Data Analysis for Biologists
Professor Biplab Bose
Department of Biosciences & Bioengineering
Mehta Family School of Data Science and Artificial Intelligence
Indian Institute of Technology, Guwahati
Lecture 48
tSNE using R
Welcome back. In the last lecture, we have learned about tSNE. The theory of it the
mathematics behind that. tSNE is a dimension reduction technique and we use that to reduce
the dimension and visualize the higher dimensional data in usually two dimension or in three
dimensions. In this lecture, I will use our two part from tSNE on a single cell gene expression

data.
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3
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6
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So, let us start doing that. So the data that I will be using is from a paper taken Pollen et. al. in
2015. And to perform these tSNE T distributed stochastic neighbor embedding technique, |
require a package that is called Rtsne. So Rtsne is available, you should install it before you

run this code. And I will visualize them I will draw the plot using gg plot 2. So you should

have that installed in your machine.
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library(Rtsne)
library(ggplot2)

I have already installed them. So I do not need to install, what I will do, I will do first load the
libraries. So I have loaded her both are Rtsne and gg plot 2. Now we will get the data, the
data is in CSV format, I have downloaded cleaned the data in the right format, so that we can
work on it. Many of the cases, many of the time when you will be doing it for your single cell
or gene expression data, you may not have the clean data, you have to do some preprocessing

to clean the data and arrange in the right format that is required for Rtsne to work on it.
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231 [ Getdata 3
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> Tibrary(ggplot2)
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data <« read.csv("count.csv”, header = TRUE)

So let us look into the data. So what I have here is a data count data. And I will load it is a
CSV file, and then will see what we have got there. Now remember, Rtsne require the data in

a particular format. In this format, the data should be a matrix where observations or samples

will be in the rows, whereas the variables should be in the column.

What do I mean by this, in this particular example that I am dealing today, variables are
genes, and we have count of each gene. And so they should be in the columns, whereas the

observation or samples are individual sales, right? So they should be in the rows.
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So let me read it is a huge file. So it may take a few minutes depending upon your machine.
So I am using the red dot CSV function, the standard one that I use to read CSV file, and [ am
keeping header equal to true and I am storing that data in a variable called data, it took some
time to read the data and the data is now read, it has 366 observations that means 366
different sales data I have and 16,384 variables that means 16,384 genes expression data, we

have so these 366 observations, they belong to different cell types.

So, I will go until what type of cell are those, so, you can double click on it and you can
visualize this data in a matrix format it is a large file, so it may take some time. So here |
have, we have different gene names on the column headers, and sample names are the

numbers are in the row numbers. Now, these row numbers are some numbers.

Now, what these people have done when they have submitted provided the data, they have
done a nice thing they have created a metadata file where for each of these samples, they
have provided detailed information, what type of sales these are, where are they coming from
whatever anatomical location, they have collected this data. So, all these are they are in a

metadata file. So that is also in a CSV format file. So, I will read that and I will look into that.
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> Tibrary(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)

> View(data)

> meta <- read.csv("meta.csv", header = TRUE)

> View(meta)

> |
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> 1ibrary(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)

> View(data)

> meta <- read.csv("meta.csv", header = TRUE)

> View(meta)

>

So let us read the metadata. So, I am right there is a file called maker dot CSV and I am
reading that using Read dot CSV. So, meta has been read the data metadata is in
metavariable. So again, you have 366 observations, because we have 362 observations in the
data file also. Let me click and open that you can see the cell numbers which are present in

the data file are here and see these are all neuronal cell. What they have done.
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> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)
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They have taken samples from brain sections so their anatomical location of those section are
written here is in the second column where is anatomical dot source, then you have different
other information like age, area, brain and all these things and based upon the gene

expression signature, they have already has flat each of these sample each of these cells in
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> library(Rtsne)
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> View(data)
> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)
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26+ # Meta data ----

27

28 meta <- read.csv("meta.csv", header = TRUE)
29

30 # collect cell type information from meta data

31
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33 # 1PC - Intermediate progenitor cell; Interneurons

36 cellType <- meta$Inferred.cell.Type
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> library(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> lvi ew(meta)
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34
35
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37
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72 | T »
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> 1ibrary(Rtsne)
> library(ggplot2)
> data <- read.csv("count.csv", header = TRUE)
> View(data)
> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)
>
@ fedo g
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31
32 # 4 cell types: RG - Radial glial cell;Neuron; files  Plots  Packages Help  Viewar =0
33 # IPC - Intermediate PFOGERitor cell; Interneurons & Export *
34
Spellcheck
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36 cellType <- metalInferred.cell.Type
37
38+ # Perform tSNE =,
72 | )
3322 [ Metadata = RSeript &
R R412 : Cilecs week 8/ =]

> Tibrary(Rtsne)

> library(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

meta «— read.csv("meta.csv”, header=TRUE)
cellType «— meta$Inferred.Cell. Type

For example, it is written as RG neuron and then some cells are inter neuron something like
that. So, what they are, RG for radial glial cell neurons are neurons, IPC is are intermediate
progenitor cells from, you get other cell types and inter neuron cells. So, these there are four
types of cells in these data. So, all those rows in my data variable are actually one of these

four types of cells.

So, this is my data, I have 366 observation involving four types of sale and there are 16,000
Something gene expression data and I want to visualize this data into 2 dimension. So, I have

16,000 A 384 genes expression data, count data that means, the dimension of the data is
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16,384 1 cannot visualize it. So, I have to reduce the dimension, there are many new

dimension reduction techniques like PCA and others and we will be using tSNE here.
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R R412 ¢ Ciflecs week 8/ =]
> library(rtsne)
> Tibrary(ggplot2)
> data <- read.csv("count.csv", header = TRUE)
> View(data)
> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)
>
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File Edit Cede View Dlots  Session Buld Debug froble Tools  Help
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> Tibrary(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

cellType «— meta$Inferred.Cell. Type

So, as I said to perform tSNE, I will be using Rtsne function. And remember tSNE uses a
random process, right? It is a stochastic method algorithm. So, that means it has to use
random number generator. So it will use the default random number generator in R and it is a

good practice.

Whenever you use some algorithm or method where random numbers will be generated and
used, you decide and fix the seed value for random number generation so that every time you

repeat the same analysis, you will use the same seed value and you will get reproducible
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result. Otherwise, if the random number sets are changed the result the final result may

change slightly.
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0 fsudio
File Edit Code View DPlots Session Buld Debug Ifrofle  Tools  Help

0 lecs week8R meta

=0

Source on Save HRun | O M Source v

Q /e

36 cellType <- meta$Inferred.cell.Type &

38+ # Perforn tSNE |

40 # set seed of random number generator for reproducibi
42 set.seed(10)

44 i use 1{L5%u('\

46 # Important arguments
48 # 1. perplexity: suggested range 5 - 50 -
49 b
38:16 [ Perform (SNE 2 R Script &
R R412 + CyllacS week 8/ =0
> Tibrary(Rtsne)
> Tibrary(ggplot2)
> data <- read.csv("count.csv", header = TRUE)
> View(data)
> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)
>

o

Environment  History =0
Vaowms -« | List *

R~ (% Global Environment +
vata

O data
O meta

2 L] | [ v

366 obs. of 16384 varia.
366 obs. of 11 variables

Files Plots Packages Help  Viewer =

X Eyport *

@ fsudio

File Edit Cede View Dlots  Session Buld Debug frofile Tools Help

0 lec5 week8R meta

=0

Sourca on Save % P Source *

36 cellType <
37
38+ # perform tSNE
39
40 # set seed of random number generator for reproducibi
41
LY set.seed(ﬁlo)
43 5
44 # use Rtsne()
45
46 # Important arguments
47
48 # 1. perplexity: suggested range 5 - 5
49 »
422 Perform tSNE

QI = Run
meta$Inferred.cell.Type A

) -
R Script 2

R R412 ¢ Ciflecs week 8/ -

> Tibrary(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)

> View(data)

> meta <- read.csv("meta.csv", header = TRUE)

> View(meta)

>

o

Environment  History

=0
> [ 1# B

H ol Nanams - | list +

R+ | i Global Environment »
vdLd

0 data

O meta

366 obs. of 16384 varia.
366 obs. of 11 variables

=0

Filot  Plots Packages Help  Viewer

& Export ~

set.seed(10)

So that is why what [ am doing here I am setting the seed of random number generator as set
dot seed and I am giving you a value 10. Here you could give us some other value. Now [ am
ready to run tSNE. Now tSNE function Rtsne the function in are has lots of arguments and I
will strongly advise you to look into the documentation of that in the help file of that to

understand each of these parameters or argument for this function.
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O fsudo g X
Flo Bt Cedo Viw Plots Sesion Buld Debup froble Tools Hep
0] lecs week8R meta =[]  Environment History =0
[ JsourcaonSave = & 7 HRun | %% P source 25 0e e Vv - | gt v | (s
43 “ R+ Global Ervironment + Q
44 # Use Rtsne() vata 3
45 O data 366 obs. of 16384 varia..
46 # Important arguments O meta 366 obs, of 11 variables Mg
47
:g # 1. perplexity: suggested range 5 - 50 Files | Plots | Packages | Help | Viewsr =
50 # 2. dims: output dimensionalify (default: 2) & Byport +
51
52 # 3. pca: default: TRUE;Perform an initial PCA step
53
54 # 4. check_duplicates: checks whether duplicates are
55 # present. (default: TRUE) b4
56 ¢ b
4210 | [ Perform tSNE 2 R Script 2
@® R412: Ciflecd wuek 8/ =

> 1ibrary(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

O rsudio o0 X
File Edit Code View DPlots  Semsion Buld Deoug Froble Tools Halp

0] fec5 weekBR meta e[ Envionment History =0
A [ |Sourcacn Save | & / - HRun | O% P Source v |- Yaoams - }/ List =

46 # Important arguments S T ——
o _ .
48 # 1. Perp]exniy: suggested range 5 - 50 0 data 366 obs. of 16384 varia
49 o
50 # 2. dims: Output dimensionality (default: 2) O meta 366 obs. of 11 variables ©
51
52 # 3. pca: default: TRUE;Perform an initial PCA step Filos  Plots  Packages Help Viewer =0
53 = Export ~

54 # 4. check_duplicates: checks whether duplicates are
55 # present. (default: TRUE)

56

57 # 5. eta: Learning rate, suggested 10 - 1000

58 # (default: 200.0)

59 '
4816 | [ Perform (SNE < R Script <
R R412« Cyflecd week 8/ =0

> 1ibrary(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

I have listed a few of them here. Those are the important one because for this particular type
of analysis, first one is obviously perplexity. If you look back into our lecture on tSNE, we

have explained there how perplexity can affect the final outcome of the TSNE.
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O rsudio o0 X
Fle Bt Cede Viw Pots Semion Buld Deoup frofie Tools Help

0 lecs week8R meta =[]  Environment History =0
i [ ) Sourcaon Save | & 7+ SRun | O P source v = el Vdoams - 'S List *
46 # Important arguments Al - | My GlobalEnvironment »
47 vaLd
! Per| px | . 3 B range - = 5
:g # 1. perplexity: suggested range 5 - 50 0 data 366 obs. of 16384 varia.,
50 # 2. dims: outputIdimensionality (default: 2) O meta 366 obs. of 11 variables |
51
52 # 3. pca: default: TRUE;Perform an initial PCA step files  Plots  Packages Help  Viewer =0
53 & Export ©

54 # 4. check_duplicates: checks whether duplicates are
55 # present. (default: TRUE)

56

57 # 5. eta: Learning rate, suggested 10 - 1000

58 # (default: 200.0) ,

T b
506 | [ Perform SNE 2 RSaript 2
R R412 « Cilech week 8/ =0

> 1ibrary(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>
@ féudio a X
File Edit Code View Dlots Session Buld Debug frofile Took  Help
0] lecs week8R meta e[  Environment History =0
A || Sourcaon Save | & / - +Run | %% tSource v 2Pl Ya03me - .!’ List »
46 # Important arguments A1 1R v | Wy GlobalEnvironment >
¥ vata :
Perple: : osted range 5 - § 5
Zg # 1. Perplexity: suggested range 5 - 50 0data 366 obs. of 16384 varia.
50 # 2. dims: output dimensionality (defal.q]_tl: 2) 0 meta 366 obs. of 11 variables [+
51 i
52 # 3. pca: default: TRUE;Perform an initial PcA step files  Plots  Packsges Help  Viewar =0
53 ) Export ~

54 # 4. check_duplicates: Checks whether duplicates are
55 # present. (default: TRUE)

56

57 # 5. eta: Learning rate, suggested 10 - 1000

58 # (default: 200.0) &

59 i ¥
5042 3 Perform ISNE & R Script
R R412 CilecS week 8/ =0

> library(Rtsne)

> library(ggplot2)

> data < read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

So the suggestions range is 5 to 50, we will decide the particular value in between. dims
stands for the output dimension. By default its value is two that means from higher
dimension, I want to map the data in two dimension. And in this particular example, I will

keep that a default value 2.
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e :
fle Efit Cedo Viw Mlti Sesion Buld Deowy Mrofle Tools Help
O] ec5 week8R meta =[]  Environment History =0
Sourcaon Save | & /¢ SRun | % Source " Pl Vaame v | List -
46 # Important arguments 1R - | i Global Environment »
47 vdaid :
48 # 1. perplexity: suggested range 5 - 50 it 366 obs. of 16384 varia
49 : i :
50 # 2. dims: Output dimensionality (default: 2) meta 366 obs. of 11 variables [ .
51
52 # 3. e default: TRUE;Perform an initial PCA step files  Plots  Packages Help  Viewer =0
53 . . & Export *
54 # 4. check_duplicates: checks whether duplicates are
55 # present. (default: TRUE)
56
57 # 5. eta: Learning rate, suggested 10 - 1000
58 # (default: 200.0) >
590w N
529 [ Perform tSNE ¢ R Seript ¢
R R412 « Cifluch week 8/ =]
> 1ibrary(Rtsne)
> library(ggplot2)
> data <- read.csv("count.csv", header = TRUE)
> View(data)
> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)
>
O rsudio a
File Edit Cede View Dlots  Session Buld Debug frofle Tools  Help
07 ec5 week8R meta =[] Environment History =0
sourcaonSave | Q HRun | %% | Hsource + 2> ool Nasme - | list v | &+
46 # Important arguments Al (3 o | W GlobalEnvimnrmert =
47 vata
48 # 1. perplexity: suggested range 5 - 50 Viata 366 obs. of 16384 varia
49 : % :
50 # 2. dims: Output dimensionality (default: 2) meta 366 obs. of 11 variables [ .
51
52 # 3. pca: default: FHDE}Perform an initial PcA step filos  Plots  Packages Help  Viewer =0
53 - & Export ~
54 # 4. check_duplicates: Checks whether duplicates are
55 # present. (default: TRUE)
56
57 # 5. eta: Learning rate, suggested 10 - 1000
58 # (default: 200.0) -
590 N
5224 [ Perform tSNE ¢ R Script <
R R412 : CiflecS week 8/ =]

> Tibrary(Rtsne)

> library(ggplot2)
> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

PCA is another argument by default it is true, it is usually recommended that if you are
performing tSNE with a huge dimensional original data for example, here are 16,000

Something dimension, it is better to perform PCA, first principal component analysis first to

reduce the dimension and then use tSNE on that reduced dimension data.

So that is why are tSNE function by default has put PCA as a first step initial state and I will
keep that here in this particular example, if you want you can make it false. Then one

important thing in using the tSNE algorithm, that is the algorithm will be in trouble if there

are duplicate data.
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O rsudio

File  Edit

0 lecs week8R meta

54 # 4. check_duplicates:

55 # present.

57 #5.
58 # (default:

60 # 6. theta:
61 # (increase
62 # se

64 #

66
5717 [ Perform (SNE =

R R412
> 1ibrary(Rtsne)
> library(ggplot2)

Source on Save

eta: Le

7. max_ite

Ci/lech week 8/

Cede  Viw Plots  Session  Buld Debug Profie  Tools  Help

=0

#Run | O P Source v

Al / ¥
checks whether duplicates are
default: TRUE)

arning rate, 1000
200, ¢)

suggested 10

(default: 0.5) Speed/accuracy trade-off

for less accuracy),

to 0.0 for exact TSNE

r: Number of iterations (default: 1000)

r
R Seript =

=0

> data <- read.csv("count.csv", header = TRUE)
> View(data)
> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

B RSl
File  Edit

Code  Viw Mlots  Sesion  Buld

O] lecs week8R meta

53
54

58:18

Saurce on Save

# 4, check_duplicates:

# present. (default

5. eta: Learning

# (default: 200)

# 6. theta:
# (increase

for le

Environment  History
Y 403MB ~

2 P

R~ | @ Global Environment ~
vata

data
meta

366 obs.

Files Plots Packages Help  Viewer

& Export *

of 16384 varia
366 obs. of 11 variables

=0

Debowy Mrofle Tools  Help

N

TRUE)

ate, suggested 10

i
# set to 0.0 for exact

# 7. max_iter: Number of iterations (default:

(
[ Perform tSNE 2

R R412 « Cilech week 8/
> Tibrary(Rtsne)

> library(ggplot2)
> data <- read.csv("count.csv", header = TRUE)
> View(data)
> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)
>

So either you yourself check if there is any duplicate or not, or otherwise, there is a argument
in this function called Check underscore duplicates, and by default is true, you should keep it
default value at true. The fifth important argument for tSNE function here is the learning rate
defined by ETA. And it is usually suggested that the learning rate should vary from 10 to

1000 and the default value in case of Rtsne is 200 learning rate is one parameter which

*Run | %

~fel
Source *

.

checks whether duplicates are

1000

(default: 0.5) Speed/accuracy trade-off

1000)
)
RSeript =

(|

Environment  History

Y 403MB ~

R = | O Global Environment +
vdtd

data
meta

366 obs.

Files  Plots  Packages Help  Viewer

& Export *

=}

=5

List =

of 16384 varia
366 obs. of 11 variables

-
(] ]

decides the step size when the optimization algorithm works.

And if you remember our lecture on tSNE, you can understand that it is trying to minimize
the difference between two probability distribution. So in that case, it is trying to do an

optimization. And in this ETA the learning rate parameter is deciding the step size for that

optimization algorithm.
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0 fudo

Flle it Cede Viw Plots Session Buld Dabug Dfrofie Tools Help

0] lec5 week8R

53
54
55
56
57
58
59
60
61
62
63
64
65
66
60:11

(R R412

=0

1* Source *

meta

Sourca on Save *run | %

e
# 4. check_duplicates: checks whether duplicates are

# present. (default: TRUE)

# 5. eta: Learning rate, suggested 10 - 1000
# (default: 200.0)

#6. theti (default: 0.5) Speed/accuracy trade-off
# (increase for less accuracy),
# set to 0.0 for exact TSNE

# 7. max_iter: Number of iterations (default: 1000)

{ ]
[ Perform tSNE 2 R Seript &

=]

Ci/lec5 week 8/

> 1ibrary(Rtsne)

> library(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

0 fsudo

File  Edit  Code

0] fec5 weekBR

53
54
55
56
57
58
59
60

o

Environment  History

Fﬂ
Vaomp -+ | z

ol % Ml List: *

R » | & Global Environment =
vata

) data
@ meta

366 obs. of 16384 varia.
366 obs. of 11 variables

Fils  Plots Packages Help  Viewer =0

& Export *

Viw Dlots  Semsion Buld Debwg frofle Tools Help

=0

Source ¥

meta

Source on Save SRun | 0%

b WA
# 4. check_duplicates: Checks whether duplicates are
# present. (default: TRUE)

# 5. eta: Learning rate, suggested 10 - 1000

# (default: 200.0)

# 6. theta: (dcl[[nh: 0.5) speed/accuracy trade-off

61 # (increase for less accuracy),

62 # set to 0.0 for exact TSNE

63

64 # 7. max_iter: Number of iterations (default: 1000)

65 -
66 ¢ 3
60:17 | 3 Perform (SNE < R Script <
R R412 ¢ C/lecs week 8/ =]

> Tibrary(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

So, if you read If required, you have to change this value, then there is a parameter called
theta the default value is 0.5. And it decides the ratio between speed and accuracy it decide
the tradeoff between speed and accuracy. Remember, in tSNE, you have an exact method to

minimize the difference between two probability distributions, but that could be very time

consuming.

Now, that is why these particular tSNE they function has a he has used a algorithm which is

=1

Environment  History

V_ﬂ
Vanwms - | Y

2 . List *
R~ | & Global Environment +

vatd

0 data

) meta

366 obs. of 16384 varia.
366 obs. of 11 variables = | .

=0

Filt  Plots Packages Help  Viewer

& Export ~

which is doing this optimization by approximation. So, that makes it faster.
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0 rsudo [
Fle Bt Cede Viw Dots Swion Buld Oaoug frofle Toos  Hilp

0/lecs weehdR © [ meta * [ Environment History =0
ST ) OSnurucnSavu\Q}:'vH “Run | % Psource v E E'H\"M‘v\ \%!Miﬂvl( Eustv\“;?v‘

53 . : * R Global Environment + Q
54 # 4. check_duplicates: checks whether duplicates are vata ry|

55 # present. (default: TRUE) 0 data 366 obs. of 16384 varia.. | |
(O meta 1366 obs. of 11 variables [

57 # 5. eta: Learning rate, suggested 10 - 1000
;g # (default: 200.0) Fial| Pets | Fockoges | el | Viwee =
60 # 6. theta: (default: 0.5) Speed/accuracy trade-off | /¥ z00m | ot v O | 'S

61 # (increase for less accuracy),
62 # set tg 0.0 for exact TSNE

64 # 7. max_iter: Number of iterations (default: 1000)

65 -
|6 (I
| 6133 [ Perform (SNE = RSaipt =

(@R R412 . Cilecs week 8/ / =0
> 1ibrary(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)

> View(data)

> meta <- read.csv("meta.csv", header = TRUE)

> View(meta)

>

0 Fsudio o X
Fle Bt Cde Viw Mo Swion Quld Dewy frofle Tool  Hep

O] fecs weekdR « | [ meta # [T Environment  History =0
G | 8| Oiuum:onhva\qﬂ'-u =Hpun | O Psource v E | S IR 'dO!MiB-lz Slge | @

R = Global Environment + Q
vata

57 # 5. eta: Learning rate, suggested 10 - 1000
58 # (default: 200.0)

59 O data 366 obs. of 16384 varia.
60 # 6. theta: (default: 0.5) Speed/accuracy trade-off O meta 366 obs. of 11 variables = .
61 # (increase for less accuracy), F
62 # set to 0.0 for exact TSNE Fils  Plots  Packages Holp  Viewer =0
63 [ | B za0m | «|0 | |
64 # 7. max_iter: NumberI of iterations (default: 1000) o2 Zcont - Mo . {
65
66 tsne_results <- Rtsne(data,
67 perplexity= 30,
68 eta = 1000, W

8 iiviivielib—

| 6229 | Perform tSNE = | RSeript £

(@R RA12. CflcS week 8/ =0

> Tlibrary(Rtsne)

> library(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <= read.csv("meta.csv", header = TRUE)
> View(meta)

>
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File it Cede Viw Plots Semsion Buld Dabug Profie Tools Help

0 lecs week8R meta o

Sourcaon Save | L /v HRun | O Source ¥

57 # 5. eta: Learning rate, suggested 10 - 100C
58 # (default: 200.0)

60 # 6. theta: (default: 0.5) Speed/accuracy trade-off
61 # (increase for less accuracy),
62 # set to 0.0 for exact TSNE

64 # 7. max_iter: Numheriu\ iterations (default: 1000)

66 tsne_results <- Rtsne(data,

67 perplexity= 30,
68 eta = 1000,

69 pay dicn - £n0my
"n

]

64:22 | [ Perform {SNE 2 R Seript ¢

R R412 + CillacS week 8/ =]

> 1ibrary(Rtsne)

> library(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

Environment  History =0
2 # ol Vaomp - | List *
R~ | 1%k Global Environment ~
vata
data 366 obs. of 16384 varia
meta 366 obs. of 11 variables
Files Plots Packages Help  Viewer =0

& Export *

tsne_results «— Rtsne(data,
perplexity = 30,
ets = 1000,

max_iter = 5000)

But if you want that, no, I do not want the approximation or you want the exact tSNE then
you have to set this theta at zero. Otherwise, you can leave it at this particular value 0.5 for

this particular approximate algorithm. Another important parameter or argument for using

this function is max ETA.

There is a number of iterations it should do remember, it is an optimization technique, if you
run this algorithm for a short time a number of states you may not have reached the optimum
solution, and you really do not know when you will reach the optimum solution. So, you
should try to balance between the time taken for optimal solution to solving the problem and

the good solution. So, this number of iteration that you want the maximum number of

iterations.
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0 fsudio g X
fle Edt Cofe View Dets Sesin Quld Dabug Profie Tools Hep
O lec§ weekBR meta =[] Environment History =0
[ | Sourcan Save | &/~ SRun | % P Soure v 2R o] 403 i+ s List \
3 T = =
57 #5. eta: Learning rate, suggested 10 - 1000 jﬂta AW GloblEnironmert ~ )
58 # (default: 200.0) 5 z
59 0 data 366 obs. of 16384 varia..
60 # 6. theta: (default: 0.5) Speed/accuracy trade-off 0 meta 366 obs. of 11 variables = .
61 # (increase for less accuracy),
62 # set to 0.0 for exact TSNE Filos Plots Packages Help  Viewer =0
o v G 5 - Export *
64 # 7. maxiten: Number of iterations (dpfault: 1000) —
65
66 tsne_results <- Rtshe(data,
67 perplexity= 30,
68 eta = 1000,
69 mav itar - 600NY Y
mn ¢ !
64:7 | [ Perform (SNE 2 R Seript &
R R4+ Cilech week 8/ =0
> library(Rtsne)
> Tibrary(ggplot2)
> data <- read.csv("count.csv", header = TRUE)
> View(data)
> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)
>
O rsudio 0 X
Fle Bt Cede Viw ot Seion Buld Oeouy froble Tools Holp
0] fec5 weekdR meta e[ Environment History =0
[ JSourcacn Save | & / v SRun | O P Source v Gl s ol X1 V- 2’ List =
20 A . o
57 # 5. eta: Learning rate, suggested 10 - 1000 R - | A Globu Envionment -
vata
58 # (default: 200.0) : a
59 O data 366 obs. of 16384 varia.
60 # 6. theta: (default: 0.5) Speed/accuracy trade-off O meta 366 obs. of 11 variables @ |+
61 # (increase for less accuracy),
62 # set to 0.0 for exact TSNE Files Plots Packages Help  Viewer =0
63 ) . & Export
64 # 7. max_iter: Number of iterations (default: 1P00) —
65
66 tsne_results <- Rtsne(data,
67 perplexity= 30,
68 eta = 1000,
59 mav itan - E0NNY %
mn $ \
64:48 | 3 Perform tSNE < R Script <
® R412 « Ciflecd week 8/ =0

> 1ibrary(Rtsne)

> Tibrary(ggplot2)

> data <- read.csv("count.csv", header = TRUE)
> View(data)

> meta <- read.csv("meta.csv", header = TRUE)
> View(meta)

>

tsne_results «— Rtsne(data,
perplexity = 30,
ets = 1000,
max_iter = 5000)

That you want this algorithm should use is decided by this max eater obviously, I cannot keep
it to one crore or something then it will keep on working for a very long time, the default

value is 1000 You can make a change to 2000 5000 something like that. So, these are few of
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the important argument as I say please look into the documentation file and you will see there

are many other para arguments which could be very useful.
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RSwudlo 3
Flle it Cede Vw Plots Session Buld Dabug DMrofie Tools Help

O ec5 week8R meta w[]  Environment History —

Sourcaon Save | & /v *Run | % Source * g @ N403MB | List *
60 # 6. theta: (default: 0.5) Speed/accuracy trade-off * R = | @k GlobalEnvionment +
61 # (increase for less accuracy), vata
62 # set to 0.0 for exact TSNE data 366 obs. of 16384 varia
?3 . - ) meta 366 obs. of 11 variables
64 # 7. max_iter: NUmbEFOFHTerations (default: 1000)
65

Filos  Plots Packages Help Viewer =

66 tsne_results Rtsne(data, L w2 L
67 perplexity= 30, & Export *
68 eta = 1000,
69 max_iter = 5000) I
70
71
72 # visualize =

b
64:29 | €3 Perform (SNE 2 R Seript 2
R R412 + Clech waek 8/ =0
> Tibrary(Rtsne)
> library(ggplot2)
> data <- read.csv("count.csv", header = TRUE)

> View(data)

> meta <- read.csv("meta.csv", header = TRUE)

> View(meta)
>

tsne results «— Rtsne(data,
perplexity = 30,
ets = 1000,
max_iter = 5000)

So, let us go into our data and the Rtsne function and I will be using. So here I am using the
Rtsne function the first argument is the data the matrix that I have with rows for sample and
the columns for the genes, I am setting perplexity equal to 30. I have set ETA equal to 1000

learning that is called 1000 and I am keeping maximum at value high value 5000.

Now remember, the main function of tSNE doing tSNE is to visualize the data bring down
that higher dimensional data to a lower dimension like to dimension for visualization
purpose, I am not using tSNE for clustering of my data, they are maybe some cluster may
appear in my visualization during when I do use this need to visualize, but we have to
remember in the last class also I discussed that this cluster size cluster distance may not be

meaningful when I am doing tSNE.

So, the whole purpose is visualization. So, I want to see the heterogeneity in distribution of
gene expression in among these 366 samples. That is what I want to visualize in this
particular example, I do not want all data to clump in one place, I do not also want them to
hold distribute the whole space without giving any pattern. So, I want some amount of pattern

so that I can make a meaning out of these heterogeneity in gene expression.
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So, that is the purpose and when you are trying to do that you have to play with these
different arguments or parameters for this particular algorithm. As I have discussed in this
case, I have used this particular parameter values perplexity 30 at 1000 maximum of 5000.
Because the final outcome, that visualization that I get the plot I get is something similar to
what the original authors in their paper have created. So, that also give a good visualization of

distribution of heterogeneity depending upon cell type in this particular data set.

(Refer Slide Time: 14:04)

O iudio -
o U Code Viw Pl Sowion Buld Dcbug Bofle  took 1
07 lacs_weaksR meta e[| Environment History =
Sourceon Save | L /v #Run | %% P Source ~ ol AL PR R4 List =
60 # 6. theta: (default: 0.5) Speed/accuracy trade-off 4 R+ |} GlobalEnviranment =
61 # (increase for less accuracy), uaia JUU UUa. UT LUJUT val la B
62 # set to 0.0 for exact TSNE ) meta 366 obs. of 11 variables
63 ; : < ; ) tsne_resu.. List of 14
64 # 7. max_iter: Number of iterations (default: 1000)
65 > g
Files Plots Packages Help Viewer
66 tsne_results <- Rtsne(data, 2 g =0
67 perplexity= 30, & brport ~
68 eta = 1000,
69 max_iter = 5000)
70
71
720 # Visualize @D v
‘ ’
69:39 [ Perform tSNE RSeript &
R R412 - Clacs weak 8/ =0
> meta <- read.csv("meta.csv", header = TRUE) A
> View(meta)
> tsne_results <- Rtsne(data,
+ perplexity= 30,
+ eta = 1000,
+ max_iter = 5000)
> 1
© o - n
file 1t Code  Viw  Plolw Sowion Buld  Dobug  Bofle ook 1idp
0 loc5_weak8R tsna_rasults meta o] Environment History =
Show Attributes ¢ Qasce | List ~
Nama Type Vslua R = | % Global Ervironment +
© tsne_results list [14] List of length 14 AN S e e
) meta 366 obs. of 11 variables
N integer (1] 366 =
D tsne_resu.. List of 14
Y double [366x 2] 1.674.21962 2.80 -75
costs double [366] 0,002880 0002124 0.0, [EEles3) Piots: | Package i Help i3 Vitwar =0
itercosts dbuble [100] 6892 67.93 67... ) Export v
origD integer [1] 50
perplexity double [1] 30
theta double (1] 05
mav itar Anihla 11 L0 &
(No selaction)
R R412 - Clecs wack 8/ =0
> View(meta) =

> tsne_results <- Rtsne(data,

¥
+
+

perplexity= 30,
eta = 1000,
max_iter = 5000)

> View(tsne_results)

>

tsne results «— Rtsne(data,

perplexity = 30,

ets = 1000,
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max_iter = 5000)

So let us learn it may take some time depending upon your computer, so you have to wait
patiently, at last the tSNE has worked and output you can see here in the environment tab,
there is a new variable has come tSNE underscore result where I have assigned all the result

of the tSNE.

So it is a list so, let me click it to see what we have, we have lots of information here and all
these things you can dig into and use for your visualization or analysis purpose, the most
important thing is this Y variable and you can see it has a dimension of 366 into 2 that means

it 1s two dimensional data.

So I have 366 samples which are mapped into these two dimensions. So now I have 366 into
2 a variable with 266 rows and 2 columns. So this is why I will use to visualize because in

this way I have all these 366 examples mapped in two dimension that information is there.

(Refer Slide Time: 15:07)

He Ul Coke Viw Pl Sowin Bald Doy ofle Jok

07 lecs_weak8R tana_results mata pu[ | Envirenment  History =0
Sourceon Save | @/~ HRun | O P Source ¢ » | Qatsan - | of List +
60 # 6. theta: (default: 0.5) speed/accuracy trade-off = @R« |k GlobalEnvironment =
61 # (increase for less accuracy), L JUVTVUUIUTLVJUT VRl Td
62 # set to 0.0 for exact TSNE meta 366 obs. of 11 variables
6 :
& . . ; : tsne_resu.. List of 14
64 # 7. max_iter: Number of iterations (default: 1000)
65 5 -
Files Plots Packages Help Viewer
66 tsne_results <- Rtsneldata, ¥ P =1
67 perplexity= 30, = Export
68 eta = 1000,
69 max_iter = 5000)|
70
71
72 # Visualize
»
63:39 [ Porform tSNE & R Script &
R R412 - Cylecs weck 8/ =0
> View(meta) 2
> tsne_results <- Rtsne(data,
+ perplexity= 30,
+ eta = 1000,
+ max_iter = 5000)

> View(tsne_results)
>
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P =
il 0dit Code  Viw  Plotw Sewion uld Dby Bofle ook 1

07 lacs_waakeR tana_results meta w=[ | Environment History =

Sourceon Save | Q *Run | o% P Source - ¢ H - Qases - | List »
i o

SR

67 perp'llexity- 30, ~ R~ | % Global Environmant +

68 eta = 1000, uata JUV UUS. Ul AUJUT VAl [au

69 max_iter = 5000) ) meta 366 obs. of 11 variables

70

71

72+ # visualize

73 e

74 #Get tSNE result as a data frame ) brport +

75

76 Y <- as.data.frame(tsne_results$y)

77

78

79 # Plot using oanlot? s
1 {HEE .

7213 [ Visualize ¢ R Script ¢

) tsne_resu. List of 14

Files Plots Packages Help Viewer =

R R412 - Cylacs wack 8/ =0
> View(meta) -
> tshe_results <- Rtshe(data,

+ perplexity= 30,

+ eta = 1000,

+ max_iter = 5000)

> View(tsne_results)

>

tsne_results «— as.data.frame(tsne_results$Y)

So, I want to visualize it. So, what I will do you can use any other visualization option in R,
but I will use here in this case I will use gg plot 2. So, I have already installed and loaded gg
plot 2. Now, this is in least the data is in least format and in that there is a particular variable

Y what I will do I will convert this into a data frame so, that my gg plot 2 can use that.
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ggplot(Y,
aes(x = vl, y =v2, col = cellType)) +
geom_point() +
labs(x = “tSNE - 17,
y =“tSNE - 2,
color = “ Cell types”) +
theme classic()

So, what I am doing I am using a function called as data frame so, it will convert these data
into data frame and which data I wonder Y variable from the list of tSNE underscore results.
So, I am writing tSNE underscore result then the dollar sign and y this is the argument to the
function as dot data dot frame. So, it will convert these into a data frame and I assigned that

data frame into Y variable.

So, let us do that I have Y you can see Y has 366 observations and 2 variables if you click
you can see you have 366 samples now, they are values from the 16,000 dimension is now
mapped to these two dimensional values like V 1 and V 2. So, I will plot this data to visualize
as I said I will use gg plot 2. So, I am calling gg plot function here giving the data frame Y

which has 366 samples two dimension two columns AES the data

(Refer Slide Time: 16:35)

O Rstdlo a
Fle Bt Code Viw Dots Semsion Buld Debwg frofle Tools Help

0] ec5 weekdR tane resuilts mete [T Envionment  History =0
Sourze on Save Y A HRun | O Source ~ e 941368 - _" List *
79 # Plot using ggplot2 “ R~ | % Global Ervironment
80 eta UV UUIL UL LL VAl Tau e
81 # visualize four cell types on two-dimensior tshe_resi. List of 14
§§ ggplot(Y, \d 366 obs. of 2 variables
84 ae;|<x = V1, y = V2, col = cellType)) +
85 b Files  Plots Packages Help  Viewer =0
86 geom_point() + X bxport +
87
88 labs(x = "tSNE - 1",
89 y = "tsNE - 2",
90 color = " cell types") +
91 v
92 ' T )
8411 @ Visualze ¢ R Seript ¢

R R412: Ci/lecS week 8/ =

+ perplexity= 30, e
+ eta = 1000,
+ max_iter = 5000)

> View(tsne_results)

> ¥ <= as.data.frame(tsne_results$y)
> View(y)

>
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O Fsudio
fle Bt Cede Viw ot Smsion Buld Oeoup frofle Tools Help

0]fecs weehdR * O tsre results * | mete ¥

@l 8|

(sourcaonsove | Q vl [ =#run | 5% Bsource +| E

5 X
(7 Environment History =
@ el dane | S| @]

| 55 # present. (default: TRUE) <1 [~ | Wy Gl Exviomment »
;g # 5 N d 10 1000 wicLa JUV VUL VI AL vallaviey | 2
. eta: Learning rate, suggeste 2 [ =
$8 # (default: 200.0) O tsne_resu,, List of 14 . QE
59 0y 366 obs. of 2 variables [,
60 # 6. theta: (default: 0.5) Speed/accuracy trade-off
61 # (increase for less accuracy), Files  Plots  Packages Help  Viewer =0
gg # set to 0.0 for exact TSNE I | ® zoon | Meor= |0 | o
64 # 7. max_iter: Number of iterations (default: 1000)
65
66 tsne_results < Rtsne(data,
67 perplexity= 30, "
BE e
8434 [ Visvalze ¢ R Seript &
R R412 Cfecs weekd/ =0
d perplexity= 30, 4
+ eta = 1000,
+ max_iter = 5000)
> View(tsne_results)
> Y < as.data. frame(tsne_results$y)
> View(Y)
> | v
0 fsudo g X
File  Edt Cede View Dlots  Session Buld Debug [frofle Tools Help
0)lecs weel8R © O tsre results * | mete [ Environment History =0
oL b Osouraonsove | Q 6+| {1 =heun | 9% Hsowce | E| @ B[ Qancn | S| ©s
I LT uBLa N (EAU.L3VL LUUIIL. L3V (lEauEl TRUL) |
25 * R~ Global Environment +
26' # Meta data bz wonela JUV UUa. VI L4 val lavica | A‘
27 jOtsne_resu., Lis@of 14 Q
28 meta <- read.csv("meta.csv", header = TRUE)| I oy 366 obs. of 2 variables .
29
30 # collect cell type information from meta data filos  Plots Packages Help  Viewar =]
31 . ’
32 # 4 cell types: RG - Radial glial cell;Neuron; | 72 z00m | Bepor <10 | &
33 # IPC - Intermediate progenitor cell; Interneurons
34
35
36 cellType <~ metajInferred.Cell.Type
37 -
| . (.
| 2844 [ Metadala 2 | R Seript 2
R R412 - Cilecs veek &/ =0
. perplexity= 30, &
+ eta = 1000,
+ max_iter = 5000)
> View(tsne_results)
> Y < as.data. frame(tsne_results$y)
> View(Y)
> | v
@ Rsudo 0 X
File  Edt Cede View Dlots  Session Buld Debug [rofle Tools Help
0 ke weeldR ¢ Ol tsneresults ¢ [ Imete [ Environment  History =5
G| 8| P rinee Q @ e Qance- | Sl @y
Sl AmtomilSouce  Age B Awa  ifercdColype R+ GlobalEnvionment -
T wonela JUV VU3, VI AL val lauisa ‘A‘
1 010:A1 V2 GWIEs b1 BC G M0 il Q
2 010-A11 8VZ GWIES5  brl PFC Neuron ‘oy 1366 obs. of 2 variables [ ‘E
|3 010AR SVZ GWI6S bl PFC RG
4o sz GWIGS bl BRC Newon Fles) Pets Ptesiaon fhep '0'““ =0
T | # zo0m | |0 | f
5 010 SVZ GWiEs bl FC  FG < Hegor
6 010-A5 SVZ GW165 bE PRC Neuron
7 010:A7 VI GWI6S bl PFC Nauron
| s %

| 1 < GWIRS  hrl PFC
|4 %

| Showing 1 to 8 of 366 entries, 11 total columns

R R412 « CillcS week 8/

+ eta = 1000,

+ max_iter = 5000)
> View(tsne_results)

> Y <- as.data.frame(tsne_results§y)

> View(y)

> View(meta)

>

=0

« I
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@ fsudio
File Edit Code Viw Dlots  Session Buld Deoug Mroble Tools Halp

=1

0] ec5 week8R tsne results meta =[] Environment History =0
Filter ol RaadL XSEIS RN 4 List +
tatulSaviel  MAge  ®Bram  MAren  IndirkdbllType  lrefied b fin- R+ | 1 Global Environment »
nea JUV UU3. U 4L val lauies
12 GW5SS  br PRL GT i bRy 2

) tsne_resu.. List of 14

z GWIGS bl P Nebron UNjA oy 366 obs. of 2 variables
7 w655 bn PIC GG of R
Files Plots Packages Help  Viewer [
GWIBS b1 PRC Newron INIA = R dee. | Tep | Yewe =0
T = & Export +
z W165. b FFiC | RG of R
<AW165 lJ.Tv 9L Neuron #/A
GWWIBE v R Nauron /A
(WIRE  hr! PEC pr AN/A ¥

Showing 1 to 8 of 366 antries, 11 total columns

R R412 « Clecs week 8/ -
+ eta = 1000, -
+ max_iter = 5000)

> View(tsne_results)

> Y <- as.data.frame(tsne_resultsSy)

> view(y)

> View(meta)

>

ggplot(Y,
aes(x =vl, y =v2, col = cellType)) +
geom_point() +
labs(x = “tSNE - 17,
y =“tSNE - 2:,
color = “ Cell types”) +
theme classic()

I am calling the aesthetic in aesthetic, I am saying x equal to V1 the first column Y equal to
V2 the second column and I have said color it in categorize it depending upon Cell type, what
is cell type? let me go back and check my original data file. So, here in meta I have loaded
the metadata and if you can see, I have different information including this cell type, So what

I will do, I will create a variable where the cell type information will be stored.

(Refer Slide Time: 17:14)
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O rstdo o X
Fle Bt Cde Viw Mo Swin Buld Dewy frofle Tool  Hep
0lecs weeldR O tsne results | mete [ Environment History =0
o L | O sourcaonsve | Q el {1 =bgun | 9% Hsowee o B @ 10| Qancp | S| @
LT uBLA N IEAULLIVL LUUIL. L3V (IEAUE! — IRULJ I 1
2 * R+ | 1 Global Environment
26' # Meta data o wnela JUV UUa. VI AL val lavica )
27 O tsne_resu. List of 14 Q
28 meta <- read.csv('meta.csv", header = TRUE)| I oy 366 obs. of 2 variables 1’%
29
30 # collect cell type infoqmation from meta data fils Plots Packages Help  Viewer =0
31 : ,
32 #4 cell types: RG - Radial glial cell;Neuran; P zaon | Beport » |0 | 4
33 # IpPC - Intermediate progenitor cell; Interneurons
34
35
36 cellType <- metajInferred.Cell.Type
37 b4
1. I
2844 [ Meta dala R Seript =
R R412 . CilecS week 8/ =0
+ eta = 1000, 2
+ max_iter = 5000)
> view(tsne_results)
> Y <- as.data.frame(tsne_results§y)
> View(y)
> View(meta)
> | =
@ fsudo g X
Fle Bt Code Viw Mou Swibn Buld Dewg Mofle Tool Hep
0/lecs weehdR L tsreresults | mete [ Environment  History =0
G L Osouceonsave | Q ol {1 =hrun | 9% Psowree o] F || 2 7l anes - | Sut-|@-
28 meta <- read.csv("meta.csv", header = TRUE) 4 R | Ak Global Environment »
29 wiicia JUV 3. UL AL valTaules
30 # collect cell type information from meta data O tsne_resu.. List of 14 QE
31 : =
32 # 4 cell types: RG - Radial glial cell;Neuron; I LA doelobs Jofacidbles MR
;z # IPC - Intermediate progenitor cell; Interneurons Pt | lets [ rackoaes | Mo | vivwwr -0
35 2 zoom | Bexpot + [0 |
36 cellType <= metaSInFerred.CeTl.lryJe
37
38+ # perform tSNE ----
39
40 # set seed of random number generator for reproducibie
4
| 3632 @ Meta data 2  Récript 2
@R R412 + Cflech week 8/ =0
+ eta = 1000, &
¥ max_iter = 5000)
> View(tsne_results)
> Y <= as.data.frame(tsne_results§y)
> view(y)
> View(meta)
> | .
@ rendo 0 X
Fle Bt Code Viw Mot Swin Quld Dewg Mofle Tool Hep
0 fecs weeldR « O\ tsneresuls | |mete * =[] Envionment History =0
G| 8| T e N Q @i - 9anes | Sy |@-
smicalSource  Age  Brain  Area  InferredCellType  Inferred.RGtype R~ 7k Global Environment +
i wnewa SJUV UU3. VI AL val lavieas w‘
|owes |bn  |PEC IR o = Otsne_resu., List of 14 Q
wies | PEC Neuron VA () 1 366 obs. of 2 variables || .
GW16S bl FIC fG 0RG
i i i [ H
WI6S bt BEC Neun wh Flegy] Pts ERacisges o V:"" =0
i | 2 zaom | <10 |4
GWIES bl BRC RG oRG Al B L
(GWIBS bl PRC Neuon /A
GW165 bl FFC Nauron A
CWIRG by n I NI b4
q )

Showing 1 ta B of 366 entries, 11 tatal columns

@ RA12 « Clleck week & / =0
+ eta = 1000, &
¥ max_iter = 5000)

> View(tsne_results)
> Y <- as.data.frame(tsne_results§y)

> view(y)
> View(meta)

> |
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@ Fsudio e}

File it Cede Viw Plots Semion Buld Dabug frofie Tools  Hilp

0 lecs week8R tsne results mete =[] Environment History =0
Sourcaon Save | & /7 + l-dpun | o9 4 Source 2 P dancs | List *
28 meta <- read.csv("meta.csv", header = TRUE) 4 R+ | @ Global Environment
29 w el JUV UU3. Ul 4k val (auies
30 # collect cell type information from meta data O tsne_resu.. List of 14
o : ; Oy 366 obs. of 2 variables
32 # 4 cell types: RG - Radial glial cell;Neuron;
iz # IPC - Intermediate progenitor cell; Interneurons Tt e [eesae vl viees =0
35 & Eyport *
36 cellTipe <~ metaiinferred.Cell.Type
37
38+ # Perform tSNE
39
40 # set seed of random number generator for reproducibie
L 3
36:32 | £ Meta data 2 R Script &
R R412 + Ci/lecs week 8/ =]
- eta = 1000, 4
+ max_iter = 5000)

> view(tsne_results)

> Y <- as.data.frame(tsne_results§y)
> view(y)

> View(meta)

>

@ fedo
Flo Bt Cede Vi Mot Swion Buld Dewg frofle Toos Holp

=1

O] ec5 week8R tsne results mete e[ CEnvironment History =0
Sourcaon Save | 4 /v #Run | %% P Source ~ 2 H 7 a6~ | List *
28 meta <- read.csv("meta.csv", header = TRUE) 4 R+ % Global Ervironment
29 Y 3bb ODS. OT £ Variapies
30 # collect cell type information from meta data Values

32 # 4 cell types: RG - Radial glial cell;Neuron; celltype  chr [1:366] "Kﬁ-'” “Neuron"..

33 # IPC - Intermediate progenitor cell; Interneurons

=0

36 cellType <= metalInferred.Cell.Type

38+ # Parform tSNE

40 # set seed of random number generator for reproducibi«
41« '
3636 | €3 Meta data < RSeript &

(R R412 « Ciflech week 8/ =0
+ max_iter = 5000) A
> View(tsne_results)

> Y < as.data.frame(tsne_results$y)

> View(Y)

> View(meta)

> cellType <- meta$inferred.cell.Type

>

So, to do that, I have written here that meta dollar inferred dot sale dot type right so I am
extracting this column data from meta and I am assigning that to cell type. So, let me do that.
So, now I have a list of cell type right RG neuron inter neuron something like that for all
those 366 samples. So, now, what I am doing here during plotting that information is not used
during tSNE now during plotting whatever you want, that when you create the plot, color

code each sample depending upon the cell type information that I have.

(Refer Slide Time: 17:56)
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O Fsudio g X
File Edit Cede View Dlots  Semsion Buld Deoug froble Tools Help

0] lecs week8R A tane results mete =[] Environment History =0
Sourcaon Save | 4 /v FRun | ®% P source + - 941368 - ll List * v
79 # Plot using ggplot2 Al LR - | Wy GlobalEnvironment > y
8 vy 3bb 0DS. OT £ varianies
81 # visualize four cell types on two-dimension
& Values
83 goplot(Y, cellType  chr [1:366] "RG" "Neuron”,,
84 aes(x = v1, y = V2, col = cellType)) +
85 Fils  Plots Packages Help  Viewor =0
86 geom_point() + 1 = Export
87
88 labs(x = "tSNE - 1",
89 y = "tSNE - 2",
90 color = " cell types") +
91 v
2 . p o )
36:36 | [ Meta data 3 R Seript 3
(R R412 : Ciflecs week 8/ =]
+ max_iter = 5000) &

> View(tsne_results)

> Y <= as.data.frame(tsne_results$y)
> View(y)

> View(meta)

> cellType <- meta$Inferred.cell.Type
>

ggplot(Y,
aes(x =vl, y =v2, col = cellType)) +
geom_point() +
labs(x = “tSNE - 17,
y = “tSNE - 2:,
color = “ Cell types”) +
theme_classic()

So what I am writing color equal to cell type and then this is the main thing where I have
given the data and aesthetic if you remember, now, | have to give the third important thing I

have to give the geometry.
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(Refer Slide Time: 18:10)

@ fsudo o X
Flo Bt Code View Mlts S Buld Debug Tofle Took  Hp
0/fecs weeh8R © L tsne results © | mete =[] Envionment  History =0
Gl Osourcaonsove | @ ol ] =hpun | 5% [ Hsource v/ = (@ 17| Danes | Sute Oy

79 # Plot using ggplot2

-

R+ | ) Global Environment +

& o Uy 3bb ODS. OT £ variapies
81 # visualize four cell types on two-dimension i
8 ;Va ues : -
83 ggplot(Y, cellType  chr [1:366] "RG" "Neuron", -
84 aes(x = v1, y = V2, col = cellType
85 A Type)) g filos Plots Packages Help  Viewor 4]
86 geom_point() + | 2 z00m | Bewpot» |0 | f
87
88 Tabs(x = "tsNE - 1", |
89 y = "tsNE - 2",
90 color = " cell types") +
91 -
2 s
| 8446 | @ Visvalze ‘RScript:
@R R412 - CillcS week &/ : =0
i, max_iter = 5000) &
> View(tsne_results)
> Y <- as.data.frame(tsne_results$y)
> View(Y)
> View(meta)
> cellType <- meta$Inferred.cell.Type
>
@ Rsudo 0 X
Fle Bt Cedo Viw Dot Seon Buld Deowy froble Tools Help
0/lecs weetdR O tsre results * | mete [ Environment History =0
L] Dsoucaonsve | Q 2ol [ dmun | 9% (Bsowee o/ E @ 7o W an6e v | Eust'\{(’}"

0

83 qggplot(y,
84 aes(x = V1, y = V2, col
85
86
87
88  Tabs(x = "tSNE - 1"]
89 y = "tSNE - 2",

90 color = " cell types") +

92 theme_classic()

94 # visualize expression of a particular gene

= cellType)) +

-

95 # ‘iii iiiiri 5 ﬁil Diﬂilii <imn1i< i‘i iin iiii nlot ¥
ak 1 [

R Seript &

863 [ Visvalze 3

R R412 « Cilecd week &/

[+ max_iter = 5000)
> View(tsne_results)

> Y <- as.data.frame(tsne_resultsy)

> View(y)

> View(meta)

> cellType <- meta$Inferred.cell.Type

> |

=0

a

R = | ) Global Environment +

vy 3bb ODS. OT £ varianles

Values -

cellType  chr [1:366] "RG" "Neuron". -

Filos  Plots Packages Help  Viewer =0
| ¥ z00m | Dot v Q| y
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0 rsudio
File  Edit

0 lecs week8R

oz
83

85

Code  Viw DPlots  Sesion Buld Debug  rofle

Tools  Hilp

mete

Q7

tsne results

Sourca on Save SRun | v

BigpTot (Y,

aes(x = V1, y = V2, col = cellType)) +
geom_point() +
labs(x = "tSNE - 1",

y = "tSNE - 2",

color = " cell types") +

theme_classic()

=0

1 Source ~

94 i visualize expression of a particular gene

95 # (for pyamnle
[ Visualize 3

R R412 ¢ C/lech week 8/

NFIIRONAYIN samnles

in tha fSNF nlat 7
R Seript &

e

e

ggplot(Y,

aes(x =vl,y=

geom_point() +
labs(x = “tSNE - 17,

y = “tSNE - 2:,

labs(x = "tSNE - 1",

y = "TSNE - 2",
color = " Cell types") +

theme_classic()

=1

Environment  History =0
.l = RN EIR ENElC RAR 4 Lt +
R = | %k Global Environment ~
s Jbb 0DS. OT £ variaples
Values
cellType chr [1:366] "RG" "Neuron",
Files  Plots Packages Help  Viewer =0
Baoom | Begore 0 | %+
]
(X}
weg O
10 -5 '&(:. e
Ry
L D Cell types
- % 82 :-' 2Ot
I A ) + Intemeuron
1 o & o8,
w o | .,',323;\! * PC
2N LA Y
a cf‘ Saeiy + Neuron
R ; o ®' .{
51" "N ?\.\"-.a y v Re
i R M
. gt s
(4 W
.
-10 () 2 L)

v2, col = cellType)) +

color = “ Cell types”™) +

theme classic()

So, I have putting plus sign and I am calling geom underscored point function that means I
want a scuttle there are some other things also for example, I have added labels I am writing
x axis should be labeled as tSNE 1 and Y axis should be labeled as tSNE 2 and the legend

heading where the color code will be explained is named as cell types. And eventually I am

using my favorite theme theme classic.

So, let us plot it using gg plot 2. So, here is my plot. As you can see, nicely there is a will a
nice type of pattern in the data. All these 366 data point is now mapped from the 16,000

dimension to two dimension of tSNE 1 and tSNE 2 and they are now color coded depending

upon the cell type information that I have in a metadata file.
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ggplot(y,
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aes(x =vl, y =v2, col = cellType)) +

geom_point() +
labs(x = “tSNE - 17,

y = “tSNE - 2:,

color = “ Cell types”) +

theme classic()

For example, this RG the radial glial cells, they are forming some sort of separate clusters,
other types of cells originate from them, whereas the neurons have a broad distribution and

inter neuron and IPC they are claw, they have some amount of mixing with these neuron

types of cell, but still the inter neurons are slightly separated.

So, this is how I could visualize the heterogeneity and the pattern as a whole as a whole in the
16,000 dimensional data for these four cell types. Now in this case, I have plotted these tSNE
data E and color coded it depending upon the cell type. Suppose you want to use the same

plot but you want to color code each Short these data points based upon the level of

expression of a particular type of gene, that can be also easily done.
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tsne results meta =]
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Yy = "tSNE - 27, T
color = " Cell types") +
theme_classic()
# visualize expression of a particular gene
# (for example NEURODS[HH samples in the tSNE plot
ggplot(y,
aes(x = V1, y = V2, col = data$NEURODG)) +
geon_point() +
Tabhefse  Merair L i
{ )
@ Visualize & R Seript 2

(R R412  CiflecS week 8/
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ggplot(Y,

labs(x = "tSNE - 1",

y = "tsNE - 2",
color = " Cell types") +

theme_classic()

Environment  History =0
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aes(x =vl, y =v2, col = dataSNEUROD®6)) +

geom_point() +
labs(x = “tSNE - 17,

y = “tSNE - 2:,

color = “ NEURODG6”) +

scaler_color gradient(low = “grey”, high = “red”) +

theme classic()

So that is what I do in the next diagram, where the plot overall picture will remain same, but
that the color of the dots will get changed depending upon the level of count expression or
count for a particular gene. So, what I am doing here, for example, I am taking a new gene
called NEURO D6 is the transcription factor, and I, the expression account for this gene is
there in the original data file. So, what I want to do now, I want to color code this is the

scatterplot point, depending upon the level of expression of this gene in those samples.

(Refer Slide Time: 20:44)
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ggplot(Y,
aes(x =vl, y =v2, col = dataSNEUROD®6)) +
geom_point() +
labs(x = “tSNE - 17,
y = “tSNE - 2:,
color = “ NEUROD®6”) +
scaler color gradient(low = “grey”, high = “red”) +
theme classic()

Let me do that let me run this code, code snippet and then I will explain and what are the
options | have using gg plot 2. So, here I have the plot the same diagram and I have used a
scale the gray is zero and the red is the highest value 5000 The Count and from the legend
you can see this is the count for NEURO D6 and there are some silly here, which are very

high count where are the most of the other cells, they have very low count.

So, in this way, you can decide which particular genes expression you want to show you can
actually easily overlay multiple color and color code multiple genes also using gg plot 2

using the same type of code.
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Sourcaon Save | L /v SRun | P Source 2 314GB + .y' Ligt *
9/ gypioLLy, 3 _
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100 geon_point() + Values
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ggplot(Y,
aes(x =vl, y =v2, col = dataSNEUROD®6)) +
geom_point() +
labs(x = “tSNE - 17,
y = “tSNE - 2:,
color = “ NEUROD®6”) +
scaler color gradient(low = “grey”, high = “red”) +
theme classic()

So, let me explain what I have done in the gg plot 2 code here. Again, I am calling the gg plot
function, giving the tSNE result Y as the data if the data frame in aesthetic when I am calling
aesthetic, I am saying X is V1 obviously, it will remain same Y is V2 is remain same exactly

the same one. Now, I have changed the color code.

So I am asking color coded or categorize the data based upon data Dollar NEURO D6é6. So
that means I am saying take the data for NEURO D6 column in that data variable and use that
information to color code the scatterplot. And then I am calling these geometry geom
underscore point as usual, because I want the scatterplot labels remains mostly same, except
the legend of the region title is getting changed here I am writing color equal to NEURO D6

count.
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So that is why the legend here title has changed to NEURO D6 count. And interesting thing
that I have used a gray in a gradient of color from gray to red to which represent the scale of

expression.
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So what I have done here I have added a function called scale underscore color underscore
gradient. And I have said the lowest value should be gray, and the highest value should be
red. So it has considered zero count as gray and the highest reading in the data set as red and
rest up nothing in between R scale within this color range. And then I have used the theme

Classic. So that is how I have created this diagram.

That is how it is so simple to perform tSNE if you have nicely clear your data origin initially
and then you will perform the analysis step by step. The crucial thing before I end I will
mention once again, remember, the purpose of using tSNE is to visualize the data. And there
are lots of arguments starting from perplexity to ETA to maximum iteration, all these things
can affect the final visualization. There is no gold standard to decide upon these type of

values, values of these arguments.

You may have to play around use your common sense you have to understand what how
these arguments are affecting your visualization. And then you have to choose that proper
value for each of these arguments and use them. The best point of start is always to keep
these things as the default one and then play around some critical argument and changing
their values systematically to see where you are getting the better visualization. That is all for

this video. Thank you for learning with me today.
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