You will Learn:

* General tips and tricks in navigation, filtering, and
selection
— Keep input data types

Excel TlpS and Tricks — Keep headers visible as you scroll

— Keyboard navigation shortcuts
— Quickly identify patterns within a column
— Split items within single column
— Highlight cells by their values
[Bingbing Yuan] * Using formulas to work with data

* Merge multiple tables with viookup
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Problem: Excel changes my input data Solution: Change formatting to "Text"
1. Open file with plain text

2. Before you populate the data into Excel, select the cells that
will contain the gene symbols, right-click and choose Format

Month: JAN to DEC Al ~ &P 5 ‘ Cells >Text > OK = ‘

3. Copyand paste data [=e & wer et e g e wne

\ 1 |ID Default format Py P i
a number contains the letter E or 2 I’SEP2 2-Sep
o e siopraye, e > 2310009E13 2.31E+19
410223345 223345

5
5]

a number contains leading zeros

15758 ) ) ) e = e S

Note: Copy from HTML page: use paste special -> Unicode text 3 T T 4




Sort & Filter button: Easy to spot patterns

* Temporarily hide repetitive elements

e Sort the rest of the elements in order

Sort & Filter
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Problem: End of cell contents is missing
Solution: Wrap text

) ookt

| A B 3

1 Featurd v | baseM(~ | log2(YR ~

2 A1BG 119.157 -1.71749

3 |AICF 0 NA

4 |A2BP1  0.391003 -0.04676

5 A2D1 23.8847 -0.25628
E——

Format Cells — ™ —

[ Number (" Algrment ) Font | Border | Fil |

Text alignmel
Horizontal:

General [2] mdent

Vertical: 0 s

Bottom [~

Justify distributed

Ext control

7 iirap text]

[ Merge cells
Right-to-left

Feature.| baseMea log2(YRI/

1o In ~lcey) [~

2 A1BG 119.157 -1.71749

3 |AICF 0 NA

4 |A28P1  0.391003 -0.04676

5 A2D1 23.8847 -0.25628
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Split items within single column:
example 1

Text_to Columns
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Split items within single column:

A
15728 sePN1157190
15726|sEPP1 16414

15/31/5EPT10]151011

15733{SEPTL 11731

15735 sEPT14]346288
sepT214735

example 2

A
15/28[sePN1
15729sepPL
15730/ SEPSECS.
15722/ SEPTAL
15733sepTL
15724sepTa:

15736 SEPT2
15737|SEPT3
15738/ sEPTa
15730/5EPTS

Text to Columns

Convert Text 1 Columins Wizard - Stap 2013
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Merge multiple columns

Ho-c -
Fle  Home Insert PageLayout
= & n =
B L Show Queries :? (Elconnections | ) m Y =
[E]From Table
(Get Bxternal New Refresh 3| Sot Fiter Text
Data~  Query~ [BRecent Sources a1~ it T Advanced ol
Get & Transform Connggii
HL - f
A B c D J
1[Tcea A8 AO7B 01A 1IR  A0DZ  7[TCGA-AS-AO7B
2 |TCGA A8 A08B O1A 1IR  A00Z 7|TCGA-AS-A0SB
3|TCGA A8 AOSP O01A 1IR  AQ0Z 7|TCGA-AS-AOSP
4|TCGA A8 A094 01A 1IR  AQ0Z 7|TCGA-AB-A094
5|TCGA A0  A030 O01A 11R  A00Z 7|TCGA-AC-A030
16|TcGA A2 AO4P OIA 3R A034  7|TCGA-A2-AG4P
7|TCGA A2 A04Q 01A 21R  A034  7[TCGA-A2-A04Q
8 |TCGA A2 AO4T 01A 2IR  A034 7[TCGA-A2-AQ4T
9 |TCGA A2 A04V 01A 21R  A034  7|TCGA-A2-AQ4V
10|TCGA AN A041 01A 11R  A034 7|TCGA-AN-A04L
11|TCGA AN A046 O0IA 21R  A034  7|TCGA-AN-A04E
12[TCGA AN AO4A OIA 2R A034  7|TCGA-AN-AG4A
13[TCGA AN A04C O01A 21R  A034  7|TCGA-AN-AOAC
14|TcGA AN A04D 01A 21R  A034  7|TCGA-AN-AO4D

Keep headers visible as you scroll

* Choose View > Freeze Panes -> Freeze top Row
* To unfreeze frozen rows, choose View > Freeze Panes > Unfreeze Panes

Microsoft Excel
ew Developer Acrobat
Y D) | I selit =l
{ =

L4 B 2=\ =]
f 100% Zoomto = New Amande Freeze Save
Selection | Window  All \| |Panes ~| Workspac

Zacn Ereeze Panes {e— Freeze both row and column

5] Keep rows and columns visible while the rest of
the worksheet scrolls (based on current selection)

Freeze Top Row
Keep the top row visible while scrolling through  |[€—
.

H | ) the rest of the worksheet
Freeze First Column
Keep the first column visible while scrolling
[CEU_NAO CEU_NA1 YRI_NA1 through the rest of the worksheet
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Keyboard navigation shortcuts

plus

PC MAC
First cell in the active column  Control/Ctrl Up arrow Command
Last cell in the active column  Control/Ctrl Down arrow Command
First cell in the active row Control/Ctrl Left arrow Command
Last cell in the active row Control/Ctrl Right arrow Command
The very first cell (A1) Control/Ctrl Home Control/Ctrl
Bottom right corner Control/Ctrl End Control/Ctrl

plus
11

Keyboard selection shortcuts

¢ Selecting a large range of cells can be a pain. Here’s
one trick that could help.
— To start the selection of a large matrix, start by selecting
the bottom right cell of the desired matrix (Ctrl + End)
— Use "Ctrl + Shift + up arrow" to select everything above
the original cell.
— Use "Ctrl + Shift + left arrow" to select everything to the
left of the original cell.
— Use "Shift + down arrow" to move down one row (to avoid
the header line, if present).

— Use "Shift + right arrow" to move to the right one column
(to avoid any ID column(s), if present)

11
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The Cancer Genome Atlas (TCGA)

* NCI / NHGRI project to molecularly characterize
— Over 20k primary cancer samples
— Matched normal samples
— 33 cancer types

* Genomic, epigenomic, transcriptomic, and
proteomic assays

» Data we'll use for exercises:
— Small subset of BRCA RNA-seq data from TCGA

— Unit: normalized gene expression levels

TCGA barcode IDs

Portion Center

’ Plate

TC6A-02-0001-01¢-01D-0182-01

Project Participant

| J
|

Unique patient ID

Vial Analyte

https://docs.ede.cancergov/Encyclopedia/pages/TCGA Barcode/
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Ex.1 (TCGA_data.xlsx)

* Freeze the portion of the sheet BRCA_from_TCGA, so you can always see
the column names (TCGA barcodes) and gene names no matter how you
scroll.

— hint: View ->Freeze panes / Freeze Top Row

* Split the TCGA barcodes and check the sample codes. How many sample
types?

— hint: copy and paste barcodes to another sheet with Paste special ->
Transpose, then split barcodes with Data -> Text to Columns -> View sample
codes by turning on Sort & Filter button under Home panel)

* Replace sample barcodes with meaningful names:

— 01->Primary

— 06 -> Metastasis

— 11->Normal

* Add sample codes as additional row to top of the BRCA_from_TCGA sheet.

— hint: Copy -> Paste special -> Transpose

* Sort the samples by sample codes

— hint: Data -> Sort -> Options -> Sort left to right

13
TCGA Sample codes
Code Definition Short Letter Code
- 01 Primary Solid Tumor TP
02 Recurrent Solid Tumor TR
03 Primary Blood Derived Cancer - T8
Peripheral Blood
g 04 Recurrent Blood Derived Cancer - TRBM
P Bone Marrow
%’ h 05 Additional - New Primary TAP
g 06 Metastatic ™
'E 07 Additional Metastatic TAM
08 Human Tumor Original Cells THOC
09 Primary Blood Derived Cancer - TBM
= Bone Marrow
r 10 Blood Derived Normal NB
11 Solid Tissue Normal NT
_ 12 Buccal Cell Normal NBC
g 4 13 EBV Immortalized Normal NEBV
S 14 Bone Marrow Normal NBM
z 15 sample type 15 15SH
L 16 sample type 16 16SH
20 Control Analyte CELLC
Complete sample codes can be found at: -
https://adc.cancer. -t tcag-code-tabl Je-tvpe-cod ®
15
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https://docs.gdc.cancer.gov/Encyclopedia/pages/TCGA_Barcode/
https://gdc.cancer.gov/resources-tcga-users/tcga-code-tables/sample-type-codes

Math formulas

— Absolute value:
=ABS(B4)

— Average:
=AVERAGE(B4:D4)

— Log?2 ratio:
=LOG((04+1)/(Q4+1),2)

Add pseudocount 1 to avoid denominator being 0

17
Logical formulas
* Examples:
—If, else /True
=IF( U4<0.05, 1, O)\
False
—andor
=IF ( AND (T4<0.05, R4>=1), "yes”, "no”)
\ J
|
19

Statistics Formulas

* Example: T test:
=TTEST(B4:D4, 14:N4, 2, 3)

e

= Tails Required. Specifies the numbgf of distribution tails. If tails = 1, T.TEST uses the one-tailed
distribution. If tails = 2, T.TEST uses jhe two-tailed distribution,

= Type Required. The kind of t-TAst to perform.

Parameters
If type equals This test is performed

Paired

Two-sample equal variance (homoscedastic)

Two-sample unequal variance (heteroscedastic)

18

Formula details

* Begin with equal sign: =
* Dollar sign (S): absolute cell references
* Convert formula to real value:

— Copy - Paste Special - Values

20




Hybridization REF + |A12D-0(~ Max [~ 07

e RN et Pevelsout Formues Data Review View ACK
% cut Glbi - A A - Erwep
2 Copy -

2 romatpainter | B 1 Y LA Elvery
Gipberd fom 5 lgment

3 - f | =106(83+1,2)

A N o 3 )
Primary Metastasi: Metastas’ MetastasiNor
TeonE2- TCGA-BH- TCGA-E2- TCGA-E2- TCC
Aav-o1a AI8V-064 ALSE-06A-ATSK-06A-ALE
b 11RA213-11-

LRALZP-11
-|a120-0-Jo7 - a1z

[Pren20ajes3izs o oonolonn o g
(CT45A2|728911 0 0.1657
CT45A4|441520 0 01657 .
SNORA4|619568 o o2t
'SNORA44|677825 0 0.284
AQP124[375318 o 02904 3
C190rf75|284369 0 0.2904
| Corfro| 152118 o o02s0s
Crortss|202885 o o020
' |c8A|731 0 0.2904
| lecocos 126402 o o02s0s
(CLEC1B|51266 0 02904
i |DEFA4|1669 0 0.2904
| owiRra1jgssas o o02s0s
DPPAS|340168 0 0.2904
 |oRoajiste o o02s0s
| |GDF7|151449 0 02904

2

Apply formula to multiple rows at once

Pagolayout Fomulas  Data  Review View ACROBAT _Devd

Gibi A A B wiap Tox
eiter BT U5 O A Merge & Center -
Jo | -locles2)
A N o 3
Primary Wetastasi Metastas: MotastasiNormal _ Norn
TeGAE2 TCGA-BH- TCGA-E2- TCGA-E2- TCGA-BH- TCGH
ALav-012 ALEV-06 ALSE-06A-ALSKOBA ALBU-  AL8\

18-
Hybridization REF - |A120-0 - Max -

LRAZI3IR 1IR-AIZP-11A23R- S2R-
07 [-lA1200- 107 -|A1200~ At2r

. Copy equatioh|FTalsssizs o oor
UAUOR crasaz 72s011 o o157
(optional} [crasasjasiszo o 01657

6 |SNORA4|619568 0 0.2651]

7 |SNORA44|677825 0 0.284

ITOW PPN g |aqp1za|s7ssts 0 02904

9 |c15ort7s| 284369 o o204

10 |comsisants o o2

- Double dlicks 11 |crorts3|avzsss o oz
12 |C8A|731 0 0.2904|

43 |ceocios 126402 o o2s0d

14 |cLeciaisizse o o2s0d

15 [oerasizsss o oz

16 |DMRTB1|63948 0 0.2904|

17 |DPPAS| 340168 0 0.2904|

18 |oRD3 1814 o o2s0d

1907 151009 o o2s0d

20 1ceae ssaes o o2

21 |L0C283999 283999 0 .2904|

BRCA from TCGA  Sheetl
O

0101112 0 o

o 0 o

o 0 o

o 0 o

0 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o
0367818 0 o=
KEGG ECM RECEPIOR INTERACTION

Note: double check several cells to make sure
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Remove extra spaces within a cell

B3 Microsoft Excel - Book3

] Fle  Edt nsert  Format  Tools Data Window Help Adobe PDF
SNSRI RV E S LS K 8 A K 2o 2@ e 210 =B 2 U|

- A =TRIM(AT)

A B
extra spaces |Please get rid of extra spaces

Please get rid of

22

Methods

Is output list in sorted order?

Can the list be saved?

Sort &
Filter

Yes

No

Can all items in a super long list be displayed? No

How to get an unique list of items within a field?

Data ->
Remove
Duplicates
No

Yes

Yes

22
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Color cells with Conditional Formatting
Example 1

EXxisx - Excel

Good Neutral

Note

b
B Less Than...

% Between..

Equal To...
=)

log2(M/P log2(P/N
~lp.ave [~]) ~1) ~ | Mvsp.pvalu
9175395.495 1.144637 0.075121 0.5336991
2475286.836 44275 110172 0.189681¢
2778029.122 -0.25695 -0.08717  0.672425¢
3172156.754 0.090939 -0.47521  0.896235:
05 56343 306551 393.218( . 79: 350.914 2315072 -0.01446  0.443796¢
55 3491.259 3314.71 2496.96% B -25] 3158474 -5.44442 6569742  0.004809;

r | Text that Contains...

ol

98| ] NewRule ) A Date Occurring...
82/ 3 ClearRules =

a5
[E] ManageRul
a2, °

J Duplicate Values...

24

24




Color cells with Conditional Formatting
Example 2

Highlight extreme values: Color Scales

PEN [ P 8 B [§ Zheecdy O

Sl
54 Condfiona Formatas Gl Inset Delete Fomat g (L Sort& Find &

Fomattng Table- Sylest * - 4 Fier - Slect
Al cats aiing

[ eighighe ces mutes »

[E=! ,

[ top/mottom rutes . o . < . |
Al -
o (B | DstaBars .

. L im Ave(meta log2(/?

=B

[=] |- stasis) |~ [log2(P/ - |) -
, 3587 072235 141493 0,171054)

[=] i Red - White - Blue Color Scale 14| 017430

19 0

305| -0.30579)

57| 0060058

L L7 - --376| 02745,

0 0.643761 -0.93901

769 33143 o 33183
0 33143 06593 3314370358175 0.746617 0 0.362894] -0.80456,
o 3313 0 3.314370.354275]0.721067” 0 0.345782| 07833
0 3343 06593 331437 0711053837 0.1684 1.074083) -0.84855,
o 33143 0 3314370117825 0552383 0 0.473661 -0.63448

692 33143 0 331437 0.1135571.088267 067365 0.90714| -031831
o 3313 0 331037 096151058517 111 0.069648| 0.035638
0 33143 o 33163 0706799677 1.01045 0.748433] 0.259086,
o 33143 o 33183 0705523837 0 0.634485] 0.63448
o 0 09889 3.368170.594075 0.64965 165405 0.04944 0.702252

923 0 3.368170.703175]0.192267] 2.43735 -0.51452| 152759

o
846 13257 Le4s1 33681  1.44295 19151837 243735 0.254362 0.23771)

o 0 13185 3368171542875 0219757 20607 105988 1327276 25
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Ex.2 (TCGA_data.xlsx)

1. Drop genes with no expression in all samples

1) Hint: Create another column and name it as “Max” -> use formula to calculate maximum value
for each gene -> Sort data by “Max”

2) How do you easily find out where the non-zero value start?

Hint:
a)  Convertvalues in “Max” column from formula format to value with Copy -> Paste Special -> Values
b)  After sorting, with Sort & Filter button to find out the value right above 0 -> Search for this value under “Max”
column

2. Compare primary tumor vs normal, and metastatic cancer vs primary tumor:
1. Convert values to log2 format:
1) To avoid dividing by 0, you can add 1 to each value

2) Start to get the log2 expression for the top gene in the first patient sample, use our tricks ( see slides)
to fill out the rest of the cells

2. Calculate log2 averag'e for each gene in normal samples, and do the same for primary tumor
and metastasis samples.

3. Calculate log2 fold changes (log2FC) between primary tumor and normal, and between
metastatic cancer and primary tumor, and highlight the log2FC with Conditional Formatting

4. Calculate p-values with ttest, delete the genes with no valid pvalues, find out FDR adjusted p-

value with the BaRC web tool ( http://bioinfo.wi.mit.edu/bio/tools/fdr/ ), and highlight FDR
adjusted p-values < 0.05 with Condrtional Formattng.

3. We consider a gene is “differentially expressed” if meeting the cutoffs (FDR adjusted
p-value < 0.05 + at least 2 fold difference). Add two columns named as Sig(PvsN)
and “Sig(MvsP)”, fill in with “y” and “n” to indicate if a gene is “differentially
expressed” or not.

Hint: with “if” plus “and” formula 27

Color cells with Conditional Formatting
Example 3

Highlight extreme values: Color Scales ->
More Rules

Formulas Data Review \lew ACROBAT Developer Q) Tell me what you want to do]

§E el
B BAVerge & Center - § < % 9 %3 23 Conditional Form

Formatting - Tak
ont Alignment Number Styles

New Formatting R\g R
R s N _ -

Select a Rule Type:

- Format all cels based on their values
= Format only cells that contain

= Format only top or botiom ranked values.

= Format only values that are above or below average
o0g2(M/P - Format only unique or duplicate values \

- [log2(P/[= [Mysp.ff L= Use aformuls to determine which cels o format I
0.384316| -0.34068| 0.5 Eit the Rule Description:
MAC: 0.093457| 0.077152| 0.64)
-0.30015| -1.06402 0.54

Format values that rank in the:

It’s “Top/Bottom Rules” -0.97894 -1.33834| 0.1
o I = —
0.448461| -0.88095| 0.

0.205713 0.109701| 0.7 —
-0.53019| 2.732735| 0.7
1.403292| -2.04853| 0.5¢
0.008764| -0.00214| 0.9¢/ \L Concel | 26
nassaal -nnzasal 2

Excel version 16: T [x] [0 V] i theselected range Top/bottom
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Lookup and retrieve data

LUTION [Read-Only]
:a Window Help  Adobe PDF

9] ple £t Wew Insent Fomat ook

HIRNE=A - NEWE TIE NN N R AN Rl N R TR TN R )

- @(m—zw&z $C$489, ‘Z‘FALSEE D>
ry T—F——-—+7

E] F [ G
fetal_brain_mean adult_brain_mean| Probe fetal brain_mean__adult_brain_mean
603044225 11470412€ 1091_at 8. 5E359EE73. 11.39205046
7.098027859 5.818848604 1160_at 7.845672366 9.368257073
6.935502676 7.634905024 1039_s_at 7.098027859 5.818848604

7.177586401 9.29804292
8.983598673 11.39205046
6.356422623 8.130576734
3.550644254 3.59319203¢

—EEEEE T T~
a2 [a 0= o ||~ = o]

1160_at 7845672366 9.368257073
118_at 2696280217 8.041784791
1194_g_at 5287191623 17943642
1232 s at 4275806519 4.24145262
1247_g_at 5938234238 3684240951
1264_at A4B38E05837 3465669364
1271 g at 7 ABBU25352 7.1958078€
16 1346 _at 8146804113 12.0844241€

Too complicated?
Try BaRC Submatrix Selector
http://bioinfo.wi.mit.edu/bio/tools/submatrix_selector/

28
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http://bioinfo.wi.mit.edu/bio/tools/fdr/
http://bioinfo.wi.mit.edu/bio/tools/submatrix_selector/

Look up values in data list: vlookup

* VLOOKUP(lookup_value,table_array,col_index_num,ran
ge_lookup)
— lookup_value :The value to search in the first column of the
table array
— table_array: The table to search (containing the value to search
for in the first column)
* Note: use “$” to fix the table
— col_index_num: the column number from which the matching
value is returned
— range_lookup:
* True/omitted, an exact/approximate match
* False: an exact match

Dollar sign (S): absolute cell references
29

Ex.3 (TCGA_data.xlsx)

1. Extract gene symbols from the cells under column “Hybridization
REF”. How do you check gene symbols to make sure none of them
is converted to date format?

Hint:
Copy cells in this column and Paste them next to the rightest column ->
use “Text to Columns” to split cells

2. Use vlookup to get the expression levels of a list of genes, such as
genes in the KEGG_ECM_RECEPTOR_INTERACTION gene set from

Broad's MSigDB.

3. Areany of these genes "differentially expressed" as defined by
1) adjusted p-value < 0.05
2) absolute log2 fold change >= 1
Hint: Use “Sort & Filter” button to quickly narrow down the genes

30
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Summarize data with PivotTable

In this example, it grouped the values by gene and calculated the average 31

Pooled CRISPR screening

Simultaneous targets of a large number of
genes or regulatory elements.

) Nucease
) (eg.cas9

SgRNA

multiple single guide RNAs (sgRNAs) for
each gene.

a0
To prevent off-target, library includes SS% (}:S . gggc)
’ ( O

Oligo array synthesis. Cloning into
‘of guido fbrary lentiviral CRISPR vector

The entire cellular population is subjected
to selective pressure. B

The genes driving the phenotype of 0 7,
interest are identified by comparing the 7
relative abundance of corresponding
sgRNAs in both fractions.

Anal Biochem. 2017 532:95

31
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https://www.gsea-msigdb.org/gsea/index.jsp

Ex.4 (CRISPR_data.xlsx)

* CRISPR_data.xlsx includes the percentage of
guide RNA expression in a subset of a pseudo
pooled CRISPR screen experiment. Each gene
has 4 single guide RNAs.

* Could you calculate the percentage of
expression at gene level with PivotTable? You
can summarize expression of the sgRNAs by
taking their average percentage.
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* Next Hot Topics:
— Enrichment Analysis - January 28

* List of Winter/Spring Hot Topics Sessions:

— http://barc.wi.mit.edu/education/hot_topics/upc
oming/
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