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Tabular Data

e Data in the form of a table or spreadsheet

* Includes:

* Values — specific measurements for a given variable
* Observations — a set of values that are related (i.e. from the same image)

* Tabular data is commonly stored in R as a DataFrame object



Loading Tabular Data

» Before loading data, it is good practice to set up an R Markdown file
and write out the experimental details



Loading Tabular Data

title: "20241105_vamp2_exc_puncta_analyzer”
author: "Justin Savage"

date: "'r Sys.Date() ™™

output: pdf_document

" {r setup, include=FALSE} i
knitr: :opts_chunk$set(echo = )

animals were injected with a control virus that contained no CRISPR gRNA and & animals were injected with the "VvAMPZ2 TRAP" wvirus to KO
VAMP2. Animals were injected a postnatal day 21 and collected at P42.

For each C5v file input, each row is measurements from a single Z-projection. Each 3 optical sections of the original 15 Z-stack images
were max intensity projected to generate 5 of these Z-projections. 3 separate images were taken from different tissue sections of the the
same animal. Images with "CONTROL" in the name received a control AAV while images with "vAMP2 TRAP" received an AAV to KO VAMP2.

1. "vamp2 Vglutl and Psd95.csv"”

2. "Vamp2-Vglutl P5d95-2.csv"

3. "Vamp2-glutl-psd95-3.csv"




Load

| C |

A A | =B
I8 Image name
e 20231207_GB2_CON V2 Vglutl Ired chann
£ 20231207_GB2_CON V2 Vglutl I red chann
A 20231207_GB2_CON V2 Vglutl Ired chann
BEN 20231207_GB2_CON V2 Vglutl Ired chann
Bl 20231207_GB2_CON V2 Vglutl Ired chann
20231207_6B2_CON V2 Vglutl | red chann
Rl 20231207_GB2_CON V2 Vglutl Ired chann
BN 20231207_GB2_CON V2 Vglutl Ired chann
Rl 20231207_GB2_CON V2 Vglutl Ired chann
il 20231207_GB2_CON V2 Vglutl | red chann
g 20231207_GB2_CON V2 Vglutl | red chann
4EN 20231207_GB2_CON V2 Vglutl |red chann
RN 20231207_GB2_CON V2 Vglutl Ired chann
REN20231207_GB2_CON V2 Vglutl Ired chann
BN 20231207_GB2_CON V2 Vglutl Ired chann
il 20231207_GB2_CON V2 Vglutl | red chann
i) 20231207_GB2_CON V2 Vglutl | red chann
4EN 20231207_GB2_CON V2 Vglutl |red chann
=Dl 20231207_GB2_CON V2 Vglutl |red chann
AN 20231207_GB2_CON V2 Vglutl | red chann
£rN 20231207_GB2_CON V2 Vglutl | red chann
ek 20231207_GB2_CON V2 Vglutl |red chann
$X820231207_GB2_CON V2 Vglutl |red chann
=l 20231207_GB2_CON V2 Vglutl Ired chann
pla 20231207_GB2_CON V2 Vglutl Ired chann
20231207_GB2_CON V2 Vglutl | red chann
e 20231207_GB2_CON V2 Vglutl | red chann
o) 20231207_GB2_CON V2 Vglutl Ired chann
(1) 20231207_GB2_CON V2 Vglutl |red chann
AN 20231207_GB2_CON V2 Vglutl Ired chann
EPl 20231207_GB2_CON V2 Vglutl |red chann
£ 20231207_GB2_CON V2 Vglutl Ired chann
£820231207_GB2_CON V2 Vglutl |red chann
=5 20231207_GB2_CON V2 Vglutl Ired chann
) 20231207_GB2_CON V2 Vglutl | red chann
=Y 20231207_GB2_CON V2 Vglutl Ired chann
Vamp2 Vglutl and Psd95

Ing Ta

Condition Channel h Num punc Area aver: Min intens Max inten

1976
2306
1963
2527
2281
2105
2490
2378
2257
2207
2012
2350
2171
2815
2289
2430
2022
2464
2419
2581
2767
2308
3090
2657
2324
2576
2706
2082
2635
2253
2342
2650
2112
2383
2015
2336

+

30.00405
30.12489
21.80897
23.58488
22,35598
27.39372
31.74378
28.77881
25.09051
22.45945
27.18837
28.38681
26.4795
31.02877
24.58628
29.79277
21.89862
22.44602
21.97106
22,7408
25.56198
21.01776
2475372
23.90064
20.58692
26.76009
25.30155
19.19308
2297875
19.21172
24.13194
23.56302
18.991
19.86068
21.0536
28,7236

73.58451
77.65048
91.80183
92.80807
96.87812

76.6228
77.63414
85.71026
92.87461
83.87404
76.66392
77.67574
86.83141
83.76092
96.94495
81.76667

95.0178
95.01664
101.0682
104.9826

87.9082
96.12565

91.9356
101.1118
111.2169
90.97943

91.9963
107.1724
104.1309
119.4021
77.66311
81.71509
94.92945
94.94461
70.78462
62.53082

bular Data

G

96.14676
102.4428
117.1931
119.4923
124.8917
99.570323
103.0305
112.7511
120.8387
111.0408
100.84324
103.2183
113.7029
111.8409
125.7348
110.5133
123.5208
123.6644

131.3%4
136.2113
119.5703
127.4211
123.8683
132.8116
141.7336
122.9984

123.912
138.3381
136.8095
150.9783
100.6763
106.0721
120.1965
121.2707
93.45806
82.53896

| H
:Meaninte ...
81.80161 green cha
86.76729 green cha
101.4527 green cha
102.9062 green cha
107.5235 green cha
85.10742 green cha
86.83781 green cha
95.63347 green cha
103.3674 green cha
94.12937 green cha
85.61569 green cha
87.01442 green cha
96.91419 green cha
94,10443 green cha
107.9361 green cha
92,4083 green cha
106.1856 green cha
106.2164 green cha
1129485 green cha
117.3121 green cha
100.0213 green cha
108.5389 green cha
104.2437 green cha
113.7301 green cha
123.9173 green cha
103.2508 green cha
104.2655 green cha
119.9697 green cha
117.3413 green cha
133.1638 green cha
86.1595 green cha
90.8311 green cha
104.6938 green cha
105.0746 green cha
79.32324 green cha
69.7377 dreen cha

3945
3415
3345
3741
4723
3291
4045
3832
3979
4078
3397
3764
3771
3470
3323
4571
4885
3348
3691
3984
3821
3629
3901
4000
3366
4526
3097
2933
3578
3695
3375
3602
3118
5081
3592
3606

12.91612
12.14593
11.70404
12.91981
14.53081
12.89333
14.23381
13.80428
15.02061
13.53312
12.64822
13.00159
13.16256
12.73343
13.41168
14.37694
14.70233
11.74044
12.53427
14.02209
12.7375
12.07936
12.64958
13.256
13.01436
12.50663
10.31805
9.296652
10.8779
11.79781
11.2797
11.64881
12.52213
16.08857
13.11442
11.67194

§8.04156
§8.87701
§9.93871
§7.81262
89.93267
97.28502
84.65769
§5.09864
90.18874
94.70118
106.7804
95.22848
94.28666
97.47435
104.8089
91.76504
§2.31013
95.94325

90.7138
90.92385
99.02277
96.05704
91.79544

§8.5155
94.53892
101.3467
105.8389
107.7967
93.86588
93.68974
79.08207
67.55552
69.49455
68.18303
§6.58018
§1.16084

131.1979
130.9239
130.8838
130.7982
152.0809
139.8107
125.04594
129.5467
143.6703
164.8236
148.3539
140.5803
140.6675
144.5323
157.7707
140.4402
132.7413
145.3011
140.5733
144.5
147.9275
146.3582
142.3238
138.8013
145.8099
147.6684
152.7627
154.3439
141.6384
145.40535
119.2797
108.3917
112,533
138.3399
172.936
125.8741

105.746 blue chan -

106.085 blue chan -
106.7638 blue chan -
105.4011 blue chan -
117.6249 blue chan -

116.565 blue chan -
102.8491 blue chan -
104.0871 blue chan -
113.4465 blue chan -
127.3727 blue chan -
127.2981 blue chan -
115.3202 blue chan -
114.4954 blue chan -
118.2855 blue chan -
129.4125 blue chan -
113.3175 blue chan -
103.2103 blue chan -
117.5251 blue chan -
112.0373 blue chan -
113.5588 blue chan -
121.2907 blue chan -
118.4292 blue chan -
113.3998 blue chan -
109.8164 blue chan -

116.757 blue chan -
123.0297 blue chan -
127.5166 blue chan -
129.3113 blue chan -
114.2227 blue chan -

115.737 blue chan -
93.11575 blue chan -
83.81298 blue chan -
86.68235 blue chan -
97.18363 blue chan -
126.4422 blue chan -
99.63486 blue chan -

colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize

981
974
751
1032
1191
741
1073
1062
1079
1090
745
948
&77
1078
850
1238
1021
863
940
1096
1089
808
1244
1179
775
1361
934
646
1040
1010
812
952
686
1215
938
807

67.25433
69.19713
37.76698

44,8251
39.66583
73.39136

77.9739
68.47928
43.87335
33.54312
67.39262

95.4346
67.48005
102.6818
59.15588
77.03675
40.95387
43.00521
32.77872
35.93102
40.95133
31.50583
39.18931
40.57379
30.45226
70.96657
43.92024
31.13003
39.75144
2842772
45.09052
42.22742
32.54519
33.65885
30.72388
90.57373

80.25229
§2.83984
90.42876

89.9094
92.63938
86.49393
80.69385

80,2693
91.07353
88.67615

91.3651
86.02426
89.97834

90.2449
100.3076
86.23829
§7.98286
94.88644
95.32606
97.13458
92.82782
95.54371
91.33802
94.19678
102.1935
95.44967
98.11777
106.8127
98.31154
105.8906
75.79249
74.19538
81.80466
80.90617
77.97548
7142379

125.7712
128.9528
135.0226
138.2989
150.3514
1315155
129.3206
134.9331
144.4727
147.5766
134.9423
135.4436
140.8974
142.6262
154.1859
136.5202
137.9216
144.2677
145.6319
150.5671
143.8586

146,398
143.1969
145.8346
153.4639
144.8894
148.8978
154.3011
149.2913
155.5787
120.2414
118.8451

127777
142.4868

141.662
116.5694

[}

96.53592
99.45155
107.1353
107.8344

115.958
104.2445
98.27053
103.7332
112.1103
113.8368
109.5334
104.7654
109.6381
110.3149
122.8207
106.1522
107.5806
114.9889
115.4419

118.671
113.8806
116.6679
111.7976
114.7743
123.8633
115.9664
118.9338
127.2173
118.7153
126.8967
91.84466
90.00967
98.58117
104.6571
106.0384
87.36234



Loading Tabular Data

i L
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"7 Ir load data}

Sy

data_cleaned_1 <- read_csv(vamp2 vglutl and Psd95.csv"™)
data_cleaned_2? <- read_csv('"vamp2-vglutl Psd95-2.csv")
data_cleaned 3 <- read csv("vamp2-glutl-psd95-3.csv")

(W I o

]

g



Tidy Data
0' | |
TIDY DATA nesieers etreres e

to its structure. 99

each column a variable

In tidy data:

e each variable forms a column
e each observation forms a row

id  name color

floof gray keack o
an

max  black
cat orange /obseVVa+ion

donut gray
merlin | black
panda calico

« each cell is a single measurement

OJl £ w N —

Wickham, H. (2014). Tidy Data. Journal of Statistical Software 5% (10). DOI: 10.18637/jss.v059.i10

Slide from https://earobinson95.github.io/stat331-calpoly-text/02-tidy-data-and-basics-of-graphics.html



https://earobinson95.github.io/stat331-calpoly-text/02-tidy-data-and-basics-of-graphics.html

Combining Data with rbind

=

"Ir load datal

data_cleaned_1 <-
data_cleaned_2 <-

read csv('"vamp2 vglutl and Psd95.csv

read_csv(''vamp2-vglutl Ps

data_cleaned_3 <- read_csv('vamp2-glutl-psd95-

data_combined <- rbind(data_cleaned_ 1, data_cleaned_?, data_cleaned_3)

4
n Image name
B 20231207_GB2_CON V2 Vglutl | red chann

n 20231207_GB2_CON V2 Vglutl I red chann
20231207_GB2_CON V2 Vglutl I red chann
H 20231207_GB2_CON V2 Vglutl Ired chann
20231207_GB2_CON V2 Vglutl I red chann
20231207_GB2_CON V2 Vglutl I red chann
20231207_GB2_CON V2 Vglutl I red chann

1976
2306
1963
2527
2281
2105
2430

30.00405
30.12489
21.80897
23.58488
22,35298
27.38572
3174378

73.58451
77.65048
91.80183
92.80807
96.87612

76.6228
7763414

Condition Channel h Mum puncArea aver: Min intens Max inten

96.14676
102.4428
117.1951
119.4923
124.8917
99.57055
103.0305

‘Meaninte ...
81.80161 green cha
86.76729 green cha
101.4527 green cha
102.9062 green cha
107.5235 green cha
85.10742 green cha
86.83781 green cha

3945
3415
3345
3741
4723
3291
4045

12.91612
12,14893
11.70404
12.91961
14.53081
12.88335
14.23381

§8.04156
88.67701
§9.93871
§7.81262
89.93267
97.28502
84.65769

131.1979
130.9239
130.8858
130.7882
152.0809
139.8107
128.0494

105.746 blue chan -
106.085 blue chan -
106.7638 blue chan -
105.4011 blue chan -
117.6249 blue chan -
116.565 blue chan -
102.8491 blue chan -

colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize

981
974
751
1032
1191
741
1073

67.25433
69.19713
37.76698

44,8251
39.66383
73.39136

77.9739

80.25229
82.83984
90.42876

89.9094
92.63938
86.49393
80.89385

125.7712
128.9528
135.0226
138.2989
150.3514
131.5155
129.3206

96.53592
99.45155
107.1353
107.8344

115.958
104.2445
98.27053

A
n Image name
20231207_GB2_CON V2 Vglutl Ired chann

20231207_GB2_CON V2 Vglutl Ired chann
20231207_GB2_CON V2 Vglutl Ired chann
H 20231207_GB2_CON V2 Vglutl I red chann
n 20231207_GB2_CON V2 Vglutl Ired chann
20231207_GB2_CON V2 Vglutl I red chann
20231207_GB2_CON V2 Vglutl Ired chann

1976
2306
1963
2527
2281
2105
2490

30.00403
30.12489
21.80897
23.58488
22.35598
27.39372
31.74378

73.98431
77.65048
91.80183
92.80807
96.87812

76.6228
77.63414

Condition Channel M Mum punc Area averz Min intens Max inten

96.14676
102.4428
117.1951
119.4923
124.8917
99.57033
103.0305

:Meaninte ...
81.80161 green cha
86.76729 green cha
101.4527 green cha
102.9062 green cha
107.5235 green cha
85.10742 green cha
86.83781 green cha

3945
3415
3345
3741
4723
3291
4045

12.91612
12.145893
11.70404
12.91981
14.53081
12.89333
14.23381

88.04156
§8.87701
§9.93871
§7.81262
§9.93267
97.28502
84.65769

131.1979
130.9239
130.8838
130.7982
152.0809
139.8107
128.0494

105.746 blue chan -
106.085 blue chan -
106.7638 blue chan -
105.4011 blue chan -
117.6249 blue chan -
116.565 blue chan -
102.8491 blue chan -

colocalize
colocalize
colocalize
colocalize
colocalize
colocalize
colocalize

981
974
751
1032
1191
741
1073

67.20433
69.19713
37.76698

44,8251
39.66583
73.39136

77.9739

80.25229
§2.83984
90.42876

89.9094
92.63938
86.49393
80.69385

125.7712
128.9528
135.0226
138.2989
150.3514
131.5155
129.3206

96.53292
99.45155
107.1353
107.8344

115.958
104.2445
98.27053



Extract Columns of Interest

L

L

I
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"7 Ir load data}

(W

data_cleaned_1 <- read_csv(vamp2 vglutl and Psd95.csv"™)
data_cleaned_2? <- read_csv('"vamp2-vglutl Psd95-2.csv")
data_cleaned 3 <- read csv("vamp2-glutl-psd95-3.csv")

"]

i
=N

T E-
=

-

data_combined <- rbind(data_cleaned_1, data_cleaned 2, data_cleaned_3)

M

data_cleaned <- data.frame(data_combined$ Image name )
data_cleanedired_puncta_count <- data_combined$ Num puncta’
data_cleanedigreen_puncta_count <- data_combined$...10
data_cleanedicoloc_puncta_count <- data_combined$...22

colnames (data_cleaned) <- c("Image", "red_puncta_count™, "green_puncta_count" , "coloc_puncta_count™)




Get condition from image name

"7 Ir load data}

data_cleaned_1 <- read_csv("vamp2 vglutl and Psd95.csv")
data_cleaned_2? <- read_csv('"vamp2-vglutl Psd95-2.csv")

data_cleaned_3 <- read_csv(“vamp2-glutl-psd95-3.csv")

data_combined <- rbind(data_cleaned_1, data_cleaned_2, data_cleaned_3)
data_cleaned <- data.frame(data_combined$ Image name )
data_cleanedfred_puncta_count <- data_combined$ Num puncta’
data_cleanedigreen_puncta_count <- data_combined$...10
data_cleanedicoloc_puncta_count <- data_combined$...22

colnames (data_cleaned) <- c("Image", "red_puncta_count”, “green_puncta_count" , "coloc_puncta_count™)
data_cleanedicondition <- “control”

data_cleaned[which(grepl ("*CONTROL*", data_cleanedfImage)),]%condition <- "control”
data_cleaned[which(grep1("*vamMpP2 TRAP*", data_cleaned$Image)),]$condition <- "vamp? Trap"

data_cleanedicondition <- factor(data_cleanedfcondition, levels = c("control”, "Vamp2 Trap"))




Get condition from image name

L L
(* 5]

3

"7 Ir load data}

] L
Sy

(N

data_cleaned_1 <- read_csv(vamp2 vglutl and Psd95.csv"™)
data_cleaned_2? <- read_csv('"vamp2-vglutl Psd95-2.csv")
data_cleaned 3 <- read csv("vamp2-glutl-psd95-3.csv")

(W]

each column a variable

s
=

d

data_combined <- rbind(data_cleaned_1, data_cleaned 2, data_cleaned_3) J/

data_cleaned <- data.frame(data_combined? Image name ) i me
data_cleaned$red_puncta_count <- data_combined$ Num puncta’ na CO\OF
data_cleanedigreen_puncta_count <- data_combined$...10 floof gray :

< ineds. .. each row
data_cleanedicoloc_puncta_count data_combined$...22 max  black

an
colnames (data_cleaned) <- c("Image", "red_puncta_count”, “green_puncta_count"” , "coloc_punct cat orange 70\056‘”’“4—'0”

donut gray
data_cleanedfcondition <- "control” merlin b\OCk

)

[, I,

(¥ ]

panda calico

(W

data_cleaned[which(grepl("*CONTROL*", data_cleaned$Image)),]%condition <- "control"
data_cleaned[which(grepl("*vaMp2 TRAP*", data_cleaned$Image)),]fcondition <- "vamp? Trap"

1
4
EI

N

(%]
d

vl
W=

data_cleanedicondition <- factor(data_cleanedfcondition, levels = c("control”, "Vamp2 Trap"))

[« Y.

]
=



Simple plots with ggplot

" {r plot data}

ggplot(data_cleaned) + geom_violin(aes(x = condition, y = coloc_puncta_count))




Simple plots with ggplot

45+« " {r plot data}

46

47 ggplot(data_cleaned) + geom_violin(aes(x = condition, y = coloc_puncta_count))
48

49

-
c
=
]
o

|
©

3
o
c
=]
%
3]

o
o]
o

control Sparcl1 KO
condition




Ggplot cheatsheet

 https://rstudio.github.io/cheatsheets/html/data-visualization.html

Basics

ggplot2 is based on the grammar of graphics, the idea
that you can build every graph from the same
components: a data set, a coordinate system,

and geoms—visual marks that represent data points.

data geom coordinate plot
X=F y=A system


https://rstudio.github.io/cheatsheets/html/data-visualization.html

Geoms

GRAPHICAL PRIMITIVES

a <- ggplot(economics, aes(date, unemploy))
b <- ggplot(seals, aes(x = long, y = lat))

Each function returns a layer.

a+ geom_blank() and a + expand_limits()
Ensure limits include values across all plots.

b + geom_curve(aes(yend = lat + 1,
xend = long + 1), curvature = 1) - x, xend, y, yend,
alpha, angle, color, curvature, linetype, size

a+ geom_path(lineend = "butt",
linejoin = "round”, linemitre = 1)
X, Y, alpha, color, group, linetype, size

~
M

—_—

a+ geom_polygon(aes(alpha=50)) - x, y, alpha,
color, fill, group, subgroup, linetype, size

b + geom_rect(aes(xmin = long, ymin = lat,
B xmax = long + 1, ymax = lat + 1)} - xmax, xmin,

ymax, ymin, alpha, color, fill, linetype, size

a+ geom_ribbon(aes(ymin=unemploy - 900,
ymax = unemploy + 900}) - x, ymax, ymin,
alpha, color, fill, group, linetype, size

LINE SEGMENTS

common aesthetics: x, y, alpha, color, linetype, size

b + geom_abline(aes(intercept = 0, slope = 1))
b + geom_hline(aes(yintercept = lat))

b + geom_vline(aes(xintercept = long))

-—

b + geom_segment(aes(yend = lat + 1, xend = long + 1))
b + geom_spoke(aes(angle = 1:1155, radius = 1))

ONE VARIABLE continuous
¢ <- ggplot(mpg, aes(hwy)); c2 <- ggplot(mpg)

€+ geom_area(stat = "bin")
‘ X, Y, alpha, color, fill, linetype, size
¢+ geom_density(kernel = "gaussian")
//\ X, Y, alpha, color, fill, group, linetype, size, weight

c+ geom_dotplot()
X, Y, alpha, color, fill

» =
.‘ :"
c+ geom_freqpoly()
[/\ X, Y, alpha, color, group, linetype, size
¢+ geom_histogram(binwidth = 5)
II:IIII X, Y, alpha, color, fill, linetype, size, weight
7

€2 + geom_qq(aes(sample = hwy))
X, ¥, alpha, color, fill, linetype, size, weight

-

discrete
d <- ggplot(mpg, aes(fl))

d + geom_bar()
II x, alpha, color, fill, linetype, size, weight
u l

Use a geom function to represent data points, use the geom’s aesthetic properties to represent variables.

TWO VARIABLES
both continuous
e <- ggplot(mpg, aes(cty, hwy])

(@) et geom_label(aes(label = cty), nudge_x=1,
( BI'E‘ nudge_y =1)-x, ¥, lahe!, alph_a, angle, cqlor,
- family, fontface, hjust, lineheight, size, vjust

e+ geom_point()
X, ¥, alpha, color, fill, shape, size, stroke

e + geom_quantile()
X, ¥, alpha, color, group, linetype, size, weight

e+ geom_rug(sides = “bl")
X, ¥, alpha, color, linetype, size

i
e + geom_smooth(method =Im)
X, ¥, alpha, color, fill, group, linetype, size, weight

e + geom_text(aes(label = cty), nudge_x=1,
nudge_y =1) - x, y, label, alpha, angle, color,
Ap family, fontface, hjust, lineheight, size, vjust

- %

one discrete, one continuous
f <- ggplot(mpg, aes(class, hwy))

f+ geom_col()
ol %Y alpha, color, fill, group, linetype, size

. f+geom_boxplot()
; H  x,v, lower, middle, upper, ymax, ymin, alpha,
color, fill, group, linetype, shape, size, weight

X, ¥, alpha, color, fill, group

‘ ‘ f + geom_violin(scale = “area")
X, y, alpha, color, fill, group, linetype, size, weight

both discrete
g <- ggplot(diamonds, aes(cut, color))

© () g+geom_count()
« ® %Y alpha, color, fill, shape, size, stroke

e + geom_jitter(height = 2, width = 2)
X, ¥, alpha, color, fill, shape, size

THREE VARIABLES

f+ geom_dotplot(binaxis = "y", stackdir = “center")

continuous bivariate distribution
h <- ggplot(diamonds, aes(carat, price))

h + geom_bin2d(binwidth = c(0.25, 500))
f'. X, ¥, alpha, color, fill, linetype, size, weight

h + geom_density_2d()
X, Y, alpha, color, group, linetype, size

h + geom_hex()
f X, y, alpha, color, fill, size

continuous function
i <- ggplot{economics, aes(date, unemploy))

i+geom_area()

X, y, alpha, color, fill, linetype, size
//\\ i+geom_line()

X, y, alpha, color, group, linetype, size

JJJ_J'L\ i+ geom_step(direction = "hv")
X, ¥, alpha, color, group, linetype, size

A

visualizing error
df <- data.frame(grp =c("A", "B"), fit = 4:5,se = 1:2)
j <- ggplot(df, aes(grp, fit, ymin = fit - se, ymax = fit + sg))

e [ j+geom_crosshar(fatten =2) - x, y, ymax,
H ymin, alpha, color, fill, group, linetype, size

i j+ geom_errorbar() - x, ymax, ymin,
T_: alpha, color, group, linetype, size, width
Also geom_errorbarh().

| | | j+ geom_linerange()
X, ymin, ymax, alpha, color, group, linetype, size

; | j+geom_pointrange() - x, y, ymin, ymax,
t1 alpha, color, fill, group, linetype, shape, size

maps

Draw the appropriate geometric object depending on the
simple features present in the data. aes() arguments:
map_id, alpha, color, fill, linetype, linewidth.

nc <- sfrist_read(system file("shape/nc.shp”, package = "sf"))

geplot(nc) +
geom_sf(aes(fill = AREA))

seals$z <- with(seals, sqrt(delta_long"2 + delta_lat"2)); | <- ggplot(seals, aes(long, lat))

\ {j\ |+ geom_contour(aes(z =z))
C_I“_jj X, Y, Z, alpha, color, group, linetype, size, weight

|+ geom_contour_filled(aes(fill = z))
X, Y, alpha, color, fill, group, linetype, size, subgroup

| + geom_raster(aes(fill = z), hjust = 0.5,
E " Vvjust=0.5, interpolate = FALSE)
X, y, alpha, fill

" L+ geom_tile(aes(fill=z))
Iﬂl X, Y, alpha, color, fill, linetype, size, width



SuperPlots

* “We have written this tutorial to help cell biologists
plot data in a way that highlights both experimental
robustness and cell-to-cell variability. Specifically, we
propose the use of distribution—reproducibility
“SuperPlots” that display the distribution of the entire
dataset, and report statistics (such as means, error
bars, and P values) that address the reproducibility of

the findings.”

https://doi.org/10.1083/jcb.202001064
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Multicomponent plot

" {r plot normalized synapse counts}

plot.df <- summarize(group_by(data_cleaned, condition), mean(normalized_count))
plot.df$sem <- 0

plot.df$sem[which(grepl("control”, plot.df$condition))] <- sem_wt
plot.df$sem[which(grepl("sparcll Ko", plot.df$condition))] <- sem_ko

ggplot(plot.df, aes(x = condition, y = mean(normalized_count) )) +

geom_col(fill = NA, color = "black") +

geom_jitter(data = data_cleaned, aes(x = condition, y = normalized_count), color = "FEILGCLEN ",
size = 0.5) +

geom_point(data = norm_means, aes(x = condition, y = mean(normalized_count) ), size
position = position_dodge2(0.5), shape = 17) +

geom_errorbar(aes(ymin= mean(normalized_count) -sem, ymax= mean(normalized_count) +sem),
width=.2) +

Tabs(y = "Fold change in synapse number \n (colocalization of VGluT2 and PSD95)") +

scale_color_manual(values = c("black(", "black)) + theme(legend.position = "none") +

theme_bw()




Multicomponent plot
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Additional components

Body mass and flipper length

Dimensions for Adelie, Chinstrap, and Gentoo Penguins

5500 -
2 Species

n

s * Adelie

= 4500 - :

— Chinstrap
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oM
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2500 = 1 1 1 1 I [
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Flipper length (mm)



Additional components

]. _t Body mass and flipper length
gg p O ( Dimensions for Adelie, Chinstrap, and Gentoo Penguins

data = penguins,

mapping = aes(x = flipper length mm, y = body mass g)
) +

geom_point(aes(color = species, shape = species)) + B

Species
s Adelie
Chinstrap

= Gentoo

Body mass (g)
&
3

geom_smooth(method = "1m") +

2500 -, ] ] ] 1 ' '
170 180 1980 200 210 220 230

labs( Flipper longh (mm)
title = "Body mass and flipper length"”,
subtitle = "Dimensions for Adelie, Chinstrap, and Gentoo Penguins”,
x = "Flipper length (mm)", y = "Body mass (g)",
color = "Species”, shape = "Species”
) +

scale _color _colorblind()



Facet wrap

ggplot(penguins, aes(x
geom_point(aes(color
facet wrap(~island)
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Accessible Color Palletes

* Colorblindness affects ~4% of people mostly through red-green color
blindness

* To allow these people to view our figures, red-green discriminations
should be avoided

* Many packages are changing their default packages to be more color-
blind accessible. Viridis and YIGnBu are good options.

* You can check how your image would appear to a person with color
blindness using online apps like this one
https://bioapps.byu.edu/colorblind image tester
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ggplot(penguins, aes(x = flipper_length_mm, y hﬂdy mass_g)) +
geom_point(aes (color = species, shape = and)) +
scale_color_brewer(palette = "viridis"™
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ggplot(penguins, aes(x = flipper_length_mm, y = body mass_g)) +
geom_point(aes(color = species, shape = island)) +

scale_color_manual (values = c("magental’, "FIE=d" . 'TSEQ )
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Heatmaps

ggplot(data, aes(X, Y, fill= Z2)) +
geom_tile() +

scale_fill_viridis(discrete=

var2( -
var1d -
var1d -
vari7 -
var16 -
var1b -
varid -
var13 -
vari2 -
var1l -
varil -
varg -

= N W

vard -
var’ -
varb -
varh -
vard -
vard -
vare -
varl -




Heatmaps for complex data with pheatmap

Super heatmap with annotations

* Pheatmap can add clustering of
your heatmap rows and columns

Lymphocyte_count
High 1

* Pheatmap makes additional
annotations easier than ggplot

Medium -0.5

Group
Disease
Low Control

gene_functions

Oxidative_phosphorylation

Cell_cycle

Immune_regulation

Signal_transduction

Transcription

https://biostatsquid.com/step-by-step-heatmap-tutorial-with-pheatmap/ eﬁaﬁﬁaﬁﬁaﬁﬁaﬁﬁﬁ



https://biostatsquid.com/step-by-step-heatmap-tutorial-with-pheatmap/

Heatmaps for complex data with pheatmap

Super heatmap with annotations

* Pheatmap can add clustering of

your heatmap rows and columns  tamomoore_coun
* Pheatmap makes additional E

Oxidative_phosphorylation

Cell_cycle

Immune_regulation

annotations easier than ggplot

Transcri ption

S g L R S L L L i

https://biostatsquid.com/step-by-step-heatmap-tutorial-with-pheatmap/ S
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Heatmaps for complex data with pheatmap

Super heatmap with annotations

heat_plot <- pheatmap(data,

col = rev(brewer.pal(10, 'RdBu')), T e e
cluster_rows = T, cluster_cols = T, E-_—_- p— I”‘g“ Limshoto_count
clustering_distance_cols = 'euclidean', .E I
clustering_distance_rows = 'euclidean’, = --_3 e |05
clustering_method = 'ward.D', = I_ = G"’E‘;ease
annotation_row = gene_functions_df, L -I = I c[,nm
annotation_col = ann_df, = - - tuncions ot
annotation_colors = ann_colors, i =‘°mel:°ni°'lwa.w
annotation_names_row = F, [ Signal_vansducon
annotation_names_col = F, § e m— Tenseen
fontsize_row = 10, ml - =
fontsize_col = 7, - =

angle_col = 45, .il__= | -
legend_breaks c(-2, 0, 2), !E -
legend_labels = c("Low", "Medium", "High"),

show_colnames = T, show_rownames = F, i
main = "Super heatmap with annotations™) | u =B

Q/Q/Q/q/ /Q/q/ IO
& s & &8 &
& o o of e’§9’§ ’§ o




Plots from analysis packages

* DEseq?2 plotPCA function

plotPCA(vsd, intgroup=c(“condition™, "type"))

@

g 5- group
'% ® treated:paired-end
; @ ftreated:single-read
% 0 @ untreated:paired-end
@ ¥ unfreated:single-read
a &

N

B &

10 5 0 5

PC1: 58% variance
https://bioconductor.org/packages/devel/bioc/vignettes/DESeq?2/inst/doc/DESeq2.html



https://bioconductor.org/packages/devel/bioc/vignettes/DESeq2/inst/doc/DESeq2.html

DEseq2 PCA plot is compatible with ggplot

PC2: 29% variance

pcalata <- plotPCA(vsd, intgroup=c("condition™, "type"), returnData=TRUE)

percentVar <- round{l@@ * attr(pcaData, "percentVar™})

geom_point(size=3) +
xlab(pasted("PC1l: ",percentVar[1l],"% variance™))
ylab(paste®("PC2: “,percentVar[2],"% variance™))

coord_fixed()

+
+

A
type
® paired-end
- A single-read
condition
unireated
L ® irealed
I 1 (] I
10 ] 1] o

PC1: 58% variance



Deeptools for region-based sequencing data

. ek _A.L.nmahnu.....
deepTools < multiBamSummary 1
< computeGCBias *,__L..L.M.._....J
< correctGCBias R
< bamPEFragmentSize sequlgr?(lz\;fgl—?ilépth-
normalized
unaligned reads aligned reads fragment coverage
FASTQ files SAM/BAM files bigWig files
ROGCTIATACCTCAGA g, bowtie perhaps filtered & 5 T
TCATTAATACCTC, Go DOWTlle, — : r) .a. -
fc?chceATm:::: g BWA bias-normalized ’"Conw P normalized ChIP

ACorg, b STAR,

. fragment coverage

bigWig files

< plotCoverage  plotPCA
% plotFingerprint < plotCorrelation

DOWNSTREAM
ANALYSES

< multiBigwigSummary
< bigWigCompare

< computeMatrix

o

» plotHeatmap

&

% potProfile

https://deeptools.readthedocs.io/en/develop/
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Single cell RNAseq visualizations in Seurat

pbmc <- RunUMAP{pbmc, dims = 1:18)

# note that you can set "label = TRUE® or use the LabelClusters function to help label
# individual clusters
DimPlot({pbmc, reduction = "umap")
~3 H%ﬁ
o
AT
AT
10 &
51 ® 0
o o1
~ Pt s
N ® 3
® 4
g ® 5
* ® 5
0 ® 7
e 3
-5
5 0 5 10

umap_1 https://satijalab.org/seurat/articles/pbmc3k tutorial.html



https://satijalab.org/seurat/articles/pbmc3k_tutorial.html

Shiny apps for interactive visualizations

<
X variable /m

. - [ ]
Bill Length (mm) . ., . ®
. o® . . o
Y variable . "o . .
_ 200~ ) . o. . . ‘. .n.. - . . ® -
Bill Depth (mm) v ¢ . e, . * ®e
. ¢ . - ;.*l * . — a '-'-i .
n . . J " \ .--‘ L 1 * . b L] *
Filter by species = N s e e e * o'
< .l-.'-lii. -..l. ., » .
u AdE‘.liE E-I?E_ - ‘ ... ;.‘ [ ] .. . ... . - 3 . *
B Gentoo § ot S I - } ’ . .
A — K] ' » ®* . o ¥
B2 chinstrap = i . " ¢ '.._.‘:: HA ]
) B ¢® %, etl S %
. 1 . e ol "
15.0- . . 4.4.-.:-00
et taT .
l- 'r ‘.
B3 show species fetLt., -
L]
B2 show marginal plots 40 50 60
Bill Length (mm)

Add smoother
Species * Adelie e Chinstrap » Gentoo

https://shiny.posit.co/
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GliaSegPro Shiny app example

Welcome to GliaSeqPro

Datasets  Haseletal Too much
(MOUSE: in vivo inflammation) data?

Ast Study Inf
Search gene of interest: strocytes udy Info

Soxd CNT

(FE RN NN ]
ey P @R @R a0

Copy @SHG\NHU ~ | entries

gene

LPS

Exp of Sox3

o= ow e

&, Download tSNE plot
Search:

astrocyte_cluster log2FC pval_adj

Mo data available in table

Showing 0 to 0 of 0 entries

Previous Mext

https://liddelowlab.shinyapps.io/GliaSeqPro/
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Linking R plots to Adobe Illustrator

suild Debug P Help
& - B @ & (A Gotofile/function ~ Addins ~ I3 20230104 synapse data_plots — Syn Bot ~
| 20240620_invitro_excitatory_plots Rmd 2 20240620_invitro_inhibitory_plots Rmd A . v_pixel Rmd* Environment  History
@ A = @knitonsSae o it - - 1t 4 Ern- - & B¢
20241106 supplemental circle v pixelai* 100 % (RGB/Preview) X
Visual Outline R ~ | M Global Envir e [

condition Data

A Fle Edit Objet Type Effect View Window Help e

N b e
Figure S1 Savage et. al,, 2024 S
® conbin 9 g
® manual. 6 ob )a A) 1 R
{r faceted plots} ® manual 4 manual_synbot_circle manual_synbot_pixel
® manual.. ’ |
® manual r
combined_data <- rbind(manual_synbot_circle, manual_synbot_pixel) ® manual.. 2 ob:
® nanual.. 6 ob:
geom_bar (stat = mmary", i1l , color = "blackl") ® manual.. 90 ol
facet_grid(cols = vars(analysis_type)) + ® manual 90 ol
geom_jitter(size = 0.5, width = 0.1, aes(color = condition
geom_point(data = summarize(group_by(combined_data, analysis_type, conditio
pair), mean(normalized_count)), aes(x = condition, y = 'mean(normalized_count) A

color = condition), size = 3, position = position_dodge2 + e 220104 syn
Name

Fomat:

olor pace:

ggplot(data- combined_data, aes(x=condition, y-normalized_count)) + o
5 o

Dimensions:

Files  Plots  Packac

Modi: ey Noverier &
geom_errorbar (aes (ymin-mean_normalized_count-sem,
ymax-mean_normalized_count+sem), width=.2,
position-position_dodge(.9)) +
labs(y = "Fold change in synapse number \n tion of VGIuTL and PSD9S)"
o

Tanspacent:

Fold change in synapse number
(colocalization of VGIUT1 and PSD95)

condition

Quiek ctions
=c ", “black!)) + theme(legend.position =
bt et ongmd

sk Grop imoo

ggsave("F:/sa arch Team Dropbox/Justin Arange
age/T figure_6_in_vivo/20241106_circle_v_pixel.pdf",

width H

menual_synbot_circle menual_synbot_pixel

-4
2851 ©© Chunk 8: faceted plots. R Markdown

Console  Terminal - Background Jobs
@ RA44.1 - F/GitHub/Eroglu_Lab/Syn_Bot/20230104_synapse_data_plots/ = Vs
override using the ".groups argument.

No summary function supplied, defaulting to "mean_se()"

No summary function supplied, defaulting to ‘mean_se()’

No summary function supplied, defaulting to "mean_se()"
No summary function supplied, defaulting to "mean_se()"

Do S

/2024

https://helpx.adobe.com/illustrator/using/manage-linked-and-embedded-files.html
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File Edit Code View Plots Session Build Debug Profile Tools Help
- € & - MM & [ A Gotofie/function ~ B8 - Addins ~
| 20240620_invitro_excitatory_plots.Rmd a 20240620_invitro_inhibitory_plots.Rmd a 20240620_invivo_circle_v_pixel Rmd*

- JA @ @ Kniton Save & Skt - & - % - 4 3 B Run- -

Source  Visual Outline

267

268+ " {r faceted plots} - 4
269

270

271

272 combined_data <- rbind(manual_synbot_circle, manual_synbot_pixel)

273

274 ggplot(data= combined_data, aes(x=condition, y=normalized_count)) +

275 geom_bar(stat = "summary”, i1l = , color = "black!") +

276 facet_grid(cols = vars(analysis_type)) +

277 geom_jitter(size = 0.5, width = 0.1, aes(color = condition)) +

278 geom_point(data = summarize(group_by(combined_data, analysis_type, condition,
pair), mean(normalized_count)), aes(x = condition, y = “mean(normalized_count) ,
color = condition), size = 3, position = position_dodge2(0.5)) +

279 geom_errorbar(aes (ymin=mean_normalized_count-sem,
ymax=mean_normalized_count+sem), width=.2,

280 position=position_dodge(.9)) +

281 labs(y = "Fold change in synapse number \n (colocalization of VGluTl and PSD95)")
+

282 scale_color_manual(values = c('lblack", "bTack')) + theme(legend.position =
"none")

283

284

285 ggsave("F:/Savage_Dropbox/Duke Research Team Dropbox/Justin
Savage/Team_Syn_Bot/20240318_figures/figure_6_in_vivo/20241106_circle_v_pixel.pdf",
width = 6.5, height = 3.5)

286

287

manual_synbot_circle manual_synbot_pixel

285:1 © Chunk 8: faceted plots R Markdown
Console  Terminal Background Jobs
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