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SF#IER: PaulingL (1962)

FE—MEYFIIEIEE Atlas of Protein
Sequences: Dayhoff M (1965)

F—NEWME 2 F 54 COMPROTEIN:
Dayhoff M #1 Ledley RS (1958-1962)

Needleman-Wunsch 3 bk X+ & 3%
Needleman SB F1 Wunsch CD (1970)

PAM4EP%: Dayhoff MEHEIZE (1978)

o

E=YEE¥IEIH

GenBank Bh (1982)

Bioinformatics ;5B Sk €1E (1985)
NCBI %3z (1988)

BLAST &% (1990)

1950-1970

- A\ :‘_:v .
EYEERAY: SRENK

= Z“RMEFEHEAR (~2005)

o Roche/454. Illlumina Solexa, ABISOLiD
= TheeEEATTHRI

o HapMap i35 (2002)

o ENCODE 1% (2003)

o RMERLAITR (2003)

o BAEERELAITRI (TCGA, 2006)

o REFEAITK (HMP, 2007)

o 1000EE A% (2008)
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1970-1980 2010-E4
o O 0o O O O
ARtz
1980-1990 2000-2010
Y B EMEREEH: KEHREIHME
= FE—RMBERAR Sanger £ (§E2£1E5%) - = Sanger FUlASZ (1993) » =RNFEEAR (2010)

Sanger F (1977)

= Bioinformatics #f 2B XI2H : HogewegP
F1 Hesper B (1978)

» ZE—FKDNAFF S 73K {4 Staden:
Bonfield J 1 Staden R (1979)

* EMBL#ZBREIREE (1993)
* Pubmed #IEE (1997)
» AEREFEAITR (HGP)

o PacBio (2010) . ONT (2014)
» EYPREERISTRI
o HE10GAEESAITE (2012)

BEERSF (2015) . AZFBIEITR
- BAMMERE: BE (199%) . 2 o ey (o) ’
(1999) | % (1998) . #l#F+ (2000) »  EREERARSEIERORE (2016)

= BRAHHERH = AlphaFold (2018)

. AlphaFold3 (2024)
= GeneFormer, scGPT, scFoundatioa. (202:
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Fortran: BackusJ (1957)
LISP: McCarthyJ (1958)
BASIC: Gates BZ (1964)
PASCAL: Wirth N (1970)

1970-1980

EYE R HElH

) .

R: Gentleman R #1lhaka R (~1980)
C++: Stroustrup B (1983)
Objective C: Cox B #1 Love T (1983)
GNU #i: StallmanR (1985)

Perl: WallL (1987)

Python: Rossum G (1989)

WWW F; A : Berners-Lee T (~1990)

1950-1970

£UER

1980-1990

HA ZF A

2000-2010

EYEENAY: SRENK

» Scala: OderskyM (2003)
» Z=it& (Cloud Computing)

o T AWS (2006)
o Google App Engine (2008)
o &R Azure (2009)

= XBR4E (Blockchain, 2008)

* GO: Google (2009)

2010-E 4

CHNCENG ...
RREDZF

EMEREER: KEERN

= C: RitchieD (1972)

SQL: Boyce R F] Chamberlain D (1972)

Smalltalk: Kay A, Goldberg A F1 Ingalls D
(1972)

* Linux: TorvaldsL (1991)

Visual Basic: P EF5E®E GUI (1991)
Ruby: MatsumotoY (1993)

Java: Gosling) (1995)

JavaScript: EichB (1995)

PHP: LerdorfR (1995)

C#: Microsoft (2000)

= Swift: Apple (2014)

FEFIMRE (2012)
o CNN (2012)
o RESEMFS (2014)
o Transformer (2017)
REFIERIER
o TensorFlow (2015)
o PyTorch (2016)
ChatGPT 3.0 (2020)
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Linux E—PFRRIZE Unix M{ERSR
+ Unix 2HKen ThompsonfllIDennis RitchieF1969FEN/REEEFLANEERSR (FFH)

- 1980&FMRFK, IHEMEZFRAndrew S. TanenbaumFPFAEL T FEAMINIX, XE—HETF
Unix@/BUHEERS, EERATFHFEED

« 1991£F, F=IHEINRIF¥ELinus TorvaldsTERERKFFRAEZ— N HBNEER R,
XN RE EREFRA "Linux”

- 19919817H, Torvalds&% 7 Linux 0.01kF4, ZEGNUBHLAHIFOLE (GPL) TA7,
(EIAETUABHMEER. (EFla%LinuxiEiis

» fEELinuxAZEIARETZ B, SHLinuEZITHRAIGHIR, flDebian, Red Hatd, XL
ZiTHRIELInuxRIZSMAER. REATRESEREITEE—IE, IRIETEEF2NIRMERSR
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somtormaticc LINUXPIZ S 245 [

- HEERi#H, Linux HEGRE—MIFMERFIAZX (kernel) , EEFTRAY “Linux
BRMERAR" —RAMBRIRRALiInux (EARZRNIRMERSR

Linus Torvalds LinuxAZ1ThR24> 11
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Linux2EMERFEHNEEFMERFEZ2— BFHRE. BEEEH:E
ARSI IR, LinuxfATENERFHRAARHRLEHEEES.
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Linux5WindowsLl 3

% 1011

|
B s R

5t 34 Linux Windows

Pk il FEKE G170 (e . ) HERESE BIEH P Sl (Gu . B EL. 5Tk

BHEESRS I IR E A S FF, W1 BLAST. Bowtie. GATK Y Z k. W Geneious. CLC Genomics Workbench

W LR SR AR LEAIMA S FF, W awk. sed. grep 2T LEIEEA PR, PowerShell 5% J{HA % Linux

[-3:d AT S X IR PR E RN T EHESE, W MPIL Hadoop SR PERE TSR L FFAW Unux, FEKEE — it R

U LLS a8 i A L FFESS. ™ AARE WEh L FFAsin. Wk WAL

RgReEl mEEM. ESKRIET RS B EYE, (HRSE Frel Ressm Kt el iz 1T eSS

et PP BRI Z A HLH 528,  HHRERS 22 A il 12 = ik AN EE, B ZHEUE 0 RS EHHRERM

5% 3 HER G, A A RE R TR E A, BB R A

FEILA YEFEZEME TAEN%REIES, WG6CC. Python. R YRR RIT RS (IDE) 0 Visual Studio. | 72 HIMIZIE S L 1F
Y LaTeX HRFESE LR, ¥ R #E T H Zotero. % §F Microsoft Office. EndNote. Mendeley. Zotero % k45 £ Al

XERNGE Mendeley % LR

WodE T AL RIS A &R MR S, (AR T T B b %EJE:)(EL GraphPad Prism. OriginLab %5 P& J&2 5 i) 34t mT R AL A

> £ i AR — E M RGUE A 21T R ERIA R PRkl EEAREGSITRIEMRF

PIEEIE ATV | ik SSH. NFS. Samba % S i 280 P 28 AL S FL 2 1y ) IR R . Samba LB AL SRR ], (HACE B E 5

FHE LRI JTERFR TR, RN BT B4 R T EAE Windows b ZEERIHEREA W Linux
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LinuxZF AR E D B IEIEIER Linux Operating System

GHSAEREER, SIREN
VELUR— A TN, BENS ”

?&H’:‘lt‘l‘%ﬁiﬁo System Libraries

Kernel

Kernel Modules
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- A% (Kernel) : RMERFERMZUERSD, ERTERWHFRR, SIRLER. AF. &&

IXEiERF. XHRRF

- Shell: AR5SLinuxZ&2ZANREERH, ESZHAPNGSHISEEBRLSRZT. W
Bash, Zsh, Fish$

« XIHZES: Linn{EAXEGRARALNESEHHBER

- R NRERARZNABENEAS, SRCGESINEEANREMATME. Ef. SR
FIIHERIEE
- BR=ETEMMNARER: LinuxEFRRH 7T XEMNnSITIRMERNARER, BTG

FHIS, SRXHEE. XHEE. NEEE. FEARSF. —EEUNNARZEEIARY
}Els, cp. mv, grep. sed, awkZ,
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- [RSEHIFIFHIE: INWebBR5ZEE (WApache, Nginx) . #IBERSEE (MMysQL.
PostgreSQL) . HPfFBRSSEE (4Postfix, Exim) . HEMRS (Wlsyslogd) F

- BfeRE (%) : BERALinuxREHREIEGNOME, KDE, Xfced

- PG ZISSMRSGEES, SRETCP/IPHNY. HTTP, FTP, SSHS
- REWEER: LinuxPIRsZiFrS A RRBIRE S S

. e

852 @}EAPT (Debian/Ubuntu) . YUM/DNF (Red Hat/CentOS) &
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srmormaie LINnWOUER S e 0L

Linux M EFZERLinudRERZBTFESBIEFMHEEUENEEWFE. BRFHEE.
BR, UNRiREEREEME#HSE LHNEMEFEER.

« LinuxXXHRERERABEREE, BEERA "XHREEXITE"
(Filesystem Hierarchy Standard, FHS) . Ff8X{&#1H
RELTFIRER /T, HER-—EWREAFERRNERT. —

. EEXH | =@ | = | @ | e |
. BRXHE ) ) B @ @9 (@ ;3

. FEHENH

. AR (o) (o) (7] () () (1) (reot) (i




SIRSRR SRR o

Linux {EEHRB=HEFBIRREE

1B RAYIRE: B — v rx -
& () : ANEEXHASIIILERNE G .
i xS | (24 RERP 340: RfERF |

- 5 (w) : fRIFERNHATXERAST

BT () : AERTXMEEABR B e
FAXEHBREBBE =1 EAIRIR : x| 5 4+1 CNET

. P (Owner) : XHORTEEINR e —

. B8 (Group) : XIFTREHENIUR w | 2z | 020 -

+ Hftt (Others) : RANHEHEFFHIR __ I T RS
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Shell E— /M BEF, BEETHAHILinux@#Z, iEEAPREREIN  sco=mvasm
EW. ®e. ERAEEBLnuxfE, ShelliAEsE—MTE .
Linuxig{EERFiRHAShell (fSfEiE=E) ITHIRIEES, HFEEM

EELAES. HAEREUR RASESTIES,
S

. BIEGHSER: I 1

command [-options] [parameter]

89 X

= command: &4 %, HBRIEEMET BT SANES

= [-options]: £, A FSEXTSHATIES), WATIAEEE, | RETiE

= parameter: FAGLMSH, TUEEL. — 1 HEZA 1
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ShellgS

wALInuxii SEEY

St lvee:

[Lkd IheE =B B
echo TE 2 i L1 UK S echo "Hello, Bioinformatics!" Hello, Bioinformatics!
cd P T1EE % $ cd ~/bioinformatics/data 1144 %] ~/bioinformatics/data
Is B 4424751 B xRSk Sls 4N datal.fasta data2.fasta results/
pwd RN E LB RBERE S pwd 4 /home/user/bioinformatics
mkdir IR E X $ mkdir projectl B2 projectl H
touch IR S X+ $ touch results.txt B2 results.txt 32 F
mv LEESIEE TR 2 2: (rj::jli:.?)s(:an::f_al{esults.txt I BHLEDE
cp g Ex $ cp data2.fasta data_backup/ 2 %l data2.fasta £ data_backup/
m M BRSC A a) B % $ rm unwanted_file.txt MBS unwanted_file.txt 32 {4
In Bl $ In -s /path/to/datal.fasta datal_link.fasta OIS S 915 datal_link.fasta
cat BEXHAR $ cat sequence.fasta §2 71~ sequence.fasta A A
wc TTESAHNTE. ZEINFETE $ wc sequence.fasta 1000 5000 30000 sequence.fasta
sort XA T HE $ sort expression.txt > sorted_expression.txt HEFF 3F 4 i ) sorted_expression.txt
uniq MHEF RSP R EE T $ uniq sorted_data.txt > unique_data.txt MEEEE T34 2 unique_data.txt
Less, more | BEKNANHFHANR $ less annotation.txt % annotation.txt [N A
head BE SR LT BT g head 10 data bt 77 data.txt 493 10 45 55 20 5
gzip S gzip data.txt
B | R B e e IR A S
bunzip2 S bunzip2 data.txt.bz2
tar OO RRIE A5 AL 1 > tar -of project_data.tar data/ RS R A A4S 1
S tar -xvf project_data.tar
df B 7R R R e B A $df-h R A B A
which =, Ik KRS Lty e $ which blastp 7~ blastp FI& 1%
top BMER G NOH RN IRERER $ top EREAGHERS, H'Q R
vim ﬁﬁ?&;i%%% - BATHERE S vim script.py 4545 script.py 31
grep EXAPERAEL $ grep "gene_name" sequence.fasta ¥ 7 sequence.fasta {1 gene_name
sed XA AN $ sed 's/old_gene/new_gene/g' data.txt ##h data.txt 1) old_gene 4 new_gene
awk AN $ awk {print $2}' data.txt 4 data.txt A %)
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EERAESINSEEE—E, B— P adEbiEBas—1amSaA, M
SEIREGHEAAILIER, HHRFNTiE

peach apple g::ih
apple peach

d e pear
o= o N > command ouT > 1
~ 1L 4

[- --------- =] o IN > sort OUT|4|]IN OUT | 3] IN grep ea ouT 1

colors.txt

blue
black black
red blue
red blue
green blue favcolors.txt
green green 4 red
red red 1 black 4 red 3 ;iue
red red 3 blue 3 blue > creen
blue red 2 green 2 green g
red 4 red 1l black

CHILD 1 CHILD 2 CHILD 3 CHILD 4
— L~ =2 - =1 L pil L[
—]| 2 N> sort our|i|m out |3[IN" uniq-c out|7|N ouT |4~ sort-r out|7|iN our |3 N head-3 our > |—
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ShellfB A /fEHEERR—MEXIRA, fRiFEHmSUELEBASEL, T5
PERFHR, BULRFAXHRZENESE. SEbhEaEENE. UNEERIEE

EREER.
e 1588
#2 stderr command > file BamHEEmE file
| oisply ] ﬁ command < file  SEAEEHT file
#1 stdout command >> file BEHLUEINRIGNEERE file
Cunning Program n > file B3 HEA R A n S EERE file
’ Keyboard ] - n >> file 3R A n BISFLUEINR G NEERE! file
#0 stdin n>&m BEHsF m Ml n 554
Terminal/Console n<&m SN m 0 n &3
<< tag BFatRIc tag FIEEFRIRC tag ZIEIRIASERABEIAN
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BlomformatlcEs Shel Iﬂﬂ]$ izgm 1017 j“

#!/bin/

# IXZE—MEERAY Shell BIZR=A)

#1. T=RE

Nname

# 2. i;kﬂﬂﬁﬁ)jiﬁ)\
BN ITRNEE:

Name

3. FKAFFIT
if [ -z name” | then
(REBBMAEF!
else
{REF, $name!
fi

# 4. SREVSRIER FRNGEE # 6. REEN S

file_count=5%(ls -1 ) function () {
B, $name!

# 5. IBINER U }
HEIEH=R MG $file_count 1N
5. # 1JE FARREN
BRI :
for file in *; do # 7. IBHEIAR
if [ -f “$file” ]; then exit 0
A& $file
elif [ -d file” ]; then
HX: $file
fi
done
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Bioinformatics

RE—HENERESTIINIROZITRIFRITREEZBESHNG, [ZRTE
PIEEFFERERZE. mkothrEamia.

1F TensorFlow
/ A Azure

@ python R
Q v Bk ($§Eﬂ‘¢@) _,_ﬁ:_T:‘ +ableau

O RiEH mp) Power Bl
0 BES TEES w alteryx

Q FEERZ

Technology &
Data Capabilities
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1975

The S language is developed at

1988 the Bell Labs
"The New S Language" book by
John Chambers defines the el
features of the mature S 1993 3 A
Ross Thaka and Robert ~ “¢:5%

Gentleman first mention R, a
1995 new implementation of S

Ris released under the
GNU license

1996
The first official R paper "R: A Languag
for Data Analysis and Graphics” is
published on the Journal of
Computational and Graphical Statistics

1997

Founding of CRAN, the R mailing
lists and the R core team

2000
R 1.0.0 first stable release (( E)K?

R: Robert Gentleman#JRoss lhaka (1992) Lr%gﬂldr
W IE¥ + Spark

2007

Hadley Wickham releases ggplot2

2004

R 2.0.0 released, introducing lazy
loading and big data support

2011
Rstudio beta 0.92 is first relcased
2012 Studio
Release of the shiny package
2013

R 3.0.0 released with full support for
64bit architectures

@ 2014

1 Rmarkdown stable release

2016

Tidyverse package set version 1.0.0

theC

R 2020
R.4.0.0 is released
——

RStudio: Joseph J. Allaire (2011)

25
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- R B—MAHENFITREESSINTERE, €] REIE. . SRR
aJtRft.

» RStudio E—FEJA R IBEEITARISERAHARIAIR (IDE) , 73 R BIEMAREHET—
/PEEy; Hg 4 % p ﬁ E*ﬂ H&IE ° e —————

Q- & - & Box-Cox — LiDAR variables selection Edu ~
€] 0tIntroductionRnw x  ©]02-SRS.Rnw % @] Data analysis Kalimantan.R ()| Envionment History =i
SourceonSave @ Q /v ~#Run 5% | #Source ~ [ Import Dataset~ | ¥ Clear List~
20y
201 5 ulation per tree 4 (% Global Environment~

202 w. brown<-brown. moist. d(kalimantansdbh T = g -
203 w. yamakura<-yamakura. stem(kalimantansdbh, kalimantansh)+yamakura.branch(yamakura.stem(k || @11-trees G L e A

204 . basuki<-basuki.mixed. d(kalimantansdbh) Dkal.plot 94 obs. of 18 variables 3
205 . samalca<-samalca. d(kalimantansdbh) kalimantan 1993 obs. of 44 variables

206 w. hashimoto<-hashimoto. d(kalimantansdbh) = 3

207 kalimantans$w. kenzo<-kenzo. d(kalimantansdbh) Olsi.olot 39 obs. of 19 variable
208 kalimantansw.forda<-forda.d(kalimantansdbh 01sd
209 kalimantansw. jaya<-jaya.d(kalimantansdbh)

.
210 kalimantansw.novita:-novita. d(kalimantansdbh) O pul E
211 kalimantans$w. nugroho. d<-n — e O wel 5]

212 kalimantansw. nugroho. d. h< valyl
213 . EF
214 plot(kalimantansdbh, kali R with different models”, x1ab="DgH == >
215 points(kalimantansdbh, ka S C r I eFm 49.7359197162173
216 points(kalimantansdbh, ka EFs 198.943678864869
217 points(kalimantansdbh, kal N.Tot 2696. 5863280181 -

218 points(kalimantansdbh, kalimantansw.hashimoto, col=5)
219 points(kalimantansdbh, kalimantansw.kenzo, col=6) Files Plots Packages Help Viewer =)

220 points(kalimantansdbh, .forda, col=7) . ® = el
221 points(kalimantansdbh, ~jaya, col-8 2 & ZooniivBewort 71|78 FIFgKClearA
222 points(kalimantansdbh, .novita, col=9) 5 e S i
223 Snms (kalimantansdbh. ~nugroho.d, col-10) Biomass estimation per plot with different models
224 points(kalimantansdbh, sw.nugroho.d.h, col=11) e
225 - 3
226 legend(10,8000, c("Brown”, "vamakura”, "Basuki”, "samalca”, "Hashimoto”, "Kenzo", "Forda", "laya", S !
227 ° !
228 W o i
229 # summing all va per plot and n plot g Q7 E il N
230 bio.plot.brown .data.frame(tapply(kalimantansw.brown, list(kalimantanSplot_id, kalimantanSsubpl ~ & = ' 6 ° | ! !
231 [ m | ) 2 o | i X il ' : 1
3101 | @ (Untitled) + R Script * < 27 ! i ! ! H |
@ : ! :
Console  Compile PDF — =] g 8 i E _9_ _c'>_ !
s & : : — 1L
n I . @D | | T T i HEE
Kal.plot<-merge(Kal.plot, Dmed.Hmed.plot, by="PIot") R o I H I E ) E ] ! |
- o - -t ks i 1 -t il o
- 2 i I

# calculating the AMETER

R console Graphical output

write.csv(kal.plot, "Kalimanta)
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Z&=RE

O MACRANZZE: install.packages("&%")

O B EEEE: install.packages(”path/to/package.tar.gz”, repos = NULL, type = "source")
O MBioconductor®zi: {EfHBiocManager@iinstall("&2")REZE

A MGitHubZ%E: (£ devtools 8H install github("HRP®&/EER")

DNEFNEE R €

O MAzRE: library(&13) 8§ require(88)

O FFRE: detach("package:@&%", unload = TRUE)

0 HIFERE: remove.packages("8E")
27
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O BEFRHEIERE: &EE (numeric) . FFFB (character) . Z48B! (logical) &
Q #HEEHE: ME (vector) | #BFE (matrix) | FlFE (list) FIZUEE (data.frame) F

b & ks =~ 2 2s
numeric HiEER, BREBEFNRE ; :: ‘;214 x =BH. yEXE, #E=ZE numeric FHY
integer BEEN, B LERES z <- 42L z BRBEER, EH LIRBIRAD integer
character | FFHRER, CAEIE gene <- "AP1" gene BT R NPEREMET
logical | %/, HafH Tk < TR flag Fi status EA/RAA! | 45 R EFR
complex BREER, O EBER comp <- 243i Matrix ' Array
_ T B AN 4 gender <- factor(c(" Yozt '

factor HFER, BFoEEE "male”)) S .
vector EEIR, [ XBTERNEFES vec <- c(1, 2, 3, 4) |' ~

. = e T ] ) A = ) o 7 1st <- list(name="AP
list JIRRAL, T RIA SR REHIE expression=9.5) Data Frame \coluLms/
matrix JEFF R TH¥EAH, A REAEE mat <- matrix(1:6, n )
array BUAXR 24, BLEEXDER arr <- array(1:8, di . [[ [ U)l [ U;I 1 U]
data. frame HAEAERAY KM THIEAPAFRME, T df <- data.frame(id= U [ , D :|

' BEAREERHF "C"), score=c(9.5, 8
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RiIESEMEX

3] 15 R
RIBEEMH # FSHORTIR, IBRE =
2 Mg # RE—ANETR
R{E RIEEEM < fn=#TRE, #EER< X <- 5; y =10
BiEmE. BoE. A BE. BEE. B 5 4+3;5-3;5%3;5/3
FARRIER SEE 57 3;5%%3;5%/%3
B BEET. 7% TF. KT M. XTE 5==3;51=3; 55>3;5¢<3;5 5= 3;
: F. NFEF, BiE5 Bigs, BiEE 5 <= 3; TRUE & FALSE; TRUE | FALSE; !TRUE;
X <- 5
if (x > @) {
print("x 2IE#")
} else if (x < @) {
print("v =¥ .
it i ifelse FBFIT & F 510 AUl e <. function(file) {
print read_fasta <- function(file
} con <- readLines(file)
# {FH ife! i <- grep(">", con)
y <- ifels res <- data.frame(
print(y) descrtioon = con[i],
# for gz HBEUEX BIRFE AR ) sequence = con[i + 1]
for é:‘lrl‘rt‘( S return(res)
’ # BHEK
# while 18 f <- textConnection(">abc\nACGTACGTACGT\n>def\nAAATTTGGGCCC\n")
count <- 1 read_fasta(f)
hil s # REBRHF
o :rgrc\:l(l B SRS AIRE sorted_data <- df[order(df$age), ]
count R . . # B ER AT 30 B9EER
EEs 237 for Y&3F, while JEFF 41 repeat 1BIF } RN RIRF LB BIRE PO filtered_data <- subset(df, age > 30)
, # JEBL CSV XfF
# repeat j data <- read.csv("data.csv")
count <- 1 FER¥IE TEER CSV 34440 Excel 3C{F # FEE Excel X
repeat .{ library(readxl)
p”n:( data <- read_excel("data.xlsx")
i (co # SA CSV X
br write.csv(data_frame, "output.csv")
} BEAEEE B\ CSV X440 Excel X4 # S Excel X4
} library(writexl)
write_xlsx(data_frame, "output.xlsx")
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Q dplyr &89 “%>%" EHEHFEM T EEIR(EThEE
O RMAN.ORRFTFHASISREEEIRER (|>)
()

(dplyr)

result  mtcars
(mpg, cyl, disp)

\ll/

summarlze

(result)

(cyl ) ¢ S
( Cag

£ 1015




SRS NE RS FAUICRE

RERIR 7T iZRIRT iA:
Q fiidtERi: BEHIE, P, REEFEFRITE, BISEHIRSENEESIT

Q #EeRit: 855 t I8, REIRIE. FES (ANOVA), MASHSE, BEMEFERPHERS
{B4SHIE

Q B35 Zis%EE)E. SxbE. ZB0EEAF, BFHREEZENXER

Q HEFFISH: SEEEFEE, BiFEHEE. ARIMA F, BFoSrHfRNERFESIE

Q ZRFEiTHi: RIHERS. ERD BT (PCA). BFSFNEF, BFLIEZSETSHIRSE

Q #Re: FlMstats, MASS, Ime4, caret FHARBRILINITERMESIRFRIT S

r~_w

&
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HEI A ESIRREN SR —PFER, SEIRAEZERAER:

= (R ARIE? = (RERAHARE? = (REWT HARE?
O H—2#RZExplore
0 B2 #%FEExplain Emﬂ 4
. 3
e
= 2 2
—p @ |
- @ o 0
0 1 2 3 4 0 1 2 3 4
data geom coordinate plot
x=F system
go_lor =F
size=A

RIZIR T FERRLFNIR M EREMSH IR, EREREZMANEaggplot2



oo REUIETIIL 0L

ggplot2 2 R iESHRMRITIEEXREIETRE 22—, H Hadley Wickham 7
&, BBTF "iBiEER" (Grammar of Graphics) RIES, ARTRARIBIIENE
IERISEFIRGS, JUEXIRHIER, eiESREEMIER.

Q EFEZER: RIEEFRTTE (NEEE. TR, 255, RiTERES) #1748

Q0 BESHE . ZEMSEER

O —ERIEZFIRGT . IEEEFIRGY (MEmE. X, BIREF) | FIs—BRIRRERNR

A SEWES: ERVFERBERTE, HBEREFRHFIHEEER

QO SHERRE: ZIFeIESHIEBIRIER

Q rEtEss: RS Ee (WMggplotly., gganimatess) 18iaFhlIge
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SRST IR REGETHN ol

BERXER: dats

ggplot (data = QLD) + -Irequ'red aesthetics

QIR (mapping = aes QU — o

stat =@I\E, position = CLHNEIE ) + Not

[<COORDINATE_FUNCTION>T e i Vs

(<FACET_FUNCTION> & defaults Point color / size / shape etc.
[<SCALE_FUNCTION- & i =

weight . ¥ Time * Chick ~ Diet *~
} 1 1
51 1
59 |
64 1
§ 76 1
1

93
N N N

ggplot(data, aes (x=Time, y=weight)) +
geom point (aes(color=Diet))
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O SWEUREAIE: tidyverse, dply, ...r
A #EDIE: ggplot2,
A NBFISRATHEE: caret,

. Communicate j Explore
d WebpiF: Shiny R
Website -
d Markdown: rmarkdown —-—— . / Viswlie
< Stides + — Transform
0 BENENSEFE —_ e

~_
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- Python2—BERRBEES, LEGES %Eﬂl’éiﬁ*ﬂ$aﬂﬁl§_¢. R pmER, T
iz NAFEIRREIE. 32 (8FFEERY) . WebH&FMiTE,

Machine Learning
& Artificial
06 Intelligence {gt)1

Data
Visualization

Language
Development

. <
python

of Interesting
Games
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0 BFESIF(ER
0 [iZRY R At
0 FEMITEENSE=5E

Q0 BEPa% o
0 BERES

ﬂ**ﬂ GUI Programming Dynamically Typed
0 A%
J *i zi;%: Free & Open Source

Expressive

Interpreted

Embeddable

A®)

Large Standard Library
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11 Anaconda

=
L CN

ﬁ Home

. Environments
o q

W Learning

an COmmunity

Anaconda Toolbox
Supercharged

local notebooks,
Click the Toalbox
tile to Install.

Documentation

Anaconda Blog

¥y & 9

) ANACONDA NAVIGATOR

Anaconda Navigator

[ All applications ~| on [ base (root) v| (" channels
-] £
i
L
e
N
2

DataSpell

DataSpellis an IDE for exploratory data
analysis and prototyping machine learning
models. It combines the interactivity of
Jupyter notebooks with the intelligent
Python and R coding assistance of PyCharm
in one user-friendlv environment.

Install

Spyder

555

Scientific PYthon Development
EnviRonment. Powerful Python IDE with
advanced editing, interactive testing,
debugging and introspection features

.
\\ Launch )

wateany’

Anaconda Notebooks

Cloud-hosted notebook service from
‘Anaconda. Launch a preconfigured
environment with hundreds of packages and
store project files with persistent cloud
storage.

Launch
~—

VS Code

1911

Streamlined code editor with support for
development operations like debugging,
task running and version control

(aunch )
AN P

ORACLE

TEHEEPythonifls
A F&ZTEH: JupyterLab, Jupyter Notebook, PyCharmS&

. File Edit View Run Kernel Tabs Settings Help
@ Upgrade Now  Connected to Cloud & + c 2 Launcher X M README.md X [ Lorenz.ipynb @ [ Terminal 1 X | M Console 1 X | [A Data.ipynb ® |+ o
B + X O M » m C » Code v # Python 3 (ipykernel) O =
Filter files by name Q .
o from lorenz import solve lorenz B N™»NV & F 0 F- 3
m / notebooks / w=interactive(solve_lorenz,sigma=(0.0,560.0),rho=(0.0,50.0))
w
o Name - Modified
PR R .
}f‘" = audio yesterday (2] sigma 10.00
Ya .
L * B images yesterday beta 263
anaconda-toolbox JupyterLab A Cpp.ipynb yesterday
. rho 28.00
40.15 424 * [A] Data.ipynb yesterday
Anaconda Assistant An extensible environment for inte b d
and reproducible computing, based A Fasta.ipyn yesterday
JupyterLab supercharged with a suite of Jupyter Notebook and Architect .
Anaconda extensions, starting with the A Julia.ipynb yesterday
Anaconda Assistant Al chatbot. 2
e [A] Lorenz.ipynb yesterday
Launch lorenz.py yesterday
" R.ipynb esterda .
24 y y A| Output View X |+ £ lorenz.py X |+
]
aWS sigma 10.00 1 |from matplotlib import pyplot as plt
2 from mpl_toolkits.mplot3d import Axes3D
beta 2.63 3 import numpy as np
Anaconda on AWS Graviton Datalore 4 from scipy import integrate
rho 28.00 5
Running your Anaconda workloads on AWS. Kickestart your data science proje 6 def solve lorenz(sigma=10.0, beta=8./3, rho=28.0):
Graviton-based processors could provide up seconds in a pre-configured enviror 7 “vnplot a solution to the Lorenz differential
to 40% better price performance Enjoy coding assistance for Python, € e
Rin Jupyter notebooks and benefit f equations.
code automations. Use Datalore on 8
free. )
hh\ h"\ 9 max_time = 4.0
Launc /\ Launc J 10 N = 30
11
o 12 fig = plt.figure()
5 13 ax = fig.add_axes([@, ©, 1, 1], projection='3d")
e
Dd ‘ 14 ax.axis('off")
15
Simple 1 M 3 & Python Ln 1, Col1 Spaces:4 lorenz.py 0 Q
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Q PythonfiGuido van RossumgliE, &5
MRZE (0.9.0) F1991F L%

QO =HhRAP=E3.12.4

WAL lf\\ 4

Guido van Rossum el
Jan1, 2020
Python Released Released Python 2.
Conceived [Python 1.0] [Python 3.0] e e e
' ’ Declared
1980 1989 1994 2000 2008 =8 2015 _om 2020 <
Implementation Released Declared
started [Python 2.0] Python 2.7's
End-of-Life
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Q MEExL: TES = H e T SR aA] -

ks [ SR S Rl

s A ENHERE Q FizE: my list = [1, 2, 3, 4, 5]
Q B8B%:int, 4042

Q jocéH: my tuple = (1, 2, 3, 4, 5)
Q ZF=%: float, 0 3.14

QO ZF&88: str, il "Hello, World!"
O H/{E: bool, %[ True 5§ False

O =FH: my dict = {"name": "Alice", "age": 25, "city":
"New York"}

O £5: myset={1, 2, 3,4, 5}

R PythoniZ§liEa
D 15 3 , = *' , %' E N —
FORERE: * / BB HREENSREA
Q LLEHEES: ==, 1=, >, <, >=, <=
FELE

Q ZBEIEEF: and, or, not

O WEESEER: =, +=, -=, *=, /=
40
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FEhEE

ot

math

random

statistics

NumPy

SciPy

Pandas

statsmodels

scikit-learn

REMFRY, M=FRF.
EE, BRYEF
FTALFZIETIRE

REGTHTETIRE, WA,
Phy. HEEF

IFATL, BUHEEBNTEREY
HFIEH

REPIFTTRTIIRE, Wik,
ERSIRERS T, &S
SBETCETE (BUERE)

RESTHREANTELTFET
=

HERFEIE, RBEHE [
3 REFEE

import math
print(math.sqrt(16)) # E¥: 4.0

print(math.factorial(5)) # $#%: 120
print(math.pi) # $&: 3.141592653589793

import random

print(random.randint(1, 10)) # &i%: 110 ZE9
print(random.choice([ 'apple’, ‘'banana‘,

import statistics
data = [1, 2, 3, 4, 5]

print(statistics.mean(data)) # &iH: 3
print(statistics.median(data)) # &E¥: 3

print(statistics.stdev(data)) # $E: 1.581138830
import numpy as np
array = np.array([1, 2, 3, 4, 5])
print(np.mean(array)) # ©¥: 3.0
print(np.sgrt(array)) # ©&: [1. 1.41421356 1.73
from scipy import optimize
def f(x):

return x**2 + 5%x + 6

‘cherry'])

result = optimize.minimize(f, ©)
print(result.x) # BX: EHEHBIMECE
import pandas as pd

data = {'Name': ["Alice’, 'Bob’,
df = pd.DataFrame(data)
print(df)

import statsmodels.api as sm
import numpy as np

import pandas as pd

# ST

np.random.seed(0)

X = np.random.rand(100) * 10

y = 2.5 * X + np.random.randn(100) * 2

# JGHUEERS DataFrame

data = pd.DataFrame({'X': X, 'y': y})

# IR S ETESEEAELEE

X_with_const = sm.add_constant(data['X'])
# SURIEIH A%IEE S8R
model = sm.OLS(data['y
results = model.fit()
# MEECERRE
print(results.summary())

from sklearn.datasets import load_iris

from sklearn.model_selection import train_test_spl
from sklearn.svm import SVC

from sklearn.metrics import accuracy_score

# INERARE

iris = load_iris()

X, y = iris.data, iris.target

# WoHiRE

‘Charlie’], ‘'Age

'], X_with_const)

TensorFlow

Keras

PyTorch

BeautifulSoup

REFIEZR, ST
BRI HHRE L

BRFEFS AP, BT
TensorFlow, fEI{AREIIRE

SRELTH

BTN RITTHTEEERIRE, 2
EFHTML FD XML 2T

X_train, X_test, y train, y_test = train_test_split(X, y, test_size=8.3, random_state=42)
# IR
model = SVC()
model.fit(X_train, y_train)
# TENFEFE
y_pred = model.predict(X_test)
accuracy = accuracy_score(y_test, y pred)
print(f"Accuracy: {accuracy}”)
import tensorflow as tf
# QR MEHREE
model = tf.keras.Sequential([
tf.keras.layers.Dense(10, activation=‘'relu’, input_shape=(4,)),
tf.keras.layers.Dense(3, activations'softmax')
1
# WivaE
model.compile(optimizer='adam', loss='sparse_categorical_crossentropy', metricse['accuracy'])
print(“Model summary:")
model. summary()
from keras.models import Sequential
from keras.layers import Dense
# QE—MERBE
model = Sequential([
Dense(1@, activations'relu’', input_shape=(4,)),
Dense(3, activations='softmax’)
1
# SRR
model.compile(optimizer='adam', loss='sparse_categorical_crossentropy', metricss['accuracy'])
print(“Model summary:")
model.summary()
import torch
import torch.nn as nn
import torch.optim as optim
# QR SRR
class SimpleNN(nn.Module):
def __init__(self):
super(SimpleNN, self)._ init_ ()
self.fcl = nn.Linear(4, 10)
self.fc2 = nn.Linear(10, 3)

def forward(self, x):
x = torch.relu(self.fcl(x))
x = self.fc2(x)
return x

model = SimpleNN()

# FTEDHAENEHY

print(model)

from bs4 import BeautifulSoup

import requests

# FHRNTAS

response = requests.get('https://www.google.com')
soup = BeautifulSoup(response.content, ‘html.parser')
# EERTRE

title = soup.title.string

print(f“Webpage title: {title}")




somformatis Py thonESHEIR{E 0L

NumPy FERITOEE, NumPy API [ iZHF Pandas, SciPy, Matplotlib, scikit-
learn, scikit-image LANRE{tt XS HEEEIZFFEIZE Python B4

RS BAE4ER SEfli52aR

o

oifixil2 data ~}+—>|o0f1]2]3 | [s]e[7]8]o]r0]r1] 0 1|1 1 In [1]: import numpy as np
% 3[4]5 data type | 8-byte integer eb \8./' 3 % 11 -
= 3 4 - - Py .
6|7]s shape | 4.9 e sy ko 6 11| "[7]s T {2k x| = ap. Axangei12)
i dow!
9 [10(11 strides (24,8 row down 9 |10 2 o [ 1011

In [3]: x = x.reshape(4, 3)

In [4]: x

=5l (RE) &N E out [4] :

: CEROT array([[ O 1, 2],

o[1]2 0|12 o] i [1]2] [o]o 8. 4. B
x[:,1:] = 3]4]5 x[:,::2]1—[314]5 ; 3|6 - 7 8]

6|78 6l71]8 X ~~7‘-~~—> ' ' p

- / = e Lulg Bl [ 9, 30, 3111}

9110j11 91011 1

start:end:step, — — n ‘ 9 [18
In [5]: np.mean(x, axis=0)

Out [5] : array([4.5, 5.5, 6.5])

#3l AIF) VAEIHRIE

In [6]: X = X - np.mean(x, axis=0)
x[1,2] —» 5 x[x: > 9] —) 0l1]2
3]a]5| Sies i [9]: X

x[ ] [ J = 6|7]8|—|21] out [7] :
' 9 |10f11 array([[-4.5, -4.5, -4.5],
] sum [z1.5, =1.5, =1.5],
x[ ] ‘ . ’ ’_) ‘; - axis 0 3 (2.5, 205, 351,
' ~ : ¢ “"( ’ [ 4.5, 4.5, 4.5]])
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91013/

PythonE I EREMatplotlib, SeabornflPlotlyZ

/8 Matplotlib Seaborn Plotly

import matplotlib.pyplot as plt import seaborn as sns import plotly.graph_objects as go

import numpy as np import pandas as pd import numpy as np

# BUEPIEEE # BIEBIEEE # BIRTBIEEE

X = np.linspace(@, 10, 100) data = pd.DataFrame({ X = np.linspace(©, 10, 100)

y = np.sin(x) 'x': np.arange(10), y = np.cos(x)

# CIEEAAIH 'yv': np.random.rand(10) * 100, # QIREFIS

' - AN ot *
plt.figure(figsize=(10, 6)) 1) category: ['A°, "B°] > fig = go.Figure()
# LBEIEE # TR
s . . # SERESE .

plt.plot(x, y, label="Sine Wave', color='b’, e ol fig.add_trace(go.Scatter(x=x, y=y,

7 ECES | linestyle="-', marker='o0") sns.scatterplot(data=data, x='x', y=y', o 4o +)inestmarkers', name='Cosine Wave'))
’ hue="category', style='category') ?

# RNHREAIRE
plt.title('Sine Wave Example')
plt.xlabel('X-axis"')

# IR
plt.title('Seaborn Scatter Plot')

# A R
fig.update_layout(title="Cosine Wave
Example', xaxis_title='X-axis',

plt.ylabel('Y-axis"') # REE yaxis_title='Y-axis"')
# RhnE) P1t. show() # BER
plt.legend() fig.show()

# BrEF

plt.grid(True)

plt.show()
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EEVERFE, PythonAMRSIHS:

O WebpiEFH%: Django. Flask

O £¥EUEER%: Django. Flask

O 2IERIFZFIATIEGE: NumPy, Pandas, Scikit-learn, TensorFlow, PyTorch

Q ¥R aI{E: Matplotlib, Seaborn, Plotly

Q HESITRIEEE: E83HoirIR
O EEGUINATER: Tkinter, PyQt, Kivy /t\ /1\
Q #B51E: Jupyter Notebook & £ | % -

\i/ \-i-/
Web Business Network
Development Applications Programming




(EMEARSEREAHS)

(R > (FEERT)

(EER/HRELE > $EBFIA)



soinormatics SB—=T9: SHIEIIMTIAEIaIE 0L

- ZiRDthiiE (data analysis pipeline) 2iE—&RNEBFEHNSENRGZE, BFL

ISt EYFEE, LMENPRINEANEEMNGEERZESS. XEFEEEY
RZANKE, GiEEAVREL, FRbE, S, SRR,

O Z0iEIREN : HEFUNER, BRER (M. [&ig)

O ZiEdbil: REkEdl. #iRiEsk. SiRE—L

O ZiEoth: SR, FHitoth (BRO08ks, RERBERES)

O 5REEF:. £WFER. Eeoth, LGS

0 SuEaIie: BRftRR. IREER

O SRFRESHE: ERS8REES
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1. BBiR{ESSHIER: REZMITAESHISHAVBF.
2. HBFTIFAR: SIZ2—MESHNTEER, SEIENSRHFNERR.

3. &w5Shellfi)4s: gUiEShelll)F (BEELA.shANHT EBR) . f5Shellap
SHES. =61:
Q ZuEiBik: [EHawk, sedslgrepFan$RUAIEFIT L
Q Fitsath: ERR. PythonskHttFit{FaYa SERITEIE TR
Q #uEaiiie: FERAGSITEEIRFARATRGEREREZRE.
Q REERL: [EHechofn SHINTIRIEREIBIHRENS.

=

Ho
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SRR (ER DTS TEREERG
4 ~\ r \
BERERAD ER{4: fastQC. Salmon TR EERY %
FASTQ SERME R AR i}
+ [ #thizis L W 4 3
= |
. BESIET
ﬁlth‘fE < fastqc v0.11.9 O MAEE . W
OREX =
Y BAEE

! B1% e - :
i BEl | salmon v1.3.0 -i <> : Y Y | I
Salmon \ E =15 -y ! %
¥ o O i \ | g
! .| TR
B3Z: B | salmon v1.3.0 - A Y . B8 L a

Salmon i !

®:3F | | || - 17T l“

I ¥ ¥
Wi y y Hitti2 Y v , B
iSRS EEFAR Y g 2 YU e w2 | S
\_ J \ y
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#!/bin/ pipeline.sh echo "Creatin i :
! g Salmon index...
salmon index -t ${TRANSCRIPTOME_FASTA} -i
# HETE ${SALMON_INDEX_DIR} -p 8

FASTQ DIR="/path/to/fastq/files™

TRANSCRIPTOME FASTA="/path/to/transcriptome.fa.gz" #
HERYA FASTA SHEER

OUTPUT_DIR="/path/to/output”

FASTQC _OUTPUT="${OUTPUT_DIR}/fastqc results"
SALMON_INDEX DIR="${OUTPUT_DIR}/salmon index"
SALMON_OUTPUT="${OUTPUT_DIR}/salmon quant"

# BlEEmEEER

mkdir -p ${FASTQC_OUTPUT}
mkdir -p ${SALMON_INDEX_ DIR}
mkdir -p ${SALMON_OUTPUT}

# 15 REH (FastQC)

echo "Running FastQC..

for file in ${FASTQ_DIR}/*.fastq.gz; do
fastgc -o ${FASTQC OUTPUT} ${file}

done

echo "FastQC complete.”

'y LAl ANANIlI7ZER O~ 1 =—=4T1

echo "Salmon index created at ${SALMON_INDEX DIR}."

LERBEIRILIIFIEE (Salmon)

# %39
echo "Running Salmon...
for file in ${FASTQ DIR}/* R1 *.fastq.gz;

SAMPLE_NAME=%(basename ${file} | sed
's/ R1_.*.fastq.gz//")

Rl=${file}

R2=${FASTQ DIR}/${SAMPLE_NAME} R2 *.fastq.gz

do

salmon quant -i ${SALMON_INDEX DIR} -1 A \
-1 ${R1} -2 ${R2} \
-p 8 --validateMappings -o
${SALMON_OUTPUT}/${SAMPLE_NAME}
done

echo "Salmon quantification complete.”

# HHTSAER
echo "Analysis complete.
${OUTPUT_DIR}."

Results are in
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- TIEREERMGEESTAFLIEXIREED . EUEEFERFHES:
+ Snakemake: {3EHIAITERIIE R ITRIEMAELIERERREA
* Nextflow: RFEE IR TIEROFFRESS, EXATH RiE
- Galaxy: Web¥&, RIHEMERFETRMEUERSERE, SiESHEE
+ Cromwell/WDL: EHWDLIEHIRES, EiFFEEAFNEMEERZETERNEERMGT
« Toil: ZIFSMITIERBERES (MICWL, WDL, Nextflow) , AIES#TERIEHIET
* Pegasus: KSR ZTERERIER, EBEFomiLITEREHISRNRIXREER
- Taverna: {REERZ PR ESZIFWeblRSS SR pLAYLIGEE
 Bpipe: EYIERF IR IFHNEERIKZESIE, (EHGroovyiEERS

- BiIF150 ) IT{ERERE: https://github.com/pditommaso/awesome-pipeline
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Table 1| Overview of workflow managers for bioinformatics (top, editable version; bottom, image version)

o I {’E;'Itbgk {*Eg i&;% Tool Class 5:::; of Expressiveness® Portability* Scalability® Ir.::;:::i i :z?aht?:e y

Galaxy Graphical 000 00 000 000 000 000

PRprR— KNIME Graphical 000 00 000 000 000 000

. I}J 55$ = *EE | Nextiow DST (] o) (1] (1] L] 1 (L) (L1

Snakemake DSL [ 1 Jo! 200 900 200 [ T J@ 200

- SHY GenPipes DSL ee0 (T 1) ee0 ee0 ee0 ee0

bPipe DSL ( ] Jo] 000 000 000 000 @00

. E E'I.E Pachyderm DSL 000 000 000 000 000 000

SciPipe Library 000 000 000 000 000 000

Luigi Library 000 000 @00 000 000 000

° Q;EII'E Cromwell + Execution + workflow @QO 000 000 000 000 000
WDL specification

cwltool + CWL  Execution + workflow @O0 aan aan 000 000 000

Bpipe: a tool for running and managing bioinformatics pipelines

Tave"-' SP Sadedin, B Pope, A Oshlack - Bioinformatics, 2012 - academic.oup.com be 000 000

T Oinn, M
... Result:
available ]
Y% Save Y9 Cite Cited by 2029 Related articles All 17 versions

Bpipe is a simple, dedicated programming language for defining and executing bioinformatics
pipelines. It specializes in enabling users to turn existing pipelines based on shell scripts ...

Y% Save Y9 Cite Cited by 188 Related articles All 8 versions

Pegasus,

Toil EDeelman,

 J Vivie of the Peg
Galaxy: Toj ONto distribui

Nextﬁow D-BG“—I“ to pro 3¢ Save DY Cite Cited by 972 Related articles All 12 versions
. ... Galaxy
Snakemake —2OMMa - certis ¥ Save U9 Cite Cited by 1028 Related articles Al 7 versions
... We presel . ) N ) -
J Koster, S Rahr Another: key Y¢ Save DY Cite Cited by 1789 Related articles All 12 versions
ééium;nary: Sn Y¢ Save Y9 Cite Cited by 2439 Related articles All 7 versions
setup or cu

Y% Save DY Cite Cited by 2560 Related articles All 14 versions 53
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« SnakemakeE2— 1" EFPythoniEEHRE, AFHENEIES Y
HIESIFTERIIER.

- AJLATCEEN REISHIALR, LLAFHTEN. RS, FEf. 9HI

. —. - g\ IR RIS
itE. FESHE, TRERTIEREX. ol
ohannes Koster
- SnakemakeI BH{EHR:

3 L Linuxf\
- SnakemakeH£IEAIHR-FEF (Johannes Koster) 4 snakemake iﬂtos @
& Ubuntu ’

. BRA1.0 F201 264847 BIOCONDA & windows &,

- E=IThRAS8.15.2 F20245E 7Bl &
- ISEEE. BERSMRMERR

Koster and Rahmann, Bioinformatics, 2012. doi:10.1093/bioinformatics/bts480 >4
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AERR TER BalUESRAE HITHIDHANT

one I ¢ one % o one 1
input: | sample: samplel | L sample: sample2 J [ sample: sample3 |
"{prefix}.svg" S—— N S /
output:
"{prefix}.pdf"
log:
"logs/convert-to-pdf/{prefix}.log"
wrapper:
"0.47.0/utils/cairosvg"

-
c
o~
L]

{

two ‘ | two | two

rule plot_histogram: gather_and_do_something
input:
"results/by-country/{country}.csv"
output:

"results/plots/{country}.hist.svg" split_final split_final split_final

container: sample: samplel sample: sample2 sample: sample3
"docker://faizanbashir/python-datascience
log:
"logs/plot-hist/{country}.log"
script:
"scripts/plot-hist.py"

all

nakemake ® - {\
A framework for reproducible data analysis R J \

| * % %

L)

a I I I ° . kubernetes T

= = e O ofem m_e 55
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Bioinformatics S na ke Ma ke Egi% i;ﬁ* 101i Jiljz,f

1. HEFPythonifis
2. Ticonda

3. EZ&ESnakemake

pip install snakemake

4. IOIETEE

snakemake --help

--dry-run --protile PRO ow-protile W B ..
--snakefile FILE] [--cores [N]] [--jobs [N]] [--local-cores N] [--resources [NAME=INT ...]]
--set-threads RULE=THREADS [RULE=THREADS ...]] [--max-threads MAX_THREADS]

--set-resources RULE:RESOURCE=VALUE [RULE:RESOURCE=VALUE ...]]

--set-scatter NAME=SCATTERITEMS [NAME=SCATTERITEMS ...1]]

--set-resource-scopes RESOURCE=[global|local] [RESOURCE=[global|local] ...]]
--default-resources [NAME=INT ...]] [--preemption-default PREEMPTION_DEFAULT]
--preemptible-rules PREEMPTIBLE_RULES [PREEMPTIBLE RULES ...]] [--config [KEY=VALUE ...]]
--configfile FILE [FILE ...]] [--envvars VARNAME [VARNAME ...]] [--directory DIR] [--touch]
--keep-going]

--rerun-triggers {mtime,params,input,software-env,code} [{mtime,params,input,software-env,code}

[
[
[
[
[
[
[
[
[
[
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seniormatice  Shakemake BIEAIEE £ 101

_, XE—1E8 "mytask1” BIRN, A

rule mytaski: T MBERRRRE—.
input°

"path/to/{dataset}. txt" _

= == input B3 ENX T RHMAVEN S
= = output FDTEN TN AVEIHIE

script ZoieE T ERITENES, X
T~~~ ., BFEAT REIAK "myscript.R", TJLA
ﬁﬁﬁT ﬂEI’JHiI]ZISh:..:. a0 Python, R,

Bash £,

= 2B R B SoRIALU Y

"result/{dataset}.filtered.txt"

shell: shell o BEENITGS, BER

" . " _ — - == —"shell 5%, vJLUERBAF @Y
mycommand {input} > {output} mtmglj__-lm%v({input} F1 foutput))
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BEBASITES: SAEFHEEBIEREN

bwa_map bwa_map
sample: B sample: A

> B8 XY (mapping reads)

> 5828 WIS R/ THER (sorting read alignments) (samtools Sort) Gamtools - rD
> 838 WX EERHITERS| (indexing read alignments)

> B4%: ERHTHEN (calling genomic variants)

> SB5%: FITFHEE] (statistics and plots) samtools_index samtools_index
TR
* Python 23.5 * BCFtools 1.9
bcftools_call
* Snakemake 25.24.1 * Graphviz 2.42
* BWAO.7 *Jinja2 2.11
* SAMtools 1.9 * NetworkX 2.5

* Pysam 0.15 « Matplotlib 3.3 58
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SAERs B Snakemake MFIEE! 910080

> B =EEEXS (mapping reads)

rule bwa_map:
input:
"data/genome.fa",

"data/samples/{sample}.rastq”
BN FAIH S 918

BefF {sample}

output: -—=>
"mapped_reads/{sample}.oam"
shell:

"bwa mem {input} | samtools view -Sb - > {output}"

4 — ,—

> 1B17T:

snakemake -np mapped reads/A.bam - — - > STARER
snakemake -np mapped reads/B.bam - — = > S¥BHEAR




TSRS RIS ’ .
mooane Snakemake [z FASCH 101
rule bwa map:

> B8 IEEUXY (mapping reads)

rule samtools sort:
input:
"mapped _reads/{sample}.bam" e
output: > 8825 XILURILER A THE

"sorted reads/{sample}.bam" . .
shell: (sorting read alignments)

"samtools sort -T sorted reads/{wildcards.sample}" .

"-0 bam {input} > {output}"”

rule samtools index:
input:
ochpuJi(:)r"ced_r‘eads/{sample}.bam > %35: Xj.tbxjé%%i#_h_?gl
"sorted reads/{sample}.bam.bai"
shell:
"samtools index {input}"

snakemake -np sorted reads/{A,B}.bam.bai >

I
I
I
I
I
v

(indexing read alignments)
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SAMPLES = ["A", "B"]

rule bwa_map:

rule bcftools call:
input:
fa=“data/genome.fa”, # ZZERF2
bam=expand(“sorted reads/{sample}.bam”, sample=SAMPLES),
bai=expand("sorted reads/{sample}.bam.bai", sample=SAMPLES)
output:
"calls/all.vct"
shell:
"bcftools mpileup -f {input.fa} {input.bam} |["
"bcftools call -mv - > {output}"

91015

bwa_map
sample: B

| samtools_sort l sarntools_sort]
s AV .

samtools_index samtools_index

bcftools_call

> B4%. ERHZHGN

(calling genomic variants)
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SAERs B Snakemake MFIEE! 910180

SAMPLES = ["A", "B"] # scripts/plot-quals.py
import matplotlib

rule _ X matplotlib.use("Agg")
import matplotlib.pyplot as plt
from pysam import VariantFile

quals = [record.qual for record in
VariantFile(snakemake.input[9])]
plt.hist(quals)

plt.savefig(snakemake.output[0])

BHENX PythonfiiZx

rule plot quals:
input:

"calls/all.vcf" > SB5%: FRitHFHMEE (statistics and plots)
output:

"plots/quals.svg”

script:

"scripts/plot-quals.py" -~ FABENPythonfiiZ




NIRRT B2 Snakemake 3L 35" I

SAMPLES = ["A", "B"]

rule all:

fnput: RN E AR l l

"plots/quals.svg"

samtools_sort samtools_sort
samtools_index samtools_index

Snakefile

e e

bceftools_call

rule plot quals:

input: -
"callsyall.vcf" plot_quals

output: . —
"plots/quals.svg" > RERZ B4

script: all

"scripts/plot-quals.



SRR R soxz
senformatice. ONakemake FE3J&EiR £ 101iH8%.

- BRI
« https://snakemake.readthedocs.io/en/stable/index.html

« O THEGR:
« https://snakemake.readthedocs.io/en/stable/tutorial/basics.html

- EE XIS

« https://github.com/snakemake/snakemake
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Bioinformatics

EVIEERE

EYVFHIREEBEREH. SE
I RS EYMFHEXEIERBF
Hilf, XLEEEFEEFEESZDNA
5. ESAKREY. BEEAES.
HEREIHIE. XNBPEE. &
HRESAE. ETRSUELNREMES
EFHAFTHHKRIE .

DNA & RNA: Genes, genomes & variation

Ensembl Metagenomics portal
Ensembl Genomes GWAS Catalog browser
European Genome-phenome Archive European Nucleotide Archive

International Mouse
Phenotyping Consortium data

Expression: RNA & protein expression, metabolic distribution

ArrayExpress Archive MetabolLights
Expression Atlas PRIDE

Proteins: Sequences, families & motifs

InterPro UniProt
Pfam

Structures: Molecular & cellular structures

Electron Microscopy Data Bank (EMDB)
Protein Data Bank in Europe (PDBe)

Chemical biology: Chemogenomics & metabolomics
ChEBI ChEMBL

Systems: Reactions, interactions & pathways

BioModels Database  IntAct
Enzyme Portal Reactome

Literature
Europe PubMed

Ontologies
Experimental Factor
Ontology

¥

Cross-domain tools & resources {
BioSamples Database



EMEEZFE R

Bioinformatics

EVIEERE

9101508

- 5545

Enzyme Database

Contains data about
structure and function of
various enzymes BRENDA

Disease Database
Disease related information =\ 7

OMIM M- Biological

Chemical Database Database

Data on several small organic !
molecules PubChem

9 8

L 4

collection of related
biological data, that can
be easily stored, accessed
and managed

Microarray Database
. (o]

Gene expression data from |go

microarray experiments

GEO

Taxonomic Database

Database that provides

information on earths species

of animals, plants
Catalogue of life

A database is an organized

Bibliographic Database

1 U™ Icontains article and research
papers of different journals
Pubmed

Sequence Database
2 @%Contains protein and nucleotide
equence GenBank, DDBJ, PIR
Structure Database
3 %Contams structure of
proteins and nucleic acids PDB
Metabolic Database
4 ‘ Contains data about various

biological pathways KEGG
MetaCyc

Model organism patabase
)fLContains indepth biological

data of studied model

organism. Flybase, RGD

www.biologyexams4u.com
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- EIREEARIZEEH(y (National Genomics Data Center,
NGDQ)

<% 3 ® H oS &

N
L HEGHUITEREIR ARBEHEEREE e —— R———— &
&5 S 4
IS ¢
S §E
. - /
> HIERE W HIER $é
> FHAEIE BioCode & B Eioproject 2 % I
e —— T RN | zwmeER B e _ i
RIS 2 5,
= 533
Database e o®s
=3  BIT = + GEN = 222
OO  smesassnTa o BRI o zw
B EMRBEER -4 3
> g |
' p—
x GenBase &, 4 GsAL O GSA-Human &,
, % '% ERFIIE & armasmEne & AR AR Q.
| 5
D5
b = GVM L, GWH &, .4;1, MethBank Y
= By SEesRE ERAFIIE :‘.»;{ PEAHIEE .

8 (o]
W OMIX 2, OpenlLB y 68
MJ SRR E AR E



sonformatics  SUHBPETE R HEE: Pel0Lb

- #liF (Data) RfaFiGH). RESLENELHNRITHF, EELIXF. &F. BR. &

SRERHRSFE A FE. SERERNEM, ESIXHIREINSHFILE, JLURINEBERENE
BFIFLRA,

SuERE
A5

SRS




sonformatics  SUHBPETE R HEE: 0L

- ZiEE (DB) 22— 1BHERR. SLEFHISIEXENENES. SlA—M5EAE
NAENFMELSIE, EEHMETLIEL @G, SRHEH. SEEBEFERARE
(F1B) REFHEREXR, FREFTN5, 817RFR—FRicR, SHIKF—
1ZER, BIRAKFEEUEE (Relational Database) .,

FHEFE  FAER  FEHRF FERFRDE <<§ﬂfz§'1>>
3H— 3 025-2567

230102 F= B 025-3656
230103 *= % 025-6376
! BREIR
FHEFS RERS % ZERE  <<RthF)>>
1001 86 £ :
1002 57 &
230102 1001 78 £
230102 1002 72 2
230102 39 B
230103 82 2
WRER
RERS BEEW Zigs ZRERERBIE <<HfhF]>>
1001 HBEMULY  B— 025-7835 -
1002 ARAFEHFE %= 025-5365 - 70

EEYF Y= 025-4274




oinormatics SR EEAESCHERE: 0L

- HiEEEER%S (DBMS) 2—
FhER, REBREN. 8. 4P
Fli=HlERE. DBMSIEH T
RS5EERERZERMEO, SHFE

IERIEEAN. BH. HIFRHIERE

IRE, RARNEIRHEIERIZSE.

s EFIHAIERNE. ERAY

DBMS&}EMySQL. Oracle,

SQL Servers,




sointormatics SR EEARFHES: 0L

- HiEFERGT (DBS) BE—1ENMIEEIME, GIRERE. SIREEEERSA.

HEFEEER (DBA) . MAREFHBAXIEHSREZIE. MEEFERANBTE
R ﬁ% EIEMMEERERE, MREIEN—HE. EEMENZLIHE.

° %l néﬁ*@ﬂ.
- HE S ]

° MRR%
- RERKBEZT = ~— =V ' - EEEENR

. DR Rt R _ — NAARIH S, 2R
- JWI7IES RS l RS
A - EAEEFR BIEEEERS

IRERG TREREIREERIRIL.

kit A, 4P
MEBEFTFE

HEERER o N




Siointormatics e SR BB E e lOLBL

- HE—HIES. I5EREN. HEEEENREMEE. 252
AR#H%RIE,

- RS ERRE (XFR) KRR,

- (EASQLIESHITEIRTIFE.

- 3ZIFHRSS, RIESIRER—HIEM=EE (ACIDIFHE) .
- SERBIZNRRSL, SURRIEEERITIEN.
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* SQL (Structured Query Language, FEHERES) B—HWEIIRTFEEMFEXR
HIEENRIZES. SQUEE T —EMRERNEZENNS, AFRITSHEIEERIE, WEiR.,
AN, SEFFMEREE, LIS CIRBIISIRLUERStE (MR, MEMZEES]) .

» SQLAYEF=:

Q frElL: SQLEHERFMTENAER (1SO) MIXEERINEFES (ANSI) RELRIES, I iZNBRTF
SHXREMIEEERRS (MIMySQL, PostgreSQL. Oracle, SQL Servers) .

O RiFE: SQLIESMEERA, BIrJLARITRERZEIETS, Uali#TERNSRIAE. BRESITH
.

Q wJEtEE: AFSQLAREL, ARNSIEERSRXSQLASISEESQALEIEARFaZEET—
ERAIiziEE, REREEMAIGEAMAR.

QO ZEE: SQLATARUREMNAGAESHHRELERE, ERTFHIES RS ER.

74
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BEF T — i
EMERTF FiE SQLiEE iﬁ“ 1013 jljsz

SQLAYRE!

O $RENIES (DDL) : ®ECREATE, ALTER, DROPiEf), AFEIREREFNRAICIE, (ScFnt
B%.

0 &EIREES (DML) : ®HEINSERT, UPDATE, DELETEiE@), AFEUERGEA. HRFIMIER.

Q EiEHIES (DCL) : ®HEREVOKE, DENYFIGRANTSFIER, AT EEEUEERFISER.

A #EERIES (DQL) : FEEIESELECTIER, BFEILHIE.

Q #EsHEHIES (CCL) : @IEDECLARE CURSOR, FETCH INTOFIUPDATE WHERE CURRENT
Fiat, AFN—IHSIREITRIBAERE.

0 FEZAMEES (TPL) : TPLE&FSEBEGIN TRANSACTION., COMMITHIROLLBACKEiEq), £
RBFiHFRE—XDMLEaRINNGT, LBRSSHTELE,

75
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Biqc?i’:\for?r:atici SQL‘EE#‘?“ f:¥$1011 j‘lz/

“CREATE TABLE': BIZEFMEUEER.

(P Copy code

“INSERT : [FURERPIBAIEGE.

(9 Copy code

users (name, age)

“UPDATE : EFEURERPIIMBEUE.

“DROP TABLE' : MIBREUEZER.

(9 Copy code
sql

users

"DELETE' : MEUREXRTMPREGE.

(P Copy code
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° HE*%%&' 'E,E ( N OSQL) Relational Database Management

B MAEEEREEE E() .
WEIRE, BiTEFLE o i

rEgEnEsges - 0 T =
K e O )

/ L > |

- RIFOHIBEE: B2-EF it —2

i, XHEFE. JxREFE. !
Online Analytical Processing (OLAP) Cube Document Column store

EIEURERE
= Jia o

IVIl__p\\ ’ mongo DB,
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Document Database Graph Databases

- 82-{B1Ffig: WRedis, DynamoDB il . Neos

- XHifFfi&: IMMongoDB, CouchDB Wik Graph

. mongoDB The Distibuted Graph Database

Wide Column Sto Key-Value Databases

5Uh%1=fi&: WApache Cassandra, HBase ered.s B

amazon HYPERTABLE*
DynamoDB

- El#UREE: tlINeo4j, ArangoDB spiql e HERSE

Amazon SimpleDB

EEEEEEEEE

http:/fwww.aryannava.com

78
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Bioinformatics

EVIEE A& Bt

2 1010

WebBESS ([5i%)

SRR (I5iR)
- :
=

Ml__jSQmL
. mongoDB.

Lo
kMySQL/MongoDB

AV55i1Z48

Python/JAVA

FEURFIF (ROK)

i\

Pl
HTML/CSS
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- U iE T *%i%ﬁl ZE (W MySQL, PostgreSQL) FIIEXRBENIIERE (W

MongoDB) , i#EEFESIRERRKAVE:

EERBIFEEE,

- SIRRESNIE: BESMWRIENLSE: BRAHE. EHREER. £EWERE. SRS
FALIEEFREEIREN, 5k, HEIRFIITE(, ﬁﬁ‘%ﬂ”&ﬂ@a&%ﬂl—ﬁ [,

. Ruby on RailsFaJIhEF&IEE.

- BiniESR: EHNREES8EPython, Java, Ruby#IPHP, [ptESRdIDjango. Flask

- BlinFA&: AliRARGAREZEARRE, EHRAHTML, CSSHlJavaScript&FFRARIFERZE

NHRE, PUREARPRFRIBIE,
- APl % : 1RHEERIAPIHEDO, L&

BUiRFIELI N FREIS SEREFACH. XELAPIMNIZEE

USSR ER. WMERHIEFRSFRE,

B RIPERERZ 2 TEFIRETA.
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*- Nucleic Acids ’)

- £¥EBEREFFA&: NAR Database Issue

‘, Research
- OB VSR, B TS IREENS T = ol
- FZEIRSZFHFA: NAR Web Server Issue

. RMESERELI RS (FE—RE
BHIREESS)
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- B8 iIENRIEEN

- B8 EYEBRFHEREELE S =
. . EYERTEM T R—E W= EMERFER
il A it
- F=T: AIERE %
BHE: FHSH

- BT EYEEER

- BhE: FItHSSth

- B8 BERAFEREEEBT
- BtE: BRAF

- BI\E: BREESRMISE
- BHE: EHRSKIBEF

=1
. BES: BEESREREES
t BiE: Rdy 4 EMESTe
. mbE: maEpsewgs 7 WP Cgoons
. EN\E: BAESHkEEE
. mhE: EmEs
CEtE REeSSATER

$ BTE: RREF _ 5 EERFAE.
B R © BTE: BRI % o MRARAY

- B85 £UERFANA - B1585: £UERFHENA
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- B TRIREELN

- B8 EPFRVTFEERL

- BEF: EYEEFSEREM
8: FSt

- BhE: BERAFREEEBT
- BRE: BRAF

- BEE: BEREAESRMIEE

- BI\E: BEHRSKBEZ

- BhE: RBAF

- BTE: FEFISAIERE
- BH—F: RREYFEE

- B1T2E: £SYERFEENA

iEdk b 3R EE B

LIGEG | FHIS
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soinormatics  SeSu A4 Bl R

H12E (SEESHHTIR)
3BT (W—FEHENE) + ESERTE (THEH)
ELHPEE (K3 +PPT)

B3 g
101 FBIEH . = s
/3—» 3.3.2 Shell BRI . . . . 102 AR FRblE 108 \‘\—\ 9.1 3K 20: EIRECHES TSR3 1021 BEGAFFIGH . . . . .. 118
\:; 333 Sf‘nkemakv BagAPTIE 102 6.1 3B 20: FERABAALIE AT 108 \:E» 9.1.1 PMgwALE ... ... .. 13 10.2.2 FERABARMT . . .. . . 118
g 334 Nextflow ¥R . 102 6.1.1 HRtEHI%E . s s 108 =V 9.1.2 EM@HME ... ...... 13 10.2.3 BAREMEREMF . . . 118
N 34 w12 SEMESER .. 102 6.12 7n§yt1u§,_,ta o 1K 013 ASEHERGAHT . . .. .. 13
o 341 AW ... ... ... 102 62 3 21 A:4F) RNA Hid 5507108 02 30 RN SR 113 b1 W RELESHR 119
' Iﬂ:% o 342 MEERE onnin 102 6.2.1 s RNA WFFEUBAH . . 109 = 021 MpGRBERESY . . 1y 111 KR 3 EYKSHRLGH . 110
— 343 HHEIA ......... 102 622 miRNA BS54 . . . 100 — 022 AEHFAMHAM .. . 13 1LLL Mg .. 119
@ e & 6.23 KEEIEAE RNA i . . 109 @ 023 HMFRBARIM . . . 113 1112 BAREMEME . .. ... 119
st i i 108 63 g o2 SERMABIMEAT . 109 03 M 3L SEEAXKA . 13 1113 BRBERAL ... . ... 1o
. . , L1 SMELE RO, s - 103 631 SETIFEER . . .. .. 100 031 AN ... ... .. 114 UL RS 119
JEE 1 A SRR ) 95 411 leﬁ\]tti#- BLAST 103 632 MEMBA ... ... 109 032 EEIRR . ... ... 14 11.2 308 35: A RGHELE . . . 119
i » % » q N A I A 21 %5 HWAMAEWGI. ... . 95 . 412 ?F.FFUlti-f: Clus\l:.\l“ . 103 64 S 23: EAINEEA 100 P o 121 .. 119
n % T‘* [ 3 2011 FHEHC. ... ... ... 96 4.2 3K 14: CRESER .. .. 103 641 HEAH .. 100 034 GRME .. ....... 114 1122 ... 119
212 GibEE .. ... ... 97 42.1 PR . 6.4.2 ZUATIAE 109 [ e R VTR ST 2
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