafish LLDLIE JEE. FEQVA
Gorilla DL T LEDSEKVEEDEEEKT LFEQALSVS Chicken LLDLTE EQAL
Chimpanzee DL T L EEDEEEKT LFEQALSVS Mouse LLDLTE EQAL
Human DL TQC KSLEDSEKVEEDEEEKT LFEQALSVS Human LLDLTE KSLEDSEKVEE- DEEEKTLFEQRD
Orangutan GALLEREGYT! PVSPLT PNCLST Zebrafish NNVSGALL 'FQONTLT ' ,GSNDKHLI PNPSPTVEI
Gorilla GALLEREGYT] 'PVSPLT PNCLST Chicken GTVSGALLEREGYA FQQNAL TSNEKNL TVON
Chimpanzee GALLEREGYT] PVSPLT PNCLST Mouse -SVSGALLEREGYT EP TVEN
Human GALLEREGYT! PVSPLT 'QHQSPTVPNCLST Human -SVSGALLEREGYT TVEN
Orangutan NNDS PEALEVPS LQDFNVF ST .QLSDAY DISADSFD Zebrafish CTTTMAPDC: DV-SLQDF] DAWSPSLSESVDSPIGLTT
Gorilla NNDS PEALEVPS LQDFSVF ST QLSDA DISADSED Chicken CESTMAQNC! LQDFNVFST! DAVSPSLEGSEDSPVDISH
Chimpanzee NNDS PEALEVPSLQDFSVE ST QL SDA DISADSLD Mouse CL IEVPSLQDFNVFSTDSCLQLS DAL SPSLPGSLDSPVDISA
‘Human MGQNCGAGLNNDS PEALEVPS LQDFSVF STDSCLQLSDI DISADSLD Human CLSTMGONC  LQDF SVF. .5DAVSPSLEGSLDSPVDISA
Orangutan FFTDTLTTIDLQHLNY Zebrafish EAEDFFSETLTTIDLQHLSY

Gorilla FFTDTLTTIDLQHLNY Chicken DSEDFFIDTLTTIDLQHLNY

Chimpanzee FFTDTLTTIDLQHLNY Mouse DSEDFFIDTLTTIDLQHLNY

Human FFTDTLTTIDLQHLNY Human DSLDFFIDTLTTIDLQHLNY
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d. Change the rectangle over the homeodomain into a transparent window.

ii.

111.

Click on the rectangle. A new tab labeled “Format” will appear to

the right of the tab labeled “Help”.

Under the “Format” tab, click on the “Shape Fill” button. A

dropdown menu with several choices will appear.

Click on the “No Fill” choice. The solid rectangle has been
converted into a transparent window (see images below).

Drawing Tools

Format P Tell me what you want to do

4= _ |If} Text Direction ~

(X Align Text - AL LL G
7B Convertto SmartAt~ | [% YN { Pk
Paragraph (]
' 2 ' 1 ' ‘0 ' 1 ' 2

BN\000|
-

—| Arrange Quick

M

D

y L2shapeFill~ | L Find
o (g ~

Theme Colors e
H EEEEoED-

No fill option

v Styles~ ‘
Drawing | e ]
BUEEEE BERNERRY |0 I ”Hi-
' RERHE
Standard Colors
‘. H DEEEEN
No Fill ‘
/:; More Fill Colors...
/A Eyedropper
& Bicture...
[ Gradient »
Texture »

Primate Hoxa2 Amino Acid Sequence Alignment

Model Vertebrate Hoxa2 Amino Acid Sequence Alignment

Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQTIPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLN
Orangutan PGSHPRHEAGGRPKPSPAGSRGSPVPAGALQP PEYPWMKE KKARKKT ALIPAARA --ARA
Gorilla PGSHPRHSAGGRPKPSPAGSRGSPVPAGALQP PEYPWMKE KKARKKT ALLPAAAAN-ARA
Chimpan: QP PEYPHMKE KKARKKT ALLPARRABATAR
Human PAGALQPPEYPI AKKTALL ATA;
o ATGPACLSHKESLEL AYTNTQLLELEKEFHFNKY LCRPRRVE IAALL
Gorilla ATGPACLSHKESLEL AYTNTQLLELEKEFHFNKY LCRPRRVE IAALL
Chimpan: ATGPACLSHKESLEL AYTNTQLLELEKEFHFNKYLCRPRRVE IAALL
Human ATGPACLSHKESLEL AYTNTQLLELEKEFHFNKYLCRPRRVE IAALL
o DLT KENQNSEGKCKS LEDSEKT EEDEEEKTLFEQALSVS
Gorilla DLT LEDSEKVEEDEEEKT LFEQALSVS
Chimpan: DLT LEDSEKVEEDEEEKT LFEQALSVS
Human DLT LEDSEKVEEDEEEKT LFEQALSVS
o GALLEREGYT A ‘PVSPLTSNEKNLKHFQHQS PTVPNCLST
Gorilla GALLEREGYT] A ‘PVSPLTSNEKNLKHFQHQS PTVPNCLST
Chimpan: GALLEREGYT] Q00A ‘PVSPLTSNEKNLKHFQHQS PTVPNCLST
Human GALLEREGYT 000R ‘PVSPLTSNEKNLKHFQHQSPTVPNCLST
Orangutan MGQNCGAGLNNDS PEALEVPS LOD FNVE STDS CLQLSDAVSPS LPGSLDSPVDISADSED
Gorilla MGQNCGAGLNNDS PEALEVPS LQDFSVE STDS CLQLSDAVSPSLPGSLDSPVDISADSED
Chimpanzee MGQNCGAGLNNDS PEALEVPS LODFSVE STDS CLQLSDAVSPS LPGS LDSPVDISADSLD
Human DS PEALEVESL ! LSDAVSPSLPGSLDSPVDISADSLD
Orangutan FETDTLTTIDLOHINY

Gorilla FETDTLTTIDLOHLNY

Chimpanzee FETDTLTTIDLQHLNY

Human FETDTLTTIDLOHLNY

Zebrafish MNYEFERETGFINSQPSLAECLTSF PPVGDAFQSSSIKSSTLSHSTLI PPPFEQTI PSLN
Chicken MNFEFEREEGFINSQPSLAECLTSF PPVGDIFQSSSIKNSTLSHSTLI PPPFEQTI PSLN
Mouse MNYEFEREIGFINSQPSLAECLTSE PPVADIFQSSSIKTSTLSHSTLI PPPFEQTI PSLN
Human MVYEFEREIGFT AECLTSF PPVADEFQSSSIKTSTLSHSTLI PPPFEQTI PSLN
Zebrafish PGSHPRHS-- -] RPKQN PGS --C PLPAAS-L EPEY BWMKE TSTAN----
Chicken GGR ¥ PRMKE PBASA
Mouse )PPE T2l

Human AKKTALLBARNARAT
Zebrafish TTDPGRLYF§PQGEPEIS DGGS[GAT RRIRTAYTNTQL LELEKEF HENK YLCR PRRVETAR
Chicken ASAAGPACHSHRDPEET TAYTNTQLLELEKEFHFNKYLCRPRRVEIAR
Mouse ~ASTGPACLGHKESLET: TAYTNTQLLELEKEFHFNKYLCRPRRVEIAR
Human AATGPACLSHKESLET TAYTNTQLLELEKEFHFNKYLCRPRRVEIAR
Zebrafish LLDLTE KE BEEAGG----RGDGKSFFEQ!
Chicken LLDLTE EQAT!
Mouse LLDLTE DKVEE- DEEEKSLFEQAL
Human LLDLTE KTLFEQAL
Zebrafish NNVSGALL FOONTLT T NDKELKHEPNPSPTVEI
Chicken GTVSGALLEREGYAFQQNAL T TVON
Mouse -SVSGALLEREGYT FQONALSQQO! EBVSPLISNE! TVENR
Human -SVSGALLEREGYT FQONALSQQO! TSNE! TVEN
Zebrafish CITTMAPDC: IDV-SIQDFNVESNDSCLHLS DAYSPSLSESVDSPI GLTT
Chicken CESTMAQNCAR NVESTDSCLOLS DAVSPSLBGSLDSPVDISA
Mouse CLSTMGONC NVFSTDSCLQLSDALSPSLBGSLDSPVDISA
Human CLST ALEVESI FST PSLBGSLDSPYDISA
Zebrafish EAEDFFSETLITIDLQHLSY

Chicken DSEDFFIDTLTTIDLOHLEY

Mouse DSEDFFIDTLTTIDLOHLNY

Human DSLDFFIDTLTTIDLOHLNY

e. Change the border of the transparent window so that it is colored black.
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i.  Click on the border of the transparent window. A new tab labeled

“Format” will appear to the right of the tab labeled “Help”.

ii.  Under the “Format” tab, click on the “Shape Outline” button. A
dropdown menu with several choices will appear.

iii.  Under the “Theme colors”, click on the upper-most Black box. A

text box labeled “Black, Text 1 will appear when the mouse cursor
is placed over this box (see images below).

Drawing Tools

Help Format

,O Tell me what you want to do

5= 2= |If} Text Direction ~ BEN\NOo0/- O y 2 ShapeFill - AP Find
2= | =T = a G .
L " Z .
[5] Align Text ~ ALLoS G - n Q‘i 4 [# Shape Outline~ | 25 Replace
==, [: rrange uick -~
T Convertto Smartart~ || 2 DA} %77 Styles~| Theme Colors -
Paragraph [ Drawing ‘ EEEEDOEN,
¥
P S S S S T ST S T S M !
Jl | B MM
' IIIIII
Standard Colors
coloroptlon EE DEEEEN
No Outline
More Outline Colors...
Eyedropper
Weight »
Dashes »
Arrows 4
Primate Hoxa2 Amino Acid Sequence Alignment Model Vertebrate Hoxa2 Amino Acid Sequence Alignment
Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQTIPSLN Zebrafish MNYEFERETGFII AECLTSFPP' A] IKSSTLSHSTLIPPPFEQTIPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKISTLSHSTLIBPPFEQT IPSLN Chicken MNFEFEREIGFINSQPSLAECLTSFPPVGDEFQSSSIKNST LSHSTLI PPPFEQTIPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKISTLSHSTLIBPPFEQT IPSLN Mouse MNYEFEREIGFII LAECLTSFPPVADIFQ! IKTSTLSHSTLI PPPFEQTIPSLN
‘Human MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN ‘Human MNYEFEREIGFINSQPSLAECLTSFPPVADIFQSSSIKTSTLSHSTLI PPPFEQTIPSLN
Orangutan PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQP PEYPWMKE KKAAKKTALLPARAR --RRAR Zebrafish PGSHPRHS-----]  PKQN PNGS--CPLPAAS-LPPE TSTEE----
Gorilla PGSHPRHSAGGRPKPSPAGSRGSPVPAGALQP PEYPWMKE KKAAKKT ALLPARARA-RAR Chicken PKAS PRAR SB! i3 BASAS-—-
Ch QPPEYPWMKE KKAAKKTALLPARAARATAR Mouse PKSSPABSRGS PVPAGAL TAL
Human 'PAGALQPPEYPI AKKT ATAR Human PKPSPAGSRGS PVPAGAL KTALL PAANAAAT
Orangutan ATGPACLSHKESLEIL TAYTNTQLLELEKEFH FNKY LCRPRRVE IAALL Zebrafish TIDPGPLYFSPQGSPEISDEGS|GATRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAR
Gorilla ATGPACLSHKESLEI TAYINTQLLEL LCRPRRVEIAALL Chicken 2 HFNKYLCRPRRVEIAA
Chimpanzee ATGPACLSHKESLEI TAYINTQLLEL LCRPRRVEIAALL Mouse -AST! I TAYTNTQLLEL HFNKYLCRPRRVEIAA
Human ATGPACLSHKESLEI TAYTNTQLLEL LCRPRRVEIAALL Human ARAT I TAYTNTQLLELEKEFHFNKYLCRPRRVEIAA
Orangutan DL T LEDSEKIEEDEEEKT LFEQALSVS Zebrafish LLDLTE E. DGKSFFEQVA
Gorilla DL TQC '’KS LEDSEKVEEDEEEKT LFEQALSVS Chicken LLDLTE 'QC DPEKAAEDDEEEKALFEQAL
Ch DL T LEDSEKVEEDEEEKT LFEQALSVS Mouse LLDLTE DSDKVEE- DEEEKSLFEQAL
Human DL T LEDSEKVEEDEEEKT LFEQALSVS Human LLDLTE KSLEDSEKVEE- DEEEKTLFEQAL
Orangutan GALLEREGYT PVSPLTSNEKNLKHFQHQS PTVPNCLST Zebrafish NNVSGALLEREGYPFQONTLT:! T NDKHLKHFPNPSPTVEI
Gorilla GALLEREGYT! A 'PVSPLTSNEKN LKHF QHQS PTVPNCLST Chicken GIVSGALLEREGYA FQONAL TVON
Chimpanzee GALLEREGYT; A 'PVSPLTSNEKNLKHF QHQS PTVPNCLST Mouse -SVSGALLEREGYT FPVSPLISNEKNL TVEN
Human GALLEREGYT! A PVSPLTSNEKNL QHQSPTVPNCLST Human -SVSGALLEREGYT SQ00R TSNEKNL TVEN
Orangutan MGQNCGAGLNNDS PEALEVPS LQDFNVE STDSCLQLSDAVSPSLPGS LDSPVDISADSED Zebrafish CITIMAPDCA LQDFN' DAWSPSLSESVDSPIGLIT
Gorilla MGQNCGAGLNNDS PEALEVPS LQDFSVF STDSCLQLSDAVSPSLPGS LDSPVDISADSED Chicken CESTMAQNCA 'VES LQDFNVEST! DAV SPSLBGSEDSPVDISH
Chimpanzee MGQNCGAGLNNDS PEALEVPS LQDFSVF STDSCLQLSDAVSPSLPGS LDSPVDISADSLD Mouse CLSTMGONC IEVESLQDFNVEST! DAL SPSLPBGSLDSPVDISA
Human NNDS PEALEVPS LQDFSVF ST .QLSDAVSPSLPGS LDSPVDISADSLD Human CLS LQDFSVFST DAVSPSLPGSLDSPVDISA
Orangutan FFTDTLTTIDLQHLNY Zebrafish EAEDFFSETLTTIDLQHLSY
Gorilla FFTDTLTTIDLQHLNY Chicken DSEDFFTDTLTTIDLQHLNY
Chimpanzee FFTDTLTTIDLQHLNY Mouse DSEDFFIDTLTTIDLQHLNY
Human FFTDTLTTIDLQHLNY Human DSLDFFIDTLTTIDLQHLNY

f. Change the border of the transparent window so that it has a weight of 2 %4

pt.

i.  Click on the border of the transparent window. A new tab labeled
“Format” will appear to the right of the tab labeled “Help”.
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Under the “Format” tab, click on the “Shape Outline” button. A
dropdown menu with several choices will appear.

Place the mouse cursor over the “Weight” label. A popup window
will automatically appear on the right showing several different lines
of different weights. The “I pt.” line should already be highlighted.

Click on the button with the line that is at “2 %4 pt” (see images
below).
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Primate Hoxa2 Amino Acid Sequence Alignment

Model Vertebrate Hoxa2 Amino Acid Sequence Alignment

Orangutan MNYEFEREIGFINSQPSLAECLTS FPPVADTFQSSSIKTSTLSHSTLILPPFEQT IPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTS FPPVADTFQSSS IKTSTLSHSTLIBPPFEQT IPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTS FPPVADTFQSSS IKTSTLSHSTLIBPPFEQT IPSLN
Human MNYEFERETGFINSQPSLAECLTS FPPVADTFQSSS IKTSTLSHSTLIBPPFEQT IESLN
Orangutan PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQP PEYPWMKE KKAAKKT ALEPAARA --ARA
Gorilla PGSHPRHSAGGRPKPSPAGSRGSPVPAGALQP PEYPWMKEKKAAKKTALLPAARAR-AAA
Chi ALQP PEYPWMKE KKAAKKT ALLPARAABATAR
Human PAGALQPPEYP KKT TAR
Orangutan ATGPACLSHKESLEI TAYTNTQLLELEKEFHENKYLCRERRVE IAALL
Gorilla ATGPACLSHKESLEL TAYTNTQLLELEKEFHFNKYLCRPRRVE TAALL
Chimpanzee ATGPACLSHKESLEL TAYTNTQLLELEKEFHFNKYLCRPRRVE TAALL
Human ATGPACLSHKESLEL TAYTNTQLLELEKEFHFNKYLCRPRRVETAALL
o DLIERQ! LEDSEKI EEDEEEKT LFEQALSVS
Gorilla DLTE TQC KS LEDSEKVEEDEEEKT LFEQALSVS
o DLIE TQC KS LEDSEKVEEDEEEKT LFEQALSVS
Human DLTE TQCKENQNSEGKCKS LEDSEKVEEDEEEKT LFEQALSVS
Orangutan GALLEREGYT! A ‘PVSPLTSNEKNLKHFQHQSPTVENCLST
Gorilla GALLEREGYT! Q00R ‘PVSPLTSNEKNLKHFQHQSPTVENCLST
i GALLEREGYT! 0008 ‘PVSPLTSNEKNL PNCLST
Human GALLEREGYT! Q00R ‘PVSPLTSNEKNL PNCLST
Orangutan MGQNCGAGLNNDS PEALEVPS LQDFNVF STDSCLQLSDAVSPS LEGSLDSPVDISADSFD
Gorilla MGONCGAGLNNDS PEALEVPS LODFSVF STDSCLQLSDAVSPSLEGS LDSPVDISADSED
Chimpanzee MGQNCGAGLNNDS PEALEVPS LQDFSVF STDSCLQL SDAVSPS LGS LDSPVDISADSLD
Human MGQNCGAGLNNDS PEALEVPS LQDFSVE STDSCLQL SDAVSPS LEGSLDSPVDISADSLD
Orangutan FFTDTLTTIDLOHINY
Gorilla FFTDTLTTIDLQHINY
Chimpanzee FFTDTLTTIDLQHLNY
Human FFTDTLTTIDLQHLNY

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse
Human

MNYEFERETGFT

TLSHSTLIPPPFEQTIPSLN

H‘NFEFEF.EIGFINSQPSLAECLTSFPPVGDIFQSSSIKNSILSHSTLIPPPFEW1E LN
MNYEFEREIGFT LTSEPPVADIFQSSSIKTSTLSHSTLI PPPFEQTI PSLN
MNYEFERELGFINSQPSLAECLTSF PPVADIFQSSSIKISTLSHSTLI PPPFEQTI PSLN

-RPKQNPNES--CPLPAAS-L PPEY wmﬂamsmoﬁ srn————

PKSSE) QEEEYmAAmALPPn

QPEE KTAILBARNARAT

TroBGELYEfeoslFELs D AIRRLRIAY‘IMQL LELEKEFHENKYLCRPRRVEIRA
QLLELEKEFHFNKYLCRPRRVEIAR

-AST 1 1 e LELEKEFHFNKYLCRPRRVETAR
ARAT 1 TAYTNTQLLELEKEFHFNKYLCRPRRVEIAR
LLDLIE PSIEEAGG----RGDGKSEFEC

LLDLTE EQAL
LLDLTE! EDSDKVE EQAL
LLDLTE! KSLEDSEKVEE- DEEEKTLFEQAL
NNVSGALLEREGYP FQONTLT T SHDKEHL TvET
GTVSGALLEREGYA FQQNAL TSNEKHL Vo
-SVSGALLEREGYT "FPVSPLISNEKIL TVEN
-SVSGALLEREGYT TSNEKHL TVEN
CITTMARDC DV-SL DAYSPSLSESVDSPIGLTT
CESTMAQNCAN L LS DAV SPSLEGSUDSPYDISH
CLSTMGQNC TEVESL QLSDALSPSLPGSLDSPVDISA
CLST BSLQDFSVEST SDAVSPSLBGSLDSPVDISA

EARDFFSETLTTIDLOHLSY
DSEDFFIDTLTTIDLOHLEY
DSEDFFIDTLTTIDLQHLNY
DSLDFFIDTLTTIDLOHLNY

g. Remove the right-most border of the rectangle so as to show that the
homeodomain encompasses both the 3™ and 4™ data sets within the model

vertebrates sequence alignment.

1.

Make a rectangle following the directions in II.B.1.b.-IL.B.1.c. but
position and size it so that it only covers the right border of the
transparent rectangle (see image below).

Primate Hoxa2 Amino Acid Sequence Alignment

Model Vertebrate Hoxa2 Amino Acid Sequence Alignment

Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSS IKTSTLSHSTLILPPFEQT IPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSS IKTSTLSHSTLIBPPFEQT IPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN
Human MNYEFEREIGFINSQPSLAECLTS FPPVADTEQSSS IKTSTLSHSTLIBPPFEQT IPSLN
Orangutan PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQP PEYPHMKE KKAAKKT ALEPARAA --ARR
Gorilla QP PEYPWMKEKKAAKKTALLPRARAR-AAA
Chimpanzee QPPEYE! AKKT TAA
Human YP AKKT TAA
Orangutan ATGPACLSHKESLEI TAYTNTQLLELEKEFHENKYLCRPRRVEIAALL
Gorilla ATGPACLSHKESLET TAYINTQLLEL LCRPRRVETAALL
Chimpanzee ATGPACLSHKESLEIADGSGGGSRRLRTAYTNTQLLELEKEFH FNKY LCRPRRVEIAALL
Human ATGPACLSHKESLEIL TAYTNTQLLELEKEFH FNKY LCRPRRVEIAALL
Orangutan DL TQC KS LEDSEKT EEDEEEKT LFEQALSVS
Gorilla DL T LEDSEKVEEDEEEKT LFEQALSVS
Chimpanzee oL T LEDSEKVEEDEEEKT LFEQALSVS
Human L T LEDSEKVEEDEEEKT LFEQALSVS
o GALLEREGYT! PVSPLTSNEKNLKHF QHOSPTVENCLST
Gorilla GALLEREGYT A ‘PVSPLTSNEKNLKHFQHQS PTVENCLST
Chimpanzee GALLEREGYT A PVSPLTSNEKNL PNCLST
Human GALLEREGYT! 'PVSPLTSNEKN LKHF QHQS PTVPNCLST
Orangutan MGQNCGAGLNNDS PEALEVPS LODFNVE STDSCLQLSDAVSPSLEGSLDSPVDISADSED
Gorilla MGQNCGAGLNNDS PEALEVPS LQDFSVF STDSCLQL SD: PSLPGS LDSPVDISADSED
Chimpanzee 'MGQNCGAGLNNDS PEALEVPS LQDFSVF STDSCLQLSDAVSPS LPGSLDSPVDISADSLD
Human NNDS PEALEVPSLODFSVE STDSCLQLSDAVSPSLEGSLDSPVDISADSLD
Orangutan FFTDILTTIDLQHLNY

Gorilla FFTDILTTIDLOHLNY

Chimpanzee FFTDILTTIDLOHLNY

Human FFTDTLTTIDLQHLNY

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse
Human

Zebrafish
Chicken
Mouse
Human

MNYEFERETGET AECLTSF IKSSTLSHSTLIPPEFEQTIBSLN
MNFEFEREEGFINSQPSLAECLTSF PPVGDIFQSSSIKNSTLSHSTLI PPPFEQTI PSLN
MNYEFEREIGFINSQPSLAECLTSE PPVADIFQSSSIKTST LSHSTLI PPPFEQTI PSLN
MNYEFERETGFINSQPSLAECLTSF PPVADIFQSSSIKTSTLSHSTLI PPPFEQTI PSLN

PGEHPRHS---—-] PHONENGS--CPLEARS-LEPEY
¥

HENKYLCRPRRVEIAA

~ASTI I 1 TA AmnITFTF‘WVH[NKYLCRPRRVEIAA
ARATGPACL I TAYTNTQLLELEKEFHFNKYLCRPRRVEIRA
LLDLT FEQ
LIDLTE FEQAN
LLDLTE DSDKVEE- DEEEKSLFEQAL
LLDLTE KVEE-DEEEKTLFEQAL
NNVSGALL FOONTLT: T NDKHLKHEPNPSPIVEI
GTVSGALLEREG TV
—SVSGALLEREGYT FBVSELTSNEKHL TVEN
—SVSGALLEREGYT TVEN
CTITMARDC! LQDEN HLSDAYSPSLSESVDSPIGLTT
CLSTMAQNC! LQDFNVEST! QLS DAVSPSLPGSLDSPVDISA
CLSTMGQNC \'VPSIQDFKVFSIDSCMLSDALSPSLPGSLDSWDIS‘
I BSLQDESVEST DSEVDISA
EAEDFFSETLTTIDLOHLSY

DSEDFFIDTLITIDLOHLNY

DSEDFFIDTLITIDLOHLNY

DSLDFFIDTLTTIDLQHLNY

ii.

Make this new rectangle a solid white color with a white border to
cover the right black border of the original rectangle.

a. Click on the rectangle. A new tab labeled “Format” will appear
to the right of the tab labeled “Help”.
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b. Under the “Format” tab, click on the “Shape Fill” button. A
dropdown menu with several choices will appear.

c. Click on the White color choice under the “Theme Colors”
menu. The solid blue rectangle now has a solid white center (see
images below).

Drawing Tools
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Primate Hoxa2 Amino Acid Sequence Alignment Model Vertebrate Hoxa2 Amino Acid Sequence Alignment

Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQT IPSLN Zebrafish MNYEFERETGFII LISF IKSSTLSHSTLI PPPFEQTIPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN Chicken MNFEFEREIGFINSQPSLAECLTSFPPVGDIFQSSSIKNSTLSHSTLI PPPFEQTIPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN Mouse MNYEFEREIGFINSQPSLAECLTSFPPVADIFQSSSIKTSTLSHSTLI PPPFEQTIPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLN Human MNYEFEREIGFI! AECLTSFPPVADIFQ: IKTSTLSHSTLI PPPFEQTIPSLN
o ALQP PEYPWMKE KKAAKKT ALLPARAR --RAR Zebrafish PGSHPRHSWfffRPKQNPNGSffCPLPAAS LPPEY PWMKE TSTAN----
Gorilla PGSHPRHSAGGRPKPSPAGSRGSPVPAGALQP PEYPWMKE KKAAKKTALLPARRAN-RAR Chicken PPEY PWMKE BASA
Chimpan: PAGALQP PEYPWMKE KKAAKKT ALLPAARARATAA Mouse PPEY PWMKEKKAAKKTALP PAN- --—-
Human PAGALQPPEYP] AKKT AATAR Human PPE’ TALLPARNAAAT
O ATGPACLSHKESLEIL YTNTQLLELEKEFHFNKY LCRPRRVE IAALL Zebrafish TIDPGPLYFSP( PEISDGGYGATRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAA
Gorilla A‘IGPACLSHKESLEIADGSGGGSRRLR‘KAYW‘IQLLELEKEFHH!KYLCRPRRVEIM\LL Chicken ASMGPICISEKDPLEIPDSG JSRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAA
Chimpan ATGEACLSHKESLE T AYTNTQLLELEKEFH ENKY LCRPRRVE TAALL Mouse } TAYTNIQLLELEKEFHENKYLCRERRVETAA
Human ATGEACLSHKESLEI TAYINTOLLEL LCRPRRVEIAALL Buman Refid § TAYTNIQLLELEKEFHENKYLCRERRVETAA
O DLT TQCKENQNSEGKCKS LEDSEKI EEDEEEKT. SV Zebrafish LLDLTE BEE AGG ----RGDG! FEQ\
Gorilla DIT FEDEEEAT v Chicken LiiT FEQAL
Chimpan: DLT EEDEEEKT | SV Mouse LLDLIE Df -DEEEKSLFEQAL
Human DLT EEDEEEKT. SV Human LLDLTE -DEEEKTLFEQAL
s} GALLEREGYT: A PVSPLT 'QHQSPTVPNCLST Zebrafish NNVSGALLE FQONTLT: T SNDKHL PNPSPTVEI
Gorilla GALLEREGYT: A PVSPLT 'QHQSPTVPNCLST Chicken GTVSGALLEREGYA FQONALSQQOA: y TVON
Chimpanzee GALLEREGYT! QQQA PVSPLT QHQSPTVPNCLST Mouse -SVSGALLEREGYT FPVSPLISNE! TVEN
Human GALLEREGYT! QQQA PVSPLT QHQSPTVPNCLST Human -SVSGALLEREGYT TSNE! TVEN
o NNDS PEALEVPS LQDENVEST LQLSDAVSPSLPGSLDSPVDISADSFD Zebrafish CTTTMAPDCASAQDNGSP SANDV-SLQDFNVESNDSCLELS DAMSPSLSESVDSPIGLTT
Gorilla NNC w-mFVPSLuun FST LQLSDAVSPSLPGS LDSPVDISADSED Chicken CESTMAQNCA. "NVFSTDSC: DAV SPSLBGSHDSEVDISA
Chimpan: NNDS PEALEVPSLQ FST! LQLSDAVSPS LPGS LDSPVDISADSED Mouse CLS IEVESLQDFNVFST DAL SPSLEGSLDSPVDISA
Human MGQNCGAGLNNDS' PEALEVPSLQDFSVFSTDSCLQLSDAVSPSLPGSLDSPV'DISADSLD Human CLSTMGQONC FST QLSDAVSPSLEGSLDSPVDISA
Orangutan FFTDTLTTIDLQHLNY Zebrafish EAEDFFSETLTTIDLQHLSY
Gorilla FFTDTLTTIDLQHLNY Chicken DSEDFFIDTLTTIDLQHLNY
Chimpanzee FFTDTLTTIDLQHLNY Mouse DSEDFFIDTLTTIDLQHLNY
Human FFTDTLTTIDLQHLNY Human DSLDFFIDTLTTIDLQHLNY

d. Click on the rectangle. A new tab labeled “Format” will appear to
the right of the tab labeled “Help”

e. Under the “Format” tab, click on the “Shape Outline” button. A
dropdown menu with several choices will appear.
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f. Click on the White color choice under the “Theme Colors”
menu. The blue border of the rectangle is now white (see images
below).
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Primate Hoxa2 Amino Acid Sequence Alignment

Model Vertebrate Hoxa2 Amino Acid Sequence Alignment

Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQTIPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLI
i MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLY
Human MNYEFEREIGFINSQPS LAECLTS FPPVADIFQSSS IKTSTLSHSTLIBPEFEQT IESLN
Orangutan QP PEYPWMKEKKAAKKTALLPAARA--ARA
Gorilla QPEEYP AKKT
i PAGALQPPEYP ARKT. TAR
Human 'PWMKE KKAAKKT TAA
Orangutan ATGPACLSHKESLET. TAYINTQLLELEKEFHFNKY LCRPRRVE IRALL
Gorilla ATGPACLSHKESLEIADGSGGGSRRLRTAYTNTQLLELEKEFHFNKY LCRPRRVEIRALL
ATGPACLSHKESLE TAYTNTQLLELEKEFH FNKYLCRPRRVE IRALL
Human ATGPACLSHKESLET. TAYTNTQLLELEKEFH FNKY LCRPRRVE IRALL
Orangutan DLT EDSEKTEEDEEEKTLFEQALSVS
Gorilla DLT TQC EEDEEEKT LFEQALSVS
DLT TQC KSLEDSEKVEEDEEEKT LFEQALSVS
Human DLT DSEKVEEDEEEKTLFEQALSVS

Orangutan 000R ‘PVSPLTSNEKNL PNCLST
Gorilla 0007 "PVSPLTSNEKN PNCLST
cn A ‘PVSPLTSNEKN VENCLST
Human 000R ‘PVSPLTSNEKN PNCLST
Orangutan NNDS PEALI TDSCLOLSDAVSPSLPGSLDSPVDISADSED
Gorilla NNDSPEAL TDSCLQLSDAVSPSLPGSLDSPVDISADSED
Chimpanzee MGQNCGAGLNNDS PEALEVPS LQDESVE STDSCLQLSDAVSPSLPGSLDSPVDISADSLD
Human MGQNCGAGLNNDS PEALEVPS LODESVE STDSCLQLSDAVSPSLPGSLDSPVDISADSED
Orangutan FETDILTTIDLQHLNY
Gorilla FFTDILTTIDLQALNY
Chimpanzee FFTDILTTIDLQHLNY
Human FETDTLTTIDLOHLNY

Zebrafish MNYEFERETGFINSQPSLAECLTSE KSSTLSHSTLIPPPFEQTIPSLN
Chicken MUFEFEREIGFI ECLTSFPP KNSTLSHSTLI PPPFEQTIPSLN
Mouse MNYEFEREIGFINSQPSLAECLTSE PPVADTFQSSSIKISTLSHSTLI PPPFEQTI PSLN
Human MNYEFEREIGFINSQPSLAECLTSF PPVADIFQSSSIKTSTLSHSTLI PPPFEQTI PSLN
Zebrafish PGSHERHS--——-] ENGS--CELPAAS-LPEEY TSTAR--—-
Chicken

Mouse PVPAGAL T

Human PVPAGALQPPE TALL BARBAAAT

Zebrafish TTDPGRLYFSPQGSPELS DG AT RRIRTAYINIQLLELE KEF HFNKYLCR ERRVEIRR
I LEL

Chicken 1 TAYT HENKYLCRPRRVEIAR
Mouse 2S5 1 { TAYTNTQLLELEKEFHENKYLCRPRRVEIAR
Human AARTGDM 1 TAYTNTQLLELEKEFHENKYLCRPRRVEIAR
Zebrafish LLDL EEAGG- EC
Chicken LLDI EQAL
Mouse LLDLTE QC - FEQAL
Human LLDLTE EDSEKVEE- DEEEKTIFEQAL
Zebrafish NNVSGALL FQONTLT. T NDKHLKHEPNPSPTVEI
Chicken GTVSGALLEREG TVON
Mouse -SVSGALLEREGYT P TVEN
Human -SVSGALLEREGYT EC TVENR
Zebrafish CITTMAPDC LQDF DAWSPSLSESVDSPIGLTT
Chicken CESTMAQNC: DAVSPSLEGSLDSPVDISA
Mouse CLSTMGONC TEVESLQDFNVFSTDSC DALSPSL

Human = BSLQDESVEST SDAVSPSLEGSLDSPVDISA
Zebrafish EAEDFFSETLTTIDLOHLSY

Chicken DSEDFFIDTLTTIDLOHLNY

Mouse DSEDFFTDTLTTIDLOHLNY

Human DSLDFFIDTLTTIDLOALNY

Label the homeodomain in the 4t set of data within the Model vertebrates

sequence alignment data.

a. Follow steps in II.B.1.-11.B.1.g.ii.f., but take away the left-most border of
the homeodomain labeling rectangle (see image below).
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Primate Hoxa2 Amino Acid Sequence Alignment

Model Vertebrate Hoxa2 Amino Acid Sequence Alignment

Orangutan MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKISTLSHSTLILPPFEQTIPSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKISTLSHSTLIBPPFEQTIPSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTS FPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLN
o PAGALQPPEYPI AKKTALE --RRR
Gorilla PAGALQPPEYPI AKKTALL
QP PEYPWMKE KKAAKKT ALLPARARRATAR
Human PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQP PEYPWMKE KKARKKT ALLPAAAABATAA
o ATGPACLSHKESLEL TAYT LELEKEFH FNKYLCRPRRVETAALL
Gorilla RTGPACLSHKESLEIADGSGGGSRRLRTAYTNTQLLELEKEFHFNKY LCRPRRVEIARLL
ATGPACLSHKESLET AYTNTQLLELEKEFHFNKYLCRPRRVE IAALL
Human ATGPACLSHKESLEIADGSGGGSRRLRTAYTNTQLLELEKEFH FNKY LCRPRRVEIAALL
o DLT TQCKE LEDSEKIEEDEEEKT LFEQALSVS
Gorilla DLT TQC KS LEDSEKVEEDEEEKT LFEQALSVS
DLT TQCKENQNSEGKCKS LEDSEKVEEDEEEKT LFEQALSVS
Human DLT TQCKENQNSEGKCKS LEDSEKVEEDEEEKT LFEQALSVS
o GALLEREGYT] 000R ‘PVSPLTSNEKNLKHFQHQS PTVPNCLST
Gorilla GALLEREGYT] 0007 ‘PVSPLTSNEKNLKHFQHQS PTVPNCLST
GALLEREGYT] Q00R ‘PVSPLTSNEKNLKHFQHQS PTVPNCLST
Human GALLEREGYT] Q00R ‘PVSPLTSNEKNLKHFQHQS PTVPNCLST
o NNDSPEALEVPSL ST! LSDAVSPSLPGSLDSPVDISADSFD
Gorilla NNDSPEALEVPSL ST! LSDAVSPSLPGSLDSPVDISADSED
Chimpanzee MGONCGAGLNNDS PEALEVPS LODFSVE STDSCLQLSDAVSPS LPGSLDSPVDISADSED
Human MGQNCGAGLNNDS PEALEVPS L STDSCLQLSDAVSPSLPGSLDSPVDISADSLD

Orangutan FETDTLTTIDLQHLNY
Gorilla FETDTLTTIDLQHLNY
Chimpanzee FETDTLTTIDLQHLNY
Human FETDTLTTIDLOHLNY

Zebrafish MNYEFERETGFI! AECLTSF KSSTLSHSTLIPPPFEQTIPSLN
Chicken MNFEFEREIGFINSQPSLAECLTSFPBVGDIFQSSSIKNSTLSHSTLI PPRFEQTI PSLN
Mouse MNYEFEREIGFINSQPSLAECLTSFPBVADIFQSSSIKTSTLSHSTLI PPRFEQTI BSLN
Human MNYEFEREIGFT] AECLISFEP KISTLSHSTLIPPPFEQTIPSLI
Zebrafish BGSHPRHS----- RPKOMN BNGS-~C PLEAAS-L PBEY EWMKEKKASKENQTT STAN--—-
Chicken PRARSGSPGPAGAPP

Mouse  PAGSRGS P GAL PWMKEKKAAKKTALP PAR- ----
Human EGSHERHGA--GGR PKPS FAGSRGS FVPAGALQ PPEY PRMKEKKAAKK TALL BAANAAAT
Zebrafish TTDPGRLYF§POGEPELS DG]GAT RRIRTAY TNTQL LELEREF HENKYLCR PRRVEIAR
Chicken ASAAGPHCE I { TAYTNIQLLELEKEFHFNKYLCRPRRVEIRA
Mouse -A I | TAYTNTQLLELEKEFHFNKYLCRPRRVEIAA
Human ARATGPACL I TAYTNTQLLELEKEFHFNKYLCRPRRVEIAR
Zebrafish LLDLTERQVEVWEQNRRMKHER| BSIEEAGG----RGDGKSFFEQVA
Chicken LLDLTE! G "RAAEDDEEEKAIFEQRY
Mouse LLDLTE! EDSDKVEE- DEEEKSLFEQAL
Human LLDLTE! CKSLEDSEKVEE- DEEEKTEFEQAL
Zebrafish NNVSGALLE FOONTLT T NDKEL VL
Chicken GTVSGALLEREGYA QSEBVSPLISNERNL TV
Mouse ~SVSGALLEREGYT Q00A FBVSPLISNEKNLKHFQHQSPTVEN
Human -SVSGALLEREGYT 00l TSNERNI TvEN
Zebrafish CTTTMAPDCASAQDNGSPSANDY-SL HLSDAWSPSLSESVDSPIGLTT
Chicken CESTMAQNCA VBS LQDFNVES TDSCLALS DAVSPSLEGSHDSPYDISA
Mouse CIST IEVESLQDENVESTDSCLQLS DAL SPSLEGSLDSPVDISA
Human CLSTMGQRNC  LQDF SVFST LQLSDAVSPSLEGSLDSPVDISA
Zebrafish EAEDFFSETLTTIDLOHLSY

Chicken DSEDFFEDTLITIDLORLNY

Mouse DSEDFFIDTLITIDLOKLNY

Human DSLDFFIDTLTTIDLQHLNY

Label the homeodomain region.

a. Follow steps VIIL.D.3.a.-VIIL.D.3.b. from the BIO-001 SOP to create a

text box.

b. Move the cursor above the transparent window surrounding the
homeodomain region in the 3™ data set and left click the mouse button. A
text box will automatically appear where the mouse was clicked.

c. Type “Homeodomain” and position the text above the center of the

transparent window.

d. Keep the Font type and size as is or change it to your liking.

e. Bold all Text (see image below).
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Primate Hoxa2 Amino Acid Sequence Alignment

Orangutan MNYEFEREIGFII LTSFPPVADTFQSSSIKTSTLSHSTLILPPFEQT IPSLN
Gorilla H'NYEET_REI(:L\ LA FPPVADTFQSSSIKTSTLSHSTLIBPPFEQTIPSLN
Chimpanzee MNYEFEREIG FPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN
Human VYT TERE CFINSQPS LAEC LTS FPEVADTR 355 TKTS TLHSTL TBEE FEQT TPSLN
o ALQP PEYPWMKEKKAAKKTALIPAARA --ARA
Gorilla ALQP PEYPWMKEKKAAKKTALLPAARAR-ARA
Chimpan QPEEYP! AKKT AATAR
Human QEEEYP! AKKTALLPARARBATAR
o ATGPACLSHKESLEL TAYTNTQLLELEKEFHFNKYLCRPRRVEIAALL
Gorilla ATGPACLSHKESLEL TAYINTQLLEL LCRPRRVETAALL
Chimpanzee ATGPACLSHKESLET TAYTNTQLLEL LCRPRRVETAALL
Fuman ATGPACLSHKESLET TAYTNTQLLEL LCRERRVE TARLL
Orangutan DLTERQVK] LEDSEKTEEDEEEKT SV
Gorilla DLTE I EEDEEEKTLFEQALSVS
DLTE TQC 'KS LEDSEKVEEDEEEKT |

Human DLTE TQC 'KS LEDSEKVEEDEEEKT | SV

Orangutan GALLEREGYT 000 ‘BVSPLTSNEKNLKHF QHQS PTVENCLST
Gorilla GALLEREGYT 000) BVSPLTSNEKNLKHF QHQS PTVENCLST
Ch GALLEREGYT] 'PVSPLTSNEKNLKHF QHQS PTVPNCLST
Human GALLEREGYT 000R PVSPLTSNEKNLKHFQHOS PTVENCLST
Orangutan MGQNC LEVESL STDSCLQLSDAVSPSLPGSLDSPVDISADSED
Gorilla MGQNC LEVPSL 'STDSCLQLSDAVSPS LPGS LDSPVDISADSED
Ch LEVPSL CLQLSDAVSPSLPGS LDSPVDISADSED
Human MCQUCCACLNIDS PEAL EVES LQDFSVE STDSCLQL SDAVSPS LGS LDSEVDISADSLD
Orangutan FFTDTLTTIDLOHINY

Gorilla FFTDTLTTIDLOHINY

Chimpanzee FFTDTLTTIDLOHINY

Human FFTDTLTTIDLOHINY

Model Vertebrate Hoxa2 Amino Acid Sequence Alignment
Zebrafish MNYEFERETGFII LISF IKSSTLSHSTLI PPPFEQTIPSLN
Chicken MNFEFEREIGFI! LTSFPP  IKNSTLSHSTLI PPPFEQTIPSLN
Mouse MNYEFEREIGFINSQPSLAECLTSFPPVADIFQSSSIKISTLSHSTLI PPPFEQTIPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVADIFQSSSIKISTLSHSTLI PPPFEQTIPSLN
Zebrafish PGSHPRHS--- PKQN PNGS --C PLPAAS-LPPEY
Chicken -GGR
Mouse TAL -
Human TALL PARR \T

Homeodomain

Zebrafish T'ID PGPLYFSPQGSPEIS' mGiGATRRLRTAYTMQLLELEKEFHFNKYLCRPRRVEIM
Chicken { HFNKYLCRPRRVEIAA
Mouse -AS I TAYTNTQLLEL HFNKYLCRPRRVEIAA
Human ARR IADESYGESRRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAR
Zebrafish LLDLTERQVKVWFQNRRMKHKR( BEE. FEQVA
Chicken LLDLIE EQAT
Mouse LLDLT KE EQAL
Human LLDLTE KENQNSEGKCKSLEDSEKVEE- DEEEKTLFEQRL
Zebrafish NNVSGALL PFQONTLT ' NDKHL TVEI
Chicken GTVSGALLEREGYA FQONAL TSNEKNL TVON

use SVSCALLEREGYT e Bl
Human -SVSGALLEREGYT FQONALSQQO] TVEN
Zebrafish CITTMAPDCASAQDHGSPSALDV—S[QDTWFSNDSCLHLSDAVSPSLSEWDSPIGLTT
Chicken TMA QNC NVESTDSCLOLSDAVSPSLEG vnwn
Mouse CLSTMGQNC NVFSTDSCLQLS DAL SPSLPGSLD:
Human CIST FST SDAVSPSLPGSLDSWDISA
Zebrafish EAFDFFSETLTTIDLQHLSY
Chicken DSEDFFIDTLTTIDLQHLNY
Mouse DSEDFFIDTLTTIDLQHLNY
Human DSLDFFIDTLTTIDLQHLNY

C. Label the Hexapeptide domain in the Model vertebrates sequence alignment data.

1.

Locate the conserved hexapeptide amino acid sequence. This is a 6 amino
acid long domain in the following sequence “EYPWMK?”. This sequence is
embedded in a larger sequence just upstream of the homeodomain and shows
100% identity among all vertebrate model organisms.

Follow steps I1.B.1.b-11.B.1.f.iv. to make a transparent rectangle.

Follow steps 11.B.3.a.-11.B.3.e. to make the Hexapeptide label (see image

below).

Primate Hoxa2 Amino Acid Sequence Alignment

Model Vertebrate Hoxa2 Amino Acid Sequence Alignment

Orangutan MNYEFEREIGFINSQPS LAECLTSFPEVADTFQSSSIKISTLSHSTLILPPFEQT IBSLN
Gorilla MNYEFEREIGFINSQPSLAECLTSFPEVADTFQSSSIKTSTLSHSTLIBPPFEQT IBSLN
Chimpanzee MNYEFEREIGFINSQPSLAECLTSFPEVADTFQSSSIKISTLSHSTLIBPPFEQT IBSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVADTFQSSSIKTSTLSHSTLIBPPFEQT IPSLN
o QPPEYP! AKKTALE --282
Gorilla qpyzyp AKKTAL
Chimpanzee QEEEYP! AKKTALL

Human PGSHPRHGAGGRPKPSPAGSRGSPVPAGALQPPEYPWHIGMMPAAAMATM
o ATGPACLSHKESLEL AYTNTQLLELEKEFHFNKYLCRPRRVEIAALL
Gorilla ATGPACLSHKESLET i3 LELEKEFHFNKYLCRPRRVE IAALL
Chimpanzee ATGPACLSHKESLET AYTNTQLLELEKEFHFNKYLCRPRRVE IAALL
Human ATGPACLSHKESLET AYTNTQLLELEKEFHFNKYLCRPRRVE IAALL
o DLT KE LEDSEKI EEDEEEKT LFEQALSVS
Gorilla DLT LEDSEKVEEDEEEKT LFEQALSVS
Chimpanzee DLT LEDSEKVEEDEEEKTLFEQALSVS
Human DLT LEDSEKVEEDEEEKTLFEQALSVS
o GALLEREGYT A PVSPLTSNEKNLKHF QHQS PIVPNCLST
Gorilla GALLEREGYT 000 PVSPLTSNEKNLKHFQHOS PTVENCLST
Chimpanzee GALLEREGYT 000 ‘PVSPLTSNEKNLKHFQHQS PTVENCLST
Human GALLEREGYT Q00n ‘PVSPLTSNEKNLKHF QHQS PIVENCLST
o NNDSPEALEVPSL T LSDAVSPSLPGSLDSPVDISADSED
Gorilla NNDS PEALEVESL ] LSDAVSPSLPGSLDSPVDISADSED
Chimpanzee NNDS PEALEVESL ST LSDAVSPSLEGSLDSPVDISADSLD
Human NNDS PEALE STDSCLOLSDAVSPSLEGSLDSEVDISADSLD
Orangutan FFTDILTTIDLOHINY

Gorilla FFTDILTTIDLOHINY

Chimpanzee FFTDILTTIDLOHINY

Human FFTDILTTIDLOHLNY

Zebrafish MNYEFERETGFII AECLTSF KSSTLSHSTLIPPPFEQTIPSLN
Chicken MNFEFEREIGFINSQPSLAECLTSFPPVGDIFQSSSIKNSTLSHSTLI PPPFEQTIPSLN
Mouse MNYEFEREIGFINSQPSLAECLTSFPPVADIFQSSSIKISTLSHSTLIPPPFEQTIPSLN
Human MNYEFEREIGFINSQPSLAECLTSFPPVADIFQSSSIKTSTLSHSTLI PPPFEQTIPSLN
Hexapeptide
Zebrafish PGSHPRHS-----RPKQNPNGS--C PLPAAS-L PHEY Pil KKASKENQTT STAN--—-
Chicken ¥
Mouse PAGSRGS PVEAGAL -
Human PGSHPRHGA--GGRPKPS PAGSRGS PVPAGALQ! .MKKAAMALLMAAAT
Homeodomain
Zebrafish TTD PGPLYFSPQGH PEISDGG*GAT RRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAA
Chicken HFNKYLCRPRRVEIAA
Mouse -AS I T nrrnr LEL HFNKYLCRPRRVEIAA
Human ARR IADG: | RRLRTAYTNTQLLELEKEFHFNKYLCRPRRVEIAA
Zebrafish LLDLTERQVKVWFQNRRMKHKRQFQC BEE. FEQVA
Chicken LLDLTI EQAY
Mouse LLDLTI E-DEEEKSLFEQAL
Human LLDLT KSLEDSEKVEE- DEEEXKTLFEQAL
Zebrafish NNVSGALLE 'PFQONTLT T SNDKHL TVEI
Chicken GTVSGALLEREGYAFQQNAL QSEBVSPLT TVl
Mouse 2 SVSGALLEREGYT FVSELISNERL £ |
Human SVSCALLEREGYT TSNERWL TveN
Zebrafish CTTTMAPDC! DNGSPSAEDV-SL DAWSPSLSESVDSPIGLIT
Chicken CLSTMAQNC L DAV SPSLEGSEDSPVDISA
Mouse CLST TEVBSLQDFNVEST DAL SPSLPGSLDSEVDISA
Human CLST BSLQDFSVEST:! SDAVSPSLEGSLDSPVDISA
Zebrafish EAEDFFSETLTTIDLQHLSY
Chicken DSEDFFIDTLTTIDLQHLNY
Mouse DSEDFFIDTLTTIDLQHLNY
Human DSLDFFIDTLTTIDLQHLNY
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M1 Save the Microsoft PowerPoint file as “Hoxa2 Figures Powerpoint”. More figures
from later BIO SOPs will be made in this file.

IV.  Convert the sequence alignment data into a TIFF image file.

A.

B.

Click the “File” tab.
Under the “File” tab, click on “Save As”.

Once a destination folder is chosen, click on the dropdown menu to the right of
the text, “Save as type:”.

Choose “TIFF Tag Image File Format”.
NOTE 4: TIFF files offer high resolution data for figures.
Label the file “Hoxa2 Figure 1”.

A new window will pop up asking, “Which slides do you want to export?”. Click
on the button labeled, “Just This One”.

V. Develop a Word file with the figure created from this SOP and other later SOPs.

A. Open a new Microsoft Word document.

B.

C.

Click on the “Hoxa2 Figure 1” TIFF file and drag it into the Word document.

Underneath the figure, write a legend that describes:

1. The layout of the figure (describe the alignments on each side of the figure)

2. The methods used to develop this figure (e.g.: what software programs were
used to obtain amino acid sequences, align amino acid sequences, identify the
functional domains, etc.)

3. The yellow and blue color-coding process of the amino acid sequence
alignments.

D. Save the Word file as “Hoxa2 Figures Word”. More figures from other BIO

SOPs will be made in this file.

VI.  Turn in the “Hoxa2 Figures Word” file according to the deadline set by the
instructor.
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SOP # BI0-002

Title Analysis of Hoxa2 amino acid sequences II: Identification and labeling of
Functional Hoxa2 Protein Domains.

Author Adam Davis, Ph.D.

Department of Biology
University of North Georgia

SOP Assessment

1. The homeodomain functions to:

Bind to co-activating transcription factors

Bind to cis-regulatory elements (CRESs) to activate or repress translation of
downstream genes

Bind to cis-regulatory elements (CRESs) to activate or repress transcription of
downstream genes

Bind to splicing elements for RNA processing

2. The hexapeptide functions to:

d.

Bind to co-activating transcription factors

Bind to cis-regulatory elements (CRESs) to activate or repress translation of
downstream genes

Bind to cis-regulatory elements (CRESs) to activate or repress transcription of
downstream genes

Bind to splicing elements for RNA processing

3. The homeodomain and hexapeptide can be visualized more easily in the Model
Vertebrates amino acid alignment than the Primates alignment because:

Date:

acoe

The model vertebrates share a more distant common ancestor than the primates
The model vertebrates share a more recent common ancestor than the primates
The primates share a more distant common ancestor than the model vertebraes
The model vertebrates have bigger, meaner domains in their proteins than the
primates

Name (Print):

Signature:
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SOP # BIO-003

Title Analysis of Hoxa2 Genomic DNA Sequences I: Use of mVISTA, Microsoft
Word, and Microsoft PowerPoint Software to Analyze Conserved Coding and
Intergenic DNA.

Author Adam Davis, Ph.D.
Department of Biology
University of North Georgia

Objective:

To understand the function and evolution of Hoxa2, the analysis of conserved coding and
intergenic DNA must be performed. Sequence alignments between evolutionarily divergent
species will help to reveal conserved and functional cis-regulatory elements (CREs). CREs
within genomic DNA that are conserved for over millions of years and between species indicate
that there is functional importance with these sequences. Such regions can be tested to
understand the overall functions of genes and how medical disorders develop. Genomic DNA
sequences containing the Hoxa2 exons, intron, and 3000 bp upstream of Hoxa2 will be retrieved
from several primate species, including Human (Homo sapiens), Chimpanzee (Pan troglodytes),
Gorilla (Gorilla gorilla), and Orangutan (Pongo abelii) and several vertebrate biomedical
models, including Zebrafish (Danio rerio), Chicken (Gallus gallus), and Mouse (Mus musculus).

Relevant Terms and their Definitions

Hoxa?2 — Developmental regulatory gene that is evolutionarily conserved and functions to
pattern the development of the facial nerve.

Exons — Portions of genes that are transcribed and give rise to amino acids

Introns — Portions of genes that are transcribed but are excised from the transcript, and do not
give rise to amino acids.

Cis-Regulatory Elements (CREs) — Genomic DNA sequences that function to direct the
spatial and temporal expression of genes.

National Center for Biotechnology Information (NCBI) — Web-based database containing
genetic information submitted by scientists. Used for genetic, developmental, medical,
ecological and evolutionary research analyses.

Genbank Accession number — Identifying number for amino acid sequences

FASTA — Sequence format that must be obtained for nucleotide sequences for downstream
analyses.

mVISTA - Software program that generates global and graphical views of sequence
comparisons between multiple species.
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Retrieve primate and model vertebrate Hoxa2 genomic DNA sequences from the
Genbank Database.

A. Using an internet-based software program (e.g.: Google Chrome, Mozilla Firefox,
Internet Explorer, etc.), type in https://www.ncbi.nlm.nih.gov

B. Click on the drop down menu titled “All Databases” and select “Nucleotide” (see
image below).

& NCBI  Resources & How To &)

Sign in to NCBI

SNCBI

National Center for
Biotechnology Information

NCBI Home

Resource List (A-Z)

All Resources
Chemicals & Bioassays
Data & Software
DNA & RNA

Domains & Structures
Genes & Expression
Genetics & Medicine
Genomes & Maps
Homology

Literature

Proteins

Sequence Analysis
Taxonomy

Training & Tutorials

Gene -
Genome

GEO DataSets

GEO Profiles

GSSs

GTR

HomoloGene

Identical Protein Groups
MedGen

MeSH

NCBI Web Site

NLM Catalog

Nucleotide

OMIM

PMC

PopSet

Probe

Protein

Protein Clusters
PubChem BioAssay -

Develop

Use NCBI APIs and code
libraries to build

annlicatinne

yNCBI

ater for Biotechnology Information advances science and health by providing

fical and genomic information

nit Download

r Transfer NCBI data to
to NCBI your computer

Analyze

Identify an NCBI tool for
your data analysis task

Learn

Find help documents
attend a class or watch a
tutorial

Research

Explore NCBI research
and collaborative projects

Popular Resources
PubMed
Bookshelf
PubMed Central
BLAST
Nucleotide
Genome

SNP

Gene

Protein
PubChem

NCBI News & Blog

November 28 NCBI Minute: Getting the
Most from Track Hubs in NCBI's Genome
Data Viewer (GDV)

ic intandad far hath now

Type in the appropriate Genbank accession number in the text box next to the

Drop-down menu to retrieve the appropriate genomic DNA sequences and click
on the “Search” button. The Genbank accession numbers for the species-specific
Hoxa2 genomic DNA sequences are listed in the table below.

Organism Hoxa? Sequence Sequence End | Reverse
Genbank Begin Position | Position Complement
Accession Necessary

Human AC004079 | 83121 87895 Yes

Chimpanzee NC 036886 | 27217325 27222099 Yes

Gorilla NC 018431 | 27155539 27160306 Yes

Orangutan NC 036910 | 46400034 46404802 No

Mouse CH466597 | 4372386 4377144 Yes

Chicken NC 006089 | 32582800 32587527 Yes

Zebrafish AL645795 | 56638 61314 Yes

D. Once the Genbank sequence information is displayed, retrieve the designated
region of genomic DNA associated with Hoxa2 in FASTA format and in the 5°-3°

orientation.
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NOTE 1: FASTA format is necessary for future downstream analyses, including

DNA sequence alignment.

NOTE 2: The Human Hoxa?2 sequence (Accession #: AC004079) will be used as
an example for the remainder of this SOP. This genomic sequence is from the
entire chromosome 17, which is 102,717 bp in length. Due to the extreme length,
it is computationally too intensive to show the entire sequence. For this reason,
sequence start and end positions are listed in the table on page 2 of this SOP.

1. Type “AC004079” in the text box to the right of the dropdown menu.

2. Click on the “Search” button to the right of the textbox (see image below).

S NCBI  Resources () How To )

=
=NCBI All Databases v | /AG004079)

National Center for
Biotechnology Information

NCBI Home Welcome to NCBI
Resource List (A-Z)

All Resources access to biomedical and genomic information

Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog

Data & Software

DNA & RNA Submit Download
Domains & Structures Deposit data or Transfer NCBI data to
Genes & Expression manuscripts into NCBI your computer

databases
Genetics & Medicine

Genomes & Maps

Homology

Literature

Proteins

Sequence Analysis Develop Analyze
Taxonomy Use NCBI APIs and code Identify an NCBI tool for
Training & Tutorials libraries to build your data analysis task

applications

The National Center for Biotechnology Information advances science and health by providing

Learn

Find help documents,
attend a class or watch a
tutorial

Research

Explore NCBI research
and collaborative projects

Sign in to NCBI

Popular Resources
PubMed

Bookshelf
PubMed Central

BLAST

Nucleotide

Genome

SNP

Gene

Protein

PubChem

NCBI News & Blog

November 28 NCBI Minute: Getting the
Most from Track Hubs in NCBI's Genome
Data Viewer (GDV)

Thic w

chinar ic

19 Nov 2018

ntandad far hath now

The Human Hoxa2 Genomic DNA sequence Genbank information will be

displayed. Click on the Down arrow next to the words “Change Region

Shown” on the right side of the screen.

4. Click on “Selected region”.

above in the box labeled “begin”.

in the box labeled “end”.
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Type in the sequence begin position (for Human — 83121) from the table

Type in the sequence end position (for Human — 87895) from the table above



S NCBI  Resources & How To &)

Nucleotide Nucleotide v

Advanced

@© Learn more about upcoming changes to the Nucleotide, EST, and GSS databases.

GenBank «

Homo sapiens PAC clone RP1-167F23 from 7, complete sequence

GenBank: AC004079.1
FASTA  Graphics

Goto:(v)

Locus AC004079 102717 bp  DNA linear PRI 27-JAN-2004

DEFINITION Homo sapiens PAC clone RP1-167F23 from 7, complete sequence.

ACCESSION ~ AC@04079

VERSION AC004079.1

KEYWORDS ~ HTG.

SOURCE Homo sapiens (human)

ORGANISM Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.

REFERENCE 1 (bases 1 to 102717)

Send to: ~

BIO-003

Sign in to NCBI

Help
Change region shown =
Whole sequence
® Selected region
from: 83121 to: 87895
| Update View
stomize view ®

Analyze this sequence
Run BLAST

Pick Primers
Highlight Sequence Features

Find in this Sequence

NOTE 3: A new screen will be displayed showing just the length of sequence
specified (for Human it is 4775 bp). For this SOP, only a portion of the
specified genomic DNA corresponding to Hoxa?2 will be displayed.

E. Click on “FASTA” on the upper left corner of the screen. The FASTA sequence
format removes all identifying information from the sequence file (see images

below).

3 NCBI  Resources (¥ How To (v

Sign in to NCBI

Nucleotide Nucleotide v

Advanced

@ Learn more about upcoming changes to the Nucleotide, EST, and GSS databases

GenBank ~ Send to: »

0 Showing 4.78kb region from base 83121 to 87895

Homo sapiens PAC clone RP1-167F23 from 7, complete sequence

GenBank: AC004079.1
FASTA  Graphics

Goto
Locus 79 4775 bp DNA linear PRI 27-JAN-2004
DEFINITION pons PAC clone RP1-167F23 from 7, complete sequence.
ACCESSION AC004079 ON: 83121..87895
VERSION AC004079.1
KEYWORDS HTG.
SOURCE Homo sapiens (human)
ORGANISM Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;

Help

Change region shown =

Whole sequence
® Selected region

from: (83121 to: 87895

Update View

Customize view ®

Analyze this sequence
Run BLAST

Pick Primers
Highlight Sequence Features

Find in this Sequence

F. If necessary, change the orientation of the sequence so that it is displayed in the

5°-3” orientation.

NOTE 4: Since DNA is double-stranded and both strands are complementary to
each other, separate genes can be located on either strand. Depending on how the
genomic DNA sequence (normally an entire chromosomal DNA sequence) was
loaded into Genbank, the sequence of interest could be in either orientation. In
order to perform sequence alignments, all sequences retrieved for this analysis
must be in the 5°-3” orientation. Reverse complements of the genomic DNA
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corresponding to Hoxa2 must be obtained for ALL organisms except for
Orangutan (see Table above).

NOTE 5: The human sequence starts with the bases “TTA...”, which is the Stop
codon for Hoxa?2 in reverse complement orientation. This must be viewed as

“.. TAA”.

1. Click on the Down arrow next to the words “Customize view” on the right
side of the screen (see image below).

2. Under “Display options”, click on “Show reverse complement”.

3. Click on the “Update View” button (See image below).

& NCBI  Resources @ How To &) Signin to NCBI

Nucleotide Nucleotide v  Search |

Advanced Help

@© Learn more about upcoming changes to the Nucleotide, EST, and GSS databases.

FASTA~ Sendto: + -
Change region shown -

Homo sapiens PAC clone RP1-167F23 from 7, complete sequence ® Selonto e

GenBank: AC004079.1 from: 83121 to: 87895

GenBank  Graphics Update View |

>AC@04079.1:83121-87895 Homo sapiens PAC clone RP1-167F23 from 7, complete sequence
TTAGTAATTCAGATGCTGCAAGTCGATTGTGGTGAGTGTGTCTGTAAAAAAGT CTAAGCTGTCAGCTGAA
ATATCTACGGGACTGTCGAGGGAACCTGGCAAACTGGGTGAAACTGCATCTGAAAGC TGCAGGCAGGAAT
CTGTGGAGAAAACGCTAAAGTCCTGCAAAGAGGGGACCTCAAGGGCCTCAGGACTGTCATTGTTTAGGCC
AGCTCCACAGTTCTGGCCCATTGTTGACAAGCAGT TGGGAACAGTGGGTGACTGGTGCTGAAAATGTTTC Display options
AGATTTTTCTCATTGCTGGTTAAAGGCGAGACTGGGAAACTTTGGGAGTCGCCATTGTGTCCATTGGGAG ] Show reverse complement
CCTGCTGCTGAGAGAGGGCATTTTGCTGAAAAGTGTAGCCTTCCCTCTCCAGAAGGGCCCCAGAGACGCT
AAGGGCTTGCTCAAAGAGCGTCTTCTCTTCCTCGTCCTCCTCTACTTTCTCGGAGTCCTCAAGGCTTTTA
CATTTCCCTTCGCTGTTTTGGTTTTCCTTGCACTGGGTCTGCCTCTTGTGCTTCATCCTCCGGTTCTGAA
ACCACACTTTCACTTGTCTCTCAGTCAAATCCAGCAGCGCTGCAATCTCCACCCTTCGGGGTCTGCARAG
GTACTTGTTGAAATGAAATTCTTTTTCCAGCTCTAGAAGCTGTGTGTTGGTGTAAGCAGTTCTCAGGCGC
CGCGATCCCCCGCCGCTGCCATCGGCGATTTCCAGGGAT TCTGCGGAAAGGGAAACCAACAAGAGACACA
CGCACAGTTGGAGGTGGAGGGGTCCGAGCGGGGTTATTCCACTGGAGAATAAATATAGCAGAAAAGATCA
ACTACAACAAAATGACCAOCOCTARAATACARTAGAG TATTATG TACCTTTOCTAARAGE CCAGE CTAGR

Customize view =

Update View |

lyze this sequence
Run BLAST

G. Highlight the entire sequence, copy it, paste it into a new word document, and
save it as a separate Plain Text document.

NOTE 6: Plain text format is necessary for the mVISTA software for reading
genomic DNA sequences.

1. Save the file as “Human Hoxa2 mVista Sequence”.
2. Develop a new folder on your computer and name it

“Hoxa2 mVista_Sequences”. All mVista sequence files for each organism
will be saved to this folder (see image below).
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[ save As
« v 4 || « Recitation > Hoxa2Project > mVISTAFiles > Hoxa2_mVista_Sequences
Organize v New folder

Name Date modified Type
s Quick access

|=] Baboon_Hoxa2_mVista_Sequence 5 018 7:28 PM Text Document

[ Microsoft Word [5] Chicken_Hoxa2_mVista_Sequence

Text Document
& OneDrive 5] Chimpanzee_Hoxa2_mVista_Sequence Text Document
5] Frog_Hoxa2_mVista_Sequence Text Document

[ This PC 5] Gorilla_Hoxa2_mVista_Sequence Text Document

Search Hoxa2_mVista_Sequen... 0

Size

X

. casystore (G) |Word Document

Word Macro-Enabled Document
Word 97-2003 Document
Word Template
Word Macro-Enabled Template
Word 97-2003 Template
PDF
XPS Document
Single File Web Page
Web Page
Web Page, Filtered
Rich Text Format

= Network

Word XML Document

\Word 2003 XML Document

) Strict Open XML Document
File name: | openDocument Text

Save as type: | Plain Text

Replace with “>Human”

>AC004079.1:c87895-83121 Homo -sapiens -PAC -clone -RP1-167F23 -from -7, -complete

sequenceqd

AAGACTAGAGCTTCCACCTCTTCGTCACGCTAAGCAGATACAGGAGTCTTCTTTTARGTAATCAGCTTAGY
AGACACGTGTAAAATTACCTGGAAAAATAAGGAACAGCTAGGGGAGAGATTCACCTAAGGATGAAGATCCY
TTCAGGGATATCACTATTTGAACACGTTTCTGAAATCTACTCTTTAGCT! TGGTTT 9
CTTCCTCCTTCCCCCAGGGCTAAGATTTTAAAATGAGATTCTAATGTGATTTCCCGCATCTTACCAGTCAY
AGACATTCATTTTGGCTTTCAAAGAAPAAAGTATTGACTTCACCCCCCAGTTTCCTAGATATTAAAAAGAY
AATCCTTATTAAAATATCTCATAAGT TAAAGTAATAGATTTGGGGAAGATTTCAGTGTTGAGTGGTCARAY
GARAAGGGTTTTCTTCCAGATGGTATTTGAATTAAGGCGGCTGAGGCAGCAGAAAGCTCTCACCCACGCAY
GCCCCTGACAAAGCCTCAGAGATATGGGGGCAGCGCTGCTCCCTCTCTGCACCCCCCGCCCACGTTCCCTY
TARGCCTGTAATATTTTCTGGTAAAAGCAGATGCCAAARGCTGCCATCCCAGGGTTCGCAARAGCACCCTTY
CCTAAAAGGAGCCCTATAACCCTTTTCACTGCCAARATATATTTTTTAAAAGACTAGTTTTCCTTATTTAY
CTTGCATTTCCTGCTCTCCTCTTTGCTCGGCCACATTTTATCT TGGAAGGAGCTGGAAGCTGARATGTGTY
TCTTAAGGGCTAGAAGCTGTCAAGGCTTTTGGTGAGCAAGATTGATCGCGCCCAGACTTCCTTTGGAGCTY
TTGTTTGGAATAAAAGCAAGAAAACTAAAAAACCTCACATTTTCCAAAATAGCATCTCTATCTGCAAGGCY
AATGCTCTGGGCTGGTCAATGATATAGGCCACTTATGTCTAATTTCCACCCCAAACCCTCTTTGACGCTGY
GCCTCAGAGATGGGGTCCTGCCTTTGCTCCTTGGTTGGCCTTTCTTIGITTTCTACGTAGATTTTICTCCCY
CCTCCAACCTCTCTCTCCCTGACCATCAGAATGATTTATTTTCCTGCCATTGATGCCTGCCGGCCTGGGGT
GAGTCTGATCAGTTAGTCTATTTCAAAGGAAGCAAAAGCGAATCACCATCCTCAGGGTTTGGGGGGGARAY
GAGGTACCTCCAGATCTACCTCTCAGCCTCCTCACCTCTTTCTGGCT TGGTGGATTTTTTAAAAATTAT’IH
TTTTGGTACCTAAAGGTGTTATCTTTTGAACCCTCTAGCACTGTCCAAGATGCGCTCAGTCTCAAGTCTCY
CGRAATTGGAAAAAAGATAATGAAGGAGAACGARAACCTTTATAATTCCTCCTTGGGTCGCCTCCTCTCCCY
CCGCAGTGCTGTTTCCCACAACAGAACCCGGAAGCAAACATCCCCGGTGCCCAAGGATCAGGARAGGTGTGY
GGAGGCAGTTCAGGCTGCCAGGGAGCACTCGCTGTATCTAAACCAACCAGCCCCCARCCAGAGCGACARGT
GACAAGAAGAAGGGTAGAAARANAAGAGAGAGGGAGGGAAAGAGAGGAGCAAGCATCTTCTCTTTCCCTGY
CTGGTAACTTCCAACAGACTTCCTGGAAATCGGAAATACTCACCGCACCCGAGCCCTACGGGTATGAARCY
CCAGAATGCCAGGAGCCGCACGCGCCTGCTCGGGGCGGCATTTCTTTGGCTGGCCGCCGCCCTGGCTACGT
GGGATTTGGACACATGGACCTGGGGTTGTTGTCTCGCTTGGCACATGCATCTTTCTCCAGCCACTCCTGAY
GAAGTTGATGGCGCAGGAAGGTC AGCTTCGAGAGCCGCCTCCCGTTTTCCGCTTCCCGCCGGAGCCY
AGATGCAARGCTGCCGTGGAATAGCCTGCTAACAATGGGCCCGGGGCGCAGACTCTGGGCTGGACACTGGT
GAGGGGGGCGAGAGGCTGAGGGGAGARAGGGGAGGCGGACAGAAGAGAGAGGGAGGGAGAAAGGGGGAGARY
GAGGAAAAAGAGGGAAAGGGACAGACAGGAAGGAAAACAGACCGAGAGAGATCAGTTTTGAGATCCAGGAY
ACTGCTTTTAGGAARAGTGARGGAGGAAAAGGGAAAGARAAGGARGACCCCTTCCCARCCARRATCTTTCY
CITTCTTCTCTICTTTTICTGTICTTICTCTTTCTCCATCTCTCAAACTCTCTCTTCTTCCCTCTCTCTTTATTY

Page 43

Authors:  Adam Tags: Addatag Title: Add a title

~ Hide Folders Tools

Cancel

NOTE 7: Continuous, unbroken sequences are necessary for downstream
analyses.

BIO-003

Format the “Human Hoxa2 mVista Sequence” so that it can be read and processed
by the mVISTA software program.

A. Replace all information after the carrot symbol (>) in the sequence identification
line with the word “Human” (see image below).

B. Remove all paragraph symbols () from the sequence to have a full continuous
sequence.
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1. Highlight the entire sequence, excluding “>Human”.

2. Under the “Home” tab, click on “Replace” at the right top portion of the
window (see image below).

= = X
Adam Davis ,Q,, Share
L Find ~
EQC Replace

il hd [} Select ~

7] Editing ~

3. A new “Find and Replace” window will pop up. In the “Find and Replace”
box, click on the “More” button. The window will expand to allow for more
choices (see image below).

Find and Replace ? X

Find Replace  GoTo

Find what: v

Replace with: v

Cancel

4. Click on the “Special” button. A drop-down menu will appear.

5. Click on “Paragraph” at the top of the list. “*p” will be entered into the “Find
what” entry (see image below).
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Paragraph Mark <@
Tab Character
Any Character

Any Digit
Find and Replace ‘ Any Letter

Find  Replace Caret Character

§ Section Character
Find what: E

11 Paragraph Character

Column Break

Replace with: |: Em Dash

En Dash
Endnote Mark

Field Repiace A [[Finaiiet | [ cancer |

Search Options Footnote Mark

Search; |All Graphic

[ Match case Manual Line Break

Optional Hyphen
Section Break
Replace White Space

l Format ~ I I Special ~ I (!la Formathng]

[ Match prefix

[ Find whole w [ Match sutfix

[ use wildcard Manual Page Break

[J sounds like (. Nonbreaking Hyphen [ 1gnore punctuation characters
[J Find all word Nonbreaking Space [ Ignore white-space characters

BIO-003

6. Leave the “Replace with” entry blank. This will just remove all paragraph

symbols from the sequence.

7. Click the “Replace all” button (see image below).

Find and Replace

Find Replace  GoTo

Findwhat  [~p]

Replace with: | y 4

Search Options

Search; m

Replace Replace All Find Next I Cancel

[ Match case [ Match prefix
Find whole words only [ Match suffix
[ Use wildcards
[ sounds like (English) [ 1gnore punctuation characters
[ Find all word forms (English) [ 1gnore white-space characters
Replace
Format~ | [ specar~ | [0 Formatiing |

8. A new window will appear specifying how many paragraph symbols have
been replaced. When asked “Do you want to search the remainder of the
document?”, click on the “No” button. The sequence will now be devoid of

paragraph marks (see image below).
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AAGACTAGAGCTTCCACCTCTTCGTCACGCTAAGCAGATACAGGAGTCTTCTTTTAAGTAATCAGCTTAGAGACACG
TGTAAAATTACCTGGAAAAATAAGGAACAGCTAGGGGAGAGATTCACCTAAGGATGAAGATCCTTCAGGGATATCAC
TATTTGAACACGTTTCTGAAATCTACTCTTTAGCTGAGGGAGGGGTGGTTTGGAGGCTTCCTCCTTCCCCCAGGGCT
AAGATTTTAAAATGAGATTCTAATGTGATTTCCCGCATCTTACCAGTCAAGACATTCATTTTGGCTTTCAAAGAAAA
AAGTATTGACTTCACCCCCCAGTTTCCTAGATATTAAAAAGAAATCCTTATTAAAATATCTCATAAGTTAAAGTAAT
AGATTTGGGGAAGATTTCAGTGTTGAGTGGTCAAAGAAAAGGGTTTTCTTCCAGATGGTATTTGAATTAAGGCGGCT
GAGGCAGCAGAAAGCTCTCACCCACGCAGCCCCTGACAAAGCCTCAGAGATATGGGGGCAGCGCTGCTCCCTCTCTG
CACCCCCCGCCCACGTTCCCTTAAGCCTGTAATATTTTCTGGTAAAAGCAGATGCCAAAAGCTGCCATCCCAGGGTT
CGCAAAGCACCCTTCCTAAAAGGAGCCCTATAACCCTTTTCACTGCCAAAATATATTTTTTAAAAGACTAGTTTTCC
TTATTTACTTGCATTTCCTGCTCTCCTCTTTGCTCGGCCACATTTTATCTTGGAAGGAGCTGGAAGCTGAAATGTGT

q

C. Save the file.

BIO-003

III.  Follow steps L.-II.C. for all other sequences. Save all sequences as individual Plain
Text files in the “Hoxa2 mVista Sequences” folder. Be sure to label each file by its
correct organismal name (“Chimpanzee, Orangutan, etc.”).

NOTE 8: At this point, there will be a total of 7 individual FASTA genomic
sequence files in the “Hoxa2 mVista Sequences” folder.

IV.  Generate Annotation files for each Hoxa2 Genomic DNA sequence.

NOTE 9: The annotation files are made to define the genomic DNA coordinates of
the upstream noncoding DNA, exon 1, intron, and exon 2 of Hoxa?2 for each organism
analyzed.

A. Develop a new folder on your computer and name it
“Hoxa2 mVista_Annotations”.

B. Open a new word document.

C. Enter in the coordinates in FASTA format for the beginning of exon 1, end of
exonl, beginning of exon 2, and end of exon 2. All coordinates for each organism
are shown in the table below.

Organism Exon 1 Begin | Exon 1 End Exon 2 Begin | Exon 2 End
Human 3001 3391 4036 4775
Chimpanzee 3001 3391 4036 4775
Gorilla 3001 3388 4029 4768
Orangutan 3001 3385 4030 4769
Mouse 3001 3379 4020 4759
Chicken 3001 3382 3983 4728
Zebrafish 3001 3361 3947 4677
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NOTE 10: The human coordinates will be used as an example for constructing
the annotations files.

1. For line 1, type “> 3001 4775 Hoxa2”. Be sure to add a space between “>”,
“30017, “4775”, and “Hoxa2”.

NOTE 11: The first line denotes that the Hoxa?2 gene is located at bp
positions 3001 to 4775 and that there are 3000 bp of noncoding DNA
upstream of the Hoxa2 gene.

2. Fore line 2, type “3001 3391 exon”. Be sure to add a space between “3001”,
“3391”, and “exon”.

NOTE 12: The second line denotes that the first exon of Hoxa?2 is located at
bp positions 3001-3391.

3. For line 3, type “4036 4775 exon”. Be sure to add a space between “4036”,
“4775”, and “exon” (see image below).

NOTE 13: The third line denotes that the second exon of Hoxa? is located at
bp positions 4036-4775. All text altogether also denote bp positions 3392-
4035 as noncoding DNA, otherwise known as the intron of Hoxa?2 (see image
below).

>3001-4775 Hoxa2l]
30013391 ex0n
4036-4775-exon7

Spaces between
ALL text

D. Save the file as a Plain Text file.
1. Under the “File” tab, Click on “Save As”.
2. Choose the “Hoxa2 mVista Annotations” folder to save the file.
3. Name the file, “Human Hoxa2 mVista Annotation”.

4. Choose the “Plain text” option (see image below).
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NOTE 14: The Plain text file format must be used for the mVista program.

[ Save As X
« v A || « Desk.. > Hoxa2_mVISTA Se... v @ | Search Hoxa2 mVISTA Seque... 0

Organize v New folder =+ @
~

Name Date modified Type
(@) Microsoft Word

I This PC No items match your search
B Desktop

Hoxa2_mVISTA L

%] Documents

& Downloads

D Music ite

=] Pictures
v < >

File name: | Human.bdt ol

Save as type: (Plain Text (*.txt) v

Word Document (*.docx) N
Word Macro-Enabled Document (*.docm) s
Word 97-2003 Document (*.doc)
Word Template (*.dotx) N
A Hide Folders Word Macro-Enabled Template (*.dotm) r
Word 97-2003 Template (*.dot)
POF (*.pdf) -
XPS Document (*.xps)
Single File Web Page (*.mht;*.mhtml)
Web Page (*.htm;" html)

Web Page, Filtered (*.htm;"ht
Options Rich Text Format (*.rtf)

Authors:

Account

Word XML Document (*xml)

Word 2003 XML Document (*.xml)
Strict Open XML Document (*.docx)
OpenDocument Text (*.odt)

E. Follow steps IV.B.-IV.D.4. to generate all other sequence annotation files. Save
all sequences as individual Plain Text files in the “Hoxa2 mVista Annotations”
folder. Be sure to label each file by its correct organismal name (“Chimpanzee,
Orangutan, etc.”).

NOTE 15: At this point, there will be a total of 7 individual sequence annotation
files in the “Hoxa2 mVista_Annotations” folder.

Construct a mVISTA graphical representation of the exonic, intronic, and intergenic
genomic DNAs of all of the organisms listed in this SOP.

A. Using an internet-based software program (e.g.: Google Chrome, Mozilla
Firefox, Internet Explorer, etc.), pull up the VISTA web page.

1. Type in http://genome.lbl.gov/vista/index.shtml

2. Click on the mVISTA button toward the left side of the screen (see image
below).
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[ VISTA tools

x L\ e - o X

& (¢] \@ [T o criome.Ibl.gov/vista/index.shtml|

MISiFAw.

VISTA Home Custom Alignment Browser Enhancer DB

D oavouvs o €8 comactus

Publications ~ Help

Tools for Comparative Genomics

Downloads

Submit Your Sequences
mVISTA

Align and compare your sequences from m\
ies

VISTAis a comprehensive suite of programs and databases for comparative analysis of genomic sequences. There are two ways of using VISTA - you can submit
your own sequences and alignments for analysis (VISTA servers) or examine pre-computed whole-genome alignments of different species

Precomputed Alignments
VISTA Browser

4

» VISTA-Point

Access complete data and visual presentation of
pairviise and multiple alignments of whole genome
‘assemblies.

New tool from VISTA family!
VISTA Region Viewer

@ (RViewer) is an interactive

‘on-line tool for comparing
‘and prioritizing genomic intervals.

Updates

April 2014
Updated the Sorghum, Monkey flower,
Moss, Maize, Medicago. Switchorass.
and Soybean assemblies, and added

» gVISTA 5 new plants: C_grandflora,
Compare your sequences against whole-genome  VISTA Browser Drummond's roskeress, Turin
assemblies. Examine pre-computed pairwise and multiple mustard. A halleri, and Hall's

alignments of vihole genome assemblies. panicgrass
» WgVISTA
Align pair of sequences up to 10Mb long (finished or » Microbial Genomes 180 New whole-genome plant
draft) including microbial whole-genome assemblies Access pre-computed full scaffold alignments for alignments are added to VISTA
microbial genomes through the VISTA component of Browser
MG
August 2013
Updated the C_elegans and C.
‘briggsae assemblies, and added 5
new worms: C. brenneri, C. remanei,
C.japonica, C s, 11, and C. angaria.
O Type here to search Il =i B x3 A BEA M ¥ ﬂ A 9@ 1 = @

B. In the mVISTA screen, submit the number of sequences to analyze.

1. Type in the number “7” in the text box to the right of the text, “Total number
of sequences”. The seven sequences retrieved from NCBI from steps L.-I1I. of
this SOP will be used for this analysis.

Click on the “Submit” button (see image below).

VISTAwL
G  csiom Asgnment

mVISTA QVISTA WQVISTA

& About Us @ Cite Us ﬁ Contact Us

Tools for Comparative Genomics

Browser Enhancer DB Downloads Publications

Phylo-VISTA

mVISTA mVISTA Submission

»  Submit
RankVISTA regions are now automatically computed for all mVISTA submissions. Add the rankVISTA curve in the VISTA
Instructions Browser to view them, or click the rankVISTA link in the Text Browser to download the results of the computation.
Download

About mVISTA Inquiry

o Please enter the number of species you would like to compare and click the Submit button.
This will take you to a form where you may input your species/sequences.

Total number of
sequences: *

(2-100)

Required fields are marked with ™

JG I \ .IOINTGENOME INST"’UTE ® 1997-2013 The Regents of the University of Califonia eEﬁ”E"ﬁa’Y g:ii:z;f

'\ UNITED STATES DEPARTMENT OF ENERGY
)

3. A new screen will appear asking for specific information for the sequences.

Enter your email address in the box to the right of “Your email address:” (see
image below).
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yJ S;[“A‘A.n‘ Tools for Comparative Genomics D mvowvs () creus €8, comactus

m P — Browser Enhancer DB Downloads Publications Training Help
mMVISTA  QVISTA  wgVISTA  PhyloVISTA

mVISTA mVISTA Submit:
»  Submit

Instructions Inquiry

Dovnload Your email add w3 adam davi edu

About mVISTA (2] Sequence #1: * [ Browse.. | OR The GENBANKidentifier(s): [ |
cte (7] Sequence #2: * [ Browse.. | OR The GENBANK identifier(s): I:]
(7) Sequence #3: * [ Browse.. | OR The GENBANKidentifier(s): [ |
(7] Sequence #4: * [ Browse.. | OR The GENBANKidentifier(s): [ |
Sequence #5: * [ Browse.. | OR The GENBANKidentifier(s): [ |
(7] Sequence #6: * [ Browse.. | OR The GENBANKidentifier(s): [ |
(7) Sequence #7: * Browse.. | OR The GENBANKidentifier(s) [ |

Required fields are marked with *

Reset m
Additional options

Alignment program:

NOTE 16: All results obtained from mVISTA are through email alone.

. Enter the Plain Text files of each Hoxa2 genomic DNA sequence from steps L.-I11.
of this SOP.

1. Click on the topmost button that is labeled “Choose File”. This is to the right
of the text labeled “Sequence #1:” (see image above).

2. Choose the “Human Hoxa2 mVista Sequence” Plain Text file from the
“Hoxa2 mVista Sequences” folder.

3. Continue adding in the rest of the Hoxa2 sequence files in the order using the
table below:

Sequence #1 Human Hoxa2 mVista Sequence
Sequence #2 Chimpanzee Hoxa2 mVista Sequence
Sequence #3 Gorilla Hoxa2 mVista Sequence
Sequence #4 Orantutan Hoxa2 mVista Sequence
Sequence #5 Mouse Hoxa2 mVista Sequence
Sequence #6 Chicken Hoxa2 mVista_Sequence
Sequence #7 Zebrafish Hoxa2 mVista Sequence
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& About Us @ Cite Us ﬁ Contact Us

m Custom Alignment Browser Enhancer DB Downloads Publications Training Help
mVISTA gVISTA WQVISTA Phylo-VISTA
mVISTA mVISTA Submit:
> Submit
Instructions Inquiry
Download Your email address: *  [adam.davis@ung.edu
About mVISTA Sequence #1: * E\UNGICC Browse.. | OR The GENBANKidentifier(s) [ |
cie Sequence #2: * EAUNGICC Browse.. | OR The GENBANK dentifier(s) [ |
Sequence #3: * EAUNGICC Browse.. | OR The GENBANKidentifier(s) [ |

Sequence #4: *
Sequence #5: *
Sequence #6: *
Sequence #7: *

EA\UNG\CC Browse... |
E\UNG\Cd Browse.. |
E\UNG\C Browse... |
E\UNG\Cd Browse.. |

OR The GENBANK identifier(s): [ |
OR The GENBANK identifier(s): | |
OR The GENBANK identifier(s): [ |
OR The GENBANK identifier(s): [ |

Required fields are marked with *

Additional options

Alignment program:

A e . . e

E. Enter the Plain Text files of each Hoxa2 genomic DNA annotation generated from
steps IV.A.-IV.E. of this SOP.

1. Scroll down the mVista screen to the section titled “Additional Options™.

2. Ifitis not already selected, choose the “LAGAN” option (see image below).

Additional options

Alignment program:
O AVID  Global pair-wise alignment (sequences can be finished or draft)
@® LAGAN  Global multiple alignment of finished sequences

O Shuffle-LAGAN  Glocal pair-wise ali of finished (detects
Sequence #1
Name: |sequencel [[] Reverse-complement
Rep one-celled/do not mask v
Sequence #2
Name: 2 [] Reverse-complement
Rep one-celled/do not mask v

q #3
Name: 3 [[] Reverse-complement
Rep one-celled/do not mask v
s #
Name: 4 [[] Reverse-complement
RepeatMasker: | one-celled/do not mask

NOTE 17: LAGAN is a program for global pairwise and multiple sequence
alignment of finished sequences.

3. Replace the “Sequencel” text in the topmost text box with “Human”.
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4. Click on the button that is labeled “Choose File”. This is to the right of the
text box that is now labeled “Human”.

5. Choose the “Human_Hoxa2 mVista Annotation” Plain Text file from the
“Hoxa2 mVista_Annotations” folder.

6. Follow steps V.E.1.-V.E.5. for the remaining six sequence annotation files.
Add the sequence names and files in the same order as those for the
sequence files (see the Table on page 13). Be sure to label the sequences
with the correct organism name (see image below).

Additional options

Alignment program:
O AVID  Global pair-wise alignment (sequences can be finished or draft)

@ LAGAN  Global multiple alignment of finished sequences

O Shuffle-LAGAN  Glocal pair-wise ali of finished (detects
Sequence #1
Name: (2] Annotation: E:\UNG\Cours Browse... [J Reverse-complement

one-celled/do not mask

Sequence #2

Name: (2] Annotation: E:\UNG\Cours Browse... [J Reverse-complement
one-celled/do not mask

Sequence #3

Name: [2) Annotation: E:\UNG\Cours Browse... [[] Reverse-complement
one-celled/do not mask

Sequence #4-

Name: @ i E:\UNG\Cours Browse... [] Reverse-complement
RepeatMasker: | one-celled/do not mask v

F. Scroll to the bottom of the mVista screen and click the “Submit” button.

NOTE 18: Depending on the internet traffic, it may take several days to receive
the mVista results by email.

Convert the mVista results to a figure in Powerpoint.

A. In your email from Vista, click on the link that provides the mVista results. A
screen that reads “You are browsing Human” at the top will open.

B. Under “Input and output files (sequences, alignments, etc.)”, click on the top-most
“VISTA-Point” selection to the right of “Human” (see image below).
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You are browsing Human

aligned with

Chimpanzee

Gorilla

Orangutan

Mouse

Chicken

Zebrafish

using the MLAGAN alignment program

Phylogenetic tree

Download alignments, supplemental information, and visualize your results in the format of dynamic
VISTA browser or static VISTA images.

You can adjust the default visualization and conservation parameters by clicking the link at the bottom of
the table. Detailed Instructions and Help

Input and output files
(sequences, alignments, etc.)

Human VISTA-P VISTA Browser PDE
Chimpanzee VISTA-Pot VISTA Browser PDE
Gorilla VISTA-Point VISTA Browser PDE
Orangutan VISTA-Point VISTA Browser PDF

Base (reference) sequence Dynamic Visualization VISTA Image

Mouse VISTA-Point VISTA Browser PDF
Chicken VISTA-Point VISTA Browser PDE
Zebrafish VISTA-Point VISTA Browser PDF

Adjust Conservation Parameters

NOTE 19: Choosing this option will make the Human sequence as the reference
sequence and all other sequences will be compared to it.

NOTE 20: A new screen will emerge showing the graphical output of the DNA
sequences. Red corresponds to noncoding DNA (upstream regions and introns).
Blue corresponds to coding DNA (exons). The Human sequence is not shown
because it is providing a reference for all other sequences to be compared. Taller
colored regions correspond to regions of higher conservation between orthologous

Human (Human:1-4,775) P Vista Browser JRPUEELERTY (¥ Synteny ¥ (Y DotPiot ¥ |G Helb |
clade: genome: release: alignment: annotation:
[other | [users data v | [Unknown v | [ Muitiple run [241] || Submit | user submitted annotations
[Human - | [Human:1-4.775 || co A0k | 3x | 5x | +15x | +3x | +0x 44| 4| »|pp| length: 4775 bp
I {
U
oz
Chimpanzee B
Gorilia <
Orangutan M -
Mouse u -
Chicken g
A
Lot iN £ /
Zebrafish =

N A, —— Ty

C. If necessary, shrink the screen to be able to see all sequences on the same screen.
1. Press and hold down the “Ctrl” key on the keyboard of the computer.
2. While this is held down, press the “-*“ key on the keyboard once. Each time

this key is typed while the “Ctr]” key is pressed and held, the screen will
shrink. Now all sequences are displayed on the screen.
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D. Use the “Print Screen” option on the keyboard to copy the entire screen
containing the mVista results.

E. Open the “Hoxa2 Figures Powerpoint” file made from BIO-001.

F. Under the “File” tab, click on the “New Slide” button to place a new slide after
the slide containing the amino acid sequence alignment image generated from
BIO-003 (see image below).

Figures for the motherfucking SOPs - PowerPoint Adam Davis

Insert  Design  Transitions  Animations  SlideShow  Review  View Help  Q Tell me what youwantto do . Share

Aol =5 Il E\\NOool| I 2 £ Find
AL LGS0 H 2 Replace -
AV Arrange BB
B I U abe AV - =
s A K ARVANR SR B 4id e = ¥ Select -
Font Paragraph Drawing Editing ~
Primate Hoxa2 Amino Acid Sequence Alignment Model Hoxa2 Amino Acid
Orartar  TEEESIGEINSRELARCLTSIRAOTEGSSS ITSTLH TLLOEEEATIESEY Sheaiis NESTGEINESLARCIISSEFICIAeGSSSISSTL ST T O
iy S CE e rSL AECLT SEPD AETE Sece T eTLeRe T e PR TTEEL SISET iriarcriieioescTeron oIt eesimeTt ST R ERAT LY
GiTwliee  Ieeiaercinsdost ST SrEsAUTE Gees HTSTLCae T R PR TIEELY s B
= SR e = St e e R
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[— i
i vt
St o
=T e
Orarter TGRSR TG GG T UL LSS VLR R oo T
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rrme BRI NS S K ST roncs  TEEEETEREcmoam s s
ey [t e e el
Cimetiee TR R TN ST GRCRS LELoE Ve DEEERELEE LTS Foaee i o nameE R
s e
Orarer  GHLLEEGITEONLSO GRS S LI LSRRGS L ST Cebeafish  NUSGHLIIREITEON LTSS USRS ST RS PIVES
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i S AP A2 VL ADEEY FETCA LA S0 SPEL LD S0 SOSED SISET oo MmO e S AR Toes A SOASp SLEGeEoEE
Cieiee VI OSTEALE AT FETLACLAL SO SPeLE GRLOEDT HOSED [P B e e
o e S R e e e e o e o e
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G. Paste the image of the mVista results retrieved from the Print Screen option from
step VL.D. (see image below).
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H. If necessary, resize the image of the mVisa results so that the entire image can be
viewed in the Powerpoint slide.
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1. Click on the image and drag it so that one of its corners is visible (see image
below).

w  ACROBAT

e — —
[omer Multple run [241] - || Submit | user submitied annotations.
[uman < [uman 14775 60| [ 0n | 3x | Asn | otsx [ oax [ ot0x | (4 4] ]| lengin 4775 b
= n i
g U
X = p Ly

2. Click on the corner of the image and drag it inward to reduce the size of the
image (see image below).

N man < | [Foman 14775 o| [aom [ x| ase [ enan oae [ oton | [ad [ n[] length 4775p

= n ,

e i U
- Chimpanzee o e
— | _w
— L _w
e = ==~ i -QA
— - ey Py
O y ey

s | (3

Ll O 1ype here to search

Remove all extraneous information by cropping the image.

1. Click anywhere on the mVista figure. A Format tab will appear in the menu.
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2. Under the Format tab, click on the “Crop” button at the top right of the
powerpoint screen (see image below).

&3] X

Adam Davis £, Share

i %[ Height 692" 2

oy Width: [12.3"

<l
>

Size

a. A border will appear at the edges of the figure with several thicker lines
that serve as anchors for cropping the image (see image below).

3. Click on and drag the top-middle anchor down so as to remove all extraneous
information above the sequences including the green ruler (see image below).
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4. Click on and drag the bottom-middle anchor up so as to remove all extraneous
information below the sequences up to the black line below the zebrafish
sequence (see image below).

5. Click anywhere on the slide outside of the cropped image to exit the cropping
procedure. There should no longer be any shaded portions of the figure that
represent regions to be cropped (see image below).
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J. Enlarge the image by clicking on the corners and dragging outward so that the
image fully spans the left-right axis of the PowerPoint slide (see image below).

View  ACROBAT  Q

NOTE 21: The figure will gently lock into place when you drag it to the left and
right ends of the slide.

K. Cover the text for each sequence, as well as the “Hoxa2” text, and replace it with
larger bolder text so it can be easily visualized.

1. Under the “Review” tab, click on the “Start Inking” button (see image below).
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H - Figures for the motherfucking SOPs.pptx - PowerPoint
] g PP
File Home Insert Design Transitions Animations Slide Show View ACROBAT Q Tell me what you want to do...
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Spelling Thesaurus = Smart  Translate Language =~ New  Delete Previous Next Show Compare Accept Reject End art

Lookup > N Comment Comments ~ él Reviewing Pane Reyiew
Proofing Insights Language Comments Compare

2. A new set of commands will appear in the menu. The “Pen” button should
already be highlighted. If it is not highlighted, click on the “Pen” button (see
image below).

H - @ Figures for the motherfucking SOPs.pptx - PowerPoint Ink Tools

File Home Insert Design Transitions Animations Slide Show Review View ACROBAT

A e e — e

ighlighter Eraser Lasso Select || 4| 4| 4| [ 4| ‘ ! ‘ Convert Stop
Select Objects - L l | l ﬂ = = = to Shapes = Inking

Pens Ink Art Close

Pen

3. Click on the “Color” button to access the assortment of colors to use. Click
on the first and lightest gray color in the left-most column of choices. This
most closely resembles the gray background on which the species names are
written (see image below).

Ink Tools

— |~ || Colors

P St

e l TLLLT ] o
Close

Standard Colors
HE fEEEEN

Recent Colors

4. If necessary, change the thickness of the pen point by clicking on the
“Thickness” button and choosing a size that you are most comfortable with
(see image below).
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Using the pen, color over the species names to erase them. Also use the white
color to remove the “Hoxa2” text underneath the line representing Exon 1 of
Hoxa2 (see image below).

NOTE 22: You may need to increase the Zoom on the bottom right of the
Microsoft PowerPoint screen to over 200% to be able to color the “Hoxa2”
text.

6. Label the sequences with their specific organism names as well as Hoxa2 and
its associated exons.

a. Follow steps VIIL.D.3.a.-VIIL.D.3.b. from the BIO-001 SOP to create a
text box.

b. Keep the Font type and size as is or change it to your liking.
c. Bold all Text. Italicize the “Hoxa2” text.

d. Move the bolded organism name text box over the region of the image that
contained the original organism name text.
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e. Move the bolded and italicized “Hoxa2” text just before the line
corresponding to Exon 1.

f.  Write “Exon 1” and “Exon 2 above each of the lines that correspond to
these sequences (see image below).

Exon 1 Exon 2

Hoxa2

Chimpanzee

Gorilla

Orangutan

Mouse

‘Chicken

Lot
Zebrafish

|

Pty

. Label the enhancer regions that drive Hoxa2 gene expression in rhombomreres (1)
3 and 5 and the pharyngeal arches (PAs) and r4 as well as the proximal promoter
(PP).

NOTE 23: The r3/r5/PA enhancer region lies ~1000-2000 bp upstream of the
ATG start site of Hoxa2. The r4 enhancer region lies within the intron of Hoxa?2.
The PP lies just upstream of exon 1 of Hoxa2. The only way these sequences can
be visualized from this figure is by looking at the regions that are conserved
among all species. These region are best visualized by observing the zebrafish
sequence.

—_—

Follow steps I1.B.1.b.-11.B.1.f.iv. of the BIO-002 SOP to make a transparent
window. Have the window be just widen enough to encase the zebrafish
r3/r5/PA enhancer but tall enough to cover the conserved regions of the
orthologous sequences from all other organisms (see image below).

Exon 1 Exon 2

Hoxa2

Gorilla

Orangutan

‘Chicken

Lot
Zebrafish

2. Label the r3/r5/PA region.
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a. Follow steps VIIL.D.3.a.-VIIL.D.3.b. of the BIO-001 SOP to create a text
box.

b. Type “r3/r5/PA”.
c. Bold the text.

d. Move the bolded “r3/r5/PA” text just below the middle of the rectangle
encompassing the r3/r5/PA region (see image below).

Exon 1 Exon 2

Hoxa2

Gorilla

‘Chicken

Lot
Zebrafish o

r3/r5/PA
3. Label the PP and r4 enhancer regions.

a. Follow steps VI.L.1.-VIL.L.2.c. but place the transparent rectangles over
the conserved region for the PP and r4 enhancer for all species. Label the
proximal promoter as “PP” and the r4 enhancer region as “r4” (see image
below).

Exon 1 Exon 2

Chimpanzee
L
Gorilla

i
Orangutan

o
‘Chicken

Lo\
Zebrafish

r3/r5/PA PP ra
VII.  Save the “Hoxa2 Figures Powerpoint” file.

VIII. Convert the sequence alignment data into a TIFF image file.

A. Click the “File” tab.
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B. Under the “File” tab, click on “Save As”.

C. Once a destination folder is chosen, click on the dropdown menu to the right of
the text, “Save as type:”.

D. Choose “TIFF Tag Image File Format”.
E. Label the file “Hoxa2 Figure 2”.

F. A new window will pop up asking, “Which slides do you want to export?”. Click
on the button labeled, “Just This One”.

IX.  Add the new figure to the “Hoxa2 Figures Word” document generated from BIO-
002.

A. Open the “Hoxa2 Figures Word” document.

B. Add a new page to the document to which you will input the figure made from
this SOP.

C. Click on the “Hoxa2 Figure 2” TIFF file and drag it into the second page of the
Word document.

D. Underneath the figure, write a legend that describes:

1. The layout of the figure (what type of DNA was used, what species are
represented, etc.)

2. The methods used to develop this figure (i.e.: what software program was
used, which organism is used as the reference sequence, etc.)

3. The red and blue peaks and the significance on the size of these peaks.

E. Save the “Hoxa2 Figures Word” file.

X. Turn in the “Hoxa2 Figures Word” file according to the deadline set by the
instructor.
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SOP #

BIO-003

Title

Analysis of Hoxa2 Genomic DNA Sequences I: Use of mVISTA, Microsoft
Word, and Microsoft PowerPoint Software to Analyze Conserved Coding and
Intergenic DNA.

Site

Adam Davis, Ph.D.
Department of Biology
University of North Georgia

Date:

Name (Print):

Signature:

SOP Assessment

True or False: Intergenic DNA sequences are part of the coding domains of a gene (they
are translated into amino acids).

The orange/red regions of the graphical view of the genomic DNA correspond to:

a. Coding DNA

b. Amino acids

c. Noncoding DNA
d. Exons

Exons 1 and 2 of the figure give rise to the:

a. Promoter and cis-regulatory elements of Hoxa2
b. Noncoding DNA of Hoxa2

c. Amino acid sequence of Hoxa2

d. Intron of Hoxa?2
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SOP # BIO-004

Title Analysis of Hoxa2 Genomic DNA Sequences II: Use of Clustal, Microsoft
Word, and Microsoft PowerPoint Software to Analyze Cis-Regulatory
Elements Responsible for Directing Hoxa2 Gene Expression in
Rhombomeres 3 and 5 and the Pharyngeal Arches.

Author Adam Davis, Ph.D.
Department of Biology
University of North Georgia

Objective:

To understand the function and evolution of Hoxa?2, especially with directing the development of
the rhombomere-derived cranial nerves and the pharyngeal arch-derived skeletal elements, the
upstream genomic DNA sequences, which contain regulatory elements that direct the expression
of Hoxa2, must be retrieved from the appropriate database for analysis. Furthermore, genomic
DNA sequences from evolutionarily divergent species must be analyzed to fully understand how
this protein functions. Genomic DNA sequences will be retrieved from several primate species,
including Human (Homo sapiens), Chimpanzee (Pan troglodytes), Gorilla (Gorilla gorilla), and
Orangutan (Pongo abelii) and several vertebrate biomedical models, including Zebrafish (Danio
rerio), Chicken (Gallus gallus), and Mouse (Mus musculus). The software program, Clustal, will
be employed for this analysis.

Relevant Terms and their Definitions

Hoxa2 — Developmental regulatory gene that is evolutionarily conserved and functions to
pattern the development of the facial nerve.

National Center for Biotechnology Information (NCBI) — Web-based database containing
genetic information submitted by scientists. Used for genetic, developmental, medical,
ecological and evolutionary research analyses.

Genbank Accession number — Identifying number for genomic DNA sequences

FASTA — Sequence format that must be obtained for nucleotide sequences for downstream
analyses.

Intergenic regions — Regions of noncoding genomic DNA that span between genes and that
can harbor regulatory elements.

Clustal — Multiple sequence alignment program for DNA or proteins.

Indel mutations — Point mutation of a nucleotide that results in an insertion of an amino acid
or deletion of a nucleotide.

Page 66



BIO-004

Cis-regulatory elements (CREs) — short sequences of genomic DNA that bind transcription
factor (TF) proteins and regulate the spatial and temporal expression patterns of their
respective genes.

r3/rS/PA enhancer region — region of genomic DNA upstream of Hoxa?2 that contains CREs
that direct Hoxa2 expression in thombomeres 3 and 5 (13 and r5) and the pharyngeal
arches (PAs).

Krox20 - Transcription factors that function to bind to cis-regulatory elements and direct
Hoxa?2 gene expression in r3 and r5.

Sox - Transcription factors works in conjunction with Krox20 to bind to cis-regulatory
elements and direct Hoxa2 gene expression in 13 and r5.

Hox/Pbx - Transcription factors that function to bind to cis-regulatory elements and direct
Hoxa?2 gene expression in the PAs.

Prep/Meis - Transcription factors that function with Hox/Pbx factors to bind to cis-regulatory
elements and direct Hoxa2 gene expression in the PAs.

Procedure

L. Retrieve the CREs responsible for directing Hoxa2 gene expression in 13, r5, and the
PAs from the Genbank database.

A. Using an internet-based software program (e.g.: Google Chrome, Mozilla
Firefox, Internet Explorer, etc.), type in https://www.ncbi.nlm.nih.gov

B. Click on the drop down menu titled “All Databases” and select “Nucleotide” (see
image below).

S NCBI  Resources ¥ How To @) Sign in to NCBI
-
< NCBI All Databases ¥ [ Search |
National Center for Gene 2
Biotechnology Information Genome
GEO DataSets
NCBIHome | GEO Profiles 'NCBI Popular Resources
Resource List (A-Z) g?i tter for Biotechnology Information advances science and health by providing PubMed
jical and genomic information kshelf
All Resources HomoloGene Bookshel
Chemicals & Bioassays | Identical Protein Groups | I | Mission | Organization | NCBI News & Blog PubMed Central
Data & Software MedGen BLAST
MeSH . Nucleotid
DNA & RNA NCBI Web Site nit Download Learn ucleotide
Domains & Structures NLM Catalog r Transfer NCBI data to Find help documents Genome
Genes & Expression Nucleotide to NCBI your computer attend a class or watch a SNP
OMIM tutorial Gene
Genetics & Medicine PMC
Genomes & Maps PopSet Protein
Probe PubChem
Homology Protein
Literature Protein Clusters
Proteins | PubChem BioAssay =~ NCBI News & Blog
Sequence Analysis November 28 NCBI Minute: Getting the
Taxonomy Develop Analyze Research Most from Track Hubs in NCBI's Genome
Use NCBI APIs and code Identify an NCBI tool for Explore NCBI research Data Viewer (GDV) . )
Training & Tutorials libraries to build your data analysis task and collaborative projects 19 Nov 2018

hic wahinar ic intandad far hath now
annlicatinns T b tandad f #
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C. Type in the appropriate Genbank accession number in the text box next to the
Drop-down menu to retrieve the appropriate coding DNA sequences and click on
the “Search” button. The Genbank accession numbers for the species-specific
Hoxa2 noncoding DNA sequences are listed in the table below.

Organism Hoxa2 Sequence Sequence Reverse
Genbank Begin End Complement
Accession Coordinate Coordinate | Necessary
Human AC004079 87067 87415 Yes
Chimpanzee | NC 036886 27221268 27221616 Yes
Gorilla NC 018431 27159477 27159825 Yes
Orangutan NC 036910 46400521 46400872 No
Mouse CH466597 4376330 4376657 Yes
Chicken NC 006089 32586583 32586983 Yes
Zebrafish AL645795 59409 59802 Yes

D. Once the Genbank sequence information is displayed, retrieve the designated
region of the Hoxa?2 upstream intergenic sequence in FASTA format and in the
5°-3’ orientation.

NOTE 1: FASTA format is necessary for future downstream analyses, including
DNA sequence alignment.

NOTE 2: The Human Hoxa?2 sequence (Accession #: AC004079) will be used as
an example for the next several steps of this SOP. This genomic sequence is from
the entire chromosome 7, which is 102,717 bp in length. Due to the extreme
length, it is computationally too intensive to show the entire sequence. For this
reason, sequence start and end positions are listed in the table on page 2 of this
SOP.

1. Type “AC004079” in the text box to the right of the dropdown menu.

2. Click on the “Search” button to the right of the textbox (see image below).
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S NCBI  Resources (¥ How To (¥

=
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Biotechnology Information

NCBI Home Welcome to NCBI
Resource List (A-Z)

Popular Resources

The National Center for Biotechnology Information advances science and health by providing PubMed

All Resources access to biomedical and genomic information. Bookshelf
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central
Data & Software BLAST
DNA & RNA Submit Download Learn Nucleotide
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PubChem
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The Human Hoxa2 Genomic DNA sequence Genbank information will be
displayed. Click on the Down arrow next to the words “Change Region
Shown” on the right side of the screen.

Click on “Selected region”.

Type in the sequence begin position (for Human — 87067) from the table
above in the box labeled “begin”.

Type in the sequence end position (for Human — 87415) from the table above
in the box labeled “end”.

Click on the “Update View” button (see image below).

NCBI  Resources & How Te

Nucleotide Nucleotide /]| |

Advanced Help

@ The Nucleotide database will include EST and GSS sequences in early 2019. Read more.

GenBank ~ Send to: v -
Change region shown B

Whole sequence
Selected region

Homo sapiens PAC clone RP1-167F23 from 7, complete sequence

GenBank: AC004079.1 from: 87067 to: 87415

FASTA  Graphics Update View
Goto:(v)

Locus AC004079 102717 bp  DNA linear PRI 27-JAN-2004 Customize view &

DEFINITION Homo sapiens PAC clone RP1-167F23 from 7, complete sequence.
ACCESSION  AC0@4079

VERSION AC004079.1 Anal Is sequence &
KEVWORDS  HTG. v S
SOURCE Homo sapiens (human)
ORGANISM Homo sapiens Pick Primers
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; o
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Highlight Sequence Features

Catarrhini; Hominidae; Homo.
REFERENCE 1 (bases 1 to 102717)

AUTHORS ~ Hillier,L.W., Fulton,R.S., Fulton,L.A., Graves,T.A., Pepin,K.H.,
Wagner-McPherson,C., Layman,D., Maas,J., Jaeger,S., Walker,R.,
wylie,K., Sekhon,H., Becker,M.C., O'Laughlin,M.D., Schaller,M.E., Related information &
Fewell,G.A., Delehaunty,K.D., Miner,T.L., Nash,W.E., Cordes,M.,
NuH.. Sun. H.. Fdwards<.1.. Rradchaw-Cordum H. . 413 .7.. Andrews S

Find in this Sequence

Protein
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NOTE 3: A new screen will be displayed showing just the length of sequence
specified (for Human it is 349 bp). For this SOP, only a portion of the
specified genomic DNA corresponding to Hoxa?2 will be displayed.

E. Click on “FASTA” on the upper left corner of the screen. The FASTA sequence
format removes all identifying information from the sequence file (see image
below).

S NCBI Resources® HowTo @) Signinto NCBI
Nucleotide Nucleotide v  Search |
Advanced Help

@ The Nucleotide database will include EST and GSS sequences in early 2019. Read more.

GenBank ~ Send to: v R
Change region shown =)
(7] Showing 349 bp region from base 87067 to 87415. O Whole sequence
. ® Selected region
Homo sapiens PAC clone RP1-167F23 from 7, complete sequence from: (87067 to: [87415
GenBank: AC004079.1 Update View
FASTA  Graphics
Goto: Customize view &
Locus 349 bp  DNA linear PRI 27-JAN-2004
DEFINITION PAC clone RP1-167F23 from 7, complete sequence. Analyze th R
ACCESSION  AC094079 : 87067..87415 nalyze this sequence
VERSION ACO4079.1 Run BLAST
KEYWORDS ~ HTG. o
SOURCE Homo sapiens (human) Pick Primers
ORGANISM Homo sapiens Highlight Sequence Features
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhinij Find in this Sequence
Catarrhini; Hominidae; Homo.
REFERENCE 1 (bases 1 to 349)
AUTHORS ~ Hillier,L.W., Fulton,R.S., Fulton,L.A., Graves,T.A., Pepin,K.H., Related information R
Wagner-McPherson,C., Layman,D., Maas,J., Jaeger,S., Walker,R., )
Wylie,K., Sekhon,M., Becker,M.C., 0'Laughlin,M.D., Schaller,M.E., Protein
Fewell,G.A., Delehaunty,K.D., Miner,T.L., Nash,W.E., Cordes,M., PubMed

Du,H., Sun,H., Edwards,)., Bradshaw-Cordum,H., Ali,J., Andrews,S.,

F. If necessary, change the orientation of the sequence so that it is displayed in the
5°-3’ orientation.

NOTE 4: Since DNA is double-stranded and both strands are complementary to
each other, separate genes can be located on either strand. Depending on how the
genomic DNA sequence (normally an entire chromosomal DNA sequence) was
loaded into Genbank, the sequence of interest could be in either orientation. In
order to perform sequence alignments, all sequences retrieved for this analysis
must be in the 5°-3” orientation. Reverse complements of the genomic DNA
corresponding to Hoxa2 must be obtained for ALL organisms except for
Orangutan and Frog (see Table above).

NOTE 5: The human sequence should be in the orientation: 5’-
CACCC...GACTT-3’

1. Click on the Down arrow next to the words “Customize view” on the right
side of the screen.

2. Under “Display options”, click on “Show reverse complement”.

3. Click on the “Update View” button (see images below).
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Nucleotide Nucleotide v

Advanced

@ The Nucleotide database will include EST and GSS sequences in early 2019. Read more.
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GenBank: AC004079.1
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AACTAGTCTTTTAAAMAATATATTTTGGCAGTGAAAAGGGT TATAGGGCTCCTTTTAGGAAGGGTGCTTT
GCGAACCCTGGGATGGCAGCTTTTGGCATCTGCTTTTACCAGAARATATTACAGGCTTAAGGGAACGTGG
GCGGGGGGTGCAGAGAGGGAGCAGCGCTGCCCCCATATCTCTGAGGCTTTGTCAGGGGCTGCGTGGGTG

i
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@ The Nucleotide database will include EST and GSS sequences in early 2019. Read more.
FASTA~ Send to: v ~
Change region shown =

© Sshowing 349 bp region from base 87067 to 87415

Homo sapiens PAC clone RP1-167F23 from 7, complete sequence

GenBank: AC004079.1

GenBank  Graphics

>AC004079.1: 87415-87067 Homo sapiens PAC clone RP1-167F23 from 7, complete sequence
CACCCACGCAGCCCCTGACAAAGCCTCAGAGATATGGGGGCAGCGCTGCTCCCTCTCTGCACCCCCCGCC
CACGTTCCCTTAAGCCTGTAATATTTTCTGGTAAAAGCAGATGCCAAAAGCTGCCATCCCAGGGTTCGCA
AAGCACCCTTCCTAAAAGGAGCCCTATAACCCTTTTCACTGCCAAAATATATTTTTTAARAGACTAGTTT
TCCTTATTTACTTGCATTTCCTGCTCTCCTCTTTGCTCGGCCACATTTTATCTTGGAAGGAGC TGGAAGC
TGAAATGTGTTCTTAAGGGCTAGAAGCTGTCAAGGCTTTTGGTGAGCAAGAT TGATCGCGCCCAGACTT

O Whole sequence
® Selected region
from: (87067 to: 87415

Update View

Customize view =

Display options
Show reverse complement

Update View

G. Highlight the entire sequence, copy it, and paste it into a new word document.

Format the sequence in Microsoft Word so that it can be read and processed by the

Clustal software program.

A. Replace all information after the carrot symbol (>) in the sequence identification

line with the word “Human” (see image below).

Replace with “>Human”

>AC004079.1:c87415-87067 Homo iens PAC clone RP1-167F23 from 7, complete

sequence
CACCCACGCAGCCCCTGACARAGCCTCAGAGATATGGGGGCAGCGCTGCTCCCTCTCTGCACCCCCCGCC
CACGTTCCCTTAAGCCTGTAATATTTTCTGGTAAAAGCAGATGCCARAAGCTGCCATCCCAGGGTTCGCA
AAGCACCCTTCCTAAAAGGAGCCCTATAACCCTTTTCACTGCCAAAATATATTTTTTAAAAGACTAGTTT
TCCTTATTTACTTGCATTTCCTGCTCTCCTCTTTGCTCGGCCACATTTTATCTTGGAAGGAGCTGGAAGC
TGAAATGTGTTCTTAAGGGCTAGAAGCTGTCAAGGCTTTTGGTGAGCAAGATTGATCGCGCCCAGACTT

B. Repeat steps I.C. — II.A. for adding all other Hoxa2 upstream intergenic DNA
sequences from all other species listed in the table on page 2 of this SOP.

C. Once all sequences have been added to the Word file, save this file as

“Hoxa2 r3rSPA_Unaligned”.

NOTE 6: Several FASTA sequences are shown below as an example.
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>Human
CACCCACGCAGCCCCTGACAAAGCCTCAGAGATATGGGGGCAGCGCTGCTCCCTCTCTGCACCCCCCGCC
CACGTTCCCTTAAGCCTGTAATATTTTCTGGTAAAAGCAGATGCCAAAAGCTGCCATCCCAGGGTTCGCA
AAGCACCCTTCCTAAAAGGAGCCCTATAACCCTTTTCACTGCCAAAATATATTTTTTAAAAGACTAGTTT
TCCTTATTTACTTGCATTTCCTGCTCTCCTCTTTGCTCGGCCACATTTTATCTTGGAAGGAGCTGGAAGC
TGAAATGTGTTCTTAAGGGCTAGAAGCTGTCAAGGCTTTTGGTGAGCAAGATTGATCGCGCCCAGACTT
>Chimpanzee
CACCCACGCAGCCCCTGACAAAGCCTCAGAGATATGGGGGCAGCGCTGCTCCCTCTCTGCACCCCCCGCC
CACGTTCCCTTAAGCCTGTAATATTTTCTGGTAAAAGCAGATGCCAAAAGCTGCCATCCCAGGGTTCGCA
AAGCACCCTTCCTAAAAGGAGCCCTATAACCCTTTTCACTGCCAAAATATATTTTTTAAAAGACTAGTTT
TCCTTATTTACTTGCATTTCCTGCTCTCCTCTTTGCTCGGCCACATTTTATCTTGGAAGGAGCTGGAAGC
TGAAATGTGTTCTTAAGGGCTAGAAGCTGTCAAGGCTTTTGGTGAGCAAGATTGATCGCGCCCAGACTT

III.  Perform two separate genomic DNA sequence alignments using the Clustal software
program. One will compare the sequences of the four primates (Human,
Chimpanzee, Gorilla, and Orangutan) and the other will compare the Human
sequence to the three model vertebrate sequences (Mouse, Chicken, and Zebrafish).

A. Using an internet-based software program (e.g.: Google Chrome, Mozilla
Firefox, Internet Explorer, etc.), pull up the Clustal Omega website.

1. Type in https://www.ebi.ac.uk/Tools/msa/clustalo/
2. Click on the drop-down menu to select the appropriate sequence data to align.

3. Select “DNA” from the drop-down menu.

4. Copy the four model vertebrate sequences (Human, Chimpanzee, Gorilla, and
Orangutan) in FASTA format and paste them into the open data box.

5. Under “Step 2 — Set your parameters”, select “ClustalW”.

6. Click on the “Submit” button on the bottom of the screen (see image below).
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Clustal Omega

Web services ‘ Help & Documentation ‘ Bioinformatics Tools FAQ ‘ ® Feedback | <iShare
Tools > Multiple Sequence Alignment > Clustal Omega

Multiple Sequence Alignment

Clustal Omega is a new muliple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments between three
or more sequences. For the alignment of two sequences please instead use our painwise sequence alignment tools

Important note: This tool can align up to 4000 sequences or a maximum file size of 4 MB.
STEP 1 - Enter your input sequences

Enter or paste a set of

DNA

sequences in any supported format

>Zebrafish
AAAGAATGCCGACACCCACGTTCTTCTTTACACAATAGCTCCTGTGTAGC

>Frog
GTTCAATACCCACACCCACGCACATTTGGTAACAAAGCAACATTGCATCT
>Chicken
GCAGAATAGAGACACCCACGCAGG' TACTCACAAAGCCCGGTTAAAGT -
>Mouse
A

Or, upload a file: | Choose File | No file chosen Use a example sequence | Clear sequence | See more example inpuls

STEP 2 - Set your parameters
OUTPUT FORMAT

ClustalW

The default settings will fulfill the needs of most users.

(Click here, if you want to view or change the default seftings.)

STEP 3 - Submit your job
Be notified by email (Tick this box if you want to be notified by email when the results are available)

‘Submit

7. Once the results of the sequence alignment are complete, copy all aligned
sequences and paste them into a new Word file and save the file as
“Hoxa2 r3rSPA_Alignment Primates” (see sample data below).

Orangutan CACCCACGCAGCCCCTGACAAAGCCTCAGAGATATGGGGGCAGCGCTGCTCCCTCTCTGC
Human CACCCACGCAGCCCCTGACAAAGCCTCAGAGATATGGGGGCAGCGCTGCTCCCTCTCTGC
Chimpanzee CACCCACGCAGCCCCTGACAAAGCCTCAGAGATATGGGGGCAGCGCTGCTCCCTCTCTGC
Gorilla CACCCACGCAGCCCCTGACAAAGCCTCAGAGATATGGGGGCAGCGCTGCTCCCTCTCTGC

R IR Ik I h kb b b b b b b b 2h b I b h h b b bk E h b bk S dh 2h b b b b b dh 2 b b 2k b b b b i

8. Repeat steps I1I.A.1.-I1I.A.7. for the four model vertebrate sequences (Human,
Mouse, Chicken, and Zebrafish). Save the Word file as
“Hoxa2 r3rSPA_Alignment ModelVerts” (see sample data below).

Zebrafish CACCCACGTTCTTCTTTACACAATAGCTCCTGTGTAGCTGACAAAAACACGCTTTTC-CT

Chicken CACCCACGCAGGTTTTACTCACAAAGCCCGGTTAA-AGTCCAAACCTCTCTCTTTATTAT

Mouse CACCCACGC--AGCC---TGACAAAGC-—=—————————————————— CCAATGCTGTGG

Human CACCCACGCAGCCCC—---TGACAAAGCCTCAGAGA-TATGGGGGCAGCGCTGCTCCCTCT
kK ok * ok ok ok *

Follow steps VI.A.-VLE. of the BIO-001 SOP for formatting the DNA sequence
alignment documents for nucleotide color coding and eventual figure development.

Follow steps VII.A.-VIL.D. of the BIO-001 SOP for color code the nucleotide data to
highlight conserved DNA sequence regions.

Develop a figure of the genomic DNA sequence alignments.
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. Follow steps VL.LE.-VLF. of the BIO-003 SOP for making a new slide in the
“Hoxa2_ Figures Powerpoint” file.

. Follow steps VIIL.-IX. of the BIO-001 SOP for importing the primate and model
vertebrate genomic sequence alignments into the new slide of the
“Hoxa2_ Figures Powerpoint” file.

1. Label the Primate alignment data as “Primate Hoxa2 Upstream Genomic
DNA Sequence Alignment”.

2. Label the Model Vertebrate alignment data as “Model Vertebrate Hoxa?2
Upstream Genomic DNA Sequence Alignment”.

. Label the Krox20, Sox, Prep/Meis, and Hox/Pbx cis-regulatory elements in the
Model Vertebrates alignment.

NOTE 7: Krox20 and Sox are transcription factors that work in conjunction to
direct Hoxa2 gene expression in r3 and r5. Hox/Pbx and Prep/Meis are
transcription factors that work in conjunction to direct Hoxa2 gene expression in
the PAs.

1. The cis-regulatory sequence elements are described in McEllin et al. (2015)
and Davis et al. (2016).

2. Follow steps II.B.1.b-IL.B.1.f.iv. of the BIO-002 SOP to make transparent
rectangles.

3. Follow steps I1.B.3.a.-I1.B.3.e. of the BIO-002 SOP to make the Krox20, Sox,
Hox/Pbx, and Prep/Meis labels.

. Save the PowerPoint file.

. Follow steps IV.A.-IV.F. of the BIO-002 SOP to convert the genomic DNA
sequence alignment data into a TIFF image file.  Save the file as
“Hoxa2 Figure 3”.

. Add a new page to the “Hoxa2 Figures Word” document and drag the
“Hoxa2 Figure 3 TIFF file to this page.

. Underneath the third figure, write a legend that describes:

1. The layout of the figure (describe the alignments on each side of the figure)
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2. The methods used to develop this figure (i.e.: what software programs were
used to obtain the genomic DNA sequences, align the sequences, identify the
functional cis-regulatory elements, etc.)

3. The yellow and blue color-coding process of the genomic DNA sequence
alignments.

VII.  Turn in the “Hoxa2 Figures Word” file according to the deadline set by the
instructor.
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SOP #

BIO-004

Title

Analysis of Hoxa2 Genomic DNA Sequences II: Use of Clustal, Microsoft
Word, and Microsoft PowerPoint Software to Analyze Cis-Regulatory
Elements Responsible for Directing Hoxa2 Gene Expression in
Rhombomeres 3 and 5 and the Pharyngeal Arches.

Author

Adam Davis, Ph.D.
Department of Biology
University of North Georgia

Date:

SOP Assessment

True or False: Intergenic DNA sequences are part of the coding domains of a gene (they
are translated into amino acids).

Krox20 is a:

Translation factor
Transcription factor
Paracrine factor
Splicing factor

a o oe

Krox20 functions to:

Inhibit Hoxa?2 gene expression in r3 and 15
Enhance Hoxa2 gene expression in r3 and r5
Enhance Hoxa2 gene expression in r4
Enhance Hoxa2 gene expression in the PAs

acoe

Name (Print):

Signature:

Page 76



BIO-005

SOP # BIO-005

Title Analysis of Hoxa2 Genomic DNA Sequences III: Use of Clustal, Microsoft
Word, and Microsoft PowerPoint Software to Analyze Cis-Regulatory
Elements Responsible for Directing Hoxa2 Gene Expression in
Rhombomere 4.

Author Adam Davis, Ph.D.
Department of Biology
University of North Georgia

Objective:

To understand the function and evolution of Hoxa?2, especially with directing the development of
the rhombomere-derived cranial nerves and the pharyngeal arch-derived skeletal elements, the
upstream genomic DNA sequences, which contain regulatory elements that direct the expression
of Hoxa2, must be retrieved from the appropriate database for analysis. Furthermore, genomic
DNA sequences from evolutionarily divergent species must be analyzed to fully understand how
this protein functions. Genomic DNA sequences will be retrieved from several primate species,
including Human (Homo sapiens), Chimpanzee (Pan troglodytes), Gorilla (Gorilla gorilla), and
Orangutan (Pongo abelii) and several vertebrate biomedical models, including Zebrafish (Danio
rerio), Chicken (Gallus gallus), and Mouse (Mus musculus). The software program, Clustal, will
be employed for this analysis.

Relevant Terms and their Definitions

Hoxa2 — Developmental regulatory gene that is evolutionarily conserved and functions to
pattern the development of the facial nerve.

National Center for Biotechnology Information (NCBI) — Web-based database containing
genetic information submitted by scientists. Used for genetic, developmental, medical,
ecological and evolutionary research analyses.

Genbank Accession number — Identifying number for genomic DNA sequences

FASTA — Sequence format that must be obtained for nucleotide sequences for downstream
analyses.

Intronic regions — Regions of noncoding genomic DNA that span between exons of genes
and that can harbor regulatory elements.

Clustal — Multiple sequence alignment program for DNA or proteins.

Indel mutations — Point mutation of a nucleotide that results in an insertion of an amino acid
or deletion of a nucleotide.
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Cis-regulatory elements (CREs) — short sequences of genomic DNA that bind transcription
factor (TF) proteins and regulate the spatial and temporal expression patterns of their

respective genes.

r4 enhancer region — region of genomic DNA within the intron of Hoxa?2 that contains CREs

that direct Hoxa2 expression in r4.

Hox/Pbx — Transcription factors that function to bind to cis-regulatory elements and direct

Hoxa?2 gene expression in r4.

Prep/Meis — Transcription factors that function with Hox/Pbx factors to bind to cis-regulatory

elements and direct Hoxa2 gene expression in r4.

Procedure

L. Retrieve the CREs responsible for directing Hoxa2 gene expression in r4 from the

Genbank database.

A. Using an internet-based software program

(e.g.: Google Chrome, Mozilla
Firefox, Internet Explorer, etc.), type in https://www.ncbi.nlm.nih.gov

B. Click on the drop down menu titled “All Databases” and select “Nucleotide” (see

image below).
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-
< NCBI

National Center for Gene =
Biotechnology Information

Genome
GEO DataSets
NCBI Home GEO Profiles yNCBI
Resource List (A-Z) g?g rter for Biotechnology Information advances science and health by providing
fical and genomic information
All Resources HomoloGene g
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Nucleotide to NCBI your computer
Genes & Expression OMIM
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T
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Find help documents
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Explore NCBI research
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SNP

Gene

Protein
PubChem

NCBI News & Blog

November 28 NCBI Minute: Getting the
Most from Track Hubs in NCBI's Genome
Data Viewer (GDV)

19 Nov 2018

wahinar ic intandad far hath now

C. Type in the appropriate Genbank accession number in the text box next to the
Drop-down menu to retrieve the appropriate coding DNA sequences and click on
the “Search” button. The Genbank accession numbers for the species-specific
Hoxa?2 noncoding DNA sequences are listed in the table below.
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Organism Hoxa2 Sequence Sequence Reverse
Genbank Begin End Complement
Accession Coordinate Coordinate | Necessary
Human AC004079 84164 84248 Yes
Chimpanzee | NC 036886 27218368 27218452 Yes
Gorilla NC 018431 27156581 27156665 Yes
Orangutan NC 036910 46403675 46403759 No
Mouse CH466597 4373429 4373513 Yes
Chicken NC 006089 32583964 32584047 Yes
Zebrafish AL645795 57649 57741 Yes

D. Follow steps I.D.-1.G. of the BIO-004 SOP to retrieve the designated region of the
Hoxa? intronic sequence in FASTA format and in the 5°-3” orientation for all of
the organisms listed in the table above.

Follow steps II.A.-11.C. of the BIO-004 SOP to format the sequences in Microsoft
Word so that they can be read and processed by the Clustal software program. Save
the Word file as “Hoxa2 r4 Unaligned”.

Follow steps III.A.1.-II1.A.8. of the BIO-004 SOP to perform the primate and model
vertebrate genomic DNA sequence alignments. Save the Word files as
“Hoxa2 r4 Alignment Primates” and “Hoxa2 r4 Alignment ModelVerts”.

Follow steps VI.A.-VLE. of the BIO-001 SOP for formatting the DNA sequence
alignment documents for nucleotide color coding and eventual figure development.

Follow steps VII.A.-VIL.D. of the BIO-001 SOP for color code the nucleotide data to
highlight conserved DNA sequence regions.

Develop a figure of the genomic DNA sequence alignments.

A. Follow steps VL.E.-VLF. of the BIO-003 SOP for making a new slide in the
“Hoxa2_ Figures Powerpoint” file.

B. Follow steps VIIL-IX. of the BIO-001 SOP for importing the primate and model

vertebrate genomic sequence alignments into the new slide of the

“Hoxa2 Figures Powerpoint” file.

1. Label the Primate alignment data as “Primate Hoxa2 Intronic Genomic DNA
Sequence Alignment”.

2. Label the Model Vertebrate alignment data as “Model Vertebrate Hoxa?2
Intronic Genomic DNA Sequence Alignment”.
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Label the Prep/Meis, and Hox/Pbx cis-regulatory elements in the Model
Vertebrates alignment.

NOTE 1: Hox/Pbx and Prep/Meis are transcription factors that work in
conjunction to direct Hoxa2 gene expression in r4.

1. The cis-regulatory sequence elements are described in Tilimpel et al. (2007).

2. Follow steps II.B.1.b-IL.B.1.f.iv. of the BIO-002 SOP to make transparent
rectangles.

3. Follow steps I1.B.3.a.-I1.B.3.¢. of the BIO-002 SOP to make the Hox/Pbx and
Prep/Meis labels.

Save the PowerPoint file.

Follow steps IV.A.-IV.F. of the BIO-002 SOP to convert the genomic DNA
sequence alignment data into a TIFF image file.  Save the file as
“Hoxa2 Figure 4”.

Add a new page to the “Hoxa2 Figures Word” document and drag the
“Hoxa2 Figure 4 TIFF file to this page.

Underneath the third figure, write a legend that describes:

1. The layout of the figure (describe the alignments on each side of the figure)

2. The methods used to develop this figure (i.e.: what software programs were
used to obtain the genomic DNA sequences, align the sequences, identify the
functional cis-regulatory elements, etc.)

3. The yellow and blue color-coding process of the genomic DNA sequence
alignments.

VII.  Turn in the “Hoxa2 Figures Word” file according to the deadline set by the
instructor.

References:
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SOP # BIO-005

Title Analysis of Hoxa2 Genomic DNA Sequences II: Use of Clustal, Microsoft
Word, and Microsoft PowerPoint Software to Analyze Cis-Regulatory
Elements Responsible for Directing Hoxa2 Gene Expression in
Rhombomere 4.

Author Adam Davis, Ph.D.
Department of Biology
University of North Georgia

SOP Assessment

1. True or False: Intronic DNA sequences are part of the coding domains of a gene (they
are translated into amino acids).

2. Prep/Meis is a:

Translation factor
Transcription factor
Paracrine factor
Splicing factor

ao o

3. Prep/Meis functions to:

Inhibit Hoxa?2 gene expression in r3 and r5
Enhance Hoxa2 gene expression in 13 and r5
Enhance Hoxa2 gene expression in r4
Inhibit Hoxa?2 gene expression in the PAs

acoe

Date:

Name (Print):

Signature:
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SOP # BIO-006

Title Performing whole-mount in situ hybridization (WISH) using zebrafish (Danio
rerio) embryos.

Author Adam Davis, Ph.D.
Department of Biology
University of North Georgia

Objective:

To understand how genes function to pattern anatomical structures, their spatial and temporal
expression patterns must be deduced. Whole-mount in sifu hybridization will be performed on
zebrafish to observe where Hoxa? is expressed during embryonic development.

Relevant Terms and their Definitions

Whole-mount in situ hybridization (WISH) — a technique used by biologists to understand
when and where genes are transcribed into messenger RNA within tissues. A labeled
antisense riboprobe is used to hybridize with expressed mRNAs

Antisense riboprobe — a RNA strand that is complementary to mRNA of interest and labeled
with digoxigenin (DIG). This will hybridize with transcripts that are expressed in tissues.
These are typically 300-1000 nucleotides in length to add for specificity in hybridizing to
targeted gene transcripts. Roughly every 1 in every 4 uracil nucleotides of the riboprobe
is covalently bonded to DIG. DIG provides an antigen target for the anti-DIG antibody.

Sense riboprobe — a RNA strand that is in the same orientation as the mRNA of interest and
labeled with DIG. This is the same length as the antisense riboprobe and is used as a
control. Since it is in the same orientation as the mRNA of interest, it will not hybridize
with the mRNA.

Anti-DIG Antibody-Alkaline phosphatase (ADAAP) — An antibody that binds to DIG on the
DIG-labeled antisense and sense riboprobes. It is coupled to an alkaline phosphatase
enzyme that yields a purple fluorescence when in the presence of its substrate.

Procedure
L. Obtain appropriate developmentally staged zebrafish embryos for analysis.

A. Using a bulb pipette, carefully transfer 5-6 embryos per developmental stage into
a 1.7 mL microfuge tube.

NOTE 1: To save on materials, one microcentrifuge tube per analysis will be
used. Different developmentally staged embryos show differential morphological
features.

NOTE 2: Embryos are stored long-term in 100% methanol at -20 °C. 100%
methanol permeabilizes tissues to allow for access to endogenous mRNAs.
Embryonic tissue is originally “fixed” with 4% paraforlmaldehyde (PFA)
dissolved in phosphate buffered saline with 0.1% Tween 20 (0.137 M NaCL,
0.0027 M KCl, 0.01 M Na;HPOs, 0.0018 M KH2PO4, pH 7.4) (PBST). PFA

Page 83




IL.

I1I.

BIO-006

cross-links proteins to preserve tissues. Methanol dissolves lipids to allow access
of RNA probes and antibodies to their intracellular targets for the WISH analysis.

B. Transfer excess 100% methanol back to original stock tube.
Re-hydrate embryos.

NOTE 3: In order to allow any enzymatic activity to occur within the embryo during
the WISH assay, the embryonic tissue must be hydrated and equilibrated in PBST.
Most enzymatic reactions that take place within living tissue occur in an environment
that contains readily available phosphate (POy4’) ions and is at a pH of 7.4. Tween 20
within PBST serves as a surfactant and prevents embryos from adhering to each other
and potentially destroying tissue during subsequent washes.

NOTE 4: When replacing liquids from embryos, always be sure to leave embryos
submerged within liquids. Otherwise the embryos will become dessicated and the
tissue will be destroyed. Be sure that all embryos have fallen to the bottom of the 1.7
mL microfuge tube before replacing any liquids.

A. Remove 100% methanol from embryos in the 1.7 mL microcentrifuge tube and
discard.

B. Gently add 1 mL of PBST to embryos, cap tube and incubate embryos at room
temperature (RT) for 5 minutes (min).

C. Remove PBST from embryos and discard.

D. Gently add 1 mL of fresh PBST to embryos and incubate at RT for 5 min.

E. Repeat steps I1.C. through II.D. three more times for a total of five PBST washes.
Digest embryos.

NOTE 5: In order to observe gene expression in deeply located tissue, embryos must
be partially digested with Proteinase K. Proteinase K digests protein, thus exposing
deeper tissues for riboprobe penetration. The Proteinase K stock solutions are at 10
mg/mL (or 10,000 pg/mL) in dH>O. Working solutions must be at 10 pg/mL.

A. Add 1 pl of 10,000 pg/mL Proteinase K to the 1.7 mL microfuge tube containing
the embryos and 1 mL of PBST.

B. Incubate embryos at RT for the appropriate amount of time depending on the
developmental stage (see Table below).
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Zebrafish Developmental Stage

Proteinase K Digestion Time

75% Epiboly (Gastrula)

30 sec

> Gastrula to 18-20 somites 1 min

> 18-20 somites to 24 hours (hr) 10 min
>24 hrto <48 hr 20 min
48 hr and later 30 min

Once the Proteinase K incubation time has ended, immediately remove the PBST
with 10 pg/mL Proteinase K and discard.

Gently add 1 mL of 4% PFA to the embryos and incubate tube at RT for 20 min.

NOTE 6: 4% PFA is added to deactivate the Proteinase K so no further digestion
of embryos will occur.

Hybridize riboprobes to their endogenous mRNA targets.

A. Remove 4% PFA from embryos and discard.

m o 0 "W

e

Gently add 1 mL of PBST to the embryos and incubate tube at RT for 5 min.
Remove PBST from embryos and discard.

Repeat steps IV.B.-IV.C. four more times for a total of five PBST washes.
Remove final wash of PBST from embryos and discard.

Gently add 500 pL of Hybridization buffer (HB) to the embryos and incubate at
65 °C for at least 5 min.

NOTE 7: It may take more than 5 min for all embryos to completely equilibrate
in the HB and sink to the bottom of the microfuge tube. The HB is an extremely
viscous solution and it will take a longer duration for embryos to equilibrate in
HB than in other solutions.

NOTE 8: The HB is composed of 50% formamide, 50 pg/mL Heparin, 5X
sodium saline citrate (0.75M NaCl, 0.075M Na3;Ce¢Hs507) (SSC), 500 pg/ mL
torula RNA, and 0.1% Tween 20 and is at a pH of 6.0. All components of the
HB, including the pH of 6.0 and the temperature at 65 °C, increase stringency and
specificity of the antisense riboprobe to its endogenous target and decrease non-
specific binding of the riboprobe to other mRNAs. The high temperature of 65 °C
and formamide, which is an organic solvent, both function to denature (melt)
hydrogen bonds between the riboprobe and non-specific mRNA targets. The pH
of 6.0 increases the concentration of free H" ions, which compete with the
riboprobe for mRNA targets. Heparin and torula (yeast) RNA function as
“blocking” reagents that prevent the riboprobe from binding to non-specific
mRNA targets. 5X SSC is a high salt concentration and aids in stabilizing the
riboprobe to its endogenous mRNA temperature and low pH. Thus, the HB is

Page 85



BIO-006

added to embryos to aid in allowing the antisense riboprobes to hybridize only to
their endogenous mRNA targets.

NOTE 9: If it is not feasible to continue with the WISH assay due to time issues,
embryos can be stored in HB buffer at -20 °C until the assay can be continued.

Remove the HB from the embryos and discard.

Gently add 500 mL fresh HB to the embryos and incubate at 65 °C for 1 hr.

Add 1 pL of the appropriate digoxigenin (DIG)-labeled riboprobe to the embryos,
gently tap the tube to mix, and incubate at 65 °C for at least 16 hr.

NOTE 10: Be sure to add only antisense riboprobe or sense riboprobe to each
microfuge tube of embryos.

Wash excess DIG-labeled riboprobes from embryos.

NOTE 11: The washing of embryos post-hybridization is extremely important as it
will remove any non-hybridized DIG-labeled riboprobes that can potentially generate
background noise.

A.
B.

Remove HB with DIG-labeled antisense or sense riboprobe and discard.

Gently add 1 mL Wash 1 solution (50% formamide, 2X SSC, 0.1% Tween 20
(SSCT) to the embryos and incubate at 65 °C for 1 hr.

NOTE 12: A decreased SSC concentration aids in de-stabilizing hydrogen
bonding of DIG-labeled antisense riboprobes to any non-specific mRNA targets.

Remove Wash 1 solution and discard.

D. Gently add 1 mL fresh Wash 1 solution to the embryos and incubate at 65 °C for 1

hr.

Repeat steps V.C.-V.D. two more times for a total of four Wash 1 washes.

F. Remove Wash 1 solution and discard.

Gently add 1 mL Wash 2 solution (2X SSCT) to the embryos and incubate at 65
°C for 1 hr.

Remove Wash 2 solution and discard.

Gently add 1 mL Wash 3 solution (0.2X SSCT) to the embryos and incubate at 65
°C for 1 hr.

Remove Wash 3 solution and discard.

Gently add 1 mL fresh Wash 3 solution to the embryos and incubate at 65 °C for 1
hr.
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NOTE 13: At this point of the Wash steps, the only mRNA that the antisense
DIG-labeled riboprobe should be hybridized to is its endogenous, complementary
sense mRNA target.

Remove Wash 3 solution and discard.

. Gently add 1 mL PBST to the embryos, cap tube, and incubate at RT for 5 min.

Remove PBST and discard.

Gently add 1 mL fresh PBST to the embryos, cap tube, and incubate at RT for 5
min.

NOTE 14: If it is not feasible to continue with the WISH assay due to time
issues, embryos can be stored in PBST at 4 °C until the assay can be continued.

Add Anti-DIG Antibody-Alkaline Phosphatase (ADAAP) to the embryos.

A.

B.

Remove PBST and discard.

Gently add 1 mL Blocking solution (2 mg/mL bovine serum albumin (BSA) in
PBST) to the embryos, cap tube and incubate embryos at RT for at least 90 min.

NOTE 15: The BSA is protein that functions as a blocking agent. Specifically, it
helps to limit the antibody from binding to any targets other than the DIG target
on the riboprobe.

Remove blocking solution and discard.

D. Gently add 1 mL 1:5000 Anti-DIG Antibody-AP in PBST to the embryos, cap

tube and incubate for at least 12 hr at 4 °C.

NOTE 16: The 4 °C temperature is used to decrease the rate of reaction of the
antibody-antigen binding. This decreased temperature also aids in allowing the
antibody to specifically bind to its DIG target. A 1:5000 dilution is made by
adding 1:100 diluted antibody to 980 pL PBST.

Wash excess Anti-DIG Antibody-AP from embryos.

NOTE 17: The washing of embryos post antibody incubation is performed to remove

any non-bound ADAAP that can create background noise.

A.

B
C.
D

Remove ADAAP in PBST and discard.

. Gently add 1 mL PBST to the embryos and incubate at RT for 15 min.

Remove PBST and discard.

. Gently add 1 mL fresh PBST to the embryos and incubate at RT for 15 min.
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Repeat steps VII.C.-VILD. six more times for a total of eight washes in PBST.

NOTE 18: Ifit is not feasible to continue with the WISH assay due to time
issues, embryos can be stored in PBST at 4 °C until the assay can be continued.

Perform labeling reaction.

NOTE 19: The labeling reaction involves transitioning embryos from PBST to
Alkaline phosphatase (AP) buffer (0.1 M Tris, pH 9.5, 0.05 M MgSO4, 0.1 M NaCl,
0.1% Tween 20). This buffer provides the optimal pH environment for AP enzyme to
function. This reaction also calls for nitro-blue tetrazolium chloride (NBT) and 5-
bromo-4-chloro-3’-indolylphosphate p-toluidine salt (BCIP), which function as
cofactors for the AP enzyme.

NOTE 20: The AP buffer must be made fresh for each WISH assay.

A.
B.

m =\ U a

Remove PBST and discard.

Gently add 1 mL AP buffer to the embryos, cap tube, and incubate at RT for 5
min.

Remove AP buffer and discard.

Gently add 1 mL fresh AP buffer

Remove AP buffer and discard.

Gently add AP buffer with 0.4 mg/mL NBT and 0.2 mg/mL BCIP.

NOTE 21: The NBT and BCIP must be measured and added to the AP buffer
prior to adding to the embryos. Once the NBT and BCIP are added to the AP
buffer, the solution must be kept in a light-free zone. Covering the tube with foil
works well.

Immediately after adding the AP buffer with NBT and BCIP, transfer the embryos
and buffer from the 1.7 mL microfuge tube to a labeled well of a 24-well plate.

NOTE 22: Embryos can be visualized more easily under a microscope once they
are transferred to a 24-well plate.

Cover the well plate with foil to inhibit any light from disrupting the reaction and
incubate embryos at RT.

Check the progress of the labeling reaction using a light microscope every 30 min
to 1 hr.
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NOTE 23: The embryos can be stored overnight at 4 °C to slow down the
labeling reaction if it is not feasible to continue the labeling reaction at this time.
The labeling reaction can be continued at RT the next day.

Embryos that show desirable gene expression must be transferred into 4% PFA
using tweezers to stop the labeling reaction.

NOTE 24: Embryos that are treated with 4% PFA can be stored at 4 °C overnight
to ensure that the alkaline phosphatase enzyme has been deactivated.

Once the AP enzyme is deactivated, remove the 4% PFA and replace with PBST.

NOTE 25: Embryos can be stored in PBST at 4 °C until they are prepared for
mounting and digital microscopic photography.
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