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What is R?

Introduction to R

Ris a language and environment for statistical computing and graphics. It is a GNU project which is
similar to the S language and environment which was developed at Bell Laboratories (formerly AT&T,
now Lucent Technologies) by John Chambers and colleagues. R can be considered as a different
implementation of S. There are some important differences, but much code written for S runs unaltered
under R

R provides a wide variety of statistical (linear and nonlinear modelling, classical statistical tests, time-
series analysis, classification, clustering, ...) and graphical techniques, and is highly extensible. The S
language is often the vehicle of choice for research in statistical methodology, and R provides an Open
Source route to participation in that activity.

One of Rs strengths is the ease with which well-designed publication-quality plots can be produced,
including mathematical symbols and formulae where needed. Great care has been taken over the
defaults for the minor design choices in graphics, but the user retains full control.

Get Involved: Contributing R is available as Free Software under the terms of the Free Software Foundation’s GNU General Public

Developer Pages
R Blog

. Eiﬁﬁgﬁm: EE* Eﬁ‘ yu R Foundation
|, LIEE e

Members
Donors
Donate
Help With R

Getting Help

Documentation

Manuals
FAQs

The R Journal
Books

BB RIS =

Links

Bioconductor
R-Forge
= (=1
. e o
(=hes GSoC

- BIERFSNEFS
- EEESHERZESR

License in source code form. It compiles and runs on a wide variety of UNIX platforms and similar
systems (including FreeBSD and Linux), Windows and MacOS.
The R environment

Ris an integrated suite of software facilities for data manipulation, calculation and graphical display. It
includes

« an effective data handling and storage facilty,

a suite of operators for calculations on arrays, in particular matrices,

« alarge, coherent, integrated collection of intermediate tools for data analysis,

graphical facilities for data analysis and display either on-screen or on hardcopy, and

a well-developed, simple and effective programming language which includes conditionals, loops,
user-defined recursive functions and input and output facilities

The term “environment” is intended to characterize it as a fully planned and coherent system, rather than
an incremental accretion of very specific and inflexible tools, as is frequently the case with other data
analysis software

R, like S, is designed around a true computer language, and it allows users to add additional functionality
by defining new functions. Much of the system s itself written in the R dialect of S, which makes it easy
for users to follow the algorithmic choices made. For computationally-intensive tasks, C, C++ and Fortran
code can be linked and called at run time. Advanced users can write C code to manipulate R objects
directly.

Many users think of R as a statistics system. We prefer to think of it as an environment within which
statistical techniques are implemented. R can be extended (easily) via packages. There are about eight
packages supplied with the R distribution and many more are available through the CRAN family of
Internet sites covering a very wide range of modern statistics

R has its own LaTeX-like documentation format, which is used to supply comprehensive documentation,
both on-line in a number of formats and in hardcopy.

REESHET R
http://www.r-project.org/
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/ - ¥ 3
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i options il : - - h
o ot . Fles Plots | Packages Help Viewer = File > New Project
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FTEMESHESISE

HATRESS HE

o BT V2] v <-¢(5, 10, 15, 20)
<-1 R HEXEFENREEER ) ~

« BIETR: vlv > 10]
= FREFBERTER, tUIRTERME « BERTFHR: v2 <- c(A=1, B=2, C=3) ->Vv2["B"]
->: DR EEE - IR SHEBR: v[2:4]

IE S

Ist <- list(hame=

. = —=. "Alice", scores=c
[ IHREEE N TTER: Ist[[1]] 90.65)

o [ PREFHIZER: Ist[1] - > list(hame = "Alice")

ﬁ*ﬁ%iﬁlmu

BERXDKNG, LFHE . Fk (BRUEE
JZ'FEJZE _FFL)

- HEEFERCIE (genelist) Bt TXIZE (gene_list)
Xg, B SEREIE IR, o $IEENEmEITR: Ist$name

NS S (eI EI HIEIE

+ EEPIEA localVar <. XIS EREAE . BIEES|: " Expr "TROAf$Expr
SRR

« FEITHITR: df[1,2]
- A Is() B¢ RStudio Environment Bi8EE XA

INBFREETIR . BIEFEE: df[df$Expr > 4, ]
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@& (Vector) ERPEREFPIHIRSEN, TrE—XRE (FE.

A=

W ESEE g
B R () EREL

> vl - c(2, 4, 6, 8)
= Wl
[1] 24 6 8

HERF5Y

= w2 =- 1:5
> v3 <- seq(0, 1, by=0.2)
= W2

[Tl 1234 5

= w3
[1] 0.0 0.2 0.4 0.6 0.8 1.0
B8R
> vd <- rep(”"a”, times=3) # A" AT A
> w5 <- rep(c(TRUE, FALSE), each=2)
> wd
[T =A™ "a™ "a”
> W5
[11] TRUE TRUE FALSE FALSE

1
JEBYEER
= w6 <- as.numeric{c("1™,m2","3"
= v
[1] 2.2-3

#1,2,3,4,5

A&

#5I5FE

BT
VIRIUREISE - TE
v1[c(1,3)MREIE—MIE=1TE
ZIE TR
v1[v1>5IREIFFEAT5RI7TER

B TR (FRAESE)

v7 <- c(A=10, B=20, C=30)
VI['B"]  #20

N RR(E

v1[2:4] IR[EI%E 2-4 Mo

VI[-11R[ERRSS 1 NASMIFFETTER

=

FIKZIEE) MBFTEES

A
B8

MEEHRIT + -*/ "B, RIETR
B—itE, ARG "REN" B,

ReH

sum(v1). min(v1). max(v1)
mean(v1). sd(v1)
HiFSHER

sort(v1). order(v1). rank(v1)
&£8isH

union(a,b). intersect(a,b)

setdiff(a,b). unique(v1)

11



ERB 2 360

¥BpE (Matrix) SRPHYZHEREESE, FMBTEERAHEHRRE (BEAHE)

W ESE Y HI5FE A

> print(ml)

. matriX() Eia i :]_1<—mri;1t::<>(<)(1I__“S'g,tSI nrow=3, ncol=3) . Eﬁ% ol Si Si 53 . y‘jﬁﬁgsi‘jﬁ%ﬁBE

G2 2 5 8
= ml G3 3 6 9
[.11 [.21 [.3] ; # — (4) Indexing & Subsetting — #
Ejz-s% ; i_ ; > # Single element: row 2, column 3 T%H.yij%é%ﬁ%, dlag(m1 ),
i —_ rint(*mi[2, 3]:"
[3.1 3 6 9 m1[2,3] BX&8217553%! etz s

> print(mi[2, 3])

e MIEEST AsERE . diag(c(1,2,3)) # 4ERE3 x 3XIfRkarsE

> # Entire row or column

o ISTRIATERSE o urites, moez, wrosri o BIT/E5  prireCmls, 1 (ron 3):%) ° F/580E

> # i 1 e ] = ;

CEnl A & & e

: ; 14 7

> m2 5> print("mi[, 'S2'] (col G ) | gy . )
= m1[1,]. m1[, "S2"] [1] "mi[, '$3'] (colum S2%):" B2 EMERTHHZ: rbind(m1, m2);

(1.1 - 2 : ra ! > print(mi[, "s2"])

k2 4 5 6 Gl G2 G3

4 5 &

ZHIHHE: cbind(m1, m2)

9 = > # 3. HEEE DB . > # Submatrix: rows 1-2, columns 2-3

. * n 3
SEEPERE \ > print("mi[1:2, 2:3]:") 4=
> m3 o« array(v, dim = €(3,4)) # 5 matrix(v,3.4) Efi 7 6' ?E
8 [1] "mi[1:2, 2:3]:" () 1T J ——

[.1] [,2] [,3] [,4] i : :
Ll 1 4 7 10 > print(mi[1:2, 2:3])
[2.1 2 H 8 11 52 S3
e m1[1:2, 2:3] 6L 4 7

G2 5 8 IRENFHERE: m1[1:2, 3:4] (—. =T

> 8 4 EH/AAK o iEigmE 5%=. M)
1—A A 3 FLgm 008, 10515); T2 <~ £020,25,30% -
[ ) #ﬁu # 4 <- rbind(ri, r2) # 2x3 &h? I
TaH/IS L e i

imj <- cbind(cl, 2, €3) # 2x3 m1 [m1 . 5] J‘E@ﬁﬁﬁk HH}%%?E.BZ%EU: m'] [_1' ] (%}ﬁ%_
£:11 [21 [.31

2 FoE (BFHE) ) . mil, -3] (EEEE=5)

n1 155

[2I,] 2 4 6

> # Logical indexing: all elements > 5 (returns a flattened vector)
> print("mi[ml > 5]:")

[1] "mi[m1 > 5]:"

> print(mi[ml > 5])

[1]16783

>



iERBIZ IR

51 (list) E R PEBRANEIRESR, JLESEERENNSR - @=. 6. HEE. HE. BEEHMIER

WY

> # 1. BlE—13%: BEHE. THOARE
> 18t == Tist(

+ id = "sample0l”,

+ counts = c(100, 200, 150),

£

meta = data.frame(tissue=c{"Liver"”,"Heart"”,’

+.6)

= 1st

$id

[1] "sampleol”

Scounts
[1] 100 200 150

imeta
tissue
1 Liver
2 Heart
3 Brain

W w3

= # 2. &R

> Ist$id # "sample0Ql”

[1] "sample0l”

> 1st[["counts”]] # c(100,200,150)
[1] 100 200 150

> # 3. $&{uBEikig
s IstEE211 # EET 1sticounts
[1] 100 200 150

= # 4. BETIE

> Ist[1:2] # ME—TEAARENIE
$id

[1] "sample0l”

Scounts
[1] 100 200 150

# 5. EmEdENRaE

Ist$gc <- TRUE # HEmEAETE
Ist[["meta”]] =- NULL # HIFEEH meta BITE
= 1st

%id

[1] "sampleol”

WONON W

Scounts
[1] 100 200 150

iqc
[1] TRUE

'Brain"), n=3)

AR
B

Ist <- list( lapply(Ist, class)
id ="Sample01", BIHEZAFIER:
counts = ¢(100, 200, 150), Ist2 <- list(status="OK", date=Sys.Date())

meta = data.frame(tissue=c("Liver","Heart","Brain"), n=3)

) > # AREEHE. FRANFAERNSIR

merged <- c(Ist, 1st2)
F R AL :
nested <- list(a=1, b=list(b1=2,b2=3))

purrr::flatten(nested)

HHBRESRE

2R V5 i) AEDEIES
Ist$id # "Sample01" Ist[1:2] # R — SRR nR MR
Ist[["counts"]] # c(100,200,150) BINBBEBUTE

AL B Vi)

Ist$gc <- TRUE # G R BT R

Ist[[2]] # %A T Ist$counts

Ist[["'meta"]] <- NULL # MiIBx4 8 meta It E

13



EERE 2 ZURHE

#EIE (data.frame) B—FhHEEIRE
BREE (8E. F[F. BFE)

= # MmEdlE
= df =- data.frame(
+ sampleID = (51" ,"s2","53"),
+ count =205 8B5S g5y
+ Group = factor(cCA™, "B, "AT))
.5
= # BTEE (D4 . EBSTEHEIED
> str{df)
"data.frame’: 3 obs. of 3 variables:
£ sampleID: chr "s1" “s2" "s3"
f Ccount * num 120 &5 95
£ Group : Factor w/ 2 lewvels "A","B":

-

= # MEE /BT

> head(df)

SampleID Count Group
1 51 120 A
2 52 8BS B
3 53 a5 A
> Tail(df)

SampleID Count Group
1 51 120 A
2 52 B3 B
3 53 a5 A
= # BEETHS %
> dim(df)
[17 33
= # FlE5FE
= names (df)
[1] "SampleID” "Count” "Group”

1TEIFNFIERIENSE L.

AR

# N Eag

df <- data.frame(
SamplelD = ¢("S1","S2","S3"),
Count = ¢(120, 85, 95),
Group = factor(c("A","B","A"))

)

R5I5TH

BE| BB R
df$Count # & H Count %), IR [E] A=
dff["Group™]]  # [l I

df[,2] # 552 %
AT S B %A
dff1, ] # 5 1ATITE S

df[df$Count > 90, ] # ¥fiiiE Count KT 90 HIFEA
BE Thr:
df[2:3, c("SamplelD","Count")] # fi& 475

18, HUTFEIREPRIRD Excel RPTER. SHTLIEEARZE

BEHTN

str(df): BREH P18, XES5REE) ;
head(df) / tail(df): FUERI/EJUT;
dim(df): REI{TESHIEL;

names(df): %I&%I%.

B n/ MR
df$Ratio <- df$Count / sum(df$Count) # ¥ %1
df$Group <- NULL # MBS
EmA5:
names(df)[2] <- "ReadCount"
ITFIGR 2

df2 <- rbind(df, data.frame(SamplelD="5S4")
df3 <- chind(df, Score=c(8.5,7.2,9.1))

HeFp:
df[order(df$Count, decreasing=TRUE), ]



HESASSL

AT A

« read.table()

- write.table()
+ read.csv() -> csvER

« write.csv() -> csvEHR
« read.delim() -> DIR&

RIEIEN K LR

go— SN S

. data.tablefAEfread R EE OISR (= E:H:ll
. FHTEEETIAL, ARSI *J *J

HRESA\AEUE

+ data.table:fwrite()

- BE: SR, IFELEEAN (.csv.gz)

Excel3Z{5REERN

+ openxlsx:write.xIsx()

Im

ExcelS3Z{ESRESE (X)

« readxl:read_excel() ->excelt&=

« readRDS() ->HsaveRDSERIFRIEAPRIIR + saveRDS() -> FHERBRMGFFILIT.rds3 4



PRRG

RIEE5R studio A\[MERINEZBIFEEEREFIFZMRStudiofEF, BEIRRAGIEIZEFRIEFSHELLEUR
KB, RENRXERHNE. EFREARENIDESHERIRE. SHERXHESES

Ri& = &l R StudiotZ.LrIhEE BIERB 5HIEEH

I R ESWEN . KEDI NSRS, i RIS gmiazs . 4G, S/ iLEH. m&E (vector) . i (matrix) . ¥ F

mEAbiEE . R, FE ORI ORI A4 /35 BT AR A R 15 (list) « F#EHE (data. frame) & X, B
5% A

Bz ERSERE HABRAE HR/RIAEH
IR J3 LI F R, AL R GUI, AR SEI: - - WU P2 BB SO OSV BACHLR X
B R Studio NKAE RO % (0 [0 1) § SREFHRIEH S PR, AT St

N 16



Lk

%3 1: RESEEFESRIT
1. MIEE expr <- ¢(G1=5.2, G2=3.8, G3=6.1, G4=2.9) HEINFRLEAT 5 HEFREZK;
2. HEZEERFYRIA (mean) . PEL (median) FIAREE (sd) ;
3. BFRZXELL10 E84eE, £EIIEE expri0x,
%3] 2: EESHEITE
1. HE— 4x3 RURIAERE mat, TRAERE G1-G4, FIRNHEA S1-S3, FTTHRIEHEXEIESZh rnorm(12, mean=10, sd=2);
2. NFEMERUTESHIE,
3. EBNMER (17) EBYREANSMER (%) NEFRXK, AURERNEE;
4. JPFEFFRRTERIAEM log2(x+1) #iR, HEMFTAER mat_log2.
%3] 3: FIRBRASHFER
1. BE—24%A mat log2. X TEREREE anno <- data.frame(Gene=rownames(mat log?2),
Length=¢(1000,1500,1200,800))
FEARDBISE group <- rep(c("Ctrl","Treat"), each=2, length.out=3)
—HREEFEI—NIZE bio list <- list(expr=mat_log2, annotation=anno, group=group);
2. @i $F[[ 1] AFISVIiEIFED annotation #UEE;
3. {8 lapply() ¥ bio_list$expr FEFIHAT mean itE, FIBERRFREIZIZRS bio_list$means,

SLEVESR N B ZE&IZR: /home/big/RBase/1-Introduction to R Language and RStudio Module
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Lk

%3] 4. BUEERESESI
MIEBRTEA CSV 304 gene expr.csv (B57% GenelD, Sample1, Sample2, Group) , FHW{ELZ df;

2. BEEHUEEN (str. dim, head) FHi§ Group FEEH#AEF (factoriit) ;
3. fEEHEYE (Group=="Control" vs Group=="Treatment") RIAEEFRRENR] 5 MNER (3% abs(Sample1-Sample2)” HE
FF)
4. BITEERAFEFIEUERE topd HEH top5_diff.esy,
%3] 5: SRSASHES
(& read.table() \HIFEZFHFEEY metadata.txt SAFEATEE;
¥ df (453 4 FSNRFRXEIE) 5 metadata #% GenelD 5 Sample #1753 (merge) ;

1

2

3. BEFHEREEESRFN TSV 34 merged _data.tsv (write.table(..., sep="\t")) ;

4. 18 bio_list FlIZkLA RDS #&8ZU{RTF /9 bio_list.rds, FiE=a0{aIA readRDS() A

SLEVESR N B ZE&IZR: /home/big/RBase/1-Introduction to R Language and RStudio Module

18
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dplyr@zfilter

filter B FMEHEHE (data.frame/tibble) HRIREUARZIEFRFAIT, EdplyrisEAISIEFSRGIREZ—

RENE ZHESRMTHY
FEUEE, [REUEINF(RE

@ RiFR—FHHE

df %> % filter(Count1 > 100)
@ RES/IFUFRE (ZE58)

df %>% filter(Count1 > 50, Group == "A")
® &g |

df %>% filter(Group == "B" | Count1 < 50)
@ HLBHEEE

df %>% filter(! (Group == "A"))

library(dplyr)

df filtered [<{ df $o>%filter(<logical expression>)

—/\data.frame / tibble

O srst5RHmES

@ CEmiE

df %> % filter(Count1 >= 50 & Count1 <= 150)

@ MRENEY

df %> % filter(between(Count1, 50, 150)

® IENEE -> fRLIERS AFRIEN A Gene BFR

df %>% filter(str_detect(Gene, "~G[13]$"))

@ HESNLERR—FE

df %> %filter(if all(starts with("Count"), ~.> 20))

ETYENEME, RERRRE

FMEKR: XWKREWESE, LA select() (RBLES,
5 filter(), WA RNEFHE;

X AE: S5EHE dplyr i4 (mutate().
summarize(). arrange()) &, R FMEIERIEL
E R,

NA &I8: filter() EHASHERR NA (EA NA > 10 1R
B NA, Aetixd) | IEREBEASFIE, TImnss
& is.na();

BikiEIn: EEESEA print() 5 glimpse(), BERT
BEPIESER.

20



dplyr@2Zselect

selectlHFMEEIE (data.frame ©§ tibble) Hjjki%k

(RE) 18

HEITRESIFTETE. BERRRY. Eawddl. BRAMEEREIIF.

Q ©®© ©® &® ® ® ©

©

IREXE & HESRMATHY
FEGEIE, [REUEIF(RE

starts_with("prefix"): PCECLIARRISRFFLAI5;

ends_with("suffix"): PCECLARGSRERF;
contains("str"): LEHIBHESIEEFHE,
matches("regex"): EFIENFREXILHTIS;
num_range("x", 1:3): PTHE x1, x2, x3;
everything(): URFIBEFRIRS;

one_of(c(...)): ILEAERTAE;

any_of(c(...)): 2&{l one_of(), {BXFELFIAIFERTZ

foied= )
= Ho

library(dplyr)

select(.datal .... | keep F c("all", "unused”, "used"))

BMINRVEEIE ZE(REBRTSR/HHENREN

@ FRERHES

df %>% select(id, score1, score2) ®
@ EREERE ®
df %>% select(starts_with("score"))
® HREs ®
df %>% select(-note)
@

@ (UREBFREFRF

df %>% select(starts with("score"), .keep = "unused")

RiEkeepikiEAYIEIN, 1R[A]

ERS, BRESEERE, IRUHENRA. %

(Bl B R HIEIRE

ISR : select()
5;

SERIRIE ... PEEHAYIRFESRE

ERR: 1E select() WEEA HHS =
&R rename();

|B&, TFEEs

#MBHE: LS all_of(). any_of() EA—FRFE
ﬂi,ﬂ%@ﬁﬁ,

588%898:
arrange() FEA{th dplyr &
BRI,

select() 5 filter(). mutate().
REEES, MHEBMRIEIREL

21



dplyr@2zZmutate

mutate() BFRZIEIE (data.frame Bf tibble) HRFIMNFAFISKEZIREHT, HEIMROHEEEHETIRIFIZ
IEE. ZHRESHTETFMBAEEITRIREES,

mutate [.data,l across(.cols, .fns, ...)|

library(dplyr)

SEtREL. PEIRRTER. FHWHES

.keep = c("all

used

unused”,

none"))

MANREIRE XE5—IRIEN FEREL

IEHIRERERLEY ), 5 select() H .keep &M {1

B Rid:PRY

@ EFiEHSFEH:

if else(condition, true, false): EEHFEEIEE,

case when(cond1 ~ vall, cond2 ~ val2, TRUE ~

default): SEMH.

@ FHNSERITE:

lead(x, n) / lag(x, n): EX@l//S{E.
cumsum(x) / cummean(x) / cumprod
.

® KAt (FE&group by() :
row_number(): HRITE,

n(): ARITE.

min_rank(). dense rank(): HRHEE.

@ HEARIREE: FHY total F ratio 5

= scorel / total )

@ FMHRE: 1RIE scorel &k pass 7l

df %>% mutate(pass = if else(score1 >= 85, "Y

es", "No"))

® SPHIE: TEHRFLI scorel HHER

(x): FERM. 9E.

df %>% mutate( total = score1 + score2, ratio

df %>% select( df %>% group_by(group) %>%

mutate( avg_score = mean(scorel), rank_in_gr

oup = min_rank(desc(score1))) %>% ungroup()

@ HENGCEEE: 7F scorel ZRIHENE diff

df %>% mutate( diff = scorel - score2, .before

= "scorel")

@ EEH

WEITE: EE—X mutate() &, FHFIETS|IAZEINI
BIEEAYSY; (BFREES | EEAE XA

BERY: ERERACEEXBIRR, EBHE
EREE;

SRS ungroup(): EREIRDE, FEURIFY
BESZRIIMNNA ;

MEeEE: XWTFBAFRE, HEITEF across() IEE
RI8, AIEBIRD BN ERSIRERR;

NA (£i: ZHHFEESKE NATH, IJ48
replace_na() B#t if_else() FIEEEINMBELUZHITRI
BE17h.

22



dplyr&@2zZarrange

arrange() FFXIEUREIE (data.frame/tibble) BHSEFHITHIR, RiAAK, @ISR ESCIRERFES

FIHER. ZEEZISHEREITHARHIE. RINEX/&RIVMERIT. KRR/ SAEFERIFLAERES

library(dplyr)

f % LB ERIEIEE (group by() AR, HEE
THEFHVSUEME  arrange(.data, ..., .by group = FALSE) S IrOHPY =

9 TRUE, MISSRABE ... #iF; SUBESSHR
— RS HEKTE, TSR, BRILARSRIAT

desc(): 1EEERFHES.

across(): Ec& arrange() W HIHMITRE—HEFG A,

TS 1A syms ETRITTR.

row_number(): £575, tBATATF slice_min().
slice_max() FR#L.

order by() (lubridate) : EFAfaBEEHRE.,

coalesce(): &MIEE NA FUHER, & NA B AHRK
E7 S UNER

@ EPIIFF

df %>% arrange(score1)

@ RBIER

df %>% arrange(desc(score1))

® B5HIE: 5%k group BiE scorel [

df %>% arrange(group, desc(score1))

@ SBAERHRF

df%>%group_by(group)%>%arrange(score1)

NA B9(E: BABER T, NA BEEHERRE; W%
BEeEFF:L, vI5A is.na() 8% coalesce() &if;

SET: XNEHHEFRFER arrange(), EAEEA
HEs, EERIKE by group = TRUE;

ISEM: arrange() 2R2EHEF (stable sort) , B#E
HENTINFESREIEIRE—2;

HEEEE: WARHEFFHERK, aREERKN/ &
INBUJLAT, HEFE(ERS slice_min() / slice_max();

58848 F5 filter(). mutate(). slice() FRE
BEFE, tOEiEmaOsdEa IR e,

23



TRK(Em15E A HFR

INEERiBE IEERiEE

 IDEE: RESWMANSRERANZIEEE/ /AR  IneE: REMBRTETE2BEME NA RITRIFTEL
HE, TRUE RXIMITEREA NA, BN/ FALSE, TEHERRERE,
* is.na()XNETEE. FIR. FERFEETEE. * na.omit(df)hFxTF df[complete.cases(df), ],

Hrh complete.cases() IREIETRE "FTRK" .

RIS

+ clean_df<-na.omit(df) #1&& NA FUITEEEF

RIS

o TR ESELI(T: df[lis.na(df$column), ]

« HITERKER : sum(is.na(df)) © HUE —MTEETREROIIEEE;

- Bl RBEFREXSRAINa.action/ElE, 1CRWPL
1THREkR, Alattr(clean_df, "na.action") &,

e = Al

- AIfEEsE (BE&8a VIM, naniar)

SEESEIR =)

« (BREX: naomit) RSUTHIER, FIRKLLH . ENEMIRR: HEEFER complete.cases() B dplyr
BESBERIVEAE; FEy drop_na(), EHEERFEFIFHITHIER;

- SRR HERIEMS (30 Im(. glm() B, & o ERECHNEI: 7EMIBREEIRET, NIFAEREET,
AEHXHIE, R SBUAFERA na.omit(); PUEE SRS,

24



RS HSNREHE

THEEE(

« merge(x, Y, ...): BRNEUBER— 21 "7
FEREXSSE, H4T SQL KAEHIK. b £. AT
¥, BTFBArRERPHNTESHIIE—T.

iRt

« merge(x, y, by = intersect(names(x),
names(y)), by.x = NULL, by.y = NULL, all =
FALSE, all.x = all, all.y = all, sort = TRUE,

suffixes = c(".x",".y"), incomparables = NULL)

!

HER

« merge(df1, df2)

« merge(df1, df2, all.x = TRUE, sort = FALSE)

« merge(df1, df3, by.x = "id", by.y = "key", all =
TRUE)

IgERE

+ bind_rows(..., .id): BES N EIRERITHE
HWE, FERIITE—H, BahdFFrEH
STFEREE, ATFESHREZ FREIESFH
B— N,

iRi&EGt

« bind_rows(..., .id = NULL)

o id: FREAFEM (W0 "source") , WELR

PETE—5, BRMANREBRFHETIRFA
8 (1. 2. ..) BEANZS, LARRSKIR.

TliET

+ df4 <- data.frame(id = 4:5, score =
c(80,85))

+ bind _rows(df1, df4)

+ bind _rows(list(train = df1, test = df4), .id =

llsetn)

25



PRRGS

SEEESTL B EERNEZBITEFINF REERESPRISEIE S HSTULCIEEIZOEAR, NTFIiHLE,
FTEEMSHIRF, HIRXERNSLIE, BIAZSREH, HE—FREW. IESMNEIEERRE

1Tk (filter) B EIRESHF (nutate. arrange)
1z 2 5 3208 XONBHEAE P H2 O B 2745, X FIRBEAR, M50 H RS RS2 (F+
P2 Ak, Yol 5 IENITERL . J7 /) RRASEFHEY, AR N BT TS N

BHESEIH (merge. bind rows)

fEF G merge () SCFFA/ A/
A/ AR, RPN AR

YArBHE: bind rows() H3hth
FAEG G, EREZMREE
BBds AT B, JER
i Lid ALK

FiEBESEW (select) BRO(EME (is.na. na.omit)

RUEEE . EaLEdtEILEC Y], 44 tidyselect #HiB)  is.na() AT IRGMSG LB na. omit () JHERE NA 1)
PR¥ (starts with() . matches() Z5) KEfffEwhlimbss 17, JFI45A replace na() BHATHEKN, “PHATEUE CBM 54
fﬁo 2"(%0 26



Lk

HERRIRBULEE T Rt SCIS R -
HAEFEEZER (sample info) : BEHARS. 54 (Control/Case) . REREIRIGKRIEIR, FELDERRLK;

NFERZE (seq_results) : BEHARS. EEFAE (GeneA, GeneB) NEEiFSD (QC score) , MiLRYZREER;

#31: EPMMEEHE

1.
2.
3.
4.

{50 is.na() it sample_infol HEFIRITREEL,

XJ Group B Collected E&AY1T, EH na.omit() 8¢ drop_na() flfx.

X+ Age FRY NA, AiZRFIEREENIPAEUEL (replace_na() 8% mutate() + median()) .
B REA S EMNEHEE sample info all, FEiE—71 .id tREEHRSER,

%:32: NFERmLE

1.

vk W

7£ seq_results1 # seq_results2 1, 3FIH select() (RESHEASFHIEXKAIS (SamplelD/Sample. GeneA. GeneB.

QC score, [Gene(]) .

{£A rename() Zt—RRAVFEARFIEFRA SamplelD,

it FHER QC score /N F 30 BYEARTT (filter(QC score >= 30))

XJ seq_results1 & GeneA. GeneB fYiERs, FAIZERFIBIFY EHITHE S (mutate() + if else(is.na(), mean(), .)).
BEsERIRmH RN FLSREER bind_rows() §FF79 seq_results_all, 7 .id tREERIR,

SCEREESR R B ZRER1Z: /home/big/RBase/2-Data_Cleaning_and_Preprocessing
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Lk

%313: ERSHSESIRE
1. F merge() (8% left join()) 4§ sample_info all 5 seq results_all % SamplelD #&R&FFA% full data, (REBRFEHEA,
2. FH mutate() FHiZ:
« TotalExpr = GeneA + GeneB + coalesce(GeneC, 0)
« ExprRatio = GeneA / TotalExpr
3. ¥ Group 94HfE, A mutate() itEiZZEA TotalExpr BI9{E (GroupMeanExpr),
4. {3 arrange() #& Group F+/F. ExprRatio [#FHERR, FF slice() BHIEHAI 2 BERAHAR,
%34: SHER
1. BRELRFEH write.csv() {R7F/9 cleaned data.csv,
2. {3 glimpse() #1 summary() BZECERL, FHRFTHRIEZFIEEIER.

SCEREESR R B ZRER1Z: /home/big/RBase/2-Data_Cleaning_and_Preprocessing
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plot() @A R/ir%/ R %E

plot() E R REMRVZESRE, CIRETHZHHSE. rxE. HAESFSHERRENEREO

BANMEE x — £F x B TR (1.2...) BNE

plot(x, y = NULL, PETTIRxy— & (il yii) hoss HAHEE RAIFLE

BB p=Hlm; |=iftk; b: REES, h=KUE

type = "p", PENEL, s n=NRBYIRR, FESLE
main =/ NULL . B x <- 1:10 plot(x, y,
- XA2 type = "I",
sub = NULL, BliFe y o ype
plot(x, y, lty =1,
xlab = NULL, XA ES type = "p", lwd =2,
h =16, | = "darkgreen”,
ylab = NULL, YASHRIRES Pe €Ol = cargreen
col = "steelblue”, main = "Line:y = x"2")
x1lim = NULL, XAATRAR main = "Scatter: y = xA2",
: lab = "x {&",
ylim = NULL, YA xlab = "8
ylab = "y {&")
pch = NULL, =, RIREEFERFR
col = NULL, e, FIFREHREEEE ) : — . —
1ty = NULL, R (15085, 2=1%) e ;
lwd = NULL, s




plot() i

18 AR =/ Hrie/ R Bl

plot()

plot(x, y = NULL,
type = "p",
main =/ NULL .
sub = NULL,
xlab = NULL,
ylab = NULL,
x1lim =/ NULL .
ylim = NULL;
pch = NULL,
col = NULL,
1ty = NULL,
lwd = NULL,

)

BANMEE x — £F x B TR (1.2...) BNE

FNEE x, y — &6 (x[il, ylil) BIEU=

BB p=Hlm; |=iftk; b: REES, h=KUE
HEREEZ: s-fkk: n={NREMIRR, FERSL

FERRR

it

XAFRETRES

yARFRERES

XTI EE

YRS E E

=, STRHFEHFEH

Eits, FIFRTREERY 7N
LB (1=3LLk. 2=F2Lk)

0 20 40 60 80 100

= R REMYSEFRL, SRETHZESRE. B, HRESFSHER R

plot(x, y,
type = "b",
pch =17,
Ity =2,

col = "tomato",

main = "Both:y = xA2")

Both: y = x*2

BpSEAEO

% RINBIN

z<-3*%+5
"blue”, lwd =
2, ylim = range(y, z), main = "Multiple

plot(x, y, type = "I", col =

Series")

lines(x, z, type = "I", col = "red", Ity = 3,
lwd = 2)

legend("topleft”, legend = c("y=x"2","
z=3x+5"), col = c("blue","red"), Ity = ¢
(1,3), lwd = 2)

Multiple Series

20 40 60 80 100

0
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hist() ESE

hist() BFEHIERE, BELNEHIESRIRETXIE (bins) , BEREA KENMHEZEEST

hist(x,
breaks

freqg

"Sturges”,

NULL,

probability = !freq,

include.lowest = TRUE,

right
col
border
main
x1lab
ylab
x1im
ylim
labels

TRUE,
NULL,
NULL,
NULL,
NULL,
NULL,
NULL,
NULL,
FALSE,

84 a¥x
X HEME
oA IEEHEREEER
breaks PEIR). BaBFEFERESE
("Sturges”,"Scott","FD")
ERLHIIEL (TRUE)
freq .
2 E (FALSE)
5f ,
probability S freq Bk

# TRUE (LHIZE(y HAERE)

include.lowest

EERE I XEEa&/IME

right XEREGAE
col, border HERESDIES
main, xlab, _ e
FRERFOAR AR RS
ylab
labels EARESMEF R EE

EAHTTHE e AR

Fre

100 150 200

50

0

set.seed(123)
X <- rnorm(1000, mean = 5, sd = 2)
hist(x,

main = "Histogram of Normal
(5.2)%,

xlab = "Value",

col = "lightblue",

border = "white")

Histogram of Normal(5,2)

0 20 40 60 80 100

hist(x,
breaks = 30,
main = "30 Bins",
col = "salmon")

30 Bins
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hist() ESE

hist() BFEHIERE, BELNEHIESRIRETXIE (bins) , BEREA KENMHEZEEST

hist(x, s ax EEHTE

breaks = "Sturges”, X HEm s
fre = NULL - . R
9 g orELI: AHEEHEREG hist(x, breaks = "Sturges", main = hist(x,
probability = !freq, breaks PEIR). BERAF/FELE "Sturges Method") probability = TRUE,
include.lowest = TRUE, ("Sturges”,"Scott","FD") hist(x, breaks = "Scott", main = "S breaks = 20,
right = TRUE, - ST (TRUE) ;‘,’“ SbR”'i) " : o - 'I'Dghtgree;’
= tx, _ "FD", o . - ity Hist .
; s q SR (FALSE) ist(x, breaks main r main ensity Histogram")
co - E eedman-Diaconis Rule") lines(density(x), Iwd=2, col="darkgreen")
i 5 fre ,
bDr‘dEf" e NU LL, prObabI|Ity - 'ﬁ 1$E}§ " e Sturges Method Density Histogram
. & TRUE LHIZE(y HAEE) 2
main = NULL, : g
x1ab = NULL, includelowest ~ EEEHE—IREGAEME 7,
ylab = NULL, right KEEEGHE ’
x1im = NULL, B
. col, border EERESHESR
}’11“1 = NU LLJ Scott’s Rule Freedman-Diaconis Rule
labels = FALSE, main, xlab,

TR AR RS
ylab

Frequency
Frequency

0 20 40 60 80 100
0 20 40 60 80 100

) labels EREEMETF RERE




boxplot() {54

boxplot() BF&HIfE%E, EMRIREESHINALMRE (RIVE. F—HSE. P, B=MBRE.
EXE) hREE

boxplo‘t(f(:,' e aX ﬁﬁﬁﬂﬁlﬁiﬂi Skl ARED

’ « HEMEHEUEENE, H
formula = NULL, y ~ group
data = NULL, grpA <- rnorm(50, mean = 5) df <- data.frame(
subset = NULL, formula A=t#EENO, 0 value ~ group grpB <- rnorm(30, mean = 7, sd = 1.5) group = rep(c("A","B","C"), times = ¢
at = NULL, grpC <- rnorm(40, mean = 6, sd = 1) (50,30,40)),
names = NULL, boxplot(grpA, grpB, grpC, value = c(grpA, grpB, grpCQ))
main = NULL, data, subset  FIFATUROENEEHIRENTER names = c("A","B","C"), boxplot(value ~ group, data = df,
x1lab = NULL, col = c("lightblue”,"lightgreen”,"| col = "lightgray",
ylab = NULL, at FrEEATEALTR R E ightpink"), notch = TRUE,
col = NULL, main = "Basic Boxplot", main = "Boxplot via Formula®,
border = NULL, names BEXE MEFRITRE ylab = "Value") xlab = "Group”, ylab = "Value")
notch = FALSE, main,xlab,ylab el S AR S
horizontal = FALSE, Basic Boxplot Boxplot via Formula
outline = TRUE, col,border RMRRBSIDES 1 s 1 T s
:::::dth ; :-AIEfE, oteh %ﬁ?ﬁ%ﬂﬁ?§%§;¢1ﬁ§ﬁ95%§ § — = — § — 3 —
pars = A3st(), o o o o
il _ g horizontal BEKFLH 77 é T 77 é .

—_—

) outline EERREHR e

2




boxplot() f6%El

boxplot() BF&HIfEZ%E, EMRTREESHIALMERE (RIVE. B—HSRE. P, BB R,

EXE) hREE

boxplot(x,
aidg

formula
data
subset =
at
hames
main
xlab
ylab
col
border
notch
horizont
outline
varwidth
range
pars

add

NULL,
NULL,

NULL,
= NULL,
NULL,

NULL,

NULL,
NULL,
= NULL,

NULL,
FALSE,
al = FALSE,

TRUE,

FALSE,
1.5,
list(),
FALSE

S aX
X HEMEHEUEENE, H
y ~ group
formula ~IEO, 40 value ~ group

data, subset

BT ATEOREEEIEENF5&

at

FalfsERMELTR LR E

names

BEXE MRS

main,xlab,ylab

TR S AR S

col,border ENERESINIERS
notch BEGHEHRO (FRRPAEIS%E
EX8)
horizontal EAKELH!
outline EAETRERHR

group

boxplot(value ~ group, data =
horizontal = TRUE,

col = "orchid",

df,

main = "Horizontal Boxplot")

Horizontal Boxplot

EHEARRARERER

value

boxplot(value ~ group, data = df,

outline = FALSE,
varwidth = TRUE,

col

main

= "lightcyan”,
= "Varwidth & No Outlier

Varwidth & No Outliers
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barplot() f&£E]

barplot() BF&EHIFRTE (HHIKE) , RRSRHHELIEAISRE. FHOLLEHEXR), ESTRCERZRL!
RIXILL, WMEFRTE. PEER. SRS

barplot(height, o ax
HEMENAER: FENSESE,

BB AT HE KT

names.ar = NULL i
8 ; height SRS — AR BT T aroloticount
beside FALSE, counts <- table(mtcars$cyl) arplot(counts,
horiz FALSE, names.arg SRS (ZEBIBFR) SefplieEeins, ez =R
col NULL main = "SESEHDH", main = "SEHUKFEST",
E sl ngLE N
, SEHHHAHISESRF (TRUE) st xlab = "SEE", xlab = "HE&E",
border NULL beside FEE s
> & (FALSE, EA) ylab = "#8", col  ="orchid")
main WLL, horiz B K col = ¢("skyblue","salmon”,"lig
xlab NULL, htgreen"),
ylab NULL, col, border EHBEFTESINES border = "white")
ylim NULL, main,xlab,ylab el SAREITRES
RESK S SELHOK P4
Lig 2, ylim Y #58E, B xlim (& horiz=TRUE) :
legend.text NULL, - °
args.legend list(), las fr&AE (0-3) - o
legend.text B FERE : - "
args.legend 145 legend() FISE5IZE ) . . . o 2 y / s o 12 1
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barplot() f&£E]

barplot() BF&EHIFRTE (HHIKE) , RRSRHHELIEAISRE. FHOLLEHEXR), ESTRCERZRL!
RIXILL, WMEFRTE. PEER. SRS

barplot(height, 4 aX #ﬂkﬁﬁ%%@

5 . BEREREE: MRNEREE;
nEmES-are = SRS height SRS ENEET

begiida = FALSE df <- as.matrix(VADeaths) #RE®%EE barplot(df,
2

horiz = FALSE, names.arg SRS (RBIBTR) SRR, O SIRUS

1 it beside = FALSE, col = heat.colors(ncol(df)),
co =

’ . BERFHEASINESR, (TRUE) it col = rainbow(ncol(df)), legend.text = TRUE,
border = NULL, beside £ (FALSE, BRi\) . " "
= Cr legend.text = colnames(df), args.legend = list(x = "topleft"),

i = NULL . . . "
main ’ horiz S ke args.legend = list(x = "topright"), main = "BHBIFTE (FHE)
xlab =kl main = "#EBIHLE (HE) )
ylab = NULL, col, border FHHERBSUES "
ylim = NULL, main,xlab,ylab TR S AR S
1 _ HH BT ) BT G

2 =% ylim Y $#5BE, = xlim (2 horiz=TRUE) 8-

B 50-54
@ 55-59

B Urban Female

legend.text = NULL, & Urban Male

args.legend = list(), las &R (0-3)
legend.text Slvesami= 1
) t&44 legend() IS EBI%R .

args.legend

O 60-64
O 65-69
B 70-74

!

Rural Male Rural Female Urban Male Urban Female Rural Male Rural Female Urban Male Urban Female

150
1

100
1

I 1 | 1 1 1

50

0 10 20 30 40 50 60 70




o2 ezl

BEfRINEEE par() £RSESHLERASHBHRAESG. 78, LimSHE, LSSEERETRW

s% ay RN P

. ELERESF: plot(x, y, col = “steelblue” , bg = “lightyellow” );

nomn nom non

par()[c("mfrow","mar","oma","cex","pch")]

¥ BEZEGE- 2 72 F mfrow/mfcol ZEMB 2. par(ERELBiRE: par(col = "black” ,bg = "white” );
. 3. JAt#x: library(RColorBrewer), brewer.pal(5, “Set2" ),
par(mfrow = c(2,2)) s AR y( ) pal( )
mar — y
o c(bottom,left,top right) B R
par(mar = c(4, 4, 2, 1)) oma ESNOIE (BSMNDZH) 1. EFREE. BFRER: plot(.., main = “Main Title” , sub = “Subtitle” );
2. MIRHHFRES: plot(..., xlab = "X Axis Label” , ylab = "Y Axis Label” );
# eEIPEEE (FETE . . 3. FERKRKMSHEL: plot(..., cex.main = 1.5, font.main = 2, cex.lab = 1.2,
pch, cex BRI SELS L =P i
par(oma = c(1, 1, 1, 1)) fontlab = 3) # HIREMF + FREITFERCK
# HTHULH., FhA, Ity, lwd NGBS
par(pch = 16, cex = 1.2) 1. ZIEAM: par(las = 1) -> KFZEIRE,; par(las = 2) -> EEHZIERS
col, bg HARIEEESEER 2. MFRBE: plot(.., xlim = ¢(0, 10), ylim = ¢(-5, 5))
# HEMIUAMESZH 3. ZIEEFRBEEN: axis(1, at = seq(0,10,2), labels = LETTERS[1:6]),
par(mfrow = c(1,1)) las ARER = _
MHZIERE R (0-3) = =
par(mar = c(5, 4, 4, 2) + ©.1) )ﬁ\ ’%%ﬁ—?
paricme = e(0, B, 0. 0)0 vod HESDEINES SRS . A (pch) : plot(., pch = 21,bg = “orange’ ) # HISREMIEL;
B e e (TRUE 8% FALSE) 2. &8 (Ity) 5% (Iwd) : lines(x, y, Ity = 2, lwd = 3),
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o2 ezl

BRffANEE par() £2FEIRESZLEHASHEHRAEME. 78, LirmSHE, PEMSHKRETHRW
par(mfrow = ¢(2,2), mar = ¢(4,4,2,1), bg = "gray95")

X <- rnorm(100); y <- x*2 + rnorm(100)

plot(x, v,
main = "Custom Scatter",

xlab = "X value", ylab = "Y value”,

Y value

col = "steelblue", pch =21, bg = "lightblue",

xlim = ¢(-3,3), ylim = ¢(-6,6),
las = 1)

boxplot(y ~ gl(2,50, labels=c("A","B")),

main = "Notched Boxplot",
xlab = "Group",
ylab ="Y",

col = c("lightgreen”,"lightpink"),

notch = TRUE,
varwidth = TRUE,
cex.main = 1.3,
font.lab = 2)

Custom Scatter

X value

Notched Boxplot

_—

= ——

_
I

_I_

RN

|
A

Group

|
B

Frequency

Frequency

20
13
10

70
60
50
40
30
20
10

Custom Hist

C\IJ e o e o™ (3p]
Value
Barplot Example
Category

hist(x,

main = "Custom Hist",
xlab = "Value",

col = "salmon”,
border = "white",
breaks =15,

las =2)

main = "Barplot Example”,
xlab = "Category",

ylab = "Frequency",

col = brewer.pal(4, "Set2"),
border = NA,

las =2,

ylim = ¢(0, max(counts)+10),

args.legend = list(x="topright",

counts <- table(sample(letters[1:4], 200, replace
= TRUE))

barplot(counts,

legend=names(counts), fill=brewer.pal(4,"Set2")))
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ElRETF

Fii8 Base Graphics {LERSEFMLEISRIEISS. EBERSLAXE, FEABIN—1 "BfAE" |

LBk EEXARE. ERgEEEPdf(). png(). jpeg(). tiff(). svg()liRkdev.off()

O mus © sk

(1) BEprEE~p: pdf (“figure. pdf”, width = 6, dev. off () gl | df
. [ = "Rplot.pdf*,
height = 4) % dev.off(): KM, HTREA % P (_;eh . plot ”
= _'_lil-"_ =2y
(2) BERDHEE: png(“"figure.png”, width Eynr<ibiy et ' .f— =
height =5, #ER (3RY)

= 800, height = 600, res = 150)

family = "Helvetica"# =ik

pointsize = 12, # BRIAFIRAR/N

bg = "white", # &2

onefile =TRUE, # ZTEISAEA PDF
paper = "special" # E3KA/N

png ) SEHR

%%ﬂ Eﬂé png(filename = "Rplot.png",

width =800, #®EE (B&X)

plot(x, y, main = "My Plot”, col = _‘_
6 ; ; height =600, #3E (&X)
steelblue”)
units = "px", #BfI: "px""in","cm","mm"
1. RZHRERAEE (PDF/SVG) . WEB/HiREEEIRIE (PNG/TIFF) , FREREDPIARED I, res =150, #DPl (9D¥ER)
2. RIYSHHER: EiUgHATIEKigEWIdth/heightSres, —fRIEIEEIN300 DPILAL; bg = "transparent” # A[IEERE S
3. HEFRMAEIRERSIKEFH W TE— PDF (onefile=TRUE) Eii&am&NIERTE PNG, )
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PRRGS

HittzBERMSERRAIERNEZAITEBNFZRZEREMELERSA, NEHERRAZZESRKRBSHE
hl, BEEEXEEL, EE—F "GE-EH-BL" NEBIER, ARHRS TR T BRI

plotO: HIR. k. K&K boxplot () : FHZkH Qi % el
SRR, B, £ R ARBEO. OGRS SRR, RRSS. EE X AR

hist(): EFRS®EE barplot(): %K K4 5 H

IIFETRNE . SEVSEE . B EAL PATEIE. ZAUFHE/ MR KT REOR RERH . AR, R
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Lk

#31: #=E (plot()

1. F3 mtcars 4=l wt vs mpg BUEU=E], BAIAEER.
2. TEMERME, BREBCIOE (pch=19) , BiIRA “steelblue” , HEUIFHSEERER xlim=c(1.5,5.5). ylim=c(10,35).

3. {#H par(mfrow=c(1,2)) 15/8, 5tia%sl wt vs mpg #1 hp vs mpg RIEE], AEREEIAHE.
%32: BRE (hist()

1. F mtcars$mpg LHIENAESE.

2. BoEEuRA 15, EREA "salmon” | HFOERABE.

3. EE—EL4HIZEESE (probability=TRUE) HE&NIZZE/%.
%313: {5%E (boxplot())

1. Hiris 4% Sepal.Length % Species DHERIELE, BREUMAER.

2. FIFFERO (notch=TRUE) FHEREAREEEERE (varwidth=TRUE) , A=EHFIER.

3. ¥ Sepal.Width B9FEZEIKFELLE] (horizontal=TRUE) , HiglEFRE.

SCERESR R B Z2ER12: /home/big/RBase/3-Basic_Drawing_Functions and Graphics System Module
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Lk

%3)4: =B (barplot()
1. &t mtcars$cyl RBREFHAHIRFE, HaEBELE, BERR.
2. HJIEHZ gear (17) x cyl (Bl) HUSERRERE, HinblAHEDHSEFE (beside=TRUE) FiZINE/H.
3. 4.1 IFEESUIKFERESR (horiz=TRUE) .
%315: ERzsEzh
1. F3 par() BERDH 2x2. HIERA mar=c(4,4,2,1). BRIASBENUEHN pch=17. ZEFHOK cex=1.2,
2. TELERT, RBEIREFARCS 1.5 (ZEIHE (cex.main=1.5,fontmain=2) , AIFHHTFESIARIER (cex.lab=1.2,fontlab=3) ,
3. BENX XHZIE: 5t xaxt="n"2ZMH, BHA axis(1, at=seq(0,10,2), labels=LETTERS[1:6], las=2) i&/0.
4. P&E par() BUARBSSEL
%36: (RFEIS
1. B43 1.2 WEUSEIRTEN PDF: scatterpdf, R 6x4 3T,
2. %3 2.2 WEHSERF PNG: mpg_hist.png, 7% 300 DPI,
3. 1E[@E— PDF (multi.pdf) &1, F3 onefile=TRUE BN EHI=IBIEZSSMELE (9ERDEA 1, 2, 3) | REXKARE.

SCERESR R B Z2ER12: /home/big/RBase/3-Basic_Drawing_Functions and Graphics System Module
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ggplot2 iFE iz L INEE

Data Visualization with ggplot2 :: Cheat Sheet ZF{RIE T ggplot2 MZlMEiE. BEAEE. #5590,
FITMESTERENFER, BMAPRESIERPINEEGE

Data visualization with ggplot2

Basics

geplot2 is based on the grammar of graphics, the idea

CHEATSHEET

Use a geom function to repi
Each function returns ala

Geoms

sent data points, use the geom’s aesthetic properties to represent variables.

Stats matematie way to build a layer.

Astat builds new variables to plot (e.g., count, prop).

Scales oveniedefauits with scates package.

Scales map data values to the visual values of an
aesthetic. To change a mapping, add a new scale.

n <-d+geom_bar(aes(fill = fl))

Coordinate Systems

1 <= d+ geom_bar()
r +coord_cartesian(xlim = c(0, 5)) - xlim, ylim
The default cartesian coordinate system.

Faceting

Facets divide a plot into
subplots based on the
values of one or more
discrete variables.

that you £ build every graph from the same GRAPHICAL PRIMITIVES TWO VARIABLES . A ..II prepackaged
components: a data set, a coordinate both continuous continuous bivariate distribution data ordimate  plot scale to use r+ coord_fixed(ratio = 1/2) t <- geplot(mpg, aes(cty, hwy)) + geom_point()

and g!nms —visual marks that represent data points.

geom coordinate
SFyY=A  system

To display values, map variables in the data to visual

properties of the geom (aesthetics) like size, color, and x

andy locations

S lon - =Lt d i+geom_area() use a common Coordinate Reference System. “ree_x" - x anis limits adjust
iy I e L o) Xy %,y alpha, color il group, linetype, size, weight ‘ %, alpha, color, il linetype, size e+ stat_count(uiidth = 1) x,y| count, prop '“aT“a}rYdd;":"l"'sl“i‘ e & Mree ) i i st
coordinate plo  ymin, alpha, color, fill, , . scale_*_date(date_labels="%m s
system e &+ geom_textlaeslabel ~cty). nudge =1, c + stat_density(adjust= 1, kemel ="gaussian") date_r eaksﬂz weeks )~ Treat data values as dates. W z Set labeller to adjust facet label:
a+geom_ribbon(aes(ymin = unemploy - 900, € nudge y,label, alpha, angle, color, A/ 1+ geom_linel) x,y| count, density, scaled scale_ Treat data values as date times.
max = unemploy +900)) - x, ymax, ymin ) }’ P A" x,y, alpha, color, group, linetype, size t+facet_grid(. ~ fl, labeller = label_both)
iR e R A Ap famiy, ontlnce, jus, lnehelght, e, vt i b e S R SN _grid(.~ fl, Lt
T ! ! [l i+ geom_step(direction- X x,, fill] count, density. Position adjustments determine how to arrange geoms flic fled flre fop flor
Complete the template below to build a graph. 7 x,y, alpha, color, group, linetype, size e+ stat_bi ,‘,x(bms =20 x,, fll| count, densit X &Y LOCATION SCALES that would otherwise occupy the same space. _— 2
el Y, , density e — t+facet_grid(fl -, labeller = label_bquote(alpha * .(f1)))
ggplot (data = GITD) + Ratics vy alpha colBe e+ stat_density_2d(contour = TRUE, n =100) Soiiainge e b ReaiLR s <~ geplot(mpg, aes(fl, fill = drv))
common aesthetics: x,, alpha, color,linetype, size one discrete, one continuous visualizing error X, y, color, 5'“\ Tevel saaleX log10) splonionloeio ol i dod; G - C L
g 5 2 i "
<GEOM_FUNCTION> QLTI SELEl <MAPPINGS> b+ geom_abline(aes(intercept =0, slope = 1)) f<- ggplot(mpe, aes(class, hwy)) of - dataframe(grp =, "8") fit=45,5¢ = 1:2) e+ stat_ellipse(level = 0.95, segments = 51, type ="t") b S G e bt Anaﬁfg’;';‘ememde bys‘d: o]
stat =@TAD), position <CLHIAD) + = bzgeom h“ne(laes(ymterceptfll Dl)] 1< gplot{dh aesigrp, fit “seiymen=ft<ed] e (aes(z=2)) der| level el enensaumeront e bar( fill) Label dL d
B required, ooz +geom_vline(aes(xintercept = long) +stat_contour(aes(z=2)) X, y, z, order | level s + geom_bar(position = "fill"
<COORDINATE_FUNCTION> sensible f+geom_col() [ j+geom_crosshar(fatten =2) -x,y, ymax, L sime amamary henloesle = Bine= 0, an= mar) COLOR AND FILL SCALES (DISCRETE) Stack elements on top of one abels an ege nas
<FACET_FUNCTION> 3 g:;l\{“;; b +geom_s se;nk:nt(c;s‘s(ylen » 11‘5 d d’llf;)ng‘l)) II %,y, alpha, color, fill, group, linetype, size {5 ymin, alpha, color, fill, group, linetype, size %2, fill| valu';"— ettt et L (palette ="Blues") another, normalize height. Use labs() to label the elements of your plot.
. +geom_spoke(aes(angle 5, radius = = i A n+scale_fill_brewer(palette = "Blues' o Ly 5
<SCALE_FUNCTION> . f+geom_boxplot() | I+geom_errorbar() -, ymax, ymin, U+ stat_summary_2d(aes(z=2), bins = 30, fun = mean) |I For paletfe choices: e+ geom_point(posit r) t+labs(x= Heyzods labﬁl o ibewy e label”,
[<riewe Funcrion-} Q¢ oo i, Upper.ymox. ymin, ol 71 awﬂ A SE %2, il value ek el Adds ;.":m“e";;‘;’;fj,f:g::;;lggf;‘i;" of e e e e,
) " color, fill, group, linetype, shape, size, weigl Also geom_errorbarl - n+scale_fill_grey(start=0.2, i
= =cty,y= ONE VARIABLE  continuous f+stat_boxplot{coef = 1.5) I " e d a caption below plot”,
geplot(data = mpg, aes(x = cty, y = hwy)) Begins a plot x,y | lower, middle, upper, width , ymin, ymax ol end=0:8 navalue="red") L e +geom label(position = "nudge") dd alt text to the plot”,

that you finish by adding layers to. Add one geom
function per layer.

last_plot() Returns the last plot.
;p.ve("pmpng wldth height = 5) Saves last plot

<5 x5'file named "plot.png” in working directory.
Motches file type tofle extengion:

AES common aesthetic values

color and fill - string ("red", "#RRGGBB")

"blank”,
lotdasl

solid,
"longdash’,

linetype - integer or string (0
2="dashed", 3="dotted" 4
6="twodash")

%5

size - integer (in mm for size of points and text)

linewidth - integer (in mm for widths of lines)

shape - integer/shape name or
asingle character ("a”)

AG000EOAY

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

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

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

butt”,
tre=1)

+geom_path(lineen
linejoin = round", linen
%Y, alpha, color, group, linetype, size

color, fill, group, subgroup, linetype, size

~

N

8 +geom_polygon(acs(alpha=50)) -x, y, alpha,
b+ geom_rect(aes(xmin = long, ymin = at,

|

¢ <~ geplot(mpg, aes(hwy)); 2 <- geplot(mpg)
<+ geom_area(stat = "bin")
‘ %y, alpha, color, ill, linetype, size
et genm_density(keme
/ \_ %y, alpha, color, fil, grou

‘gaussian”)
netype, size, weight

<+ geom_dotplot()
i::i Xy, alpha; color, fill

A c+geom_freapoly()
[\ %y, alpha, color, group, linetype, size

<+ geom_histogram(binvidth =5)
1 % alpha, color; Al Uinetype, size, wéiaht

* €2+ geom_qg(aes(sample = huy))
/" xy, alpha, color, fll, linetype, size, weight

e <~ ggplot(mpg, aes(cty, hwy))

5 rgeom fabel(aes(abel = cty), nudge x=1,
).y, label, alpha, angle; color,
family fontiace, mm lineheight, size, vjust

e +geom_point()
X v siphecolon i, shape, size,sroke

e +geom_quantile()

%%, alpha, color, group, linetype, size, weight
e+ geom_rug(sides="bl"
%%, alpha, color, linetype, size

e +geom_smooth(method = m)

h<- ggplot(diamonds, aes(carat, price))
h + geom_bin2d(binwidth = c(0.25, 500))
Bl 1. ipha, color, fill, lnetype, size, weight

) h+geom_density_2d()
X3, alpha, color, group, linetype, size

h+ geom_hex()
%y, alpha, color, il size

continuous function
i <~ geplot(economics, aes(date, unemploy))

£+ geom_dotplot(binaxis ="', stackdir = “center
%, alpha, color, fill, group

‘ * f+geom_violin(scale = “area”)
%y, alpha, color,fill group, linetype, size, weight

1l | j+geom_linerange()
X ymin, ymax, alpha, color, group, linetype, size

4 j+geom_pointrange() - x,y, ymin, ymax,
11 alpha, color, fil, group, linetype, shape, size

discrete
d <- geplot(mpg, aes(fl))
d+ geom_bar()
II x, alpha, color, fill linetype, size, weight
ull

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

&+geom_count()
. @ %y alpha, color, fll shape, size, stroke

e+ geom _jitter(height =2, width=2)
%Y, alpha, color, fill, shape, size

THREE VARIABLES

maps
Draw the appropriate geometric object depending on the
simple features present in the data. aes() arguments:

, alpha, color, fill, linetype, linewidth.

ne < sfiist rendlsystem file("shape/nc.shp", package = "sf"))

ggplot
geom s'(aes(ﬁllfAREAJ)

sealssz <- withfseals, sqrt(delta_long"2 +delta_lat’2));1 <~ geplot(seals, aes(long, lat)

)

/7 l+geom_contour(aes(;
P %3,2, alpha, color, group,

1+ geom_contour_filled(aes(fill=))
%y, alpha, color, fill, group, linetype, size, subgroup

)
etype, size, weight

1+ geom_raster(aes(fill = z), hjust=0.5,
vjust =0.5, interpolate = FALSE)

%y, alpha, ill

1+ geom_tile(aes(fil =
%Y. alpha, color,fill, Imetype size, width

system

Visualize 3 stat by changing the default sta o a geom function,
geom_bar(stat="count" ) or by using a stat function,
St count{geom="har") which cllza defuit geomto make
3lave (equnvalent to s gzom functio

Stat{name) synta to map the stat variable name to
el

u stat. denst(y Zd(aeslfllfafter stat(level)),
geom ="poly
variable created by stat

e+ stat_bin(binwidth = 1, boundary
X, y| count, ncount, density, ndenmy

£+ stat_ydensity(kernel = "gaussian’, scale = "area’) x, |
density, scaled, count, n, vilinwidth, width

e+ stat_ecdf(n=40) x,y| %,y
¢ +stat_quantile(quantiles=c(0.1, 0.9),

formularsy ~logx), method =ra"} x,y| quantile

e +stat_smooth(method ="Im", formula=y ~x, s =T,

level =6.95) x, y | se, X, y, ymin, ymax

ggplot() +xlim(-5, 5) + stat_function(fun = dnorm,
=20, geom =“point’) x| Xy

geplot() + stat_aa(aes(sampls
X,y, sample | sample, theoretical

e+ stat_sum()x,y, size| n, prop
e+ stat_summary(fun.data = "mean_cl_boot")
h+stat_summary_bin(fun ="mean’, geom = "bar")
e+ stat_identity()

e+ stat_unique()

I msul fil, manual
hybl

range of values

‘royalblue’, "blue”, "navy”),
GENERAL PURPOSE SCALES

)
breaks to use in
legend]axis.
Use with most aesthetics

scale_*_continuous() - Map cont’ values to visual ones.
rete() - Map discrete values to visual ones.
ned() - Map continuous values to discrete bins.
scale_*_identity() - Use data values as visual ones.
scale_*_manual(values = c()) - Map discrete values to

COLORAND FILL SCALES (CONTINUOUS)
L 0 <+ geom_dotplot(aes(fill=x))
Shl o +scale_fill_distiller(palette = “Blues”)
.!i o+ scale_fill_gradient(low="red", high="yellow")
" o+ scale_fill_gradient2(low = "red", high = “blue,
t i mid = "white, midpoint = 25)
odis
o +scale_fill_gradientn(colors = topo.colors(6))
Also: rainbow(), heat.colors(), terrain.colors(),
1 cm.colors(), RolorBrewer:brewer.pal()

SHAPE AND SIZE SCALES
p <- e+ geom_point(aes(shape = fl, size
p +scale_shape() + scale_size()
<> p +scale_shape_t manull(values
P y
° p«sc.le radlus(range c(1,6))
o7 p+scale size_area(max_size=6)

vatio, xlim, ylim - Cartesian coordinates with

fixed aspect ratio between x and y units 1

[l r+coord_flip()
%,  Flip cartesian coordinates by switching
mmm xandy aesthetic mappings.

‘ r+coord_polar(theta ="x", direction=1)
P theta, start, direction - Polar coordinates.

r+coord_trans(y = “sqrt") - x, y, lim, ylim
I Transformed cartesian coordinates. Set xtrans
=ml and ytrans to the name of a window function.

e+ coord_sf() - xlim, ylim, crs. Ensures all layers

Nudge labels away from points,

s+ geom_bar(position = "stack")
Stack elements on top of one another.

Each position adjustment can be recast as a function
with manual width and height arguments:

mmm Facetinto
]

t+facet_grid(.~ )
Facetinto columns based on

St facet_grid(year- )

Facet into rows based on year

t+facet_grid(year ~ fl)

t+facet_wrap(~fl)
Wrap facets into a rectangular layout.

t+facet_grid(drv ~fl, scales = "f

oth rows and columns.

Set scales to let axis limits vary across facets.

ee")
candy i limits cjust to ndividual facets:

t+annotate(geom = "text’,
Places a geom with manually selected aesthetics.

+ guides(. g2=2)
8 oxerlapping labels with guide- axis(n dodge or anglel.

uide.

jon = position _ =1)

Themes

[ r+theme bw() r+theme_classic()
catl UeEeo | gl theme g
r+theme_linedraw()

r+theme_gray()
Grey background

(default theme).
Dark for contrast.

1+ theme_minimal()
Minimal theme.
II

£+ theme_void()
Empty theme.

r+theme() Customize aspects of the theme such
as axis, legend, panel, and facet properties.
r+lab: Y+ i on

“none’
Sechetic:Colorbar.leg

n + themellegend.posit
Place legend at "bottor

n f sc-le fill_discrete(name

:_axis(n.dody

Zooming

Without clipping (preferred)

- /'\
»w

_ txlim(0, 1

t+coord_cartesian(xlim = c(0, 100), ylim = c(10, 20))

New @I legend title")

=9, label

oid crowded

") Set legend type for each
end, or ﬁone 6 tegend).

3 m")
DR or ight”

= A )
& legend tifle and labels with a scale function.

With clipping (removes unseen data points):

t+scale
scale

00) +ylim(10, 20)

_continuous(lir 157(10 1';)01)f

ntinuousimit
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ggplot2igiLLEts

ggplot2 2 RiIEEPREANUNARS, EF "&EZEREFE (Grammar of Graphics) " , RiFISEUHEIR
giZIERcE (BB Layer) E, ZEEEEIS

IEIRLHE

BAREERE

data: #UEFRIR, YIESEUEE,
aes(): EFMET, Wx/yH. BB,
geom_*(): EIZEREL, TEMKE,;
labs(): IRENER. BIFRER. MRS
theme(): EUEIRNIE, MNFAHE,

Q)
T R ggplot(data = <#UEIE>, aes(x =
1BiL4Ed pondata s
<XZE>, Yy = <yRE>)) +
<ERFH> +

<FRAEIREIRE >

1. RINEGEEXISR
p <- ggplot(data = df, aes(x = xvar,
y = yvar))

u N W N =
¢ ¢ ¢ ¢ ¢

2, HINEEHRE (geom_*())
p + geom_point() # BaE
p + geom bar(stat = "identity") #
HIRE
[ — ] 2] = 7\
p + geom boxplot() # FfELE B %mzﬁﬂ“ QE.'
. geom_point(): 4HIE=E;
. geom bar(): L&IHEIRE;
. geom line(): LHIIF&E;
. geom _boxplot(): “&HIfEZE;
. geom_histogram(): &#IESE.

AR ESER
3, BIMFESESR m:t*n
p + labs(title = "E4RRA", subtitle = S1IVTE

"BIARRR", x = "XHREAR", y = "V

FR") + theme_minimal()
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ggplot2igiLLEts

ggplot2 j@id aes() BREIEIHE. geom *() HEEIR. labs() FMiERE. theme() ELNES, KRAEIESMNAY
iRZR, LMRiE. TSRAATHRGIEE

e

L e =] = H
EXZFIRE) + EES IS5 E/EN
aes(x, y, color, fill, shape, size, alpha, group) (1) HIFER, 72 SEEEE:
lot(ToothGrowth, - y =

« color/fill: #=HIERE; + labs(title = "BFEHrEA", subtitle = "BIfRER", x = ?egr]wpf:)ll (_c;c:pp»row aes(x = supp. y

, \ "XHH", y = "Y3H", caption = "EHERKIR") '
« shape/size: $=HIRAIFARFIAN; + geom_boxplot() +

- (2) (EqEREE labs(title = "AREIMFIXS FEIE<AY
- alpha: EHIERAE . ",y = "IBKKE")

B (EhASIE >

s group: BFHE (MNERDX) *+ theme_bw() *#REER (BHIRHIEE) + theme_classic()

+ theme_minimal() # 1REEM (FE RFMALIRIHEL)
HESMAEE
+ theme classic() # SHFM (KFEREES)
ggplot(df, aes(x = x, y = y)) +
(3) EEMTES (i)
geom _point() +
+ theme(plot.title = element_text(hjust = 0.5, size

geom_smooth(method = "Im") = 16, face = "bold"), axis.text.x = element_text(an

# SEhIEAL gle = 45, hjust = 1))



wREEITE

geom bar()

geom_bar() BFLHISRBERNTINE, SLAMWHRSBFRITHE FRUAMERT)

ST

. mapping: XEMFHNTE;

. stat: REFHHN EOUAEMIHED

. position: EHEIEFAIHERA
. Aill: EHEFREFRERE,

. color: $=HINIERE;

. width: $=EHEFEE;

. alpha: #=HIFEBEE, 0-1.

ggplot(data, aes(x = <358 E>)) + geom bar()

¥

PEEE, wWitsl. Hl. RKEF,

LERFNGR

1. stat = “count” :
« ggplot(data = mpg, aes(x = class))

+ geom bar()

« classEnETE, BiFRITEEEE.
2, stat = “identity” :
+ df <- data.frame(type = c("A", "B",

"C"), value = c(10, 23, 15))
ggplot(df, aes(x = type, y = value))
+ geom_bar(stat = "identity")

- iR Estat/gidentity, FRryHAS

BHIEMAZE T

NN (=g eSS

HEIREIRI B S

1. stack (BKiA) :

s EFHEER

« geom bar(position="stack")
2. dodge:

© FIRERE

« geom _bar(position="dodge")
3. fill:

« BOWERE (BRSHN1)

« geom _bar(position="fill")
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geom bar()BERREZSEFIRET

EFRHENT

FERH AR HIER BRI

5 60 50
a0
a0 ©
£
o 5 4 £
= 8 ' 3
i
20
20 »
- | .

uuuuuuuuuuuu

| | | B
HEN
S

uuuuuuuuuuuuuuu

uuuuuuuuuuuuuuuuuuuuuuuu

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

BRTEEIRE

HEEINE (FHRS)

HIUEIRE

ggplot(mpg, aes(x = class)) + ggplot(mpg, aes(x = class, fill = drv)) + ggplot(mpg, aes(x = class, fill = drv)) +
geom bar(fill = "steelblue") + geom bar(position = "stack") + geom bar(position = "dodge") +
labs(title = "SFRHEST", x = "FE", labs(title = "ZFERIRFNFHHTR") + labs(title = "FHAERERGI") +

y = "8 + _

theme classic() theme_bw()

theme_minimal()
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HMERNE: geom point()

geom_point() BF&HI"HFEPHIN=E, 81/ F—10UE, (SR x My BRE, JHFEEFXE
SZIAMXR. Ph. BEF

ST

. mapping: REMEIXER;

. color: ¥=HIRANNIERE

. Aill: =FRpERERE,

. size: ¥HIRAIKN;

. alpha: =HI=AYEEE (0-1) ;

. shape: #=HI=AIFR.

ggplot(data = ZIEIE, aes(x = TE1, y = TE2)) + geom_point() » BINEU<ER
¥
aesHHIX, y7BIFRAIREH

EFIRGT

ggplot(data, aes(x = var1, y = var2, color = group, size = value)) +
geom point()

ke -
. color: MREIFETS;
L (BN €
PN aes(color = group)
AT
KL EHe . size: MEhEETS;
S B+ AES aes(size = measurement)
el . shape: K$4E5;

ANy F %

aes(shape = type)
. alpha: EBEBE.

aes(alpha = confidence)
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geom_pointHERAZSEFRET

i ®
L o e
& L] > =1
B RE BeREAnE RAPMREHEST S
ggplot(mtcars, aes(x = wt, y = mpg)) + ggplot(mtcars, aes(x = wt, y = mpg, ggplot(mtcars, aes(x = wt, y = mpg,
geom_point() color = factor(cyl))) + geom _point(size = 3) size = hp)) +geom _point(alpha = 0.7)
XEHAZEE (wt) , YHSHFE (mpg) HRIESEE (cyl) REFREE 57 (hp) EHREOKD, IBINETRER
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HHAEENE: geom boxplot()

geom_boxplot() AFLHIEZLE (XMERE) |

ggplot(data, aes(x = DR E,

SR s

. mapping: REMRZLERZERET,
. fill: EREE®;

. color: NEEE

. alpha: #EBEE;

. outlier.shape: ZHISHEBERIIFAK;
. outliersize: BEEMK/N;

. width: FEFRIZEE;

. hotch: RERINERO;

. coef: BEHETENXMRZEL

1. ®E&theme_minimal (LIAEETE. TUAY
ERZIMNI;

2. labsttitle, x, y)iRRINEARRL S AAREHARES ;

3. ig&scale_fill_brewer()ffEBFUIZAGBRZEN.

&S B ARABRRNNERT,
y = HEZE)) + geom_boxplot()

IR XADRRE. yIHERTE

BAHRE

N

1
—

ggplot(ToothGrowth,
aes(x = supp, y = len))

+ geom_boxplot()

EeRED E

ggplot(ToothGrowth,
aes(x = supp, y = len, fill = supp))

+ geom_boxplot()

ERRPIEEEARER

\/ -
Lﬁ\
ggplot(ToothGrowth,

aes(x = supp, y = len))

+ geom_boxplot(notch = TRUE)
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s ]an

roxs AR

labs()

labs() £ ggplot2 FizFIE

F|HIREDNE AL

EX:

° ﬁﬁ?]l] EE*T

(title) #0 EFRER

(subtitle) ;

© IERE X/YHIRES

- EX EfRE (

« 700 BLE (caption)

EE. KON FAR)

planEEsRiR. &

labs(

title = "Main Title",
subtitle = "Subtitle",
x = "X-axis Label",
y = "Y-axis Label",

caption = "Data Source",

HER. color = "Legend Title")
SHEW i5tBE = hl
title EFRRR, TEFIRERHR title = " Main Title
. BtRRR, (TFERE R, . .
subtitle R subtitle = " Sub explanation "
FAF#h5eise iR
X X HRER x = " X Variable '
y Y 4HERRR y = "Y Variable "
: EE, UTEFAETHA, .
caption . . caption = " Source: ... "
BERETERERR
color RRET AT E XS R A EFIARRR color = " Group "
size EFspiz il A/ NI RES size = " Expression Level "

shape

B Pzl R NI ES

shape = " Category "

Fuel Efficiency vs Weight

Grouped by Number of Cylinders

35-

-

Miles per Gallon

ERTER®. FRFHREIRT,

‘Weight (1000 Ibs)

IR EEfIArER.

EFMGIRY, RERERSAHIRES.
BT IRERLINT AR, YIRE TR S AR,
HEFRIRE T ERANZE—S A caption,

BT FHEAIA?

TERFHEIRR

Dataset: mtcars

et tEO, AAFREERIRE. SLirmns,. BilirSEE,

Cylinders

® 4
® 6
® s

L
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EERIZE: theme_*()

theme_*() {IRIFIZMIEER, EAFARNRTER, REERSIEMAHNEEIR, A5 theme() BXGEIR

MiEFR—S 1 ERE

EiESE= RBASE BB FR&
. EiRit. TLiE. T LK R,
theme_minimal() . .
EE. (URBHL%L MRS
. HIE. BBHRATEMALIR FARHAR.
theme_classic() . o
k. TERE EBER
BEENIEL, RS e3P,
theme_bw() o
%, JBWmIFTED ERFTED
. Z{ minimal, {BE& RIHRE.
theme_light() X . N
BIOTEFIR WIS L EFER
theme_gray() (2K PR=Tp=Sd=|Ti25 3 - GIE
) ggplot2 BRIAXIE (2 d:=0
. THE, FAIRHE. BENER.
theme void() o .
- TohReEs HERER

nnnnnnnnnnnnnn

nnnnnnnnnnnnnnn

theme_minimal()

theme_ classic()

eeeeeeeeeeeeee

theme _bw()

nnnnnnnnnnnnnnn

theme_light()

eeeeeeeeeeeeee

nnnnnnnnnnnnnnn

theme _gray()

theme_ void()
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FHRMABEEN: theme()

theme() & ggplot2 i “SEITRHK" , EIFHNEHERSERNEN, EEFREFRSERFHRNEMT DX
AW SEMRIF—

SHE =HRE FRILETH
plot.title FrREFER, KN VB element text(hjust=0.5, size=16, face="bold")
plot.subtitle BltraER, element_text(size=12, hjust=0.5)
axis.titlex /.y AT RS element text(size=14, face="italic")
axis.text.x /.y MAREMZIEEREL element_text(angle=45, hjust=1)
legend.position EHE "top", "bottom", "left", "none"
legend.title B G rR=AET element_text(face = "bold")
legend.text EfrES FAEE element text(size = 10)
panel.grid.major FRIELE element _line(color = "gray90")
panel.grid.minor NT 53 element_blank() (BJ&5)
panel.background B AERER element_rect(fill = "white")
plot.caption EEF= element _text(size = 9, color = "gray50")
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FHRMABEEN: theme()

theme() & ggplot2 i “SEITRHK" , EIFHNEHERSERNEN, EEFREFRSERFHRNEMT DX

AW SEMRIF—

o
ERfRER

FuelEffiency by Weight
Greupadiy Hanoes o Gyt

ggplot(mtcars, aes(x = wt,
y = mpg, color = factor(cyl)))
+
geom_point(size = 3) +
labs(
title =""

subtitle = "",

color =""

caption ="")

Creuped by N ofCyincers

Weight (1000 1bs)

p_theme + theme(
plot.title =

element_text(hjust = 0.5, face

= "bold", size = 18),
plot.subtitle =

element_text(hjust = 0.5, size

= 12, margin = margin(b
10)),

axis.title

element text(size = 14, face =
"italic"))

o
WIRZIEIF

oo by N ofCyincrs

mmmmmm

Weight (1000 Ibs)

p_step2 + theme(

axis.text.x =
element_text(angle = 45, hjust
=1, size = 10),

axis.

text.y

element_text(size = 10),
panel.grid.major =

element line(color = "gray85"),
panel.grid.minor =

element_blank())

AJ N

F3 42| | 1R

iRZEEGIE;
Fuel Efficiency by Weight

Weight (1000 1bs)

p_step3 + theme(
legend.position = "top”,
legend.title

element_text(face = "bold"),
legend.text

element_text(size = 9),
plot.caption

element_text(size = 8, color

"gray50", hjust = 0)

)

Weight (1000 1bs)

p_step4 + theme(

panel.background
element _rect(fill = "white"),

panel.border =
element _rect(color = "gray70",
fill = NA, linewidth = 0.8),

plot.background =

element_rect(fill = "white")

)
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fra a2l

iZRBESIEAT labs(). theme light() 1 theme() B2y, BERTUMAE— N =EERPRERGEIFR. B
TR, dMFHNTE. BEfIRTR, PARESKETMEDEL

ggplot(iris, aes(x = Sepal.Length, y = Sepal.Width, color = Species)) +

geom_pointisize = 3) + e
labs( & .
title = "Sepal Dimensions of Iris Species”, . .
subtitle = "Scatter plot grouped by species”, o . »
x = "Sepal Length (cm)", S : =
y = "Sepal Width (cm)", 35 ’ i P » ’
caption = "Source: iris dataset”, g' . : B ) E O . T _. B
color = "Species" - A - i lwd v “tuee leq .o
) + ’ 4y | mES EK B E| s
theme _light() + . gl ’ i : . . T : ’ X .
theme( ! " ! ‘
plot.title = element_text(hjust = 0.5, size = 14, face = "bold"), Tt
plot.subtitle = element_text(hjust = 0.5, size = 12), ) ! : : :
axis.title = element_text(face = "italic"), e+ Stpu.gmm) .
legend.position = "bottom" Sourc: i dataset
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PRRGS

ggplot2iF X G SE EEBIRRNEZBIRERNF REIE ggplot2 MIRINEXERSTMRCRYE, MER

YREGEZEIESI. =X SEFEEL, ZFEEIFERNEIRERIRCTRIE
ggplot e # KW taes ()

FEARLEN: ggplot (data, aes(...)) +EIE+HEBE+ELL; M color / fill / shape / size S5447Fm M 2K o
iU + FRiEEME, iR CRE g e

HE group FIT-r LB R 2k K oy A 2

= R 2 BEE2N52meE

geom point ) #iAlKl geom bar O HARE geom boxplot O AL ZKIEHE, 1 geom point() + geom smooth ()
B stat = “count” 5 stat = “identity” HIIXHI.

BIFERE S E R

labs ) #NINARAR. BhARZE. &
ZNRSEACEPSTE

theme * () & B KKK,
theme ) FEiH IR, Bita. EHI

5.

58



Lk

%31: BilifaEE:
1. {%£R ggplot(data, aes(..)) + geom_boxplot() LAFli&ERI T HIVRIEERLE;
2. X3/ group, Y A expr,
%312 FINEFRGTaes()
1. 1LFEUNEFEES (fill) BE group ML,
2. MEAREREBEZTHIR.
%313 RS AARHiERE
1. HRINERE, Find, X/ Y HinSSEGIRE;
2. FHFERAZ: "Expression Levels of Target Gene” ,
#34: ETEK
1. EFE—MFEER (40 theme _minimal()) .
2. 1t theme() PiRE:
FiriitE. FS 16;
FIrARHR, F5 12;
X $H3Fhiedk 45°;
EFREGN.
#%3)5: MMESS:
ITEBHEIFRAE, HEYEIFEIIENFIREEREEE L.
SCERESR R B REKIR: /home/big/RBase/4-ggplot2_Syntax Structure and_Layer Construction Module
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— 453 HEEE - facet wrap()

facet_wrap() & ggplot2 FEFERANSHANZ—, ERFRIBRNFRZBENAEHRHITHDERT, AIE—
sKEREIFD AETFE, SAMRRI—1 Bl EMERNREIHET, EFRERILL

BRIEREA: BILSE:
facet wrap(~ group variable) S K8 IReHEIA
nrow B FIMEEFERITEL. 140 nrow = 2 FXRIRFITHE.
fERRRGET AR ncol B FoHEEFERIFIZL. 120 ncol = 3 RREITRE=ATE.
BHTOH scales FRTER HFERIARIEDHE., fixed / free / free x / free y
TRIZEEVME DR
(factor) ERFFTEREY, bl —
> I :
BUARENEERTSE *E#T\m
HENERRS:
ggplot(data, aes(x, y)) + 7
geom xxx() +
facet Wrap(N ﬁj\gﬂgi) B \‘ LI WO ’_ s ¢ @ = _ O N I ; s . ——— O _$ —
- BEiii—4E0mE (EEirimn) BHAR. 18EFIEL. RS BB HERE
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— o mEeE - facet grid()

facet grid() ZEHFHEI DK

BXREBA:

ggplot(data, aes(x, y)) +
geom xxx() +

facet_grid(row var ~ col var)

- row_var: RETHIDHEZEE,;
« col var: REVHNSHEZE;
- BEREBZITESIRD

facet grid(group ~ .) 8%

facet grid(. ~ group),

ERNFSERNEE, ESER—1 8 "1TEE x FITSE" IHFIRIRIE
B, SARESERMZFEIREN

&IOS
¢ scales: EHIAIRIMERIRL
« "fixed" A FEILASIFEE, "free’ x, y BIRERIRIZ; "free x" / "free_y" TR —75M
* switch: %83}] 73 ERER
o " X" BHYARERERER, "y" TR ;
» space: FEIFEERIEMN (FZ scales = "free x" / "free y")
« margins: ERCRUAME (1T8FIEER)
 labeller: BEMDERE
SERkRG -

nnnnn

RIRH D EF RN E ARYHEE. BaHTE
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BRI RIS

RPFE AR S EIERColorBrewerfI=KRBIGBIR (FEl. &S WHEHE) . viridisR5 (BEFRY.
REFTENRYSF) |, LARFENEiRaBEXIIEE

RColorBreweriy : viridistafiz :

YIOrRd [ ]
YIOrBr ]
Ve ————

Reds D — | |
RdFu O ——
Purples T I N
PuBLGH T e ———

P [ Y D D
Orapgee e e — -
iohr = ==0) bR
BuGn - ———

Blues L e e N R . .

s - scale fill_manual()
PasiolT « scale color manual()
Paired I I | | | || - -_

Dark? ' m ) e ) I
Accent [— S w—

o —— ==

RC) ——— = THEEEN HEXHRED S
PR e ——— D —

PiY (G [ I
BrBG N | |

* Qualitative: Bal/TTFHDZE, FEF/Setl, Pastel2;  RITABERTF (BRLE)

 Sequential: ELEERVFRES, HEF3ABlues. YIOrRd; o REFTENRYF

 Diverging: W mE#Es&E@+ =, 0 RdBu, PiYG, o ERFONE
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EEUEE

scale fill brewer() & ggplot2 FRIEANSXRIEBHEEZ—, BEIIREAGRNGIRAEHEIRIRMHA
. HIREEEHE. EEEFHERISFE. X3 LRMeRwRIFE, —RIEARMERRSCEE

geom_xxx(aes(fill = group)) + scale_fill brewer(palette = "Setl", direction = 1)

¥

10 RO INEERE
lette: 1IEF U015 R (Set1. Dark2%5
palette IEEFRIZ BRER (Se ar #) 1: REEEEIEEIRE
FnR BRI TEa:
ggplot(mpg, aes(class, fill = drv)) +

BRRA:

count

!
2seater

BiREm B= HERIS RAKRIE
geom_bal’(pOSItion — udodgen) + Set1 thtgi?!—!, EEE ﬁj\;tyléggz//l\: ﬁ??éﬁ%ﬁ 9
Dark2 R, SRBE REGETHNER, BRREF 8
scale fill_brewer(palette = "Set1") Pastel1 =F. AR BESETR. ANTE 9
50- Set3 KIRZ, BYER %5 >10 NE~n= 12
: BRI XIFRE (J0T1/T2,
40- Paired . 12
(ERTHEBEXEXAIEEH) Control/Case)
= = L

otk (250 < 8: Setl. Dark2; 285l 9-12: Set3. Paired; 23 > 12: ZiNfEA viridi
s::scale fill_viridis_d() & scale_fill_manual() BENX &%

comlpact midlsize min;van

class

« RiTBEAIAM (BEKEF) -- Bk Dark2, Accent B, viridis &7
piclkup subcolmpact SlI,IV

o HEKRFE (W -5 ) EeRMANIFTLEAIEER, kg
o SEFXIE—E -- BFIBEMNS theme xxx() —3, HLALRKE SEHEC Pastel1 RREYE
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EEEIEE

WIBESRITE (MFRESE. BEE. =R, KE) B, SENRESRIINFEEHNEE=RIER AEEE
KEE, scale fill distiller(). scale fill gradient()#lIscale fill viridis c)E2RFEEEBH=REERX

(BRRfIZHEEHR (Brewer F51) scale fill gradient() &%l scale fill viridis c()
ZEREETF RColorBrewer 1y J) scale fill_gradient(): 85 low #0 high 6 viridis 43k E Python B matplotlib,
Sequential & Diverging iR, E&% Mimes (L) ; BFARITHRT: @RLErE WERL/
R RN AT RIELER =, scale fill_gradient2(): FEIRFHEE low. SEETIE) ; RETK. ZEATHR

mid, high & midpoint, SEIIRIFRIERES; ¥, FRFE—HT.
ggplot(df, aes(x, y, fill = value)) +

geom tile() + ? scale_fill_gradient(low = "#ffffd4" , ﬁ) scale fill_viridis_c(option = "plasma")

: _ " 8 A
scale fill distiller(palette = "YIGnBu", high = "#006d2c” ) # [E&

scale fill gradient2(low = "blue” ,

direction =1 mid = “white” , high = “red” , O viridis™ (RiA) : WK — B

O palette: MEEHTEHE, M "VIGnBY" midpoint = 0) #%FRHfaE P
(&B-%-%) . "OrRd" (&-4) . «"inferno": B — 45 (BFEEYEREY)
RABU' (L35, SUEIST) O BmER, ERTHRGERSE «"magma’: SBERLTHEE
direction: EEKREEIRIAFE, 1 HEKIA, O EEMMRIIAERE, EfIFEs "cividis": BERKRIFHE
1 R, DEIE.
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bt sl

Part1: ZHEBIRIIRENIZEEISHIEINE (EEe&tR) Drive Type Distribution by Vehicle Class

50

ggplot(mpg, aes(class, fill = drv)) +

geom_bar(position = "dodge") + -

scale fill brewer(palette = "Dark2") +
labs(title = "Drive Type Distribution by Vehicle Class", 7
fill = "Drive") +

theme _bw() +

count

204

theme( 1

plot.title = element_text(face = "bold", hjust = 0.5),

axis.text.x = element_text(angle = 45, vjust = 1, hjust = 1) & & & & o8 & &
Qs 3 & & < g
< 690
) E

VINBEIRE mpg AXS, REREMRETE) class (ZFEEUZF)) |, EREMEIR drv Kz1AR: 4. f. r) . BAKIERE Y, B4E geom bar() £46iHE NS5 HM
SR,

LEIEREAHGER "HEE R, ARSI ER—FEER T HHEE R, SEXILL.

5%F RColorBrewer Y Dark2 iR, A drv =AVKFRERE. WHERBGERIFIEE.

INERESEGIFRR; fill = "Drive” SEIGIZTRNBIAZER "drv’ BUNZIERY "Drive”

(FRBERRER, 1SRV EETER.

plot.title = element_text(face = "bold", hjust = 0.5): BirEp0fEHEF.

axis.text.x = element_text(angle = 45, vjust = 1, hjust = 1): SIS FhERE 45°, FRNARKENERX, BREKIFSEHES,
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1B =151

Part2: [REZERE (EZEEIR)

Old Faithful Eruption Density

ggplot(faithfuld, aes(waiting, eruptions, fill = density))

+

B

Density

geom tile() +

eruptions

L)

scale fill viridis c(option = "magma") +
labs(title = "Old Faithful Eruption Density",
fill = "Density") +

theme_minimal() & 50 &0 il o0
 [ERNEZHETE faithfuld (BRLEFREREGET) | & x HHIRETE] waiting (FIRBUREIZEEGEE, 28) , y iR
59%l eruptions (BIRIFEHETE, 28) , ERBHGIR density ((ZZEGIHE)

o LIMIBELRFZVAHIRE, 1 ERRIEXIN (waiting, eruptions) HERVEER FEHE.

* XA viridis RFIELEHRFH magma 5, BRKFEHRERIE: BX — 418 - B5H, JxRHEREXE.
o SINEFASEGIRER, GEFIEFRZA “Density”

« [ERKREER, XRESMNEINOE, LLERAATTER.



PRRG

(v facet wrap()

BHIBE— NI REEBRDHSIFE, BNERZHNEDHE
51, ERATFHBRRAMSRERRER RRIRMR.

- B "BREZERD"
© DEREEBRZIENGEETE
*  &EC theme() WEEIRERE RS LARRT AT iE .

AEHRTEREMILEER. HRENETZME, R
FHRE. FEEFHEEE.

- BBIRRAEIHER (W0 Set1 &E 9K) , BHBFER
scale_fill_manual();

+ BIREHRROKNG, HEERESEEREM,

- fill JYRIEFE, color MRHHHE, EF.

Q@ scale fill brewer()

ZN\SKTITRE
P

7]

Aozl

=N

V) facet grid()

RAERIERNZENESHITERIFS, FEMEREE,
ESSEEMLLSZES1R.

« ERT "o x FH KE,
+ IRTUEFLREEZN,
- IRZTHEHASEMTHE, FHMLEBHERERER

facet_wrap().

« geom tile(). geom density 2d filled() FHHE ., ZHEE
&H;

© BARRKR. BEWR, NEER virdis &5,

- TA[fAHBC theme_minimal(). theme void() FREFEER.



Lk

%31. HRKFERESHIE
1. INBEUREHOERKE.
2. TRIBEBURSA (class) FMIXzNGTN (drv) HHTEGEIRILE,
3. EHES (40 displ #1 hwy) BISFRIER.
%3)2: (EH facet_wrap() #H{T—45H
1. #ZH8 class DH, BARAREEHRIIHEES 1.
2. BARKNIEKNHGIC (drv) BEIERERE L,
#:3)3: {EH facet grid() HTHHME
1. R drv BEE1A) eyl (REE) #HT0MHE, FB—AMIEHER.
2. NBANFEIREMIAY Y HEE.
%34 (EHEtES5EMEMN
1. {ERIESENR scale fill viridis c() JilE (hwy) ZEHREMET,
2. IEEFSENFEHTER K. Bk, £ theme light() kEEFHEMBERSTERNER, EREUENLIEENER,; =
Z{#F theme_bw() AIEICEMXISHIERAREESHIEEER.,
%3)5. BEXEfSiRE
1. REEGIREF, wBREGSETEIEMINF—EL.
2. BEMDHFE, LIRE0IEREMYE, Hal¥ compact #29 “"Compact Vehicles” .

SCEREESK R B 220R12: /home/big/RBase/5-Advanced Plotting and_Faceted Layouts Module 69
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=H11: KEFEZEE

B EHIEEE LV RARANENERE (REREHERESE) | FFRFMENSH. BiERF

Metabolism_of_other_amino_acids

- {§H ggplot() EREWBREIEHE, X x 0y 1, FHEE fill IA

Health g .—’_' [EE5EEHE,

Condition

- BT geom boxplot() &HIFELLE], REEE. BPIEFEM.

¢ Crohns

¢ Health

- fEER geom jitter() iRIMELR, FEIREMAEUE.

4
Crohns —*

- BENEREFI. iR, 78F, Bt theme_minimal().

theme() SFRELECTN,

0.013 0.014 0.015
Relative_Abundance

BEFRALE. WREESILRS



=H2: BxtEE

LHEE. EEWEFESZEHEXEERE, ERENZENEEXR

Gene Co-occurrence/Exclusion
RUNX1 -0.13 0.05 0.1 0.01 -0.28 -023 028 0.52 0.34
IDH2 013 028 -0.1 -0.01 -0.31 -0.16 0.31 0.38

FLT3 -02 -028 -0.36 018 -005 -011 0.66

TP53 -017 -038 055 -0.33 -0.09 -045 00"1 .
05
DNMT3A -05 -0.08 -0.17 -0.01 0.84 -
05

KT ©0 022 202 -029
-1.0

NPM1 025 016 0.56
NRAS 0.38 057
Muc1e 0.e4

o &
4&\}. o 2 N = & o \Q‘é}

{ERcor() RENTEEIRIETRIS/REMERME, SEIFEXIERR.

{fEFggcorrplot()EREEFIRRMERE, REHE. Hl. IR

N

k

=
iBidscale color manual)ENXEEIEE, BIREXRSEER
ik,

IRENER, B LIRSS, IREERSIE.

BEFRELIERNHEXES R, HEFEXRSR




=H3: BREHE

BIRERIERE. EFFZERELE, KRG EERMEEE

Gene Expression Heatmap

| ﬁ . [EFD pheatmap() BEAHINE, SHEEEE. MGFTTIME

Gene8 I

Mz 7INo

- @d cluster rows F cluster cols i&&E1T7IRIERES .

- {#H color IREMBHZE, BERS RColorBrewer 8 scico

BFNEBSE.

-« BREGIFIAA RS, EEAATIOERE.

BEFRENE. IaRSIBRRDHEGRIGRERS
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=Hl4: EFEHZEE

RRLEATER, EEERA Kaplan-Meier FiEl{ToM, eSS RRERIR TR

Strata Male =+ Female

- &R survfit() REINEEFRE, KiEE—RER (WiEsl. ia

Survival probability
o

o

N

o
i

p =0.0013
| | THiAE) #HiToE.
’ : = Time in days =
Number at risk _
|t n L 5 ! . - fR ggsurvplot() EREEEH Kaplan-Meier ££FHIZE, Rx
5— 90 82 66 43 26 21

0 100 200 300 400 500 ggﬂﬂgiﬁ*&%go

Time in days

Number of censoring

o
2
51
=
0 . S || 11 ) ! : 1l
400

0 100 200 300
Time in days

- BEXEM. Xk, BEXE. p BEFAE.

500

IBFREIRREF D, Z5iaTr SRITh




2=H15: KWE

B XUERFERARES TP LENTEREENEEE, EFE45S logFCHl p (E

volanoplot
: e :X.E;i},it . * f&5F ggplot2 LHEIKILIE, x 3/ log2(FC), y 79 -log10
| A E (P-value),
; Y.+ WREHE: 8 geom viine() I geom_hline() iRINEE R
:E - {§ (%0 logFC, P-value) ,
“““““““““““““““““““ - {8 geom text repel() A EZNERIN LIRS, BRIRSE

log[2](FC)

BEERTVEDT, BHYELRTHE




ZHl6: SMSINE

IR

—logio(p)

# GWAS (EEEREXHHR) MATFRT SNP SIRZEAMXEKE, RIE SNP

555555

e @ ° WhHo OPeoo Medoeww o0 ¢ (]

4444444

Chromosome

GWAS ZuEnIti{t,

- &R manhattan() REEH SIEME, WMARE SNP &R,
FEMNRS. RENS p BEINEUE.

- {#F suggestiveline #1 genomewideline FINE & EHRER
Lk,

- TRYE P (BEFRCEERY SNP FHTIERE,

AFERAXERD
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18 LR E R EIRENX SER

ERASIES R, EEFENSAMFENBAEFHTIRG. ATIRSIIENE, BRNTLIEX—1ER

EEI{ER

RIREIRE, ESEPISEHNBREERAEBA, FEFERNENER

BB E RN 2k )

- EEVEHESH # LA # G NEHRS IR
- SHEMER (WERE. p <- ggplot(data, aes(x = Variable1, y = plot1 <- plot data("data filel.csv")
EEEZ) Variable2)) + plot2 <- plot data("data_file2.csv")
- REIERNSR, HEREAE geom_point() +
BIREF theme _minimal() + # BREE
ggtitle(paste("Plot for", print(plot1)
basename(file_path))) print(plot2)
return(p)

} 78



{ERggsave ()R FE/NEFE

ggsave()Rggplot2BiRIHIN—MEER EHNEREFFEL. BISSWXHEREIU (1 PNG, PDF, JPEG,
SVG F) , ALUSSHNERFFEIEENIEE.

ggsave(filename, plot, width, height, units, dpi, ...)

filename: REXHNBEMESIR. TUSEIHIER, HRIESCHFRYT R, ggsave()
a0 .png. .pdf. jpeg %&. BRI EFREFRIEN, HI8
plot: BIREFMEENS, BEBET ggplot() LHMEE, EIRGFFHEEEIAS

ERCELHIIFHNERYSR (3 p) .

width #1 height: fEEBRNBENSE, RUFJLURRT. E
units: FIEERM (in ®RET, cm FREK, mm RREKXK) .
dpi: EH&HISYEER (@HEJ 300 DPI) |, ERTEETEINERE.

.. HESH, WIERNEREaE. 8% .



B HRES A EIR

i list.files() By, FAIRILBREUEENR TRIEAE CSV XHHEE, HUSINRARLERE, £y
RIEIEIR

# IRENZA™ CSV XHHIERTR

files <- list.files(path = "data_folder", pattern = "*.csv", full.names = » list.files(): %l|*Hdata.folerSt{ESZ REFA csvIi4
TRUE)

# 5F lapply() tELHIEIRR

lapply(files, function(file) { » lapply(): BHENHE
# 3 plot_data() FREEHIEZR
plot <- plot data(file)
# (RFEIRR

ggsave(filename = pasteO("output_folder/", » ggsave(): BEMNERNEERES PNG IRt
tools:file path sans_ext(basename(file)), ".png"), plot = plot)

)

-> Next slide
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ElR %

ERAZEDtrEiER, BIISEFTERS P ERHER—1ERXH. RZHETS4E, W gridExtra,
cowplot 1 patchwork, RSEINEFRRIFHEFIHES

gridExtra @12t grid.arrange()
H&, TNSS/IERBHEERHHE.
EREEEERK, SHFTIHHEIR
SZrnmEigt.

# IN&x gridExtra &
library(gridExtra)

# ZIRB TR BRI TR
grid.arrange(p1, p2, p3, ncol = 2)

ncol =2 FBITETFHIMER

@ cowplot

cowplot @R LIE & 5 ith #f I
ggplot2 EFZHIEIR, REEZEER
BIRISF. IFREFIERAIE L, 1RItT
BEZRREME.

# 1NZk cowplot &
library(cowplot)

# FHEETR T ER
plot_grid(p1, p2, p3, ncol = 2)

plot_grid() BliEEEREIEF G

patchwork@iZ{t TIFE HEREZE
#HiEAIN. 5 gridExtra #1 cowplot
tHLE, patchwork SEEFERAT
EFHER, BB RIGRIHHERIER.

# JN#E; patchwork &
library(patchwork)

# BIAp1/p2/p3FHEE—1T
combined plot <- p1 + p2 + p3

B EBENEEFES S ER

81



PRRGS

FERNMETUTED R IESEIMERIMELFISHETF, RARASIES R E R B

BHRAZE R E XS ¥ Fggsave () fRFEZNER
AR SRR, REIEERN S FEISH: filename. plot. width. heightfldpi

BIRBE

gridExtra
cowplot

patchwork

HELH A ER HERFSNER

FEERREL: list. files( . lapply () flggsave () WA T7E: lapply O Flfor Gk



Lk

%311 (EHgridExtralfiEZ /M EE

1. f#F grid.arrange() REIES M ER (MBEFIFELE) FHER— M ERSUE, FHEERE.
%32 (M cowplot HHEZ/MEE

1. fEA plot_grid() BZ 1 EZFRFHE, FREN PNG 181,
#313: {EMpatchworkiHEZ A EIR

1. {3 patchwork HHEEZR, Rit—MIRGIF, REFHEENER.
#3J4: (£R ggsave() REFRI|ER

1. f&5F3 ggsave(&REL, Hp1Flp2ERDBIIREFA PNG S45PDF4;

2. Bk REERBEN8EY, BEN 6 XY, HFEN 300 DPI,
%335: PELTERFHRE

1. M lapply() % for BFRALELFIFHRFHREFEZLE.

SCEREESK N B 228’12 /home/big/RBase/7-Figure Export Formats and Automated Generation Module
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Lk

Comprehensive Bioinformatics Workflow in R: From Raw Counts to Biological Insights

55 1: BIEESSESA
1. IIERFRAIEPERIEANERREIRE (CSVIEH)
MSAIEREEECA counts # coldata FENEIEE
MBFREAE—E, TRIRETEH
M/ DESeqDataSetFromMatrix() FIHIEERIS:
(£532: ERTVEDIF
1. {M DESeq2 iIE{TIREERDITAIE
Mi5ZI dds X35, FHizfT DESeq()
MIfEA results() IREERDTERER
MIEFERIIER ID 3% (res$gene)
2. IENEBEEFFRAER (DEGs)
OIS padj < 0.05 B log2FC > 1 & < -1
MR LA, TEERSIE

FrE&ES4i812: /home/big/RBase/pratical _training/Simulate Reality Pipeline
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Lk

Comprehensive Bioinformatics Workflow in R: From Raw Counts to Biological Insights

155 3: A ERSITER
1. SHIKILE
MIER ggplot2 BB ER
MeEMsS HEZDEG (U &/RIINK)
MR S AR R
2. SHIFRARE
MIER vst() IERERIAETE
(V2B top 50 DEGs H7EEMERR
MRS RIFRE, (FM pheatmap() &E
(£534: INREEER
1. GO EEnLHT (EIFE)
MfERA enrichGO() iZ{THH
MR dotplot() AT#HLAET 10 4 GO B
MR EEIRIA R ERS

FrE&ES4i812: /home/big/RBase/pratical _training/Simulate Reality Pipeline
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