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Ubuntu 22.04.1 LTS (WSL) - Initial Setup

Installing, this may take a few minutes...
Please create a default UNIX user account.
Enter new UNIX username: parkj

New password: |]

Figure 2: WSL Ubuntu 27| 28 — AtSAt O| St HIZHS U3 ofH AF SIS

aovisual Studio Code Docs Updates Blog APl Extensions MCP FAQ Events L search Ctri+Shift+P D

VS Code February events - Agent Sessions Day on Feb 19th

The open source
Al code editor

£ Download for Linux (.deb) £ Download for Linux (.rpm)

Web, Insiders edition, or other platforms

By using VS Code, you agree to Its license and privacy statement

Do ¥ mus Maillist.tsx ® x  Maillistitem.tsx ® &> Extract MailListitem into « 0%
AGENIISESSIGHE import { For, createSignal, createMemo } from "solid-js" CHAT T @ =
import { useNavigate, useParams } from "@tanstack/solid- ;
LOCAL CHAT AGENT import { getEmailsForMailbox } from "~/data/emails"; Please update the Ma'lL‘St'
% Refactoring MailList componen... import { MailListItem } from "~/components/MaillistItem" component to abstract mail
list items into their own
export function MailList() { standalone component

const params = useParams({ strict: false }) as {
mailbox?: string;

id?: string; & GitHub Copilot Cloud Agent

i
const navigate = useNavigate(); Delegate to cloud agent
~ GITHUB COPILOT CLOUD AGENT const [query, setQuery] = createSignal("");
const mailbox = => params.mailbox "inbox"; i
© Extract MailListitem int... 10 min 0 pi I H The agent will work asynchronously to

const list = createMemo(() => { create a pull request with your

Figure 3: VS Code S HAO|ENIM CI22E= HEO| H0|= M2 HO|X| A4
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= Extensions X
python|

Python * 4.5

Linting, Debugging (multi-threaded, remote), Intellisense, code formatting, refactoring, unit tests, snippets, and more. Install

* 4

Prettier - Code formatter
VS Code plugin for Prettier — Opinionated Code Formatter. Install

GitLens — Git supercharged ¥*5
Supercharge Git within VS Code — Visualize code authorship at a glance via Git blame annotations and code lens, Install
seamlessly navigate and explore Git repositories, and more.

Live Server *4.5
Launch a development local Server with live reload feature for static & dynamic pages Install

ey

g8 ESLint R
Lnt) [ntegrates ESLint JavaScript into VS Code. Install

Figure 5: VS Code &% 213 DY 0|A SFH AL

Connect to WSL
Connect to WSL using Distro...

Connect to Remote Host

Open Folder on Remote...

Figure 6: VS Code % o}t )( 0t0|23 22/510f WSL HwE MEish= 2t A%



View Go Run Terminal Help index.js - (nonzem)-frontend - Studio Code
JS indexjs X
> OPEN EDITORS

 WSL:: FRONTEND C act from '

> node_modules o
default(ecat

efault app()

- 1 root staff 4896 Dec 10 1
- 1 root staff Dec 16 1

> OUTLINE e < 5. 8 r #nec.3.3

> TIMELINE
X WSL: Ubuntu = @0 A0

Figure 7: VS CodeZt WSLO|| HZAE AEf — 2= IO “WSL: Ubuntu” EA|QF 2|5A EO|H0| G2 25

A
N

BDI2S O= UE2 F 7HX17F AU
2 1: Ubuntu Y= =I1H F7|

Windows AIZ} H70IA “Ubuntu™S ZAMGHY AHH, A2 BiZQ| HIAE 43 HO| LEFHLE. 0|H0] 2|52
E{0['20|Ct WSL &X| A| gt ALEX} 0|F0] EAI |0, 047|01| H20l2 U2 4 ULt

HHH 2: VS Code LiZ} E{OE AL (HE)

VS Code 2OIME EOI2S & == U0t AT HF0AM HOIE — M E[0j2S MEISHL, ©57| ctrl+ (HEDS
FEM Y| of2iZZ0l| E{0|'2 IHA0| LIEFACH WSLO| AZE HEf2tH RS2 2 2|54 EO|'20| S,

stHOIM 25 &2 = 7] WZ20|T. THUS
Ct.

ar

VS Code W% HO|2S #¥&ot= 0|19= ZE TR EHO|E HHS &t

+7olHA HIZ Of2H E{0|20|A A& ZtE SIgt & U0 §8H0|
macOSL} Linux AF2XH= AJAEI0| 7] NS ALESEAHLE, OFEIEXIZ VS Code W&
0|92 AF5HE =T}

r
nx
Rl
1
m
=]
I
lo]

M ZZHE AZf5H7|

Of HOM= 0 T2MES M2 DHSH| Lt A ZRHES AJXE M 84 0 2-S AHZICH
1. VS Code E{O|Z20M Z2ZHE C|HEZ|S ATt

mkdir my-project
2. VS CodeOilAf It — 2L B7|(Ctrl+K Ctrl+0)S MEHSI0 Mgt HAEL|E ALY,

VS Code7t Z2ME C|ME2|Z 7|ZO2 W20} Claude Code’t TRMEO| M| TXZ LiotolD HatotH| St
2 QICH. O] B2 YO 2 B2 MO Z SAFIEZ AN5HX|= Z0| ELt.
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1.3 VS Code0j|A{ Claude Code At25}7]

Claude Code= AnthropicO| 2+ Al ZF 0|0|MEL}. VS Code &% 2O = MX[oI0] AIES = UCH, FE
a4, ClHZ, 2MEY S Ciofet B A9 E28 Wop 233 4 QIC,

—

o
r
it
=

o
njo
o

Claude Code2| 32 H|O]HE UAO = A= 0|0 EHeot A= Xts 240 2= &
BlD|2 HHS d¥olLl, Git 7K =g = QUCH OFX| KOl B0t &4 2F5ks SEXE SEelitt. 0| 2
IWIOHH Claude Co deE 850 YYFES =& U= L.

gz
* VS Code 1.98.0 0|4
* Claude H7|7E (Max Z3 HZE, https://claude.ai 0N T5)
AX| 2
VS CodeOlM Cmd+Shift+X (Mac) B Ctrl+Shift+X (Windows/Linux)E S2) &% T2 HI7|1E g1,

“Claude Code™S ZAMTH & AX|E S/t

ioinformatics
B8 Extension: Claude Code for VS Code X

claude

Claude Code for VS Code

EB e e e Anth o
crsk Cla e: Ha ower of Claude Col

Marketplace

Identifie

. Turn ho

Categories

Al | Chat

Claude Code for V... ¢@43M 35
Claude Code for VS Code: Harnes... e n, and p
Anthropic Install Powerful agentic features like

Visit

Prefer the Terminal-based extension?

Figure 8: VS Code 2 Z2 13 O 20| A0 A Claude CodeS Mot EX|oh= otH AT BIL

AlZfo}7|

Claude Code Id E7| MZ|7| QEX Q| DA 2|9| Spark 0I0]2S 22!510{ Claude Code IEE L} = Ot
gHoz & 4 Qloh:

« M3 LY E: Cmd+Shift+P (Mac) £= Ctrl+Shift+P (Windows/Linux)E +21 “Claude Code”E 3
o ME| BAIS: & Q22 0f2f9 Claude CodeE £
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00 Visual Studio Code

analysis.py X utils.py Claude ¥ 0> ([ - # Claude Code

import pandas as pd Eeel

import matplotlib.pyplot as plt Optimize " process_data” to handle larger

datasets.

def process_data(filepath):
data = pd.read_csv(filepath)
print(f" Loaded {len(data)} rows.")

Claude *

| can help optimize this Python code. To
handle larger datasets efficiently, we should

summary = data.groupby('Category").sum() use a generator and process chunks with

return summary Pandas.

results = process_data('dataset.csv')
plt.plot(results['Sales'])
plt.title('Sales by Category')
plt.show()

plmt(r

summ data.groupby(
return summary

Figure 9: VS Code HZ& 7|0l Spark 0t0|2 ¢|X|2t Claude Code I{20| FE B& AF A

OEOE HIj7| ClaudeOi|A| ZE0f Ciol Z2otAU, HHUS QEGIALY, HE At ZHdE sttt HETINM
HAEZS HEI5HH Claude’t oid Z=8 AHS2 2 QAT

© 0 S0l IIUBS UG S HAS KX 2 UL (O Cauth. js)

=2o=2
* Option+K (Mac) / Alt+K (Windows/Lmux)E SiXff mpUap MEf HAO| AKX E QIS 4 ULt
e- 7|52 50| R3oltt. ZEMEQ MAO0| =4 7 US M, Claude?t OfH MAUS FZR5HOF Sh=X| B2 L
Q7| IHZO|Ct. O|E &0 @src/lib/server/db.ts API 2t QF6tH, Claude=
Mo INEIS M2} UME FCE RAS) ZC}

HE A HE  Claude?t TtuS G2 51, 2=t Ot HE AlelS LIS H|WSks diff 3HH0| LIEHAT
FEIGHALE AR5, ClaudeOf|H| CHE WO 2 +Hot=s QS = QL.

0| diff 312 rOItl :*E'OHM IJHO % ot &S Sith. A7t HQtst IEE 222 225k X0| OfL 2}, HE AISS
=13e) |

HstPIE DEDE MX} GO HE HA|7|E S2I5I0] MBS}

=

TS EE
AStEE 2} X Ho| WS 2F

Plan Mode 483 XIS M5iD 5918 7|CHY
RS 42 BE QFSHK| 4 HE2 WY

M0l gt BEZ A|Z[510] Claude?} O XIS £35H=X| SILIY 0I5HRA O4THXIE 28 BHSIC, XY
SE0| A%HKIB XS $2f DES MBIGH0] O BI2A K2 4 Ik Plan Modes B33t 2MEYXY 2 B1ZS
2alel7| To| AziS P Boloin AS 1 SZairt



@ CLAUDE CODE X m -
p Chat History B
&3 Claude Code:
29 | can analyze and explain the functionality, logic, and structure of code files within your
project workspace. Just specify the file or task you would like help with.
L
8
| ,@, Project Files
v |5 srcfauth.js
[ libfauth.js
[) tests/auth.test.js
@ [ config/auth.config.js
{{,} [ @auth.js explain this file | B
®0A0 R
Figure 10: Claude Code I{ 20| ZETEE 2o}l @-UMO= MAUS FHXot= 25 AFZN
@ apppy X @ main.py (@ (D2
& Compare [IJ Split View -v Diff action [RVAW-lelel={o): X Reject
Original Claude's Suggestion
43 | T 43
44 44
45  def calculate_total(items, discount_rate): 45 def calculate_total(items, discount_rate):
45 subtotal = 0 45 subtotal = sum(item.price for item in items)
46 if discount_rate > 0.15: 46
47 discount_rate = 0.15 47 final_discount = min(discount_rate, 0.20)
48 for item in items: 48 if items and subtotal > 100:
59 subtotal += item.price 59 final_discount += 0.05
50 return subtotal * (1 - discount_rate) ’> 50 return subtotal * (1 - final_discount)
51 return subtotal * (1 - discount_rate) 51
52 52

Figure 11: Claude?} M|t ZE HZ At

I
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MY Y EC HX o 2 AIR5I0) SH MU0\ EC{0) 3 AHMAEE Claude0|| HZBICH
@auth js 0] THUQ| 212 M3

(k=2
=
@src/components/ 0] EL{2| L2 E EMolF
o] CH3t A3 HE T EOA M HolM B7| E= AH ZOIM 712 Ar20t0] 0 T3S SAIOf Aae 4= AULCE &
Chete =2 X2 7|§I’.} HEIAES QXS O St EoIME ZEEE U 4 =
A

APIE &dt= M= HE XYO| 7HsotCt.

Git 58 Claude Codet= Gita} SEIE|0f 73, 2% B2|, PR 444 S K102 Q88 4 UCH. Gitol Chst Xixzt
g2 230l ChECH,

=Q thEJ|
34 Et=7| (Mac / Windows-Linux) MY
EHA Mot Cmd+Esc / Ctrl+Esc ME712t Claude AtO] Mgt
M B0 E7| Cmd+Shift+Esc / M CH3IE eioZ g7
Ctrl+Shift+Esc
A CHat Cmd+N / Ctrl+N M CHat A2} (Claude ZEHA A))
@-HIM Aro! Option+K / A1t+K Xy my 3 *._1—. I HxE oY

1.4 uv2t micromamba

MH™MESH ZAN= Python IN7|X| ‘-*El SF0F "ttt 0] MMz uv(Python IH7|X| OHLIX)QL micro-
mamba(Conda 58t 3t DL X)Z AI2SICt, 0] =352 MX|E Claude Code| A 22 £ QIC}.

uv

uve Rustz AgE =045 Py on I{7|X| LML 7|=9| pipECt 10~100tH HEMH, 7t 2td Y&t Ii7[X]
2XIE et "o Xﬂlge* ULt 20243 AstralMO|M S7HSt 0| HIEH| Python HFLIE|S| EEO= Af2|H1 QUL

Claude Code0i|H AX|E 2ot}

uvE EX[HF
Claude”Z} curl -LsSf https://astral.sh/uv/install.sh | sh @ES Aldlstd, A XX XAsL2 X eol
=Lt

uv Ax| £0|l= 228 CLAUDE.md0| uv At X|EIE F7}5t= A0| £Ct Z22Y CLAUDE.md(~/ . claude/CLAUDE.
ZE DTZHMEQ A Claude Code’t &ZE5t= A% OHAUOICE O47[0ff “Ii7|X| X0 uvE AtEE A”0[2t1 HA|SH
EH oH ZZHEWAME Claude CodeZt pip ti4l uvE AESICE.

=E2Y CLAUDE.md0i| Ct2 #2128 F7I6HF: Python {7 |X| &X| Al pip L& uvE AEE A, 714
MM Al uv venvE AFRSH A

=
=
I

8

o

micromamba

micromamba& Conda®| A3t MO E, Condalt St I7|X| XA (conda—forge, bioconda)E AESHX|Tt
M w2 1 7hECt 212 Condas Anaconda HHEEHHI ZSHE 7| X| OHL{MQIE], AX| 80| 210 {7t L2|C=
0| QAL micromambas C++2 XHHE|0] 0|2 2X|S oAU

MHEMESE £ S A'E4It Conda/Bioconda 22 Sl B E|2 2 micromambaZt 25ICL PyPIo| 9l =1
— 0| S0 samtools(A|ZA H0|E X{2]), STAR(RNA-seq &), bedtools(Hls 72t HAH) & — = Bioconda
HEOoAMDE AX[E o= QUCH.

Claude CodeO|H] MX|E QASICY:
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=

micromambaZ MX|5l1, conda HHOZ = AFRSH 4 QA alias MX5HF

Claude?} micromamba 4X|2} alias conda="micromamba" M™E XI=O 2 Xd|ol| =LC}. 0] alias7} A2 H Al7}
conda install HZS MMGIE micromambaZ} MY EICE

uv vs micromamba

uv micromamba (conda)
2T Python IH7|X| AX| Python + H|Python =3 4X|
A I W2 S (conda2 Lt EM HHE)
A2 Atst pandas, matplotlib & =% Python samtools, STAR, snakemake S
{7 | X| Hio|H 2 =
by = PyPI conda-forge, bioconda
Bl YHHOQI Python If7|X|= uvE MX|5t, MEHESE M El(samtools, STAR, bedtools )&

micromamba2 AX[5t= A0| EL}. F 7= ME SSotK| YU =2 3 A3 = SHIIC.

1.5 Ee|

« Windows AF2Xt= WSLS 713 HXA A
- Microsoft Store®IAl UbuntuZ &
+ VS Code Mx| & WSL 9%
- A= o}t >< OI0| 20| WSL HZ (EH2 T2 73 XH5 AX|)
- 0|3 2E X2 WSL SZA0A X1l
* Claude Code MX| U 7|2 A2 £X|
— VS Code &% T2 2O Z MX|
- @-HM, Hst RE diff AE S T2 7|5 25|7|
— O] 24 TH|0|A Claude CodeE &&5I0{ HHYEHS =5 Y
 uv® micromambaz= Claude CodeO|H| MX|E 2t7|7|
— uv: HZ Python I{7|X| AX| (PyPI)
— micromamba: Conda & &t UiL|X| (bioconda A2 &)
— alias conda="micromamba"Z WO|A ZtH

1= >
ell
L=
x
ﬂ
ol
=
I
om

2%, Git & GitHub

2.1 & 22| A|AH] (Version Control System)

HA 22| AJAE! Q10| IIAUS 22|5HH LA 27 X2 o HE2 Ot 22 AE0| A2 A0t

EU=E, EQ=EY1, SYEEN2, SU=EAYE, S =R Efinal, EH=E 2 Efinall, S =223 2d
final, EH=E 2522 inal1--- Ot O|ECC 2= ™ AO| E|4 HHMQIX|, O{H HAO| YU=X| & 4 QUCt FEE
ORZEXICH 2M AFJZEZE LHOICH 0|1M HEOR E|E2|1 A0, O A|™ES FEJL HAXOZ SXM=X|
7|ALEX| Qb= BVt Eo}Lt.

O|2{st 2XIZ diZ5t7| o HE 22| A]AEI(VCS, Version Control System)0| S&3ICE VCSE M9 HE HY
O|EZ 7|Z25104, AME EY AT HHZE S0t 5= UA SHELE F7t, ¢H|, FAS HEY=X FHE £+ A0

2.2 Gito[2&?

Git2 24 ™ 22| AJA-IOICE. 20054 2|5A EEHUX(Linux YA ZAIXDHZt Linux 2 JHYS 2Idh
USACH, A H MA 2ZEY 0] JHEL| Atddf BF0| Z|ACL.
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[dEa=8hwp

[ E2=2+Twp
[dET=2+T1hwp

[ E2=2+22hwp
[dEz=saushwp
[Ez=sa821hwp
[dE2=22422 hwp
[dEz=snzSu2hwp

[ Ea=sazd821hwp
[Ez=eazgu=22hwp

[ E2=28F Y finalhwp

[ 22 =R Z M =finalLhwp

[ 22 =28 F Y =final2 hwp
[dE2=2aZ 2% final= T hwp
[dz2=sxz2g=finalzZLhwp
[ E2=2aZE =finalZZE2 hwp
[d T8 hwp

Figure 12: B 22| glo] mys

#2lols 25

“BAsol2t 2t Arﬂwr HH E2|o| MA| AHES 2Z0| 7HX|L UCH= S=0|Ct. trraw 2UIINME T, HaHX|
MM, 0|3 x3| § RE HH 2| ZH0| 7ts fEr. HEQTt HAZ|H HY AES ¥ [EALL S7|5t6HH =Lt
O2ME ZE0C Q19| .git CIHMEZ|0f K™ E2|7 KEEICL

MHHESHA Git2 24 ATFZE, Snakemake LH0|Z2t0l AH Ml 59| HES a|ot= O 2| A2 ESICE 0]
oAM= Claude CodeE Sl Git2 AFEotER, HHUE 22 TR 10| 7HETt O|5HSHH EICY.

Git 7|2

20 Ay

Repository (Repo, 2|ZX|E2])

Clone (E2)
Commit (%)

HEAD (3E)
Push (ZA|)
Pull (B)
Stash (AE{A|)

Git ™ E2|9| XA, T2MEQS| OE I}

0|240] E474 QICt

22{0| biH E2|2 20| HSOZ JIHoL KA

Sx Ol Tt HENS 7|25t Atal. K HED
HISBHIR, 0| AE2 E1SO012 4 QICHs Ho| C2Ct

B Kot 301 71 FM 72U Jk27)= ZOIH

220l oSS 2 KELo ges

22 HYAQ| M ©2 AFS 2R [IRREHT

ST 2 SOl HZAASE A2 HEMWET HEAD

NEE ElEE_I

HHE

me
]

TE 3t

.gitignore Git0] &XstX| b= IES Flot= M. HO|2
ot HIUHS, IHEY HIOE SS ML I ALE
GitHub 7|12 809
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\,

REMOTE REPOSITORY

A
Push

Pull

USER 1

master

C1 c2

C4

Head
J
A
Push Pull
4 “
USER 2
master
C1 Cc2 C3 C4
\_ J

Figure 13: 24t VCS CtO[0{1 — User1dt User27t 242t 20| HM E2IE JHX|11 11, 2A

Q Git

7|8tk #=

Figure 14: Git 21 0|0|X|



&0 29

GitHub (A&) 4 Git MYAE SAHGHE MAGAM 71 B
Eru
Fork (£3) CHE AYQ| Git MEAE W AERE =X, 220 Chst
MI| Het 0| XREA =8 7t
Pull Request (PR) Fork3t MZ&4AQ| HA AlStS 3% KEA0 BrHSHE 2
QFol=A
GitHub Actions GitHub MEANM XtS3t HABIAE, HIE S)S
Alsish= CI/CD =3
GitHub Copilot GitHubOlIM i St Al 718F ZE OA|AE &
2.3 Git dx| & 49
Git Ax|
Git2 ArEot2{H HA| AX[SHOf St 2EXAE AX| LWHS Tt 2Lt
Linux / WSL (Ubuntu)
sudo apt update && sudo apt install git
S9! sudoe= A|AH MH|0f| FLS O|X|= 22X} Hote = BHS HAok= A0|22, H|LHS S U6HOF
StCt. LLM(Claude Code S)0iI7| sudo HIZHSE HMYSH= H2 HOMY QESIER, sudo/t HQSH MX|
’5@8 SIEA| AFSXAIH 2 020 A HEstct,
macOS
E{0|Z0|M git --versionS QU5IH, Git0| MX|=0] UX| %2 AL Xcode Command Line Tools MX|E X502

OHKGIC} QM| 2t Mx[5HeH EICt,
M%| gol:

git --version

MEX BH 43

GitS M3 A8 = 0|Fat O|HIYS Z-FoHOF ottt. O] YE= UM 7IFE0, =7t 0H HES =X FHY =
UA| stz

M [LE

git config --global user.name " "
git config --global user.email "hong@example.com"

O|HY2 GitHub AH0 SE& O|H Y SUSHA EFot= 20| EC}. GitHubO|Af 75! 7|50 =Ql9| T23ut
HZE|7| H=2O0|Ct.

2.4 GitHub CLI (gh) 4%| ¥ 4%

GitHub CLI(gh)= EHOIL0A GitHub2 | 7le2 A Y £ U siF= =510|C}. Claude CodeZt AZ&A MM Pull
Request, Issue 22| S GitHub &3 XIS 35 I HEXOZ ghs AFRSIEZ, BIEA| M5t Q152 2= 60}
StCt,

Linux / WSL (Ubuntu)
sudo apt update && sudo apt install gh
macOS
brew install gh
brews macOSe| IH7|X| &2|XO[Ct. MAX|=|0] QUX| 4CHH https://brew.sh OlA] HX[& = QALY

==
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gh —-version
GitHub 215

ghs 2X|et 2, GitHub A¥1t AZdt= 21 20| 20|,

0] TS AP [IEIEOZ 0I5 WAl MEfSHA| STt TS 20| TIBICH

— 1

1. “Where do you use GitHub?” — GitHub.com JEH

2. “What is your preferred protocol for Git operations on this host?” — HTTPS MEH

3. “Authenticate Git with your GitHub credentials?” — Yes MEH

4. “How would you like to authenticate GitHub CLI?” — Login with a web browser MEH
5. 3lHO| HA|E one-time codeZE EASI11 EnterE F2LCt

6. AASCE gi|= HefRXA0M ZEE 2021 Q15 S A=t

O

0] &2 &|H CHE HYOZ S0l 4~ QILC}:

gh auth status

2.5 GitHubOl X{Z4 2H=7|
Claude Code0f|H| 2otH ML YIEE ZZ CloneZtA| g HOjl X2 4 AUCH:
my-analysis2t= 0|52| &7l GitHub XEAE CtET 22
Claude Code’t LHEMOZE gh repo create HHS AHAMGIY GitHubl| HEAE M-dotl, 20| CloneZtX|
2t=ofl =L,
AH EHOI20M TS = U0t
gh repo create my-analysis --public —--clone
0] HH2 GitHubOl| my- analy51sE|-'— 2 MEAS HET, AZOZ ZZ0| Clone”tX| siZELCt. HIZH MEAS
Ot=2{™ —-public [f4 --privateZ A2 ST},
GitHub #AOIENME MEAE S = UL

1. https://github.com 0ff 19I5}

2. QEX MOl + HE — “New repository”S Z2ISHC}

3. M¥A 0|52 YHSHIY (O my-analysis)

4. “Add a README file” M3 BIA S MEHSITE

5. “Add .gitignore”0ilA] Z2MEQ| St= HIESS MEHSICt (Python ZE2ME2LH Python MEH)
6. “Create repository” HES S&|5tCt

Or3CH2(Markdown)O0|2t?

README It 9| XXt .md= O3 CH2(Markdown)2 2|0|StC}, OFCHR2 7HHSH 7|S 2 22X 9] MAIS X|™st=
ZY 03 AO0O0ICt GitHubOAf README.md IYUS X522 HILESIH 27| £A4 BAlS] FH, 0] MUME
CLAUDE.md, O0|ME Ho| ItY S CrAst X0iIA DAL S AHESITY.

7|2 2¥e e} 2t

L=
# 1
## 2
### 3

Xk kk, kX
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N
[\

| AE 2 SAGIBIANE TEHQ SAS DS 4 U0, T2 I20IS AOI0IA 241 BA0| A4 EZO|
SI9iT} RAle S92 91 24 S0l B2 H Caude Codedll 201501 SF|
ots #9, 2

Z0f| Clonestt] 2HS A|ZISIT:

gh repo clone /my-analysis

= Claude Codelil7| 24 == ULt
https://github.com/AtXIH/my-analysis 0] HZAE S 267

A4l BIEA| 4 MYAZ GitHubS £ ZR2&= 9IC. Bitbucket, GitLab, Phorge & CHE MH|AE &8
7+SSICE Tt O] MOIM= 7+ Ee| AHE &= GitHubs 7|E2= AESITY.

2.6 Claude CodeZ Git AF235}7|

0] M= Git HEHUHE 2IY UASH= A, Claude Codell|| XIHHZ QG Git2 ARSIt Gite /HE2
0[55Il UCH, M HHO= Claude Code7} 2HOtA] X{2|aH ZLt.

4!

71 72821 I E220|C} BA HEAE Clonedt F, IYUS 6t Commit, 12|11 Pushol= 20|t
1=t4: Clone

MEAZ 22 BH|SICL Claude Coded|H| MEA FAZ U2{TH EICE
https://github.com/*f%xf%'/ﬂ’é!i%' 0| HYAE SEHH

2&tA: Commit

OUS X5t |, Claude Codelf|Hl HZS QA$ITt. Claude?t HA At 241510 HEsH A3l HAIX|SE X522

rfol
ol

Xt 2l

e

7400 HAIXIS X XI5t AICHR Of2H| Q83 4 QUrk
"2 ATE0| QC B £7F HAIKIZ H25H

22 GitoIM 7+ 7= 9_ 20|t Claude Code= WWRAHOZ HAE MAS AH0[Y(git add)otl HM(git
commit)dh= IPHES o O XM2|aH EC. “+F" 22 BS5 HAIX|ECE “BLAST Zt THY &0l 81 Zit X2
FMEY -_r‘iﬂ’i*.‘?_' HIAIX|7t Z2H], Claude CodelfH 7|H HE LHES 24510 0|2 #HH2 HAIXIE AS22
REMBY Z=LC}

1O =

3o Push
7Slet LIBS B MEL0 Y=ESIC.
A7
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g Remote Repository )
()—(—(=)
\ V,
clone
3 User 1 Local R
()—()—(=o
\. J

Figure 15: A|Lt2|2 1 CHO|0{13 — User10| ¥1Z & A0|A Clonedt= 2&

User 1 Local

C2 C3

Figure 16: A|Lt2|2 1 C}0|0{13 — User10| 2Z0|A Commitdls 2&
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Remote Repository

push

User 1 Local

Figure 17: A|lLf2|2 1 CIO|0{ 1% — User10| &4 MEAE Pushol= 2&

| 262 RYRAOA SHRJE I} A3 4 QU= BT O] AJLI2I2E OlaH5HR R ZHHOIN 47]= Chsel
[o]]
AN

tAFO] HREIM CloneICt. Of AFHOIM & AR 22 XfY4= ST HEHOIC

User10| LYS +Fotd 7ot 7, A XMELA0 Pushettt. OIX| & XMEA= User1Ql B AY0| HHEE
SEHOICY.
o

3EtA|: User2t Commit £ Push Al — AI}!

User2= IS =85t 72U F PushE Al=5tX|2t User10] 0]0] Push$t H1 A}g | YO B Z Push7t HELECY,
Git2 24 MEAL| 0[2{0| 2ZECt UM UM PushE 5185HA| Y=Lt HI0|Ef 2MS UX|5H7| {Iet QFHEX|O|Ct,

—_ ="
ATHA: User27} Pull
HX YOl HA AtS Pull2 74 2L}, Git0] XtS2 2 User12] HA Atatlt User22] HA AtatE Eel(merge)dt]
A| =S,
A MEA9 A HE ARES 7HN24H

5CAI: £=(Conflict) SHZ
_J'\_

Z+e mpolo| Zte i

22 HUCHH merge conflict(H& $5)0| LYt Git0] A5 2 HEe + Ql= 0|0t

S0 AaHet ol THRlOf CFS3 22 B} LIERICE

<<<<L<K<< HEAD
User?2
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Remote Repository

"So-o

clone

clone
User 2 Local

User 1 Local
=

PNPSEN

N

Figure 18: A|L}2|2 2 CHO|0{ 13 — User11t User27t SUSH &

Remote Repository

push

User 2 Local

User 1 Local

Figure 19: A|Lt2|2 2 CIO|{ 1™ — User10| Commit & Pushdts 2&
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) @

Remote Repository

O

push
REJECTED o

User 2 Local

Figure 20: A|Lt2|2 2 C}O|0{13 — User22| Push7t HREl= 25

~/projects/git-demo $ git push origin main

[remote:
[remote:
[remote:
[remote:
[remote:

[remote:
[remote:
[error] error: failed to push some refs to 'github.com:user/git-demo.git'

[hint] hint:
[hint] hint:
[hint] hint:
[hint] hint:
[hint] hint:

1 Verifying... Done.

] Enumerating objects: 7, done.

] Counting objects: 100% (7/7), done.

] Delta compression using up to 12 threads.

] Compressing objects: 100% (3/3), done.

] Writing objects: 100% (3/3), 481 bytes | 481.00 KiB/s, done.
] Total 3 (delta 1), reused @ (delta @), pack-reused 0

Updates were rejected because the remote contains work that you do

not have locally. This is usually caused by another repository pushing
to the same ref. You may want to first integrate the remote changes
(e.g., 'git pull ...") before pushing again.

See the 'Note about fast-forwards' in 'git push --help' for details.

Figure 21: Git Push 75 A| E{0|'Z Of|2] H|A|X] AT A
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L] Remote Repository

A { ) New Commit: User 1 (Login Feature)
main \mo @ User 1 Today, 3:50 ago
p .

eature/login Auth Ul

git pull (fetch + merge)

@ User 2 Local Repository

User 2 Local Branch

mam
Merge
o‘ Merge commit: pull from Remote
(User 2)

(local head) main

Figure 22: A|Lt2[2 2 Tt0|0{13 — User27t Pullol= 25

>>>>>>> origin/main

<<<<<<< HEAD®Q} ======= A{0|= L{(User2)Q| HZA AF0|1, =======1} >>>>>>> Al0|= Z(User1)2| HA
AFLO|LCE,
SZ0| 2451H Claude CodedH| iES QA & ULk

merge conflictS SHZAGHF. Y¥Z HA ALS

=
Claude Code?t £5 U712 2A51T, Y% HZ MBS MTG| YDt 51, 22 H3s) X0, 22 VS CodedlIA
A HZE 45 UL S50 WHS TS B S| w2 AR A2, AT W2 Al 42 "% BE a2p
2@ H{E0| BA|=0f H2/ah

Z0: GitHub 2 QIE{H[0]AMA = merge conflictE s & & ULt https://docs.github.com/en/pull-
requests/collaborating—with—pull-requests/addressing-merge—conflicts/resolving—a-merge-
conflict-on—github

6CtAHl: Merge £ Push
S=2 oliZoldl merge HNUE st H, 2ASZH2E PushgtiLt.

Tt

Rl CommitahX| 42 AEHOIA, PullS 22t UAS [ At
S0|H 0| &S mE o JAX|T, M= FF e

= =]
Git stash: 22| HAALS AUAIZ2 XMESIE HEADZ &S0t OFX| &f
0 :

& SO MFE M| 20 F= 240} U6}
Claude CodeOi|H| O|ZH &5HH =ICt
X HA AFS A MG, YZA0A 2|4 FEE THN2 OHS, YAl XESH LIS CHAl MEaiF
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Js app.js

import React, { useState } from 'react';

function Header() {
const [user, setUser] = useState(null);
<<<< <<< HEAD
return (
header
h1>Welcome to Our App!</hl
button>Log In</button:
header:

return (
header className='"main-header"
h1>Welcome back, {user ? user.name : 'Guest'}!</hl
{user ? <button>Log Out</button> : <button>Log In</button>}
header:
Ik
>>>>>>> feature/user-profile

}

export default Header;

rn

Figure 23: Merge conflict EA|7t & I LHE AF2AF — «««( HEAD, =======_ »»») 017} H0|= B2&

Pull requests Issues Marketplace Explore

octocat/demo-repo
Merge branch 'main' into feature/update

[ sre/utils/calculator.js ' Mark as resolved

1 import app from 'too’;

2 import from 'main’;

3

4 export default from calculators;
)

6

7  <<<<<<< HEAD

g const add = (a, b) => a + b;
o8 =======

11 const add = (a, b) => {

12 return a + b

13 W5

14 >>>>>>> main

15

16 export default add;

17

18

19

20

Figure 24: GitHub ¥/0IlX merge conflict 3HZdt= SHH AFEIAF
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Remote Repository

I N
had Merge
Commit
O I I
9 9,

O

push
- ~N
User 2 Local
~ ~ Merge
/C ~ ~ Commit
O O O
\ Y,

Figure 25: A|LI2|2 2 CHO|{ 13 — User27t Merge & Pushdl= 2&, HH E2|0fl merge branch?t EA|E

(et} oot Raposay

Working Directory git pull 9
T Q:Q:\ QO New
ncommitie commits
& changes 9 6 :

e

Cannot pull with
uncommitted changes

Scenario 1: git stash
Uncomitted A\ Successful git pull
—

IN

\ git stash pop /

Figure 26: A|Lt2|2 3 Ct0|0{ 13 — User27t A2 £HH™ZHOLE Commit H0f| PullO] ZQ 5t A&

- OoS
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Claude Code?t LHEXMOZ git stash — git pull — git stash pop =AZ X2|af &=L} THF conflict7t
HUOHH A9 ALt2[22 T '8f 4AO2 oS QFE + ULt

[ =22 L oa2

$ git stash
Saved working directory and index state WIP on
main: abc1234 latest commit

$ git pull
Updating abc1234..def5678
Fast-forward
README.md | 2 +-
1 file changed, 1 insertion(+), 1 deletion(-)

Figure 27: git stash &3 M35 E{0|'d AF A

2.7 GitHubO[M &5t7|
CH2 JHLXte| Z2HE| 7|0{5t7]

REAA YEA M= THE ARt ZZHEO| 7|0](contribution)dt= 2817t &SI G| S0 ScanpydiM HIE

AR, AH 4510] ZZHEN YHS QM 4 ULt 0] HFE Ch23} LT

CHE JHLRIS| MYAE ForkstCt
Forkst qEAE 2Z0]| CloneStL}
XQEA X8t £ GitHub0| Push$tCt (0| PushEl= MEAE W7t Forkdt XZ&4)
GitHub 20X Pull RequestE HHCt
MO EO| HA ALSHE Mergedll =M 7|0 2t3

.C"'P."‘O.N.‘

Fork

Forke CHZ JHxte] TZHEMY| M5t 9IS)S L AH DREMT| Ast YS)2 SHSHE OICE GitHub
A ENA KA HO|X] LEZXR MOl “Fork” HES Z2l6tH 0.

ForkE MEAL Q=1 S2M0|DZ, Ol ASX0l AXMS 5IE2IE YR FaS =X| H=C}. 0] X0| Clone}o|
Xt0|0|Ct — Clone2 && MYAE JME MM 0|1, Fork= LH AI-O0| B2 SAHES DtEE= AO|CE

[

N2
=

Pull Request

ForkSh XZEAOAM HA Arat
Claude CodeZ MROF PR

0| HHZ AFStOZ PR

S Pushgt F, #12 XEA0 Pull Request(PR)E Z0i HZ AIEQ| BIHS QFSITL
AH
O
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$ git stash pop
On branch main
Changes not staged for commit:
(use "git add <file>..." to update what will bel7c commit)
(use "git restore <file>..." to discard changes in working directory)

modified: docs/api_reference.md
modified: frontend/src/app.js
modified: frontend/src/components/button. jsx
modified: frontend/src/styles.css
modified: server/index. js
(use "git add/rm <file>..." as appropriate to mark resolution)
Dropped refs/stasha{0} (7397b919...)f

Figure 28: git stash pop A& $ HO|'d AT 24

Original Repository Forked Repository
other-user/project Fork my-user/project

E] No write access f Write access

Figure 29: GitHub Fork 7H'& CtO|0{113 — &= MELMAM W AE2Z ForkEl= &
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Claude Code’t HE WIS =456t PR M=t 2ES AS2 =2 ol =Lt O ZHIE HZR=A!, HEH A=
9

SHUEXIS Bars A0 MAEDL
PRO| 2|H 22 MFYAQ| #2|X7t ZEE HE(code review)3ICt = Q30| 2 £& 1, HtZ §Q1E == ACt
0| IS Soll TEQ| RS RAISHHM 25 7|KHE HOI=Y += ULt

o Pull requests Issues Marketplace Explore Q L+~ c—,-

Open a pull request

p
| B octocat/hello-world

| S5 Lbase: main - J > | compare: featurefuser-auth ~ ]
|

[ Add user authentication feature ] Reviewers o]
— ~ 9
## Description
This pull request adds user authentication functionality using JSON Web Assignees &
Tokens (JWT). Users can now sign up, log in, and secure routes. No
Implemented and loging, generatiors and cokert voitoes to verification, Labels ©

endpoint, orme with user and more.

« Implemented user login endpoint. Projects B
+ Added JWT token generation and verification.
« Created user registration form.

Milestone [

4
Create pull request

Figure 30: GitHubOIX Pull Request 44 tH AJEIAF
2.8 Hio|E I F0AQ| Git
HiO|2 ZFUIM Git2 59| 5%t S oiCt. Al7t ZES #%ok= FO0M HldX| 2ot 2t Lig = 7|
M=0ICt GitS Soli HE 0[S FHot, X7t 47| 0| HEZ =EE & ULt
Claude CodeOf|A| X}5= AtEol= Git 21 QF:
il 1 AttE 7{SloiF

ORX| HE S EEHH
feature/blast-search EHX|E TS0{F
main BE2iX|2 Z0{7}5

0| HZA AIBIO 2 PRE HE0{F

ZZ A% 0|H#S E0{FH

Git2l 7HA2t Ols5t UCH, M BHO= Claude CodeliH| 22 == UL, ST A2 HU, BH#X|, HX|, PRO|
FRUX| HEHO = Ofsliot= HOICt. E5| A7t ZEE 80 }7|’H | 1 NellF= &&= SO01H, AHME AHsHA 01

é}l‘EHE %Ol-?l- A OI[_I-

2.9 g

.+ BYH B2| NARVCS) THIo| #13 0|28 X510 B El5217I2 Thsap
+ Git2 2A3 VCSZ, QU2 ME RE BN 22| 0| Tk5oitt

ror
o
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Add user authentication feature €29

) Conversation -o- Commits (3) [@) Files changed (5)

Implements user sign-up, login, and password reset functionality using JWT. Review requested
Resolves issue #42. Added tests for authentication logic. 2 @reviewerT
v 3 mmm-m app/enaninvcttors (O & @reviewer2
@e -2,3, +103 @@ ! @reviewer3
11 11 const tests = require from 'root'; &
reviewer4
12 12 @ @

13 + app.use(authRoutes);
14 + app.use(authRoutes);
14 15
15 - console.log('User logged in');

_ - console.log('User logged in');

17 + console.log('User logged reset');
18 18 1
19 19
20 20 export default, app => {

Figure 31: Pull Request &AM| LHE ZtM SHH AT 214

0 Pull requests Issues Marketplace Explore -': +- @~

Add user authentication feature (#42)

Conversation Delete branch {j

-0 ro\ Pull request successfully [ 2
U merged and closed £ usent

8 usert

3 commits Review approval

Review approved by user1 Assignees 2
No assign assignees
Conversations Comments 1

Labels

1 user1 commented 1 ago ® - No suggested to chlokes,
and labels
Looks good!
Projects 18]
o @ userlandded 11ago No projects
Added some tests.
s user! commented 1 ago Milestones L
Merging now. No milestones with
rennomed.

Figure 32: Pull Request7t MM = 59| 5tH AJ2IAF
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« 7|12 43222 Clone — &8 — Commit — Push
— Claude Code0f|IA| XAIH0 2 2ot 2E Git S +d =
- Commit2 XI5 517| (ES| AI7t ZEZ $£H517| HOf| HIEA| A
« &Y Al S= SiE: Pull — Conﬂict 5HZ — Merge — Push
* GitHub §¢¥4: Fork — Clone — £ — Push — Pull Request
« HIO|E ZF0|A 2] Git: Al7f§'_E§ —1‘—’“ B, HE 0| £ &F27|7F S 55Tt

o

IC}

)

3

>D

3% Docker

3.1 Dockerzt?

Docker= A0S AHOIAContainer2i A2i8l B0 Uy 4 901 s nct el
SR, 2012212, 4 T S8 R TSI U0), O HREMNE 53
2t

r|r| i
ofn
e

ol Docker7} Q57}?
Bt S E JHLSICH EM CHE 1 22 2XHIE A= 73A| =ich

“LH AREOM = Zl=0 TE AREME 2 3R

» WO tf3, 2H0l2 24z tH_ 3=

« 2SOt EX| YOl TS

* HIOIE{H|O]A, & M & 012] MH|AS S0 H2[oHOF B
08 2Xl= MHHESIM 55| Mot BLAST+= £H HZHQ libgompE 276t1, Scanpy= S HXQ|
NumPy@t Sete| 1 Re| DESeq2= Bioconductor B0 Q|&StL;, AFAO| MEOA & S0t7HH IHO|Z2t210|
SE LESOM O3S W L2 Eoitt.

74

DockerE AI235HH 0215t 2X|2 s{AS £ QLY.
L ot

HoIg 4= ATt "W AREOME ==H"2t

e 2t XHIE 2 E(Dockerfile)2 HOlotH &Lt ST &#ES
=0| &

Without Docker With Docker

hon 3.8.10 hon 3.10.12 »
::ar' numpy v1.20 mn:; v1.21.6 Consistent
npatible it pandas v1.3.5 Environment

incompatible with
required v1.21

=~ Dependency
Conflict

n %
%

Python 3.9.5

Error: pandas v1.2.0 A
installed, requires =

Simplified
Deployment

een
Python 3.10.12
numpy v1.21.6
pandas v1.3.5
libpg-dev installed

—><—>

Docker Engine

Deployment
Difficulty

Python 3.10.12

Python 3.11.2
numpy v1.21.6

Error: Missing libpg-
dev dependency

pandas v1.3.5
libpg-dev
installed

Consistent

0S Library
Environment

Error

Production Server

Figure 33: Docker 90| 7Hetst O] 2t Xt0| 2H| vs Dockers At2Et 1{o] Uzt= SHAS H|wsH= 0|01
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7k o 4latel xto

Docker ZIE[0|H= 7hed (VM) HIal 2O|X[2, 5L
U LB EHHE 0= SAE 2FHHM2 HES SROIER JHEL B2,

THH2Z H|WotH:

—

oF X017 AT, 7 M2 2EHMKH HHE Z&o

22

74AE HAL (VM) Docker Z1H|0[
37| 2 GB (0OS M| Z&h ZA~4H MB
INES NF] + 82 X
X+ AL 0SY M|22|/CPU HES SAE 712 3%, 7IHS
A = tHst A2| (HE 0S) OZMA & 22
AL ALl A4M5| CHE OS7t Qs mj OHE2|#|0|Md HHI, THE &tA

Virtual Machine Docker Container
App App App

Bins/Libs Bins/Libs Bins/Libs
App App App
Bins/Libs Bins/Libs Bins/Libs

Host OS Host 0S
—\ g

Guest 0OS

Guest OS

Guest 0S

é% Infrastructure

Figure 34: 7t M4l vs Docker ZiE|O|LH Of7|BA{ H|W CtO|011 — VM Guest OS Zg, Container= 712

0
oTr

3.2 Docker AXx|

0| oAM= BE TS WSL(Windows) = HIO|E|E 215 A /macOS EHZ0|A &
EH ARSI}, Windows AH8XHE 101N AXISH WSL Ubuntu E{0|'23 F11 RIYSHTY.
E1: WindowsOlA= Docker DesktopO|2t= GUI Z2 1M MX[5h= HHHE QUX|TH 0] oAM=
WSL 2t0i| A Docker Engine2 ZIF dX|ot= WS ALt Docker Desktop2 f& 20| A HAO|
A3, WSL &I MX|7t o 71810 QP A0\t

£8: Docker Mx|= AMBAI} E1H E{O|LIOA 435H0F BICh AX| 0| sudo(R2IXt HEH HHO|

ZSE[0] 7| IHEO|CE sudo= A|AE! MA|0| FekS O|X|= HE|Xt HetOZ HHZ AdldH= AOIBZ,
HIYHS S 245H0f 3tCt. LLM(Claude Code S)0IH| sudo H/UHSE M= A2 HOMY QIS5I2 2,

S

sudo7} TQ 3t MX| RIS HITA| AFRXIT} RIF L35I}

240 =2 =

36
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E0|20IM ChE B8E =AUZ feltt:

sudo apt-get update

sudo apt-get install ca-certificates curl

sudo install -m 0755 -d /etc/apt/keyrings

sudo curl -fsSL https://download.docker.com/linux/ubuntu/gpg -o /etc/apt/keyrings/docker.asc
sudo chmod a+r /etc/apt/keyrings/docker.asc

echo \\
"deb [arch=$(dpkg --print-architecture) signed-by=/etc/apt/keyrings/docker.asc] https://download.dock
$(. /etc/os-release && echo "$VERSION_CODENAME") stable" | \\
sudo tee /etc/apt/sources.list.d/docker.list > /dev/null

sudo apt-get update
sudo apt-get install docker-ce docker-ce-cli containerd.io docker-buildx-plugin docker-compose-plugin

sudo usermod -aG docker $USER

OFX|2f H&(usermod)2 O sudo docker ...5 YUHGIX| Q0= A SHECL 0] 20| MB&|2{H WSL HDIZS
25| SZUCH/E THA| Z0{0F Sttt

ax| el
EI0IE0IM T2 BHES A5t Docker?t HEXO 2 HX|E|U=X| EQIBHTY:

docker —--version
docker run hello-world

docker run hello-worldZE ASHG}H Docker?} hello-world O|0|X|E XSO 2 CREESI AlGHSICH “Hello
from Docker!"2t= HA| X7t SH =M AX|7t 3t Z0|Ct O] 2H0IIA Docker?| a4l SEf &4l — O|0|X| CHR2EE
— ZH 0|4 48 — 3 — B — = ¢ Hoj| > &+ AUt

3.3 Docker 7|2 744

Docker0fl= A| 7}X| 84l 7§=0| QICH 0]OJX|, Z1H|0|L, Dockerfile. 0] ZH|E 0|35t Docker?| CHEES O|aH5t
Z0|L} OFREZEXICY,

0|0JX] (Image)

Docker O|0|X|= ZE|O|HE TtE7| I8t MAILLE S2YAHA|, T2, 43 ot 50| 25 E3HE| 0] ULt Docker
Hub(https://hub.docker.com/)0llA Ct5H ZAL O |'3||7(|E ez sk 4 QICt

0|0|X|= 9§7] HME(read-only)O|Ct. $F H THSO0{ZI 0|0|X|= HZEX| OB, O|E 7[HCZ 0f2] 742

?_451|0||_1§ Ot 2 QICH 0] oA AtRSH= HEZXQI O|0jX|2= node:20-alpine(Node.js ZIEFQ),
postgres:16-alpine(PostgreSQL Cl|O|E{H|0|A) SO ULt

alpineO|2t= EfT17t 22 O|0]X|= Alpine Linuxgt= A% 2|SA HIZHS 7|8to=z St bt Ubuntu 7|8t
O|O]X|7} 4=t MBQI o] Bt5H, Alpine 7|gt O|0|X|= 44 MBZ &M 7L},
Z1E{|0]L1 (Container)

ZHO|L= OI0[XE 7[HHe2 M2 MAE|= QUARALL  SHLtO| O|0jX|= 0= 7HQ| ZE|O|HE S += UL
O[0|X|2t AH[O|H Q| &A= 203 0| AX| Tat Al SO Z=MAQ| 2A|Q HIZIT.
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Terminal: docker
$ docker run hello-world

Hello from Docker!
This message shows that your installation appears to be working correctly.

. The Docker client contacted the Docker daemon.

. The Docker daemon pulled the "hello-world" image from the Docker Hub.
(and created a container from that image).

. The Docker daemon created a new container from that image which runs the
executable that produces the output you are currently reading.

. The Docker daemon streamed that output to the Docker client, which sent it
to your terminal.

Figure 35: docker run hello-world 23 A| “Hello from Docker!” HA|X|7} &&= E{O|2 AT R4

0| = M2 A2 =0 ATt ZIE|0]L] AG|Af OfHH IH7|X|E HX[otAHLt A S +Foli, ZB[0|H Bol= F&FS FA
=Lt ZHO|HE AH[oHH LHRC| 2= HE A 37H ARZHEICE CI0JHE Moz HESI M Z2&(volume)S
ALE5HOF ST,

Dockerfile

Dockerfile Docker O|0|X|S 2t=7| ¢{gF HAIL| TFAO|CE O 7|1t O|O|X|E AHESHA, OffH AUS =ALSHL, OfE
ES LUK =MUZ 7|=eltt.

FROM node:20-alpine
WORKDIR /app

COPY package.json .

RUN npm install

COPY .

CMD ["npm", "run", "dev"]

Dockerfile2| 2t &2 #|0|0{(layer)S HASICL. Docker= 0| 20|0{E FHAIGIEE, package.json0| HAL X
QIACHH RUN npm install TS AUECE M HE BIE7t $2 TMU(QAEY Yo)S B ZAkGtL, et
=2 MA(AA FE)S LIE0| EAFSH= 240] §2H0|LC}

Docker Compose

A HEH0|MS BE o2 MH|AZ FTEELCE OIS S0 0] MoM TtE= WHHESH 3l T3= SvelteKit
ou(ngeom: + HHOll C) 1| }PostgreSQL(El|O|E-|I:I1|O|A)O| S S=tclof StCt. 0| M Docker ComposeS AHESLLE.
Docker Compose:= 0{2{ 72| ZAE|0|HE compose.yml I} SHLtZ F2ISk1 oF HOf| AMaligt 4= QA oliF= =1L,
services:

web:

build:
ports:
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- "3000:3000"
db:
image: postgres:16
environment:
POSTGRES_PASSWORD: mysecret

ports H82 SAE(L ZFE)A ZE0|H A0|S] ZES HZASTHL "3000:3000"2 L AFE{2| 30004 ZEZ
H&51H 7E0[42] 30008 ZEZ MYHCH= o|0jct, H2tRKO0A http://localhost:300022 FH&5HH
ZAE|0[LA QtoflA A&l ZOI A Mol HZEICE

Y Ok B siLtR Jhssith
docker compose up

o A=
0] Bd= &do

A pose.yml0| HO|E DE AMH[AQ| O|0|X|E LUE(LEE THREE)sHY, ZH0|HE Mdst,
HEXI=Z AZst

com
7 %%C’H:f ofLtel BHOZ TA| WL &F0] &= Aot

X X

$ docker compose up

[+] Running 2/2

V Container my-app-web-1 Started [34m0.3s [Om
Y Container my-app-db-1  Started [34m0. 25 [6m

Attaching to my-app-web-1, my-app-db-1

[33mmy-app-db-1 | [@m PostgreSQL Database directory appears to contain a database; Skipping initialization
[33mmy-app-db-1 | [@m 2024-85-15 10:00:01.123 UTC [1] LOG: starting PostgreSQL 13.4 on x86_64-pc-linux-gn
nu, compiled by gcc (Debian 10.2.1-6) 10.2.1 20210110, 64-bit

[33mmy-app-db-1 | [@m 2024-05-15 10:00:01.124 UTC [1] LOG: listening on IPv4 address "0.0.0.0", port 5432

[33mmy-app-db-1 | [@m 2024-05-15 10:00:01.124 UTC [1] LOG: listening on Unix socket "/var/run/postgresql/
.PGSQL.s.PGSQL.5432"

[36mmy-app-web-1 |[@m => Booting Puma

[36mmy-app-web-1 | [@m => Rails 7.0.8 application starting in development
[36mmy-app-web-1 |[@m => Run “bin/rails server —help" for more startup options
[36mmy—app-web-1 | [@m Puma starting in single mode...

[36mmy-app-web-1 | [@m * Puma version: 5.6.7 (ruby 3.2.2-p53) "Birdie's Versi
[36mmy-app-web-1 | [@m % Min threads: 5, max threads: 5

[36mmy-app-web-1 | [@m Environment: development

[36mmy-app-web-1 |[@m * PID: 1

[36mmy—app-web-1 |[@m * Listening on http://0.0.0.0:3000

[36mmy-app-web-1 | [@m Use Ctrl-C to stop

Figure 36: docker compose up &8 A| & MHQt HIO[EH|O|ATE SAI0 AIZRE= OIS &3 AJEIAF

3.4 XIZ= AF235H= Docker HHO]

Y 29

docker compose up compose.yml0i| HO|E 2= AMH|A A|E

docker compose up -d B AR MH|A A|Zf (B0jES Cf2
8L E Mg 7t5)

docker compose down B0E MHA E2 2 H|0|4 Mxﬂ

docker compose logs ME|A 277 22l (01|E-| CIHZo| &

docker compose logs -f AANZEE2T AEZ|Y (Ctr+CER S ._f)

docker ps Alsl =90| 710 2 £ &19I

docker exec -it < > bash A3 S01 ZH 0|4 ‘?_rgﬁ HE (B AE)
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docker compose up -d= E£5| 6Lt  -d Z2i(detached mode)S E0|H AH|AT} B IR 0N
HYED=2 Z2 EO[Z0M CHE &S ALY = U Claude CodeE ALEE U= E{O[ES A7t AIEJIEE,
#aRE “°H0| He|otCt.

docker exect Al =OI AH|O|LH0 =™ E‘—i.‘—ﬁl'E HAHOICt. GIE =0 PostgreSQL ZAH|IO|L{0| HM&35H SQL
He|E &Y AA:SHALE, A o ZAHIO|H0IN BLAST+ HHZ HAES [ AT,

2]
OH

3.5 Docker®t HO|”H 3 H

HI0|2 2JOIM Dockerl| H&2 L= S20ILt. Claude Codelf|H| “BLAST+ ZM
Claude= DockerfileOfl BLAST+ &X| BHZ F7I5111, compose.ym|0f| 2& ORE
ZL.

0| AFZHO| OLOF & A2 Docker ':':'%‘,'012| ZH0[ ot 2t, 2l Docker?t B 8tX|, Dockerfilez} compose.ymiO]

= =
22t 22 Agg SHeX|OIC) 02

m|ru |-r|

« “BLAST+Z Docker ZiE|0|LH0f| A X[5iF" — Claude?} Dockerfile =8
« “HI0|EH|0|AE HFAXOZ HESIA SHF” — Claude’t 28 HH %‘—7f
« “d MH ZEEZE 517322 HHYF” — Claude?t ports 84 +H

0| S &+ AUAL2H, O|0|X], AH0|H, =5, ZES| /HES OlaH{ot L AU0{O0F SHCY.

3.6 gl

* Docker= 7 2t4S I EE Ho|5l0] Y&E SHES X
- ‘L ARE0AM= == 2HE SHZ
— 7t HAIECE 7HEL W20
« M| 7kX] @A 7HE: O|O|X|(HA ), ZAH[O|L (&8l QIAEA) Dockerfile(Zl|AIL)
* Docker Compose2 02{ AMH|AE 5t Hoj| 22|
- @ MH + H|O|E{H|0|A S2 compose.yml StLIE 9|
— docker compose up ot EE MA| 24 AldH
* Windows Al2Xl= WSL 210fl Dockers MX|510{ At
« HIO|E FFJ0AM2| Docker: TEE 2F 24e W= GX|TH O|0|X], ZAHO|H, E&, ZE2| 7HE2 O|oHoHO}
AlO|A Hefot XIANE LHE 5= ULt

m

<]

g

L

4%, Python C|OJE| 24 7|=

4.1 2ff Python®I7}?

YESIM Python2 Atedf BEE T2 AL HI0IH X2, AlZtel, A4 24, HAHATIA A2 2E
&= Python JEHA 2t0|M Tang % QUL Scanpy(HYMIE 24), Biopython(ME Xz2l), PyMOL(ZXL AlZtah)
HEYES ME 240|222 = IfEE Python2 = ZHG &[0 AULH.

s
Hro|= E%OHM" 0] I7|XIS2 E8S &7[e 27t Qitt. el ZF W7 |X|7t BRAS & &
3 Jol= 0] oM. 0] UM = HIOIE 2401 A== °—'.“.él 7| XIS9 Htat =

ol
fo
02 on
oII

Q2| F28 1 HALIS S2AE HXID, HES oS 4 Q00 oHs 2T} 2T "R L YXE"Y
x0|S D201 Asts SAS F2Y 4 9IR0), A BE'I SIEY 2| XI0|S B2 AlOIH 2ol AZEtS 2X
T HA

4.2 TEME 37 74
HX HO20M

mkdir python-data-analysis
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VS CodeOflA YU — EL HI|=Z python-data-analysis C|ZEE|E ALt A 20| S2|™, 3YO0|A HiZ DockerE
22510 M 242 745t} Claude CodeOi| Al CHS 2t 20| QMSITt:
Python G|O|E 2M& Docker &8
I5H5HL, Jupyter Notebook= M 2}

G

IE0{F. pandas, numpy, matplotlib, seaborn, scipy2
UA HF. compose.ymlzZt DockerfileZ THEHFH.

AHA

O

Claude Code?} Dockerfile2t compose.yml o 5tod, 25t W7 (X7t 25 AX|E ZH 0| &A= Fd5 =C.
Dockerg ArE5tH “Lf ARENN= &= O HEHO M= o ELf = E2XIE WIS 4 QUL

47 |X| 2X| Xt&l= AlOfIA 2 5= UX|2, OfH 11H9III7f 0H HES Sh=Xl= AFRIO0| 2 U0{0F it AlS| Z2t=0]
N=X| TEHoHEH 2t 11H9IXI°I Si&tg 0[3H3H0F 57| THE0|Ck,

{7 | X| oAy FQ 8%

pandas E|O0|= GIO[E X2 CSV/TSV 2471, EEHEY, &, &A
NumPy X B At ot ot HEH Gt MY

Matplotlib 7|2 Alztst MHEE S|AETM, ME I‘E, E—E—% J=
Seaborn SA Azt A E%, o|EHY, HI0|2E EX

SciPy st AL/ A t-test, 42N, O5 28 2H

4.3 pandas — H|O|= G|O|E| X2

pandas= H(H|O0|S) HEHQ| GIO|EIE CtE= M7|X|CH AM ATHEAEES PythonOflA CHECHDT 2t5HH &L
YEYE S0 M= T 2ol H[O]E, #O] %E, S HEtH|0|E S E=2| HO|E|7t & HEHO|E2 pandas= 719

ZE 2Mo| S| FCt,
sl JhE
» DataFrame: &2} EZ 0|F0{Zl 2X}2 H|O|S. pandas?| i X2 Rt M AE SHLIRQE H| 6}t
* Series: DataFr me?2| &t H(column). 1xH H|O|E{Lt.
* Index: Zt S AlHGH= 2t QTX} 0|20|LE ME |DE QHIAZ MHSIH H|0|Ef 20| M2|sHXICt,
TE OfA|

Claude Code0|#| Ct52t 20| 2ot}
e

gene_expression.csv IIUS %'01)\1 7|2 EME oiF. CIo|E O|2|27], 7|= SAY, pvalue 0.05 O|2t
ZH&, logFC Walxte HE, -log10(pvalue) € F7HIHX| i

O] ZEZEO0] CHoll Claude Code’t Ydots ZE= Chgat 2L

import pandas as pd
df = pd.read_csv("gene_expression.csv")

df .head ()
df .shape
df .describe()

df ["gene_name"]
df [["gene_name", "logFC"]]

significant = df[df ["pvalue"] < 0.05]
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#
df .sort_values("logFC", ascending=False)

#
df ["neg_log_p"] = -np.loglO(df["pvalue"])

In [1]: df.head(8)

index | gene_name logFC pvalue cell_type
0 TP53 2.45 1.2e-06 T Cell
1 BRCAT1 -1.89 0.0003 B Cell
2 MYC 312 4.5e-08 Neuron
3 EGFR =2.10 0.00M Macrophage
4 VEGFA 1.98 0.0008 Fibroblast
5 GAPDH 0.05 0.9521 Endothelial
6 ACTB -0.01 0.9810 Hepatocyte
7 TNF 2.76 9.1e-07 Keratinocyte

Figure 37: pandas DataFrames Jupyter Notebook Ol A S24St GIA| A 2IAF

| AEO0|M df [df["pvalue"] < 0.05]&= p-value?t 0.05 O|2tQl 40t Z2tll= TE{ZO|Ct AMO0M H 1% He
Zi1}p Z+2 ARA0|K|TH & Inréﬂzg I?_ro1| X2|BICt. df .describe O= ZF At BO| Bat, HEMA}, |7k, Z[CHa
5= okl E0F= Q9F SAE Mdettt.

0] 2732 ol2{H pvalue, logFC7t FAQUX|, TEH 2} FHO|2t= JHES AOtof St TE FHES St =X,
9| 2|0|= At2f0]| O[aSt QU0{Of SHLCY.
4.4 NumPy — £=X| At

NumPy= Hi+# 2 +=X| H[0|HE B2 X2[ot= W7 |X|Ct. pandas®| HFO|ME NumPyS AE5HH, Scanpy, Mat-
plotlib & 72| 2= 1k} A&t I{7|X|7F NumPy 210 =50 Tt Python ket HEHA|2] 7]2t0|2t & 4= QULCH.

siA 1

* ndarray: NAI H{E. Z2 EfIQ| HIO|HE H= Ids AZHAXLE Python 7|2 Z{AEHLE 4]~-HH HY
=L},

« HELCIHAEL J7|7F OHE HIE 7t AAME XS E o= 7|s. OE S0 HiEe B E A0 28 S8 I,
22 Q0| arr * 22 7HSSICL

o HIE] i BEEE Q10| HIE MA0| HAZ SF HO| MESIH, np.log2(arr)= HIEL 2E A0 log22
s
10O — .
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LT OI0|E{0f| log2 HigtsS ME0lL!, Wt BEHAIE AlLGHH. AZH 0|88 YAEE X 100074
AMFHZ
o o T

0| T2 EO0| CH3H Claude Code?} MAsH= FE= L1214 ZCH:

’

import numpy as np

arr = np.array([1, 2, 3, 4, 5])
matrix = np.zeros((100, 100))

arr.mean()
arr.std()
arr.max()

log_values = np.log2(arr + 1)

NumPy XIS 218 & L WR| oX|2H, AlZF AM5HE T XI5 SHBICE np. log2, np.mean 22 HFHO0| LIS

4.5 Matplotlib — 7|2 A|Zt&}

Matplotlib2 Python2| 7+& 7|2XQ1 A|Zfat 7| X|Ct. 1999E R JHUE|0| 2 FAL 72 W7 |X|=, HO| B= FF2
IS O o AN ste =20 Hl= 122 R E0| Matplotlib2 2 TS {TILY.

A 7H

* Figure: XA 22 HY. 5tLtQ| Figure 20| 042 I2{ZE HYX|E 4~ ULt FO0| oF &O|2t 2 A2F5HH =Tt
+ Axes: JHE 2T HY. AHE H|O|E 7t 22| K|= SZIOICt. Figure 2t0fl =01= SHLIS| RIE.
* Subplot: FigureE AXIZ LI+0{ 02 22O E HiX|5h= YAl =20A Figure 12| (A), (B), (C) g1t ZLCt.

3 oA
logFC2t ~log10(pvalue)Z volcano plot2 12{F. 300 dpiZ XMZ5HF
0| ZEXZE0 CHal Claude Code?} X85t IE= L2t 2Lk

import matplotlib.pyplot as plt

plt.scatter(df ["logFC"], df["neg_log p"l)
plt.xlabel("Log Fold Change")
plt.ylabel("-loglO(p-value)")
plt.title("Volcano Plot")
plt.savefig("volcano.png", dpi=300)
plt.show()

Volcano plot XIS 31 2A(DEA)Q| CHEEQI A|2tst BIHO|CH XZ0| W #3512 (ogFC), YEO| EAN Q0/4(-
log10 p-value)g HEA|oI0], 30| TH HEIHA EAXOZ QOIst QEXIE Shx0f metst 4= QICL 0|22 3hit
B DS SUCHT SHA S04 ICH.
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Volcano Plot
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Figure 38: Matplotlib2Z 12! Volcano Plot Gi|A|

Of FHI X2 QYT JHsottt:
logFC S|AETI# 3t volcano plotg LH2tS| subplot2 2 HiX|5HF. 300 dpiZ X&HF

# (Subplot)

fig, axes = plt.subplots(l, 2, figsize=(12, 5))
axes[0] .hist(df["logFC"], bins=50)

axes[0] .set_title("Distribution of logFC")

axes[1] .scatter(df["logFC"], df["neg_log p"], s=1)
axes[1] .set_title("Volcano Plot")
plt.tight_layout ()

plt.savefig("combined.png", dpi=300)

dpi=3002 SfAEZ 300 DPI(dots per inch)2 AHst= 201G,
SHHOM = RI0|7F 2X| 2X|2H, QMBSO A= MBE0| 2 X}O|7} AT,

QFE O Mo g+5 Z1=0] Zuai T

logFC2t -log10(pvalue)Z volcano plot 1217 . significant®t & XHpvalue ¢ 0.05, |logFC| ) 1)=

HMZIMO 2 HAISH, LHHX|= MO 2, J2iX siate= 300 dpi2 MESHF

4.6 Seaborn — SH| A|2&}

Seaborn2 Matplotlib 2|0l =& SH AlZf=t ME W7[X|C & ¥2 ZE= 27| E2 A4 KIS
Matplotlib0] 2 AS 1 4 U= HE T7etH, Seaborn2 SA Al EatE 1+F =10,

Matplotlibt2| X}0|

Matplotlib Seaborn

M= (Maet ®of)  d4F (ZHEE FE)

1
R
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Matplotlib Seaborn

AR 7|2 AEQ EhE 7|2 AEfI0| 283
£71 715 aF 73 T a7, BT 5 L

DataFrame $IE +=0= GO MY  DataFrame X X2

HFOME F I XE SH MEdt= HR7t BLY. Seaborn2Z 7|2 JHEE W2 2|1, Matplotlib2 2 MIF
24H=, E1I0|§, Hel IR S)E ZH5k= Al0IL.

IE oA

cell_typed R LaiEd 21

il

gtA SXOZ H|WohH

import seaborn as sns

sns.boxplot(data=df, x="cell_type", y="expression")
plt.xticks(rotation=45)

plt.show()
HA Z2R2 HI0JEQ RS QOU5t0] 2OoEL. Ao SAM2 SYAU(median), XtQ| 20t2h= A HLI(IQR),
& (whisker)2 O|YXIE M3t HE LIEHHT}. O 189 BEE HWY 0 7P 20| AR8El= Al’—.*S’-P YHOICt.

QXX} US] IERIAZ S|EMOR A|ZISIoF|. W2-TI2 MAITE AIR5|1, 02 SAIOZ MXEHZ

sns.heatmap (expression_matrix, cmap="RdBu_r", center=0)
plt.title("Gene Expression Heatmap")

plt.show()

O|EM2 Al HE{Q| LIO|HE MYO = HHHoITt, RTAL L LIO|HUM 2 |, E2 ME0|1, M9 LTt
UHHS LIEJHD). cnap="RdBu_r"S HU-I}Y MNEES AIS5I1, center=02 W3 Hat G(0)2 HMo2
SEBICE WR0| 3745t QAR WY, 225 QAAIE IRMOR KBHOR RS 4 L,

conditions 2&{Z 2 E HIO|22 S20=2 87

sns.violinplot(data=df, x="condition", y="expression")
plt.show()

gene_A%t gene_B Af0|Q] MZHAE MNEZ T2l 3|HME SH BAIGHF

sns.regplot(data=df, x="gene_ A", y="gene_B")
plt.show()

QFE O Mo g+5 Z1=0] Zusi Tk

cell_type gene expression®| &5 violin plot2= H|WoHF. M2 pastel HHE At&otd, Z
29| H|0|E HIE: strip plotCZ ZAXMA H0{F

o
0%

4.7 SciPy — 1tst ALt SA

ﬂ
SC|Py= ﬂf°* Ato| 2Qgt Ciefet e

—

= M5ttt dPFEsMM= =2 SH Hd 7IsS A8ttt &= 18
ALO[OH| 2fet X[O[7F A=K, 5 - ALO[O]] &f

X-I oo
ZEA 7L U=KIE SAHLE THE [ SciPy2| &4-350| AHZE L.
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Figure 39: Subplot@Z £ 742 J2HEZ LIZH5| HX|GH Of|A|

Gene Expression by Cell Type
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Figure 40: Seaborn BfA 2 OA| — M RAE FTX Loz 22
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Gene Expression Heatmap
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Figure 41: Seaborn S|EHY O|A| — STX U3 IHEZIA

TE oA

treatment &2} control Z1E2| gene expressions t-test=Z H|WalF. Pearson &&H 4+ 3511,
Benjamini-Hochberg Ct& 2™ BT MEdF

0] ZEZEO0 CHal Claude Code?t Y-dot= ZE= Lzt 2L

from scipy import stats

# t-test -
t_stat, p_value = stats.ttest_ind(group_a, group_b)
print(f"t-statistic: {t_stat:.4f}, p-value: {p_value:.4e}")

# Mann-Whitney U test - ( )
u_stat, p_value = stats.mannwhitneyu(group_a, group_b)

# Pearson
corr, p_value = stats.pearsonr(gene_a_expression, gene_b_expression)
print(f"Correlation: {corr:.4f}, p-value: {p_value:.4e}")

# (Benjamini-Hochberg)
from scipy.stats import false_discovery_control
adjusted_pvalues = false_discovery_control(p_values, method='bh')

t-teste & 129 WH0| EAXMOZ CIEX|S HAYSICL OE S0 AS X2 2121 HEFO| QUAL &S WHS
H|WE 0 AFESICE Mann-Whitney U test= HIO[E{7t §FEEE MEX| 22 I AHEdH= |24 C{OtO|CH.

s A HH2 E56| $246ICE. RMXL 20t HE S0 ZHGHH, =Ho| 210i| 2JsHAM = 2 1,0007H(28t x 0.05)7+
“QOJISICE” 1 LHE 4= UL}, Benjamini-Hochberg 2H2 0|2 A%l YA (false positive)s SHI5H0] AXZ 2|0] U=

Z202 7= Y-OlL.

0] 20U t-test7t FAHUX|, OHE AY HHO| &ff HRSBIXIZ O[5Hot1l AC{0F AI] ZIHE SHIEAH| sHA e 4~ AU
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4.8 AI2} BHH[5H= HIO|E| 24
CEEED

HIO|2 ZZC= HI0|H 48 & 2| YUKl SF0IC}:

1. OIO|E] &Ql: “0] CSV Y| LXE HOF” — Al7} pd.read_csv®} df .head (), df .describe () A&
2. XL “BSZ Mot gene_name G2 QA Z MMHFE" — Al7t dropna(), set_index() HE
3. 2M: "R OE 7t X0[7t Y= |NKIE F H‘—J — A7t 84 88 =Y
4. Nzs)k “74’%2 volcano pIotOEJ 1Z” — Al7} Matplotlib/Seaborn2 2 A|Zt5t
5. olflM: AUE AIZO| &Qlotll, 7t EM Waks X[A|
0] SE0IM 1~4EHAS| ZEE /-\|7f EHSHA[ZE BEAC| SHME2 MMO= AYO| RO|CH "0 RTXIL off At
ZHEEJ=1?7, “0] A7} 7|E 2o LX[GH=71? 22 HES ZH QI X|4]0] AU0{0F HE 2~ QULCL.
SiM OIE
AHEO| offoF & & A7t oliz= &
=4 =25 44 IE &Y
Kot 24 Y ME {7 [X| import H ié
Z1 oM e Ml 3 SAHZ AL
MEstX o|o| Tt HIO|E Mx{2| 3 Het
sip: FEE Qg Q= QICt SHX|TE “BfA EX2 ERE H|WE I 201, “t-test= & 182 HHS
HIII'.%JEF', ‘p-valueZt H2+8 SHXHCE ROIGICY” 22 7H'E2 HIEA| O|H3HOF ST, 0[Z0] AlOHA|
SHIE XAE W2|1, Ale] 2E HBot= ©l0] E Lt
4.9 ge|
* pandas: H|O|E HIO[E{(CSV, TSV) &17|, HEE, HE, EA. 7{e 2= 249 FLH
* NumPy: =X| U AL, 8 8= (log, mean, std ). 2tst AlLt| 7|t
« Matplotlib: 7|2 J2{Z (MAEE, SIAETIHM MEER) =2 ST EZZ X
« Seaborn: S/ A|2}5} (A E2, o|EY, HIO|2E E2). 1*8 EEE ”a-”éf?i Jej=
* SciPy: S/ A% (t-test, 4&EA, Ot AY £7F). |24 Too| siM
- HO|E 3FQ| alial: 20| O JIHES 0IOHOF’ Al0|A| =l 2-ok= A
H A
5%, WHHY O0|E 24 &AM
AN Python G|O|Ef M2 7|=E SICHH, 0|7(1| AN WHEE s} H0|EE EMal = XHH[0[Ct. O] HUM= F
7tX| CHEHQ! 2M AMHE CHECH A QX A[RAM(WGS) 2410t THAME RNA-seq 2M0|Ct. & 24 P&
Claude Code2t CHatoIH TIdigh 4= QUX|TL 2F THA|7L of HRSHX|E Ofastir RU0{0F AIOf|A Fetet XIAE WE =
ULt
5.1 T ST A|EH(WGS) M
WGS2?
& A Al {S'(Whole Genome Sequencing, WGS)2 ME9| Mi| Als2 AU 71&0|Ch A9 AL 2F 30Y
He| HIEE MBS, SHHOI(SNP, InDel), 7+ HO|, SX|~ H0| S HEY = ULt
WGS H|O|Ef 49| 7|2 SE2 L3¢ &2t

1.
2.

S 22|(QC): A AJHY 2lE9| 2 =01 Y MEH 2= HA
HE(Alignment): 2|=£ reference genomed| IHE
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3. 0| ZE(Variant Calling): SNP, InDel 52| 10| Al
4. 0| FM(Annotation): A= HO|Q| 7|SH 2|0 A
5. HHE H oHM: UMH = AFXMOZ o] Y= HO| M

F2 I #A

WGS 2401 M CHEA| Ei= DY $41S OloiotH AlOIA QY o O Hatet XIAS WE 4= ULt

=

a4 49 2

FASTQ HALAEY 2E + 2H H AEMOA L2 22 H0]E
BAM/CRAM reference genomeOfl MEE 2= HE Z0 N, A2t
VCF HO| YE (X, /Y, HIx) Ho| & At

BED Az 72t E (AE-2 ZHH) A FY(ROI) Mo

FASTQ IfYU2 A|EAMO|M HEZ LtR= JA| GIO|E{O[Ct. 2t 2|E0tCt H7| ME EF F=7t &H 71550 AULE BAM
mU2 0] 2|EES reference genome?| O{C|0 IX|ot=X| DHESH Z2O|C}. VCF MA2 reference genomet
CHE 28, & HO|E 7|56t mo|ct.

=

24 £

WGS 240= 02 =77t AtZ &L}, Claude Codelf|H EX|2t HAS QY & UK, 2 =719 HHS LOIOF
SHIE Of0|ZetRlS F4ge & UL

[} st Hla

FastQC ANEY 2 22l 2|E 40|, 22 22X, O ¥ S

fastp / Trimmomatic XNEZE ZE MAH L oy E2|Y fastpO| Cf W21 7HH

BWA-MEM2 / minimap2 2|=E reference genomeli| H& BWA-MEM27} lllumina short
read E&

samtools BAM It XM2| (B, QIEM, 84) 79 2E WGS Io|Z2l0] T4

GATK H0| AZE (HaplotypeCaller) Broad InstituteGllA 7H, ApalAb
BE

bcftools VCF It X2| & HHY $Ho| SA, 2HY, E

SnpEff / VEP $0|9| 7|sH =4 OfO| oAk A3} RTAL Het Ol

0] =752 S =E Bioconda MES Solf X[ 4= UM, Docker AN H2|5k= 0| X2l HOAM F2[SHT.

Claude Code2 WGS £A35}7|
HX HO|Z0AM Z2HE CAE2|S PHELL

mkdir wgs-analysis
VS CodeOlM MY — EL HI|= wgs-analysis CIMEZ|E Lt A &0 H2|H
Claude CodeOf|A| Ct=22t Z0| H5I}:

WGS 2ME2 Docker &8s UENF. Bioconda XA fastqc, fastp, bwa-mem2, samtools,

gatk4, beftoolsE MX|5t11, compose.ymlZt DockerfileS THS0{F.

HH 24 BHE Claude Codelt LHatSHH RIich= Of|A[O|C:
sample_R1.fastq.gz, sample_R2.fastq.gz It 2| £ FastQCZ 2HIGHF
fastp2 O{¥E E2|Ystal, F& 30 0]l 2|[EE X HoHH

EXM 3tA4S Docker2 LS.

’
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Eg|U= 2|EE GRCh38 reference genomelf] BWA-MEM22 HE3F. HE & samtoolsZ HE
QIS OHT-I

GATK HaplotypeCaller2 HO|E HEot, PASS ZEDE HAFH
HEE VCF IHAUNIM exonic @H2| missense HO|2F FE5HF

Zt HAGA ALZAL7t ZOF0F St A2 "O{RE E2|Y0| ff ZQSHA|", "I 2=|E|7t FAUKXI", “missense HO|7}
20IX]” 22 EHQl X|AJ0|Ch HF0{o| TAEQl 842 Claude Codet X2|3H &L

Python22 VCF £A15}7|
#0| ZE0| BLIH, PythonQ2 ZME 2M6t1 A|Z5tet 4 QUCH 4AXO|A IS pandas®t matplotlib0] O17]A]
=

VCF IS H0{M HO| SFE(SNP/InDel) S7|2t FMHE BEE AlZt3tolF
0] ZEXE0 CHal Claude Code?t Mot ZE= ChEat 2L}

import pandas as pd
import matplotlib.pyplot as plt

# VCF  pandas ( )
vcf = pd.read_csv("variants.vcf", sep="\\t", comment="#",
names=["CHROM", "POS", "ID", "REF", "ALT",
"QUAL", "FILTER", "INFO", "FORMAT", "SAMPLE"])

#

print (f" ¢ {len(vecf)}")

print (£"SNP: {len(vcf[vcf['REF'].str.len() == vcf['ALT'].str.len(O]1)}")
print (f"InDel: {len(vcf[vcf['REF'].str.len() != vcf['ALT'].str.len(0]1)3}")

#

vef ["CHROM"] .value_counts() .sort_index() .plot(kind="bar")
plt.title(" ")

plt.xlabel(" ")

plt.ylabel(" ")

plt.tight_layout()
plt.savefig("variants_per_chromosome.png")

O[XME AlNIH 2FoIH =S 2 AJotX| 0t 241t AlZfelE +3E 4 QUL

2 HUM X RNA-seq 24
EIQUMIT SA0[?

TEX bulk RNA-seq2 H-2uigt o] MR Sfvio] =siol BREO! ST Uie SHBICH 0] Yue
A% FF|O| 2E A2 TIGHS Hls SEBHXIBE ZX| Qtof 0 Z20| ME7} UK, 2t ME SHUIN Ofm SHAL
SABIE(0] XIS o 4 QUCE OFR] T RAS DRAIRA O THU0| SOZHEXIE & + UK/, 24 U] HgS
oF 2 Qi ZAT} HBITY.

CHUNIE RNA-seq(scRNA-seq)2 7HE HIE BHLIBILIO| SFAH LSS SHBICT 012 S (ST 22 WL g2
A O] E_l.

™ M

« O] ZH0ll= O SFL MZES0| U=71?

* ZHME R HIZ2 {EA =717

« £ ZS0M O ME 20| Halst=71?

o M-S AO|Q| W AZ(trajectory)= HIHEtI}?
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10x Genomics®| Chromium SS1E E&0 of Ho| MdOo
O[H| THUME ZM2 MHISH HLO| M J|s2 K| EUD

Python I{7|X|C}.

Z M~ N MEE SAN| 24 5 A E[AL
t. Scanpy= 0|28t HEMIE HO|HE E44617| gt

’

HUME M 2HEE DockerZ F1d2Itt. Claude Codeli|A| Ch31t 20| LFSITt:

HUME RNA-seq 248 Docker &td& TH=0{F. scanpy, anndata, mudataE Z&l5t3, Jupyter
NotebookT AF2E 4= A 3HF. compose.ymldt Dockerfile2 MHEOF.

2} Ii7|X|2] Het= LOLOF AIO|A SHIE 2MS QFE + ULk

Ij7|X| =) FQ 8
scanpy THUMII EA]O| A x|, S2AHY, AlZE}
Ij7|X|
anndata Scanpy?| HI0|E /L& (AnnData Z{A)

mudata
HI01E) X2

CITE-seq, 10x Multiome &

Scanpy= scverse MEfH|Q| UHO|C, scverse= THUME HIO|E EAS

2|8t Python I{7|X| 2822, Scan-

pyE S = squidpy(SZt TAH), scvi-tools(Ei2id 7|Ht 24), muon(E|R29A) SO] ZEHEILt S| LRE

HIOIEf #Z(AnnData)E 3Rot22, 02 IH7|X|E X&otH 24 4= ULt

AnnData — THUM|E H|O|E X

hbade= THUMZ G|0|E Q| BE XF AA0|Ct. HDF5 7|8O 2, B HI0IHE 88X 2= XS HE + UL
10,0007H2| MIZE2t 20,0007H2| RFXE Eetct= HI0|EE CSVE XNESHH 4 GB7t =X[Zt hbad=E XZSHH

S4~2u MBE SO{=CY.

otLt9| hbad IHY0= L HE7t 25 A UL

&4 My OflA|

X QU S IHESA (NI x X 10,000 ME x 20,000 { At
obs MIZZ(3H)0l CHSH HIEHH|O]E cell_type, sample_id, condition
var FHXKE)0l CHSt MIELE|OE gene_name, highly_variable
obsm MIZEO| AUH|Y ZH UMAP, t-SNE, PCA ZtE

uns H| 723} H|O|Ef AA TR E, 2] If2t0|E

o] xo| B
P

sfLtel mof EMo Eost RE 0| BA UACk= O

ol HIOIE], M HEIHIOIH, &4
=]

2 |
ZI(UMAP £tE, 22AH 0|2 5)7t St AX|0| SN AL, HO[EIE FES I IHY ShLt2t HEHSHH

ot

MuData — HE|28{A H|O|E
EZ0l= SfLte| MIOIA RNARL THE(CITE-seq), E= RNASF HME H

=
HE|RYA 7|£0] UMt ULt hbmue 0] HE|QYA H|0|EE XH5h=
=

multiome.hbmu IS 2111, RNAR} ATAC H|O|HE 22t £2|5HH

import mudata as md
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var (gene metadata)

gene_name | highly_variable

obs (cell metadata)

X (expression matrix, cells x genes)

cell_type »
sample_id » ' >
n_counts » >

obsm (embeddings:
PCA, UMAP)

uns (unstructured |
annotations, parameters)

Figure 42: AnnData Zix|2| &5 LtEHH CHO|O] 124

mdata = md.read_hb5mu("multiome.h5mu")

# modality
rna = mdata.mod["rna"] # RNA (AnnData)
atac = mdata.mod["atac"] # ATAC (AnnData)

Zt modality= S&HQl AnnData ZiX|0|]22, RNA HO|E{0l= S ,

ArchR2| Python SIS At25H= A|OZ ZIZH0j| XISt 2A s M5t 4 QICt

Scanpy M $2EEL

CUME 2M2 B8 O3 =M= JYEC ZH HA VL off TS| O|cHSHH AlOH| et 2A48 Qe 4~ U
EZ! 22| (Quality Control)

Al

o

4 CIO|E{0l= SEO0| H2 ME(F2 ME, 0|5 WX S)7t ZSE0 ULt 0|H MIEE Z2{LX| L™ 2M At
QH==ICt.
Z2 QC X|E: - RHMX} 3~(n_genes_by_counts): gt MEON AZE RIS HOH(0: 20071 0|2 FZO|
2o MEY JhsM0| =Ct - OJEZC2|0F MK} H|E(pct_counts_mt): O|EZZ=2|0F QEXIC| H|E0| S H(0:
20% Ol &) MZE7t 24EAS 7t540] AL F0{7t= MZEOM MEZE RNAE HEALEZEX|EH O]EZE2]0F RNAE
=0} U7| WZ20|Ct
O|EZE2|0f RMX}L HIES Al4tst, QC X|BEES HIO|Z2E EXRC 2 A|Z35t6

#
adata.var["mt"] = adata.var_names.str.startswith("MT-")
sc.pp.calculate_qc_metrics(adata, qc_vars=["mt"], inplace=True)

# qc
sc.pl.violin(adata, ["n_genes_by_counts", "total_counts", "pct_counts_mt"])
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MuData

mod[“rna”] - AnnData
(5000 x 20000)

mod[“atac”] - AnnData
(5000 x 100000)

v

obs (cell metadata)

5000 +

4000 -

3000

2000 1

1000

Figure 43: MuData Z4#|2| 72 C}O|0{ 13

30000 -

25000 -

20000 -

15000

10000 1

5000

20% -

17% -

15% -

12% -

10% -

7% 1

5% 1

2% 1

0% -

n_genes_lby_counts

tota I_éou nts pct_cod nts_mt

Figure 44: QC HIO|SE X
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B Y HXaY

Zb MIZOICH A|2A 200](total read count)7} CI2L}, XMFsH= 0] X}0|2 HXGI0 ME 7t 2XSt H|WE 7
tCt, IHE RHUINHVG) MEH2 ME RS FL25t= Ol 7|0{5k= UKL 20 242 S840t YetE =210t

1 54 o S2AER

rOlI

NN
o
S
S
N
==
N 1o

| REXE AESITHH 2F ME= 2,000%H S7t2] f"*OIEt PCAZ 50xtE2 2 &UF3t 7, UMAPL=Z
A A ZetE +=olL. 0|F Leiden LIIS|EOZ RAIG MESS S2{AH=Z JFeL.

. &
Leiden 2HAEZE resolution 0.52 4385111, UMAPY| SHAEZS MAOZ HA|GHE

sc.tl.leiden(adata, resolution=0.5)
sc.pl.umap(adata, color="leiden")

leiden

Cluster 0
Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5
Cluster 6
Cluster 7
Cluster 8
Cluster 9

(N N NN

UMAP_2
(4

N

UMAP 1

Figure 45: UMAP E2

NE 7 =4
2} 2AHUIM S0[Ho 2 = Hoikl= 07 |RTXE 2o, 0|2 HIZCZ M RS 2Fsl.
SHAHY 07 RMXAE 31, CD3E, CD14, MS4A1, NKG7 L3S UMAPO| EA|SHF

sc.tl.rank_genes_groups(adata, groupby="leiden")
sc.pl.umap(adata, color=["CD3E", "CD14", "MS4A1", "NKG7"])

OlE E0{ CD3E7} = UdiEl= 2HAEH= T ME, CD147} =2 23AHE= 37 (monocyte), MS4A1(CD20)0|
=2 22AHE=E B MEY 7t540| =Lt 0| O KA oM 2 HASH MEMES S ZH Q1 X|A0] 7|HH5tTt,
Claude Code= THUM|IE EA1517]

pbmc_10k.hbad TS H1 QC oiF. O|EZZ2(0t HIE 20% Old, FHAL 4= 2007 DI M=
H| 75

Hriatetl 1HE REX 200071 MEHSHA] PCA, UMAP i3

Leiden 2 AEH o{F11, CD3E, CD14, MS4A1, NKG7 OtAHZ ME S UMAPO| HEA|HF
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MS4A1
ey
<,
o
Figure 46:
0| HatoIM MEXt= ZEE of S AHoHA| ¥
2L AR7| WZof| Feot XAE UE = UL

CD14

NKG7

OtH RHXAE UMAP 2%

UR|T, 2 HA I ff BSHX]|, OTH Li2t0|EE AE3H0F sH=XIE

5.3 aiid Y Fe

TEE 212 Ha= QUXIT, A0 SHHE XIAE WE[2{H CZ JHESS OloHaHoF Stct:

WGS 24

W 449

FASTQ [ZMOIM LH2 Al 2= HI0JE. &7 ME + B3 H
X (Alignment) 2|=Z reference genomeoﬂ fEsh= 2P,

BWA-MEM27} &

0| A= (Variant Calling) reference genomeJ-} CE 228 &= 244, GATK
HaplotypeCaller7t &

VCF HO| YEHE XMEoH= f°' Al /x|, R, BH S
st

SNP / InDel TH H7| HHO[(SNP)2t f21/ZM(InDel). 713 E8t HO|
K4

CHUME EM

7HE 49

QC (Quality Control) %’é! | 2 MEE ZUl= 3. D|EZEE(0f HIE,

S XAt *7} =9 X|H
X728} (Normalization) *1IE ZHAIEY 70| xH0|1E EFot= 2+

55



he A

THE ER} (HVG) MIZ 2F 8131 %j0|7} 2 QIR ME 98 T20| st

PCA / UMAP D2 HO[EIS FABI0] AIZ{S, H25H HETIE)
712 x|

AR QAtHMEE O5°=2 S= M. Leiden €112[F0|
ox

OF{ KL =X ME Q¥S TRt QEAL T09l XA0| B

5.4 52|

« WGS 2M: FASTQ — EZ2|2 — MEH(BAM) — H0| A=(VCF) — =M — si{A
- I %! HA(FASTQ, BAM, VCF, BED)2t 2t =712| &8k OslistH Claude CodeOf|A| IHO|Z2tQ1 1S
QXI5 A OIL}
. 'F_f%kIIE —E—*ﬂ" hbad 242 — QC — MH3st — HVG ME — PCA — UMAP — 22AEHZE — MIZE R =4
— AnnData X2} 2t BA tt|o] 2XME O|5H5HH Hatst X|A|ZS L ! 2~ QICt

- 38 A HI0|2 T 9| Y2 ZA IO Z2tQ10| 2t TA7} off BRSIX|S O[aHatLl, AlOfIAH HAHEZ X|ASH=

OI—_I

2
Z0|C}. BHOE 2= EQ E XL, EHQ XA2 BIEA| H6IT

= ——

FEst M2 BS 0 HAE =MUZ ATt S S0 RNA-seq 242 U3t 22 S8 MEL:
IT X

1

Y

1. FASTQ It Z% &9l (FastQC)
2. O{HE] EB|Y (Trim Galore)

3. YA A =0 HE (STAR)

4. US2F M (featureCounts)

5. A5 U 24 (DESeq2)

O] S IH 2= HAloHH A|Zt0] 2 Ze|1, A7t 4717] gt HO|20M HHS ofLt4 YHoitt 23
=AE HX HIF 1 Lt, O™ HAS| 23 I O|1F S S2|7LE, M MS0[ F/IEA=0 L5 TAT ChA| H&loh= 52
ZH7LSZIct. S0 37H=20[=tH —?—EOE 2afg 4 AWK, 5070 YES HHECH *fa’g =7tsol.

Snakemake= 0]2{3t 24 MO|Z2IQIS XfS2tol=s HIAEER &e| E710[C}. Python 7|% 2ES A
THAIS| Yt EHS YOISHH, Snakemake/t AASL= MY =ME Z7Yotil e HAH|T Mol =Lt

Snakemake?| &H

© T 22 SnakefiloR AAIS SUSHEAS BH=3t 4 QUL =2 2RO} R4S CIA| S22 D QFE,

oY BILIZ T LO|T2I0IS HAWE 4 QIC

. XIS oJF4 Bl O EIS PN Aaisio} S| KSR BEISIC BE I} gloB BYLE M5,
E2ly A7} gloB E2|YRE MBI,

- WE A SENOI T S0 LSS0l AIZKS HOIHICH sample_A2] B2t sample_BO| ML Mz

OI—'—OP(I °*°E'E SA|Off Aeyet o E’A'Ef
- BE MW S0 SIohH MIjet THHRE ChAl AIZ}
477H,_ ,_'IEE|X| o431 3743 CHA| X 2| ST,

JH
|'0|I

. 507 HE S FHOIAMTH Ofl2{7} KCHH, d5ot

CI2 Y3 S22 7| Hlw
MEMESH|= Snakemake 20|= 02| YTEZL =77t UL}
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=7 04 =F
Snakemake Python MHYESHA 71 22| A8, Conda S
Nextflow Groovy/DSL  ZS2IRE &tA0| LA, nf-core AEHA|
WDL Xtx| DSL Broad Institute 7Y, Terra 3= A&
CWL YAML/JSON EHZF 74, 0|44 &2
0] MOA= Python 281t 7H RAtGH 2] & 0| 211, Biocondalte| 80| H0{' SnakemakeS AIESICE.

6.2 &3 14
DX EOIZ0IM Z2ME CMER|S BHEC:

mkdir snakemake-pipeline

VS CodeOl|A| MY — EE YI|Z snakemake-pipeline CIHMEZ|E AL} A 0| S2|H, Docker 242 AL
Snakemake= Docker Z0M Hallct= Z0| X2l HOM |2[6ITt. Claude Codelf|H| CHE1t 20| QFolTt:

Snakemake IfO|Z2tQl MHE Docker HAS THSO0F. snakemake?t B conda/mambas
TEIHA, 2+ ruledlA SZHQl Conda EHS A

t2s £ A dHF. compose.ymlt DockerfileS
HS0H.
i ST MHYEESH IH0| 2210 M= Condalt 27H At&dt= A0 LEHXMO|CE. 2t rulel S&IAQI
Conda &&S X|Eg £+ U0, STARE STARol 240X, DESeqg2= R SHH0AM Aalidt= 40|

=
7tsott. O[ZA otH M2 T =719 Z&2F0| S=ot= EHIE Tig + U

6.3 Snakemake 2! 74

Rule (%)
Snakemake?| 7|2 ©t2l= ruleO|Ct. SHLEQ| rule2 U3 — Iiﬂl £8S Folsitt. Q2| AT H|RSHH,
“MZ(input)E 7+HX2AA Z2|(shell)otl 2= oEl(output) =0 e 3X0|C

rule fastqc:
input:

output:

shell:

A HTMLZ results/fastqc ZH0||

Ol rule2 “data 2CQ FASTQ MiYUZ UHOZ HIO} FastQCE 4 A1t
%1 L EICt, %nloo}xHAIoHo XI‘EOE

Al
XS = 2|0|0|Ct. Snakemake+= output IH0| 0]0] ZXH5HH GHZ ru
HER|H= Z40|L}.

ﬁf
.

Wildcard (2IZEFIE)

{sample} Z2 AUCIIEES AIZoIH 0f2] Y20 22 S XS ’5.%32* = UCL OIE =0 s
sample_B.fastq.gz, sample_C.fastq.gz’l QOH, & rul

"U
'_l
('D
:|>
H':
[V
n
t
,.Q
Oq
N

UEFIEE Snakemake] 71 S Tl B ILIOIT. £SO WO[T2IQIS NS U 2t MIOIC BYS
HHBHOF BH|SH, QACSIHES AFRSIE rule AR BE MBS M2(3 4 ULk M A20| FIHE/CRHE ruleS $HE

227} g,
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DAG (&g Hlzgt J2m)

Snakemake= rule 7t2| 9|Z A E DAG(Directed Acyclic Graph)2 Ats A5t St ruleQ £3 OI0| CH2
rule®| 42 mAO|H If%gi M7t ZHEICt, 0E 0 trim ruleQ £20] align rule®| /210|H, SnakemakeE
If'_"E*l trlmE X-I 8OH
DAG2| “HlZE8HAcyclic)"2 2|& HA|7t YYo= EX| Y=Lh= S0ICh, A — B — C — AXE &8t6tH £t 20
HEX|2 2, Snakemake= 0|E AS2E ZX|ot0 Of|2E LUMA|ZICE

rOII
o

expand() g4

aoT =

sample=["A", "B", "C"])= ["results/A.txt", "results/B.txt", "results/C.txt"]1=2 BXNIIC} F=2
rule allOH 2% 2 010l 222 XJHS 0f AIZ3ICY,

o T

expand () &4s QAUEIIES FHHQI 2O 2 2HESH= &H4-0[Ct. 0| S0 expand("results/{sample}.txt",

Conda &t3 S¢&t

SBYEs MO|D2RI0ME M2 THE =77t M2 TE EYS 270t 27t B STARE C++ 2t0[=2{2(7}
ZQ5t11, DESeq2= Rt Bioconductor?t BQ4SIC, 0] & 2642 6ILIS| Conda &40 2CH SS0| LMt

ULt

Snakemake= 2t rule0f] S=XQI Conda &ZAS X|ASt 2= QL. --use-conda ZHIE 20 AaEIH, Snake—
make?t 2} rule0f] X['HEl YAML TS 210| XtS2E Conda 42 MM6t SIS}, etd Mo7t FEL Sl
HM 22222, 14 S0 DTH0| T2l S CrA| Allsh e Sst HMO| =417t AX|EICT,

Config It

2N m2t0|EE Snakefilelt 22|50 #2|& 4 ULt Snakefile2 “H{EAH 2M& ZQIVF'E, config Y2 “2AS
=g AV E HIo. MER ZEHMENAM 22 I0|Z2tQI8 AME5t HOHH nakeflle._ J2 £11 con-
fig.yam|2F =H5tH EICt,

27 o
Zt rule0ll Log XIAXIE F7totH Hal 208 HEZ N&E 4 UL} 5070 ME2 XISt sample_3701A] 0f|2{7}
ACHH, logs/align/sample_37.10 b Ofl2 24 Al RIO1 Lo M QI ZICH,

=

6.4 Claude CodeZ Snakefile Z:5}7|

Snakemake2| =S 2ol Asl= A=, 24 Mo|EHQl9] S
ZQ5ICt. rule, wildcard, DAG, expand, Conda 2P74 S sidl JHg
XIAIE LHE == UCH

£ O[3t AloIH Hets| NHsH= 20| O
=0 UM, Claude CodeOi|H| &2tst

RNA-seq I}{0|Z2}Q1 AfAM
Ct2at 20| 2Fstrt:
“‘RNA-seq OIO|Z2}QIS SnakemakeZ PHES0{F. U2 data/ E el FASTQ oHl0| 11, FastQC —

Trim Galore — STAR M3 — featureCounts ME I1E|0H1-J M= 5 2 config.yamIHA {0 2A
b, 2t Aot 23 Hr%% AR

o]}

0] QS 5t2{™ LSS YLO0t0F St
o BM Ao A o E2|Y r% | HES St=X| (OHE{7L ot O™ HE HEt: I Wo{EICH
o 2t 39| A&k FastQCe EE 201 Trim Galores= O{E{E| H|H, STARt e ™M™, featureCounts=
SUXE Lodzk AlA
« QIE=3 MY Al FASTQAIEA =) — trimmed FASTQ — BAM(™Z Z1}) — counts(& 3 E|0|E)
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fastqg_file

fastq_file fastq_file

quality : quality
report report

fastqC

fastq /fastq fastq
fastq
BAM file BAM file

fastq fastq /fastq

BAM filg

(count(sample_A)j Ccount(sample_B)) (count(sample_C))

Figure 47: Snakemake DAG A|Zt3} Of|A|
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B3I, expand () 42| Hat SH0|Lf threads XIAIKIS| AIY
xgof ZLt

o
Hi

“2t rule0] SE%Q1 Conda SAS MXGHF. STARS} featureCounts= 22 &4 M1, DESeg2= R
sAe %EE %011-4 envs/ Z200| YAML I Y-S MA5HF.”

Config It 22
“SlETYE ME SE1} OI2t0|EHE config.yamIZ 22[61F. ME 0|Z, YHAA A5 HE, Eg|d X

7|&EAUS co nﬂgOiIM {12 HHYF.

“count rule Ct20]| DESeq22 XIS Ud EM5t= ruleS F716HF. R A3

Conda B&E TS0

“align ruleOflA{ STAR CHA HISAT2E AtEot== HHYF.”

“sample_D7} £7IR4O LIt config.yam0i treIah.”

>
o2
B

n

|4
ake

oICk:

oM

0Y
ng
not
S 3

i

-

“Snakemake =202 AlSHoA Z2ME HOF.

“SnakemakeE 4302 AlalsHF.”
“‘DAG 12&= MMGHE|”
0217} LMotH 27 MUS A E0FHA O

LA

YT M= o E2t0[E(-n)22 MM AZS

=

QxBICk

31015

k= A0| St

“snakemake A&l5tH align THAHOA Ofl2{7t L, Iogs/allgn/sample A.log 211 20l

S O HEA| log XAIXE EStol=F Q7F0}

20 IUS MYoh= 20| £ A0{0F SIEZ, XZ SnakefileS

X0| ECt.

6.5 TLME EA o] Xkl

ScanpyZS 0|28 HUME RNA-seq 2ME SnakemakeZ A=

SHAHYO2t=E =ME MEER, 2t HAIE rule2 22|6HH EC.

Claude CodeOf|A| L}t 20| 23 strt:
“Scanpy 7|8t HHAUMZ RNA-seq

SAO LT = QUA AUETIES ALSSHF.”

SnakemakeW|M= shell O script X|AXIE AF26IH PythonO|Lt R A3 E
LHO|A snakemake.input [0], snakemake.output [0]CZ A=Y O AZ

make?t MHAAZA HSY = ULt

FIOH LES0AM Z2EE0[HS 245 Mol 7tse

TFEE HMYSHHM “0|Z SnakemakeZ HEIGHF 2t
gt =Lt

oo

Q3GHH
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2M8 Snakemake
SHAHYS 2 L HE ruleZ Ta| o, ZF oo ZAnE
HSH x

=

518 4 QUr

mo|zateloz
hbad OY= X

Cto

_I_
O?J

A, rule THeIE 22E

USOFH.

oF.

”

ECEE

_I_

IME 242 QC — Htst —

=

QC, H+tst,
Ofe S0l CHoH

=2t EICt Al7L 2HIE Snakemake EHO =

Claude CodeOf|A| CtS1t 20|

L
—

2foloz XMatst I E5| Q5L AlA 7|1E LES

Snakefilelt AJZE mAUS



$ snakemake -n
Job counts:
count

align
count
fastqc
trim
total

Job counts:

Rules to be executed:
rule fastqc: input: data/sample_A.fastq.gz
rule fastqc: input: data/sample_B.fastq.gz
rule fastqc: input: data/sample_C.fastq.gz
rule trim: input: data/sample_A.fastq.gz
rule trim: input: data/sample_B.fastq.gz
rule trim: input: data/sample_C.fastqg.gz
rule align: input: trimmed/sample_A.fastq.gz
rule align: input: trimmed/sample_B.fastq.gz
rule align: input: trimmed/sample_C.fastq.gz
rule count: input: bam/sample_A.bam
rule count: input: bam/sample_B.bam
rule count: input: bam/sample_C.bam

12 jobs total
This was a dry-run. No jobs will be executed.
$

Figure 48: snakemake —n E2{0|H Zut

6.6 g2
* Snakemake: MHAMESI M MO|Z2QIS XIS 3l6l= YIEELR &2 =1
- Mo, X135 oFEY &, HE A, 22 MAY XI%J
* Rule: &% — X2| — %Eﬂ.g QQIOP 7|12 =4

* Wildcard: {sample} Z2 I{EIOZ 02 ME0| Y 2 ME

* DAG: rule 7t 2I& 5'-*71IE ANS2E Mefstt] Ml =M 2
+ Conda &% %E‘- 2t ruleDttt SEHQI BFS X|Fo10] o2 5= X

+ Config TH: EM T2H0|E{S Snakefilelt £2/5101 HALSA 2t
- BlOlt THO| Sul: RA Dojmatolo] B2 2 ERol AYE OFEIL, AGPH SR ANSHE X
expand O YR 2) E22 50| HHGH=A'S Of= 20| o FRSICH

78, MEEE S HE IR

7.1 & &+, OH%] 2t=0{0F o}=7}?

MEMESIHM g == QS0 M2 Mo #E a3 SH2ICH. NCBI BLAST, Ensembl Genome Browser,
Galaxy, UCSC Genome Browser — 0| E152 HE S0 2U=olK| U2 A8 MESIKHE A|EA M Az A,
=M Io|Zetol Alls o 4= QA TEALCL & =77t HAMETE, MHYHSI2 _+_*_°_| M2 EEJEHD-IDF Mg 2
ol 2otz »4ore 7-|o||:|.

M T [= V=R N

J12{Lt O] oA & =515 THS7| [0, 8 7HX| 222 TMO0f
U=

rOh

tCt. Al A|CHO| &= & =518 TEE 20| 0fT5] 20|17t

#(World Wide Web)2 30 G FE 3]2 7|2 SHFO0IACL J12{Lt ZZ Web 4.0 — Al7} 5= XIS
# — Off CHSH =27t ZHUGHX|THA], HE QI @ QIHI0|AS| Of2H0f 2|20] M|7|=|22 AT 0]0] AEU ECHEO| T
F20] AF2{0] Ol 0i| 2ol Yoty UM, O] HIS2 A% S7totd ULt MCPet 22 Z2EF0| HHSIEH, Al
OIOIHET & HEfRXE HXIX| 1 CIO|E{QL MH|A00 X HZot= AltH7t = ZO0|Ch. 10 sk2{et UIQt BtSd
CiXfel2 O Oy S20HA| = + UL

o1 ot

Ls
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JEME =70t @ =78 HRs A0= 2 71X X2l 0|7t UL
n

— —

© AjZtalet OIE{;A: BLAST 24 ZIIS B2 H0IFD, AEA YAS Aot TRI0[ES X0 242
UH5Hs KRie 0f73| GUIZL . EID[20A BJAE 20t Reists 1Bt KRIEoO|L,

« 290 HIY: Y T YTHESO| HANES FOIR XM, AW IE 24 £1E 0| URLS HOIRAL”
SHOICI2 S29 B3 4 UL

« BAG Ofsf: ZEEQIC, WOl HOJEHO|A, APIS OFR2E # JHY ZHS MCP MHMES BISHL Al
OO[MES| =78 M7E M AHXOR TR,

+ HIO|E T A& B JHLS Al OfOIES HOiGHs SRNOE MBIt A0 =0 H0|DE AIZL M43

I o X Sk A
Fco| BUS FA| BEE 4 QUC,

ZEHOZ, U AHIO0|A XtH|o| S92 HA EOSUXT, A =HE T
ACHO = R=5tC. O] BUME YEEESt @ =419 7[2H0] &= Z2HE

In
rr
i)
o
=2
>
10
ol
rr
N
TS
i)
>
]
0z
1=
ro
>

£ gttt
7.2 0] Mol ABSHE 71 A
O] MO|M= CHE2t 22 7|= AHZS ALZ6H0] MHYESH ¢l =15 LSt
7l& =1y 49
SvelteKit ODZEMC O3 Qe g H210 71 3 o JHY T U2
Tailwind CSS CSS myalga QE2|E| EejA 7[Hte] AEIUE
=3
PostgreSQL H|O|E{H|O|A QEAA HAH HIO|E{H|O|A
Docker Zig[0[ L MY =tE S8 e

0| Zz¢g= Mot O0|R= HIO|E ZF0| XMefst/| EO0ICt SvelteKit2 ZEZH0| M0 AlZt Hdotir +=Fok7| €1
Tailwind CSS= At FHIF HTMLA} 22 D0 AN AI7F HEHS Tiefot7| 0[5, PostgreSQL2 2FEX0| 1
22| AL E|= O|O|E{H|0|AO| 22 A7} HESH SQLS MME &H50| =0t

SvelteKit
SvelteKit2 SvelteE 7|8IOZ St EAEH 9l T AAIF0|Ct, “EAE0|ZH IREJCS(ALEX HE SHH)Qt
BHAIE (M 2%, HIO|EH|0|A ¢1E)E otLte] THAAITNAM 25 XM2[& 4 UCH= S0|Ct

React, Vue § CIE T[Tt H|WEHS M Cf2 ot 22 2H0| QUL

- WY EtY =X}t React= E2fRXA0M 7+ DOMS H|wstH StHS ALISHKT, Svelte= LE AIFO

« M2 FACE ZUSH 7|S2S React2L 30~40% M2 TE=Z 8ig & QI 0l= A7t M5t ZEZO|
Z=0EL= X017| oltt, FEJHECH 027t & 7IsdE E0{EL.

« AMH AIO|E G Z(SSR) 7|2 X|¥: HO|X|E MH{OA] 0|2 2
] =Y

o IfY 7)4t 2tRE!: O X7t Z URL 20|t src/routes/tools/blast/+page.svelte IIAUZS OF
AHSOZ /tools/blast URLO| M7ZICtH URL MAZ gt HE Oj0] Qe QirCt.

SvelteKitO| A HO|X|= A M| 7HX| U= G E Lt

o
9'2
L=
|T

ctRX0f| M2, A otH 20|

™

i

iy o el 913
tpage.svelte AMEXIA 20]= 3tH (HTML + CSS +JS)  HEtRA
+page.server.ts O[O|E 29, & X2 S A & MNH
+server.ts REST API IEZQIE AMH
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@ SVELTE Docsv Tutorial Packages Playground Blog search ik BYWEO A G

web development
for the rest of us

GET STARTED >

I
/ SVE lt/ attractively thin, graceful and stylish

Web frameworks
and technologies

Svelte is a UI framework that uses a compiler to let you write
breathtakingly concise components that do minimal work in
the browser, using languages you already know — HTML,
CSS and JavaScript. It’s a love letter to web development.

But don’t take our word for it. Developers consistently rank
Svelte as the framework they're most excited about using.

Figure 49: SvelteKit 34! EAIO|E

, e.sveltel= A|EA Q2 = f Z1 0|22, +page.server.tsl=

OIE S0 BLAST &M =515 RH=CE ==
& ’5.’33 Ef 0] == Olatistd 9,1 M, AIOIIAH “MH 20| BLAST ZX 7|5
.

Ot=
BLAST+ 32§ Alsu} Zt mpA 2|
FIIHFE 2D FHXOZ QNS £

MOEE

;0

Tailwind CSS
Tailwind CSSE QE2|E| Z2HA 7 | O CSS T U 0|Ct, MEHMQI CSSU M= HEO| AEIUAE MIUS OHED
A 0|ES ’89@ S AEIIS RMSICE Tailwinde O] 2PYS M2Fst, 0|2 Hol=l QE2|E| SHAS HTML

40 = HEet.

<l-- CSS -—>
<div class="card"> </div>

<!-- Tailwind CSS  -->
<div class="bg-white rounded-lg shadow-md p-6"> </div>

Tailwind HA0A bg-whites &M A, rounded-1g= S2 2A|2|, shadow-md= S7t 27| JEA} p-62 Y
1.6rem= 2|0|gtCt A 0|0 EH 01[.51 AEHAU0| MEE[=X| & 4= ULt

Al Of|0|HER} BHH| AFESt7|01| Eo| HetotH|, AEHY0| HTMLAF 22 MU0 U0 HEAE
MEXQI CSSOA= AlZF HTML IHat CSS MIUS T 210{0F HMA| CIXIQIS 0|51
HTML ot otLta g{o ™ FICt,

ofefstz| &7| = 0[Ct.
U2, TailwindOlM=

-|> HJIHJ

PostgreSQL

PostgreSQL2 MIAIMIA 718 Ol MEEl= QEAA HAY H|O|EH|O|A0IT, “HAY 0|2 HIO|EIE H(E|0|S)
HEH= XFotdl, E0|S 2te] AIE Y o+~ Att= 0|
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~> tailwindcss sz Q CtrlK Docs Blog Showcase Sponsor  Plus

L}

Rapidly build modern websites
without ever leaving your HTML.

A utility-first CSS framework packed with classes like flex, pt-4, text-center and
rotate-90 that can be composed to build any design, directly in your markup.

The Anti-Pattemns No.4

[' i

b7
Class Warfare

Figure 50: Tailwind CSS 34! ¥IAt0|E

0] 0| | PostgreSQLS CH2 T 22 =2 ARREICH - B Zu} K&k BL A
AFE X} BIOJE| BAl: ALRAIF ARC 3t AIHA HE - K2 0]2) F5: -7t o

SQLite 22 7HH2 HIO[E{HIOIAE QUXITH, PostgreSQLS MEHSH 0|Q= M #71} SUs AHS K251
QISHAIOICE DockerS Safl Alg5t0 2 MX(7 S XS 4Lt

>
k=)
rg

7.3 ZRHE My

Node.js &X|

SvelteKit2 JavaScript/TypeScript 7|2t0|22 Node.js7t ZL5ICt. Node.js&= H22X HH0IA JavaScripte
Aalieh = QA dliF= HEQJOICE CH2 EAIO|ENIAM AX[SH:

https://nodejs.org/en/download

AX| Al 2RYHHE MESH= 31HO0| L=, Windows AFEALE WSL 220A JHLSIERE LinuxE MEHSHO}
St 1042 nvm(Node Version Manager)dt pnpm(Ti7|X| DL X)) MEHSH & E{O|'E0| HA|== BES U=,
nvme 02| HZE9| Node.jsE AX|[ot1l Hetet o~ U7 siF= £F0|Ct. T=MEDICE CHE Node.js HX0| HQE
= U2LZ XH MX|HLH nvmS S8t AX|7t HEEC

pnpm npme| HRICE C|AT 7S H SPNIE
pnpm I{7|X|E of HP CIREESH AEs &3 2 HASHT
X[ =l

node --version
pnpm --version
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neden

v24.14.0

Learn  About Blog  Docs  Contribute Courses Q start typing... #K 2

Latest LTS

Download Node.js®

Get Node.js® v24.14.0 (LTS) for 4 Lnux using % nvm with | & pnpm

Info Want new features sooner? Get the latest Node Js version instead and try the latest improvements!

{/> Copyto dlipboard

sit nvm's website

nvm® s a de Js version manager. If you encounter any Issues p
Or get a prebuilt Node.js® for A Linux runninga x64 architecture.
Read th gelog ~ or blog post for this version.

Learn more about Node.js releases, including the release schedule and LTS status.
Learn how to verify ~ signed SHASUMS.
Looking for Node.js source? Download a signed Node.js source = tarball.

Check out our nightly ~ binaries or all previous releases or the unofficial 7 binaries for other platforms.

Proudly supported by the partners below:

We are able to serve Node.js's downloads and maintain our infrastructure proudly due to the support of these partners, and more.

) DigitalOcean

BB Microsoft AVercel

ZAX:L) Latest Release O .- ] @ ¥ X

Figure 51: Node.js CHRZ2E H[O|X|
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SvelteKit T2HE x7|5}
E{O0| 20N CHS HEHS AdlHsH0] SvelteKit TRMES MM}

npx sv create my-bioinfo-app

CLIZt tate 2 ZM8S SO0t Wak7 |2 AL|O|AHE MEHSIT AME{ 2 TIMGHT:

nz e

Which template would you like? SvelteKit minimal

Add type checking with TypeScript? Yes, using TypeScript syntax

What would you like to add to your project? tailwindcss, sveltekit—adapter, paraglide
tailwindcss: Which plugins? typography, forms

sveltekit—-adapter: Which adapter? node

paraglide: Which languages? en, ko

paraglide: Include a demo? No

Which package manager? pnpm

OD2HE 440| 2= 5H, VS CodeiM MY — EL BI|Z my-bioinfo-app HHELSE ALt

o
2 40| B2 7IEH| a5t

» TypeScript: JavaScript®l Et2} A|[ARIS F71eE 0. A7} Ydot= TEUM T EHRI0| ACH HE

AI2E Zmel A|H0)| ZHotdd 2~ UL},

* Tailwind CSS: RE2|E| S2HA 7|8 CSS DU, Typography 22{12/2 OtZLCHR I Al H7

—

7|12 AEIYE, Forms E2{11212 & QA0 7|2 AEIYIS NMESHTL.
- sveltekit—-adapter (node): SvelteKit 1S Node.js MHZ H{ZEE 4= QA SiF= O{HE.
* Paraglide: Ct=10{(i18n) X|& 2t0|E2{2]. 0101(en)52f 5t=104(ko)E XI5t d

24
AT DRHE 27| 442 Al OOIMEN| 27|7|=Ct SHE S8k 30| L.
C = A4
=2 O

TIPS Al %7)3} B
Ag517|80t7|E FES XY Spofels Z80| 0|, AN HX0| of FES Mast 4 Qirk, o2
#ThS 2| CLIZ BIM B2, 1 SI01A A0 715 712 25K 20| oFsalTt,

Tailwind CSS

= =41 HA

= G0l

|—7_EQ
=

Tailwind CSS&= SvelteKit Z2H E M Al SMCZ oA HX[ + UL HEE 3 XY ER o*OI, OZHME
EiS

7|8} 2PH0A] Tailwind CSSE

7|2 AEES MiEotal, Forms EE1 [ePNCIER =4

S0l 712 AEYS MK =L

—

7.4 Docker & 1M
compose.ymlz} Dockerfile 444

30| 2 Docker ComposeE AN MESH. Claude CodeOf|H| CH22 20| @ H 5L}

“SvelteKit A1t PostgreSQL HIO|E{H|O]AE Docker ComposeZ FHaiFE. compose.ymlzt
compose.dev.ymlZ PS03, compose. ymIc> HIZ 0|1, compose.dev.ym|2 HHUEOZ =&

OIREQ} 3t 2|2EE MX6HE. Dockerfile® A PHES0{F.”

}E Atso=z MA™ELCE, Typography Sﬂlﬂﬁ OI3CHR HHE A 27| £2
ol = -

0I[[H compose. ymI(HHER)J-f compose.dev.yml(7HL-)2 22|5H= 20| ZLCt. 7L S0 A= TE HZO| SA|
HHHE|0{0F GFX|TH, B SHAOM= Z|MatE UE Zaat MalisHH EICh & IIYS 2elof &3, /HEE M= docker
&t 2 oICt
=2 T M

[K=]
=

compose —-f compose.dev.yml upl =, H{EE I}= docker compose upgﬁ Al
o

Claude Code7} 44J5H= Ttelo| 32 HHS Olafah F3, ZMs AEGD

0?'._
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2% o|o|

volumes: - .:/app 24 JEE AH0|H0| HA. ZE T Al FA|
/app/node_modules ZIH|0| XtH|2] node_modules A|'o. SAEY %
HEX|
o
depends_on: - db dbE WX AlEfet = app ISES)
pgdata:/var/lib/postgresql/data ZAH[O| 4 AfH|GHT C|O[E{H|O|A EE
DATABASE_URL ZAHI0|H Zt HIEQA F4. db= MH|A 0|2

Dockerfile()ﬂkIE 3&0"k| HH‘E‘ E'Ilolo'l 9HAOI '?';IE-DI‘ I—‘,‘ | I‘ package. JSOH I'i EAI'O"_, 0|_7F_A-|O Mi |6|_ | AA
FCE 2ABIE, AA FCOHAEIS [f OFA M| HAS AHE 2 UCh —-host S2ATE Docker ZE(0]
LHE MO SAENA H&517| Q5 2SIt

7.5 8t ¥ (Lenv)
OZMEQ|A ClO|EH|0|A XM HE API
2 B

1S =
Gitofl AXE 20| UL}, &t H4-E AEotH ZE9 2%S 2olg &+ U

.
Q: .env OIUR HIEA] AR} 21 ZhdsH

9 OF StCt.  .envOll= GIO|E{H[O|A H|ZHS, API 7|
S QIZst HEJF S O02  Claude Codet | oS AL} MMEH SiM= o =ICt =24
CLAUDE.md(~/.claude/CLAUDE.md)0{| CtS1t Z'0| F7t5t04, Al OO|MEJ} .env DM HIZSIX|
2ot s AFol= A4S A

#

.env
- .env.example

ODZME ZEQ| .env IIUS XX AAMSIC}:

DATABASE_URL=postgresql://postgres:postgres@localhost:5432/bioinfo
PUBLIC_SITE_NAME=My Bioinfo App

SvelteKitOflA &8 Ha= F 7HX| 2 LD

HEA} O o =1

PUBLIC_ AH| + 22/0|ME AO|E 0|2 £ 2| ML
o= AH 2t Ci|O|E{H[O|A HIYHS AP| 7| § QIZ HE

4>

PUBLIC_ MSFAIt Q= 8 H4E M T E(+page . server. ts, +server. ts)HA Tt HZE 3 QUL HEIL XM
HAllE=FE0M= S+ U2 E H|O|EH|0|A H|”e'“._12|-fAP| 7|17t MEXIAH = E = X| 2=C. 0| FES Hot
=0O=

S0l

env MU . gitignorel BtEA| 7510 Gitd| 7{SIEX| & 3._E 4l .env.example IIAUZ TS0 O1H
§,_P23 £7F LWQSHX| OHHSICt, . env.examplet= AX| 2z I:H HEXS 2=C0 0 IUE2 Claude Codelf|A|
A

B2 Qs Bt

“.env.example IIAUS PHS0{F|. DATABASE_URLY} PUBLIC_SITE_NAMEO| ZL3}.”

7.6 ZEHE CHEL 7=
HEZHORE DZME LUER| = ST L2 7S JHICE

my-bioinfo-app/
compose.yml # Docker
Dockerfile # Docker
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.env # (Git )
.env.example #
.gitignore
package. json
pnpm-lock.yaml
svelte.config. js # SvelteKit
vite.config.ts # Vite
tailwind.config.ts # Tailwind CSS
CLAUDE.md # AI
README . md
src/
app.css # (Tailwind )
app.html # HTML
1lib/ #
components/ #
server/ # (DB )
routes/ #
+layout.svelte #
+page.svelte #
tools/
+page.svelte #
static/ # ¢, )

O] =0 71 528t EH= src/routes/O0|Ct,  SvelteKite| MY 7|8t 2fREO0| 2lol, 0] EHQ| X7t =
YIAIO|EQ] URL —T—’-I7|- EICt, src/routes/tools/blast/+page.sveltes TIEM /tools/blast2t= URLO|
As2= MZICE  AlGIA AH HO|XIE F7fs Z2t & o, 0] 728 LM “tools EO Of2{0f| blast HO|X|E
OIS O0{F" 2 FAHOR XIAE 4 ATt

o= IEE

src/lib/ E0&= 02 HO|X|0M SR5t=s ZEE
A2SIEZ src/lib/components/NavBar.sveltel|
MEHOMTE Ao ZEE EL

2= ROICE O|E S0 YiH|AI0|M Ht BEHE = 2= H|0|X[0]| A
Ct. src/lib/server/O|= H|O|E{H|O|A HA FEXH

a0
A
=l
—

CLAUDE.md %d

CLAUDE.md= Al (O|ME7} &X5= OZ2ZHME HAM| IHUO0|Ct, Claude Code= EHHS AJZFSH I 0] MUS THE

9T, IRHEQ| TXQ FAIS LSBITY,
34| 2121 CLAUDE.md0ll HES 20| $S48 Al O SZ5HZIC,

| T2 OO|MELS AT} Za| T2HEO| HatS AAR UX| RBITH “Navbardl 212 Z7}63 2t 28HS 0,
AU ZH12 Sl SHIE A0 TEE st 182 Lo0f BTk

« 0| ZZ2MEJ} SvelteKit2 AF25H=X|, ReactE ARS5H=X|
* Navbar ZEHEI} O{C|0f] U=X]

o AEFUZI0 Tailwind CSSE ME=X|, Lt CSSE MEX|

« 211 0|0|X|:= OO0l MEEO UA=X]

0|23t =7} CLAUDE.md0jl Q21 Al D1 ZRRE TAS ST SX50F BT, U1, 0] HE7} A 20
QOB Al ZHIZ HES TES BNE 4 UL
=2 “Al7} T} SHELI7} SCk= 0] OfLIEE. @82 1 Brfo|ct.

QH HH71x|A|0| Il'.lg_gf7|'? H|‘O|E i
CLAUDE.mdZS 7 XHM5e{H Al

0|S £0{ 0|2 CLAUDE.mdE AtAMSICtHT SR}
#
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- SvelteKit ( + )
- Tailwind CSS ( )
- PostgresQL ( )

#

- src/routes/ : ( )

- src/lib/components/ : UI

- src/lib/server/ : (DB )

#

- PascalCase ( : NavBar.svelte)

- API +server.ts

- $env/static/private  $env/static/public
#

- ! blue-600 primary color
- : max-w-7x1,
- : mobile-first

0| MAUS Z-M5taH SvelteKltOI e It'J 2tRE0
ﬁE‘ﬂ_ t 2{|0]0FR 2| 7HHO| FRRUX| LOLOF Bt

0
|‘=' :":'01|A1 Aol g2 IESE AY &*’SEE 20| OH-IEL AI7} gﬂf
IAE LHE|HH 7|22l JHE 7HE S OIOHOP U0{0F

= g OflA]

Z2HE JHQ OD2MEO| St U4 AL X} ‘MHFYESE XIS ISt Y 7|t
ABHA BN 27

s AH A25He DY YULY3, 2t0|=22{2] “SvelteKit, Tailwind CSS,
PostgreSQL”

OeEEs]| 1= FQ Mol Hgt “src/routes/= H[0|X|, src/lib/2
zo Fc”

33 AUA o o, I AR “URHE = PascalCase, 4=
camelCase”

Cixfel 7to| =2t MAH ZE 20[0tR 72 “primary color= blue-600, /LY
HH| max-w-7xI"

HZLA =X Rl E35t 75 “FASTA A2 )2 Al&fst= ol +

AJFA”

CLAUDE.md= o ' Z-dstl

20| OfY|L}, T2HME7} AMst+2 MZ2 210 IfEO0| M7]7] OHA0ICy. M22

HEHE 20| FIHz| AL, TR 7H0|E2tQ10] HALE|H CLAUDE.mdk SlH ICi|0|E5HOF BTt Al Of|O[MET}

B4 2N MEIS THofE & UTE RX/ots 20| Bo|E TN AZe| 528

&l: Claude CodeOf|A| “XIZ7tX| st LHES HIECZ CLAUDE.mdE

HEo|Ct.

YOOI ESHF 2t QF5HH,

A7} Sixl Z2HME MEE 24610 CLAUDE.mdE AS22 s 7| Stct.

7.7 I M Aol
Dockerg AtE5t= 3<

docker compose up
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HZRXO0|M http://localhost:51732 2 HM&SIH SvelteKit ¢
A

4
WEQ O ME[0 I 20| HY 4 UKIT, F BN AYSE= Y

> 0=

Docker S10] 2Z0j|A Wt B2
pnpm dev

Docker 90| 7HE MHE Aldligt & UX|TH 0] B PostgreSQLE HZ MX|otl A3H5HOF STt Dockers
AE5}H docker compose up o E2 # At H|O|E{H[O| AT} BE A|RE|2 2 G T™2|5}CT

X
$ pnpm dev

VITE v5.2.10 dev server running at:

< Local: http://localhost:5173/
- Network: use --host to expose

v ready in 500ms

Figure 52: SvelteKit 7H2t At A3l 5tH

7.8 8|

+ SvelteKit + Tailwind CSS + PostgreSQLO| 0] 22| 7|& 7|z AHY
— SvelteKit: ZEH0| M1 Mt 7|4t 2tRES X|ot= EAH AT
— Tailwind CSS: HTMLZ} AEtAO0| Z+2 IU0H| L0| A7t M2hg matst7| 12 CSS 2|l
— PostgreSQL: Docker2 7HHGHA| Aotz @EAA I H|O[E{H|O0] A
« O2HE X7|3k= ™ $3#6t1, 0|1F 7|5 FIH= AloA ©7]7]
— pnpm create svelte@latestZ HHLH MM T AlQ} &
* Docker Compose2 % &S S 22|
- compose.yml(H{Z&)1 compose.dev.ymI(ZHLE)S 22|
— Dockerfile, compose.ym| 442 Claude Coded|H 27F
« 24 Ha(env)E BIEA| AEXIZ} 21N 2
— Claude Code?} .envE ${7{Lt ‘H-HotA S| 47|
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ﬁTOOLBDX Home  DNA Tools RNA Tools Protein Tools Database - A J.DOE &+ [»

Reverse Complement Tool

< Input DNA Sequence

Sequence (A, T, C, G only)
Enter your DNA sequence here (e.g., ATCG...)

58
- 4l
Sequence Type: Case: Convert to: Qutput Format:
(‘ona v [Uppercase ~ | ©® RNA(AU) Standard Q Analyze Sequence

(O DNA(A>T) [[] FASTA header

Clear

Results

Qutput (Reverse Complement)

5'—GCTTAGCTAAGCGTATTCCGATAGC-3"

Additional Info
Original Sequence Length: 28 bp
GC Content: 53.6% (3
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Home > Tools > Reverse Complement

Reverse Complement
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Reverse Complement
Reverse Complement

Enter DNA Sequence:

Sequence Alignment
d 9 e.g., ATGCGTACGT...

BLAST Search
GC Content
Results
Complement Sequence:
Reverse Complement Sequence: Sequence Length
.. R S T Y
Figure 65: ALO|=H} 2{|0[0F2
HEHE 8=
Chart G|OJE] AlZf2} (2fCH, M, 0| XIE 5).
Chart.jsLt D3.js 2t0|E 2|5 AI2
Heatmap KX U S|EY S. AU 7|5 My
A2 32
Sequence Viewer AEA HE A0 A Zet o2 A[EAS
LIE5| =10 YXI/SLXIE ME2 =2 HA

NZist HEUELS XF 780517\ 20} 7|E 2j0[22{2|2 BR3Hs 20| LUHHOIC AIOIH “Chart.jsS AFRSHA GC
512k oft XIER HOIR31 QSIH, 2l0|2 (2] MX|SE XIE HEZMK| H2ls ZCt
9.4 2tk H|0|X| C|XFOI IHEA

B =7 HO|X|

ofLte| E=+12h MSok= ZHHet HO|X|O|CH,
7|ZHO0IHME 7H B0l ARS8 El= HEO[C}

olgq

H=

Navbar

Breadcrumb
(Heading)

Textarea (
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(Table/Code)

AIEZLR0ICE. A= AZKOM AIEAS U

%% THEEE|H AR 22tA T

0] BE| sy
HES F21, OfEH5—“701IA1 E“f% StQISHTY,
®

About Support

rio
d0
=2
x
o
E
fot IOII

7 BIOINFORMATICS Databases Workflows

£ TOOLS

Home > Tools > Reverse Complement

Reverse Complement Tool

Input Sequence (FASTA)

>sequencel o
ATGCGTACGTTAGCTAGCCTAGCT ; :
AGCGTAGCTAGCTAGCTGATCGTA

Results

>sequencel_reverse_complement
TACGATCAGCTAGCTAGCTACGCT
AGCTAGGCTAGCTAACGTACGCAT

Enter a single or multiple sequences in FASTA format

Contact  Priv. icy Terms of Service

ics Hu

About U

Figure 66: = =~ H|O|X| G|

TEOICH, 0] THEIS S77} 574 0|Ar f

ZHZ5in

oS T HOIX|
042 =75 XNSot= 42, Sidebarz =715 MEHSIL! Ar8dk=
EotCt. =17} 2~374=0[2HH Sidebar Gl0| #C 2 iﬁfE 40| Cf

Navbar
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Side
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Footer

Sidebar®ilM =75 2=t 2= FFT B2, HH| HOIX|7} Mz ZEE|X|= =0 0|5 SO|UE A=
XA

2fE0[2} olH, SvelteKit0] 7|22

fi&5t= 71s0|Ct.
&\ BIOINFORMATICS O 2 asaw
PORTAL

BLAST Search (Basic Local Alignment Search Tool)

Query protein or nucleotide sequences against available databases.

{é: Sequence Alignment

@:» BLAST Search Enter FASTA Sequence Select Database

Paste or upload your FASTA formatted sequence here... Nucleotide collection (nr/nt)

[é] Primer Design >seql RefSeq Protein
ATCGGCTAGCTAGCTAGCTA... .
Swissprot

OO O

ﬁ}b Phylogenetic Tree BLAST Program

@ BLASTn
2~ GC Content O BLASTp

() BLASTx

Expect Threshold (E-value)

. l 0.05

Run BLAST Search Q

Algorithm Parameters (advanced settings) @ ) Load Sample Sequence

Figure 67: C}& T AFO|EH}

B 719t 2t FA|

2M AME 02 FE2 H0FOoL & [[H Tab ZEHEE &ESHCY} 01|E =0{ BLAST ZAM ZtE H(Table)2= H1,

ABEA "B (Alignment)2E B3, S| 22K (Summary)C 2% & 4= UA| i,

B2 Z2 H0|HE OE HF0AM 20 E I S2-H0|Ct 2 &2 CIO|HE MHO|A CiA| 20tE 2L §l0], 0|0 2E&

HIO|HE OE YEHZ HCYStEZ M2t ZA| O|FO{TICY,

9.5 SvelteKitO|A] 4t H|O|X| S
I 7|t 2t

SvelteKit2 O 7[dt 2fLEIS A9}, src/routes/ CIEEZQ| &
FIlot HOM i 20| EME DS +page. svelte IMAUS MMGHH EICEH

src/routes/
+page.svelte -+ / ( )
+layout.svelte -
about/
+page.svelte -+ /about
tools/
+page.svelte -+ /tools ()
+layout.svelte -+ tools
revcomp/
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Table V|ew Visualization | Raw Data

Gene logFC p-value Significance
GAPDH 21 0.001 Significant
ACTB 1.5 0.03 Significant
TP53 0.8 0.12 Not Significant
CRAP1 0.4 0.07 Not Significant
DPLA 0.3 0.12 © Not Significant
PHDD1 -1.5 0.12 Not Significant
FP20 0.8 012 Not Significant

Figure 68: & 7|8t Z1} HA|

+page.svelte -+ /tools/revcomp
alignment/
+page.svelte -+ /tools/alignment

tools/+layout.svelteE DISM tools ot ZE HO[X[0] S& 0[0tRE XEY £ Ut 067[0
Sidebar2 H{X|5tH, revcompO|E alignmentE ZE T 111|0|X|01| z2 Sldebar7f HAIELDE  REQ9
+layout.svelte(Header/Footer)2t ZXEE2, Header + Sidebar + f@z + Footer #X7t XASQE
HMEIC}

Reverse Complement Of|A|

Ct22 Reverse Complement =+ H[O|X[2] ZEO0|Ct, O] ZEE 2IF AMg5t7| 2Lt 02 X5 O[sistal AlO|A|
Q26 |-'— Z40| 0] o] MZHO|LCt,

<!-- src/routes/tools/revcomp/+page.svelte —-->
<script>
let inputSequence = '';

let result = ;

function reverseComplement(seq) {
const complement = {A: 'T", T: 'A', G: 'C', C: 'G' };
return seq
.toUpperCase ()
.split('")
.reverse()
.map(base => complement [base] || base)
.join('');
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function handleSubmit() {
// FASTA
const lines = inputSequence.split('\\n');
const seq = lines.filter(l => !l.startsWith('>')).join("'');
result = reverseComplement (seq);
}

</script>

<div class="max-w-4xl mx-auto p-6">
<nav class="text-sm text-gray-500 mb-4">
<a href="/" class="hover:underline">Home</a> &gt;
<a href="/tools" class="hover:underline">Tools</a> &gt;
<span>Reverse Complement</span>
</nav>

<h1l class="text-3x1 font-bold mb-6">Reverse Complement</hl>

<div class="space-y-4">
<label class="block">
<span class="text-1lg font-medium">Input Sequence (FASTA)</span>
<textarea
bind:value={inputSequence}
class="mt-2 w-full h-40 p-3 border rounded-lg font-mono"
placeholder=">sequencel&#10;ATCGATCG"
></textarea>
</label>

<button
on:click={handleSubmit}
class="bg-blue-600 text-white px-6 py-2 rounded-lg hover:bg-blue-700"

>
</button>

{#if result}
<div class="mt-6">
<h2 class="text-x1 font-semibold mb-2"> </h2>
<pre class="bg-gray-100 p-4 rounded-lg font-mono overflow-x-auto">{result}</pre>
<button
on:click={() => navigator.clipboard.writeText(result)}
class="mt-2 text-blue-600 hover:underline"

</button>
</div>
{/if}
</div>
</div>

0] ZEOIM == H2 Ci31t 2Lt

* bind:value: SvelteQ| st |' HOICt. AMEXI7t Textareal| 20HH inputSequence Hy7t XSO 2
SHO|EED, HtE FEOM H4-E HHLH SHE NSO = AL EIC,

o {#if result}: Svelte? ?_—bv'— 1”:1E|0||:-|' result H40] 20| US MDF A GAZ TA|

HES +27| Wol= 21t SHO| =EO0|X| =0

M AR

= =

El

Ct.

HI
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+ FASTA THYJ: >2 A&t 52 SICi0I0R 3L, LIDK| 52 SA A4 ABAS SE01h 0[%2
MBIRESE 1Ol X|AO|CK

0l IES HSBH ANY 45 QUHAAE, “Textarealll FASTAS 2T, LIS M3 | SAE MAS AteHA

Codo BlookOZ HOAL TOIWIE BrE0 shn 253 4 & 01 FEICH 223 FASTA B4, dyE M,

Textarea, Code Block2| 7SS 2r0t0f St}

9.6 AIE 2tgst Yut H0|X| C|XI2l
Ut HO|X| T ! HO|X|2 OHE7H|Z AIS 23101 CIXRRIE 4
o Z2 ZIE A2 % Lt

OEOE Of|A:

oI},

M

Reverse Complement £ 111|0|X|§ CIXtQIeHR. AT Breadecrumb (Home ) Tools ) Reverse

Complement)zt HO|X| X5, 3 FHol= FASTA AHAE
I ABEAS HASHD

AIZF" Button. 21t HH0l= Code Block2 = &1
MM™MO =2 245t aFsHMQl =722149| CXtQl,

22 4 Ue 2 Textareat “EAM

: “%AF’ HED "TIRZE" HE.

=02

0] ZEIEO= Breadcrumb, Textarea, Button, Code BlockO|2t= ZEHE 0|50] HAIE|0 QICt  Al= 0
0|5 =2 defotH ollM5t0] 2otz UIE dddl =Lt
Claude CodeOlM= ARl =€ O|0|X|E X0t 38 LY & ULt
0] C|Xtel ZA= &6t /tools/revcomp HO|X|E F&5HF. SvelteKit + Tailwind CSSE AHE5t
/2t FHES Card ZEHEZ ZHNF.
| ® ® O V8 Code - mockup U500

B -

3 ReverseComplement.svelte X

ipt [ )
let dnalnput = ''; e
let result = '';
const complementMap = { 'A': 'T', 'T':
e by
function analyze() {
e

result = dnaInput.split('"').reverse().map(base =>
complementMap [base] || base).join('");

sm text-gray-560">Home > Tools > Reverse

av
ext-2x1 font-bold my-4">Reverse Complement

a bind:value={dnalnput} class="w-full h-4@ p-2
border rounded" placeholder="Enter DNA sequence...">
</textarea>
<button on:click={analyze} class="bg-blue-50@ text-white
px—4 py-2 rounded mt-2">Analyze</button>

f result}
-gray-100 p-4 rounded mt-4"><code>{result}

Figure 69: Claude %t H|O|X| C|XtQI Q

M

9.7 8
- L8 HIO|X|= S HIO|X|2}

— Breadcrumb + Heading@ 2
- 2= IS z|UsH @A 8
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Claude Code X

User

Create a Reverse Complement tool page with Breadcrumb, Textarea for
DNA input, Analyze button, and Code Block for results.

Claude

Certainly! Here is the SvelteKit code with Tailwind CSS classes to create
a Reverse Complement tool page as requested.

<script>
let dnalnput = '';
let result = '';
const complementMap = { 'A':
Y
function analyze() {
result = dnaInput.split('').reverse().map(base =>
complementMap [base] || base).join('');
}
</script>
<div>
<nav class="text-sm text-gray-560'">Home > Tools > Reverse Ct
<hl class="text-2x1 font-bold my-4">Reverse Complement Tool
<textarea bind:value={dnalnput} class="w-full h-40 p-2
border rounded" placeholder="Enter DNA sequence...">
sequence..>Analyze</button>
</textarea>
<button on: cllck-{analyze}

[

T, T 'AY, 'CU: "G, 'G'r 'C

=25t Header/Footers 29Q6l%|, Hero SectionS &4
SiXff YIX|Lt HO|X] H=2 HEA|



3 HO|X|0M XpF= AHEEl= HEHEE =X|
— = Textarea, Input, Select, File Upload, Checkbox, Radio, Button
- £3: Table, Code Block, Tab, Spinner, Alert, Progress Bar, Pagination
— ANZt&t: Chart, Heatmap, Sequence Viewer
* CIXIQ IES ol SHAH| e
- HU E Q{0M Of2H 2 SE= ¢ — A — A4t
- & =31 Sidebarz =7 Met
- 5¢ 21} Tabl = CHASH H Met
* SvelteKite| I 7|8t 2tRLEIC = HO|X|E 74
- E 2EX =URL =
- 38 Y 0|0tR2 = & Sidebar S5 2|
* AlOflA| ZEHE IS Y&s| AHEs10| CIXI2l H H9iS 9F
- ‘2 ZVHLCL “Textarea”, “2Y HA|"ELt “Spinner” 7t Mekst At HiCt

[oh
il

103, BLAST &M =51 2HS7|
10.1 BLAST2?

BLAST(Basic Local Alignment Search Tool)= MENESH|A] 715 20| AF2El= NS QAT A 310 QU245

DNA E= THEE M Zat Q ALSH A B S C|O|E{H| O] A A ZEO0FED, NCBIOA XiSot= & T (https://blast.ncbi.nlm.nih.gov)0|
712 e Y2 X Ut

BLASTY| 7|2 22|= ZHHASIC “0] ME 2t H|xst MEO0| HO|EH0|AN A=71?"E E= AOICH AE A|BAS

KUK 7|S5E GSotHLE, Bt &3 RTKXE HAHLE, 22 MEQ HAIE &0l I 71 X AtEot= 0|0},

M=t AL H0A “BLAST S2E0?"= YT AEHY MOICH

0| ZME= 7~9%0A i SvelteKit + Tailwind CSS + PostgreSQL 7|& AES 25610 L{2te] BLAST ZiA

@ =7E Claude CodeZ THEL. NCBIS| BLAST+ BHE T 5 HASOAM M5, 2UE & QHHO|AR

HOFE= #AXLCL

0] ZoIM AtEst= =2t i

0] Y= THoIHM XME ot El= =7t WEE 0I2] Foloith I=E 2 2Hge 2= oXIT, 0| =771 o™
HetS Sh=X| L0tof Claude CodeOl|H| H&Hst XIAE WE 4~ UL

=/0 29

BLAST+ NCBIOIM HSots HEE ME M
T D2 blastn(3HAt Cff SHAD),
blastp(THEE O CHHE),
blastx(SHAS HHEMEIZ HASI0] ZiAY),
tblastn(THHHAZ shit DB Z4AH) S0|
LotEI}

makeblastdb FASTA ItUZ BLASTZt AMS 4= Q=
QI A HAIO| C|O|E{H|0| AR HEISH=
HOf. o] MO} H|ZTH AEO|Ct,

FASTA &4 YESH MES BEohs HAE ¥
>2 MESh= e 1t 1 Of2 M
2 7yt

E-value BLAST Zt0flA s 0§20] 25|
et S5, 20| 2= 0| QU=
QAPSOICH BE 1e-5 0[5t Q2|05
Zutz 2o
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=3/0 2k

Identity (%) Hel MEat I E MG ALO[o|A
SAUSH Xt7|(residue)?| H|E. 95%H
Ui |AL 30% O|2H0|H s HAE
O|&laH 2tof St
child_process Node.jsOlA 22 HH(0: blastp)S
Aaliet = A sliF= E&. SvelteKit
MHOAM BLAST+E &8 i
AHBEILE,
2 F2l(command injection) ArEXH U0| A|AR FHO| 2H
IEHE|0] Q5K o2 HHO| A
HOFFOHN, UM IS ARSHH O

ol = A
ozis 22 4 ALt

o))

2AGE = HE

O] = OX|H, L5 22 79| BLAST M 3l =57t S ELE. 9OF0IM Hi2 B =+ HO|X| HEHS 25,
BLAST S&2| T2 MEH} OhE 210t BAIS 7 HEHO|.

Navbar
Home > Tools > BLAST Search
BLAST Search

(FASTA)

>queryl
ATCGATCGATCG. . .

DB : [nr ]

Program: [blastn ]
(R

[Summary] [Alignments]
Hit 1: seq_A 98.5Y%

Hit 2: seq_B 95.2%
Hit 3: seq_C 89.1%

Footer

10.2 BLAST+ AX|2} H|O|E{H|0|A ZH]
BLAST ZA 7152 134512 HA| BLAST+ =79 Z4AH CHAF G|O|E{H|0| A7 ZQ5IC}H 0] IS Claude Coded|A|

[u] A
22 4 QL
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v K BLASTSequenceSearchTool X + g

< G = biologic/arast sequence search tool g% O Oe

BLAST Sequence Search Tool HOME ABoUT TooLs HELP LociN JADA

BIO-LOGIC
Perform a Sequence Search
BLAST (Basic Local Alignment Search Tool)
Enter a query sequence in FASTA format, select the target database and search program, and click 'Submit Search’ to find homologous sequences.

Query Sequence (FASTA Format)

>seq1_unknown_organism | Homo sapiens DNA
ATGCGTACGTTAGCAGCTAGCGATCGATCGATCGCTAGCTAGCATCGATCGATCGATC
GCTAGCTAGCATCGACTGACTGACGTAGCTAGCCTAGCGATCGATCGTACGTAGCATG
ATCGGCTAGCCTAGCTAGCTAGCTGCTAGCGCTAGCTAGCGCTAGCGCTAGCGATCGA
GCTAGCGATCGTACGTAGCTAGCGCTAGCGATC

Target Database Search Program
‘Choose the target program for your query type, ‘Choose the appropriate program for your query type.
[ Nucleotide Collection (nr/nt) ~ ] [ blastn (Nucleotide) ~ ]
human_genome megablast
mouse_genome discontiguous megablast
env_nt blastx
reference_bacteria thlastx
complete_genbank tblastn

Q Submit Search

Search Parameters Reset Advanced Search

@ 2024 BIO-LOGIC INC. | Privacy Policy | Terms of Service

Figure 70: BLAST A =31 2t 5}H

Docker0ll BLAST+ F7t
DockerE &&3t0 BLAST+E i 2tA0| F715tC}, Claude CodeOf| A CHE 2t 20| Q- otCt:

T2 HEO| Dockerfilet| BLAST+E F7t5HF. Alpine LinuxO|A ncbi-blast+S AX|6t11, 2HF IH7 | X|7}
29 Ubuntu 7|#tO2 HZAGHF.

Claude Code?} DockerfileS 3510 BLAST+ B3¥E E1(blastn, blastp &)= ZAH|O|LH0| HX[3H =L}, Alpine
LinuxOfl I§7|X|7} QIS = JACSZ, Ot 0|2| MAlot= Z0] ZCt. 0|2 EH2 Docker?t 2|5A TH7|X| &2|0f
Cigt 7|2 XQ1 O[aH7t U0{0F 7+SGHLE.

[ S

OlA] GIOJE{H[O]A Z=H]

BLAST ZAM0jl= ZA [HAO| E|= A|EA H|O|E{HOJA7}I ZQSICE. NCBIQ| nr(non-redundant) HIO|E{H|0|A=
24 GBO| &5t2=, WY HANME A2 HO[HHO0|AS 2 TS0 ALSSHCE

data/sequences.fasta IIYS H=E0{F. TP53, BRCA1, beta—galactosidase THHZE! ME 374
20{F. J2|1 makeblastdbZ BLAST L|O|E{H|0|AE MMGt= ATHER THE0F.

Claude Code”} FASTA Iit C|O|E{H|0]A Hd ATRES TS0 =L, makeblastdb FHCZ FASTA IAUS
BLASTZt ZME 4= Q= QHA HAOZ Hekoh= IHOICH EMEOAM S ZO2{H MOI0] HQ56HE, BLASTE
MES H=A o2 QA E HIO[EH|0| A7 HQEITY.

-_T1O0 11—
047|1M “TP53, BRCAT"Z2 A Xl MKt 0|F S MAI™ = U= A0] = Q1 X|A2f Bl0|Ct. AIOAH| “OtF A EO|Lt
Z0{F 21 ofH o|0| Gl= WHE MEO0| Ltz 4 UKD, AH| HA0M X LE = RTXE X|HotH HAES i
HOl=2 H=5L7| 2
A0 AS5t7| L

i

compose.yml| YHH[0|E

compose.yml0i| BLAST C|O|E{H|O|A E&E F7I5HF. data CIHERIE Z4H|0|LH2| /app/datali
Or2E5td, BLAST _DB_PATH &zt A
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it



O|ZA| o}'H Docker ZIE|O[L QtOflAf BLAST C|O|E{H[O| AN HZE 4= UA =Lt 3T 2 =& OI2ESQL &2

= JHE0[ 07| Af EEEC.

o
ox

10.3 HA= AP| 7131
BLAST A3l 8t

¢ QIE{HO|AMM BLASTE Alist

2™ SvelteKit AMHOIA BLAST+ HEE £
Claude CodeOi|A| C-S1}t Z0] "éig._':f-

rir
oot

Eol= Y=/t oI

i
ol

BLASTE Malist= M 85 TS 0|7, src/lib/server/blast.tsO] 251, AF2XI7F U2SHA|-AS
QIA| IHUOf| XAFSHCIS BLAST+ %%% Alslist= dfAlo 2 JASGHF . blastn, blastp, blastx, tblastna

XISLHOF B, HOrZ SIoH AR K Q22 BYE
e

Claude Code?l child_processZ BLAST HH iSt= TypeScript 45 2™ =Lt 07| sird2 HOt
QPSS BAMOR MESH= AO|Ct AMEXI7} 8._r HAE HHE °|Xf§ 2™ MoMH HE £ (command
injection) 3240 FASHEICE UA| DrA0f| HX] X&SHL THY 4§Dr I" fol™ 0] g2 I % ‘Jlk‘ UL,

O[XE 2t 7 AF2 AIZF LOtM X2|ol & 0|2t 7|CHGH |ECE, A0 BAIHCZ Q3o}

Off I MYOHR| LT IR Z204 MY,
A

uz
ogk
OII

AP| HIEXQOIE
SvelteKit APl AEHEQIES MHE0F. POST /api/blast2 A|EAQL IZ2 ] =22 HIOIA BLAST
AMS MAlistT ANE JSONSE Bratshy. AIZA ZOo| AB(XA 10X, Z/i 10,000Ah2t 273

"E 7.:1"5 HSIoHH.

THOA B +server.ts OIUQl AHS0| O7|A ASEILCE src/routes/api/blast/+server.ts0| API
UCIQIETL MMM DT2EACTOA POST /api/blastZ QHS HIH BLAST ZMS Mas & QCt
=

U HBL SQoICE AIZEA ZO|0f| Higts FX| eH, +27t = MBRE| MES 5I0] MHO| IS 2
= QUCE 03 FoY 2 A2 WL ZEIM Li2s ZO0IXIZ, Of MoME "2 AES E86iF 2t 2Fsk=

Z0S HIO|E{H|0] A0 XE

aM 0|HS &elot/| ?loll PostgreSQLO 21 MESITE ARSAZL OO &S HAMS CHAl 2fQlotALY, 22
GMS BH=5HK| §IEE 57| fIEH0ICY.

—

o

D

n oY
b 1=
N

HIOIE{HO]A A0} XZ 2%

BLAST ZM 0|22 PostgreSQLO XM&S & UA 3HF. blast_searches HOIS0| #2| AIHAL}
oZ20HW ZFE XL, blast_hits HO[S0 2t hitQ| subject, identity, e-value S XZ5HF.
EHHMNOZ ZIMA K& & QFJt LIH S OH'FI

Claude CodeZ} A7[0F TA(SQL), CIOIEH|O|]A HA B, HAM AN M g+E ¢
WA QXS M Zu NE TE 027} YMRe o t'—‘?'-’i*&i”* MEE= 2
MYER=H hit S22 Hi- U= &S 8= A0

0| QS oi2fH "EUMM"0|2k= HIO|EH|0|A JHES LOLOF STt XpMISH SQL 2¥S S2te EX|T, “02
HOIS0| 22 ME2 BAHLZ X2 E[0{0F ot = HE2 OloHiotl A{OF AIOA SHIE X|AE R 4= QUL

0II

pal
[=}
O|M| ALAt HMZ 452&5k= @ HO|X|E TECt 9FUIM iR =7 MO|X| CiXiQl IHHS BLASTO A
x
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BLAST A H|O|X|Z QS 0{F. /tools/blast ZEZ HZ 7Hs5HH 6t FASTA A[EA Q13 textarea,
BLAST D273 MEH C=CH2 (blastn, blastp, bIastx tblastn) GIAl A|EA 22{R7| HE, ZAM A|Z}
HE B = MIIIJI A, 74I'. Summary Bt Alignments B2 LIEM EOF. Summary=
HIOIZZ hit 32 (identity 2fCH JEHE I5hH, Alignmentse 2t hit2] ME MBS TE 8E0F HA|
Tailwind CSSZ AEtAZSI11, Breadcrumbe 2O F.

0| ZZEZEN= 8~9%0A HiR HEHE 0|E0| 25 S0{7} QUCt. Textarea, Dropdown, Button, Spinner, Tab,
Table, Code Block, Breadcrumb — 0|2 2012 H&t5| AR5} | IR0 Al7} Q=5 UIE MM S 4~ QICL “OfA]
AMEA SHRI| HE™2 A HO|E Qist A2 =2, 2=lotH 0|2 EH|E EH|AE MEO0| Textarealll A EIC.

OEIZE SlU4Z M ZF, 21} H|0|2, Y2 77t It HOIX[7t Yot 7~9F0IA 2t= 24|0]0tR 1t AEHUO|
Xsoz Y EL

® © @ 2 BLAST Results - NCBI x 4+
(] @ https://www.ncbi.domi.org/BLAST-results Yo e H
@ Summary i= Alignments

Graphical Overview
1 100 200 300 400 500 600 700 800 900 1000
1 L Il 1 1 1 1 1 1 Il Il Il 1 1 L 1 1 ]

Key: M <1e20 [ 1e20-1e-10 [l 1e10-1e5 M 1e5-0.1 W >0.1

Descriptions Alignments
- Max Total Query ’ Per. . i
Description Sl orc il O E-value \dent Accession Score Expect Identities Gaps  Strand
283 E-value 11 - -

TGGCCAATT sequence: BLAST... 436 437 72% <1e-20 98.0% ACCESS00

TGGCCAAAT sequence: BLAST.. 386 386  76%  1-10-10 83.2% ACCESSO1 Query 100 T?ﬁﬁﬂﬂﬁ?cﬁ?ﬂT ----- ?TTﬂ 160
TGGCCAATT sequence: BLAST.. 370 236  70%  1e-5-0.1 84.7% ACCESS02 Sbjct 126 TGGCCAATTTGECCCAATT. ... . ACCGT 180

TGGCCAAAT sequence: BLAST... 320 192 90% 1e-5-0.1 83.8% ACCESS30

Figure 71: BLAST ZM Z 1} 51H — Summary &1t Alignments ©

10.6 AIE &8t &H

7|2 BLAST =717} 24 E|H, Claude Codelf|H| MXIXHOZ 7|58 £7t Q&8 + QUL HSEH 2E 7|58 228
ofH SYZ7t 540| 22722, iy 7|SRH TS ofL 2F¥oks 20| Hio|E T 9| 2atMQl IHEO|C
OEDE Of|A|

BLAST Zutoll AlZIBtS F716H5. 2} hito| alignment 9IXIE +8 9t} JHT=2 HOFE Align-
mentViewer ZXHEZS ItS0{F]. query ME TXIZ 3M o2, 2t hitQ] 1A FHS MAL oty 2

BAXMAM HEAIGHH.
0| A|Zt3H= NCBI BLAST ¥ALO|EO|IA “Graphic Summary” 2t 22| 7|s0|CH o S| hit7t RS U=X]|

|
o=l & == AN FESIT.

BLAST Zd4H 0|2 H|0|X|E ZHEUFH. /tools/blast/hlstory ZE2 HZ 7Is5H 51, PostgreSQLO|
MEE oM AM ANE HOISE HO{F. 2 HS S=oIH oy ZM EEPS CHAl 2 &= UA oiF.

FASTA I} QI2C 7|58 271513, BIAE Q2 ChAl fasta IIUS E2j1 o SEOZ A2 4 U
3. T 371= F0h 1MBE RISHEH3.
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BLAST 2t CSV M2 HR2Esh= 7IsE F716iH. Summary §9| HO|Z HO|HE CSVE
HEUE HES HS0H.
O[XME 7|2 7125 UX USY, A2t — 0|H | — It H2E — LHELT| =02 7|53 2Hysl Lttt 2t

TN 21tE 2felot —‘?’-11I7f UACH ot 7 LS 7I5S F7Ie!h

10.7 He|

* BLAST+ Docker &4 7d: Claude Code0l|A| DockerfileZt compose.ym| =82 QF

« H|O|E{H[O]A ZH|: makeblastdbZ ZAIL OICIA AMA THQl X|AIS &5 o|0] Q= |AE |:1|0||:_1 xH|

. WU API: BLAST 413 3149 API ICEOIE M5 Qe HOt 27AIS(HE X2 UA)S B4

« TREC: AM Z A HO|IS, HE 'T:'rS 5”E'-JE OIEO Aot 2F

* Cl|O|E{H|O] A ﬁ% 7.:1*” 018 MY 7Is= QFolH A7|OHRE XNT 22| IHK| 4d

o HIH 23 V|2 = E HA HEL, *I’*SP 0|y |, MY H2ZE S Er71|’Ho§ =7t
O] HOIM & = UKO0|, ZEE ot E 2 ZdotX| YU BLAST+7H FULIX|, FASTA 40| O{EA =X
E-valueZt RS 2l0Jot=X|, BE 0| ff YISHK| — O EHIQ XA at 7[2HQI T JHES L0 U7 | HHZ 0|
Claude Code0f|A| 2ot X|AIE WE 4= ARULE HIO|E TFUHM 2Nt St A2 2T 50| OtL|2t, EX} 6=
Zd0f| CHStH OfaHCt.

IHE 30|M= o & O L0t O] =M@l X|AIS ZALGHL “YElots IFYTHA| AlGIIA 27|= Y-S 4TH=L.

|'OII

11%&t, MCP2} Claude for Life Sciences

11.1 MCP&t?

MCP(Model Context Protocol)= Al 00| ME7} |2 =129} H|O|E| AAQ M2sH £ QA ST = HE TZEZO0|C},
Claude Code0il MCP MHE AHZ5HH, Claude?t HIO|E{HIO|A E£3|, APl S&, O A|AR B2 S CHYst 2HS

XY 23 4 AL

A 2dl, MCP= Claude Codelil M22 SHS S2{12UXME FIlot= WHOICH. ADEEN A= HX[5HH ME22
7|50| M7= Z4XM3, Claude CodeOll MCP MHZ FJI51H MEL H|0|Ef AA0 HI2E C

r

1
s

MCP7I 223t O|&

Claude Codes 7|2Mo 2 ZH MIAUZS 2
HI0|E1H1|0|*01| 21X H26h= sE2 MSHXOILt oE
Xtrlof sH5 HIO|EOf U= HEHTH &8 4~ QL. st&

MCP MHE 1513 0 5HA|7} & g
== U1, bioRxiv MCP MHE F7totH 2|4 DE|Z2ES X X

S HAols sHS 7HKIAL QUCE. K| 2 2|5 & AfH| AL
0 "2 TP53 & ==& HOHF"2t1l 2otH, Claude=
=

5tH Claude?t MA|7tOE PubMedS ZAEt
(]

MCP 0|™ vs 0|5

MCP §10] MCP At

== M AFEX7t PubMedOi|Af Z4A — Claude?t 2 PubMed ZA —
ZIE =A— Claudell 20127  Zat 24

CHaxl Y UniProt MAIO[EOIA 3| — SAL Claude7f UniProt APIZ X X3
-~ =027 — B

og|OZE bioRxiv AO|EOf| X ZHAH — PDF Claude?} bioRxiv ZM — =& &M
CH2E2E — Clauded| M2 —- Q9%

MCPE AtEstH AtZ0] SZt Cha] Jets & 22 qul CIaude7f HOIEE AE 7tHetM 24 4 UL 0]A0]



MCPQ| =

MCP= Z20|HE-MB X2 AL Claude Code?t MCP 20| E gt3 611, 2F I8 AMH|A0| LSt MCP
M7} HI0[EZ HIZ3HCY,

Claude Code (MCP )

bioRxiv MCP -+ bioRxiv API
PubMed MCP -+ PubMed API
UniProt MCP -+ UniProt API
fetch MCP - URL

MCP M= Claude CodeZ} A|ZFst I &HA| M|, Claude?t ZQ& If SESICE AF2XL7} “bioRxivOlA =2
ZOFR"2t 1 HSHH, Claude= bioRxiv MCP MHE Soff ZME 35t ZUE ALSXI0|AH 2 ZEC.

MCP Server: MCP Server:

bioRxiv API \ PubMed API
/ Claude Code \
A
QD « MCP Server: MCP Server: > ( \
G UniProt Fetch \ y’
UniProt API Web Data

Figure 72: MCP 2= — Claude Code?} 042 MCP MHE Sali 2/ AMH|AN Edol= £

11.2 Claude CodeO|M MCP A{H{ A%H3}7|

claude mcp add HH
MCP MHE F7tot= 713 7ot tc'l 2 E0/'20|M claude mcp add HS At&ol= Z0|C}. JSON &4 M=

A HEY 22 9l0], B o E= MCP MHE S5 + UL

[

# bioRziv MCP ()
claude mcp add --transport http --scope user biorxiv https://mcp.deepsense.ai/biorxiv/mcp

# PubMed MCP ()
claude mcp add --transport http -—scope user pubmed https://pubmed.mcp.claude.com/mcp

# fetch ()
claude mcp add --scope user fetch -- npx -y Qanthropic/mcp-server-fetch

* --scope user: MY HH0| FIISICL, RE DZHENM A8 7ls. EZZHEHZOF AE56H2{H --scope
projectE X|™olC},
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* ——transport http: &Z MCP MHO| HTTPZ HZASILL. bioRxivel PubMed= 22t2E0M 25 = ¥4
MHO|22 B AX| gl0] URLEZH X|ZYo6HH ET.
« -- F9 HH: 24 MCP MHE Motz BHOIC,. fetch MHXE 2ZH0|IM HAYZ= AHO| ALSSHTL.

&2 MCP MHE F715t £0fi= Claude CodeS XHAIZ}aHOF BtCt. MCP AH{= Claude Code?} A|&Het
[ SiH HYUEE2, M2 713 AHE 21AoH B IHAIZ0] HL6HC

MRSt MCP AHAE 0f2 ZRMEOIN S5O AFRE At M9 H%(—-scope user)0f, S T2HE3t
WO A= T2HE MH(--scope project)d £7I5H= 20| &L,
43 5ol

claude mcp list

O2{ MCP AH SA| AtE
MCP MH = 02| 7HE SA0 SE = ULt MHYHSE HIEE 25K bioRxiv, PubMed, fetch MHHE Z&t6HH,
Claude CodeZt == M HHEHZl HH X 35| 8 HIO|H &2

claude mcp add --transport http --scope user biorxiv https://mcp.deepsense.ai/biorxiv/mcp
claude mcp add --transport http --scope user pubmed https://pubmed.mcp.claude.com/mcp
claude mcp add --scope user fetch -- npx -y Qanthropic/mcp-server-fetch

fetch A|H= HE & M2 MHE, EXH MCP AH7t 8= MH|ANIE REST APIE Salf H2et 4= UA si=LC. NCBI
Gene, Ensembl, KEGG & MCP A{t{7} O] BFHSO{X|X| 42 MH|AO| RE56IC}

E1: MCP HH0i| thst XtM|$H M= https://code.claude.com/docs/ko/mcp OflA] 0I5t 4= QICY,

a3 ™
[ N .claude/settings.json
{
"mcpServers": {
Ebiloexd Vit
""command": "python",
"args": ["-m", "mcp_biorxiv"l,
“en\l": {}
o
"pubmed": {
""command": "node",
"args": ["dist/index.js"],
Ifenvll:
"EMAIL": "user@example.com"
},
"fetch": {
""command": "uvx",
"args": ["mcp-server-fetch"],
I[envll: {}
}
+

Figure 73: Claude Code E&W|A MCP MHE F7lot= aHH
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11.3 MCP OjZ1E2|0|A

mcpmarket.com

mcpmarket.com2 MCP MHE Z0t AX[& & U= OFIEY0[ALCH, ADEEQS M AEQXEH, HRs 7|58
A A WS S0Ig 4~ QUL

ZQ2 7IH12|: - Data Science & ML: H|0|E 24, Mil2{d #F 7 - Developer Tools: 7HY ity =7 -
Database Management: H|O|E{H|O|A 25 — Web Scraping & Data Collection: ¥ H|0|Ef =%

1 2I0|= mep.so, pulsemcp.com S LISt MCP MB CIZEZ| 7} QICE “bioinformatics”, “genomics”, “protein”
SO ZMoH MEPHSH I MCP MHE &S =+ QL.

MCP MEiA= HIEA MESIY QU 20243 L MCP7F 37HE 0|F £F JHQ MH7} BHEROH, MHEYHS
20t 0|27} OFLICE Xt AtESH= CIO|E{H|O| A0 CHSE MCP A{H{7} OFE! GICHH, AIOIA| “UniProt MCP AMHE

RESOIF"2IT Q85101 HE BIS A& L,

0 Acent Skills Directory - Skills for C)

7(\}3 MCP Market £ MCP Servers - # Agent Skills - Submit  Power YouI Agents

= 22,668 Servers

Find The Best

Directory of awesome MCP servers and clients to connect Al agents with your
favorite tools.

Al Developer Tools API Development Data Science & ML Productivity & Workflow Other Deplowr >

MCP Servers View all official servers =

Bright Data Scout Monitoring Firecrawl

Empowers Al agents Assistants with real-tin As with advanced web scraping

rformance and error data for ta tion, crawling, and.

eal-time web data, b

SPONSORED ¥ 2,154 SPONSORED

Figure 74: mcpmarket.comOll A 4HYEHSH & MCP MHE ZAMSt= atH

11.4 MEHXESE MCP AMH
bioRxiv / medRxiv

MHSHbioRxiv)Zt 2|8HmedRxiv) Z2|T2IES Z4AMSI0 2MSH 4 QIC}, OE|H2EL =3
AX7| Mo SHE =22, Z|4 AT S 71 HEA Oiefet 4= U= AAO0|CE
2 3027 UM RNA-seq H& bioRxiv Z2|T2IE AOH. 0| Z2|O2EQ| X228 Q9451
A2E 2 gt

o= o

0z
>
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(0]
o}
3
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D
2
i

Claude?} bioRxiv API

= 3ol 24 B2|OZES AMst, 2853 (0 24 YYES F2lo TOf. 2 ZA 27|
HAOIA AIZES IH Hofgt 4 ULt
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https://mcp.so/
https://www.pulsemcp.com/servers

UniProt

UniProt T8 GO|E{HIO|A0IA X1 HEIE X&IZ 4 UCE A ZM, 7I5 SHI 24, BT QHH
A oICt
T M-l

TP53 EHi2I0| 7|5 Z0olat 2iI B10|2 Eala#. O] Bt Aol UniProt HE
1080 2HE BLAST &9} X855}

g MBS 7Is ’“E— Z38lot= it

-

0dra
o g
@N]
2 o
S 0
Qly
rg WA
i
1030
i ~
P
oz M
Juok %
-rl'_ _|
10
30
O

>

wn

_|

Hu

0

Rl

>

mo R

Pl

[

C

__U

S

=z

)

0

HU

PubMed
= MEHOIE0] H2E == AL
=]

2
CRISPR base editing &3 %M =2 LZ4= Hlu F2|oHH

(L =
PubMed MCP MHE AE5IH, Claude’t ==2S AMotL =53 A Y WHES Falol =H. 0| =25 UM
invivo 2% 217} Qe AT S 2 24 ZEL JHSolt.

fetch (HE & HD)
E% MCP MH{7} 9= MHIAE HE fetch A2 H28 4 Lt NCBI, Ensembl S2| REST APIZ &I 558
2= 101, MCP AMH{7} Of%] '?JEOWXI 42 MH|AO| = HZ0| 7+SotLt.
NCBI GeneWlA BRCA1 QWA+ MHE JtM2tE. Ensembl REST APIZ 0] QXX @&21E
Z3|oliF
fetch M= Tts =F0|X|2, ME MCP MHELCH= AH0| e & Ut ME A= Y MH[AN Z[XSHE
OIE{HO|AZ H|ZSHK|TL, fetch MH e AFXI7L APl HEXQIES L ™ME ¢ QUO0{0F SHCt JJ2i= “NCBI
GeneOlA BRCA1 MEE 71M}E 2= X0 QO 2 Claude?t &S APIE 30t S&5H= AR 7F 2Lt

MCPmed

St&X| Briefings in Bioinformaticst| 2HE = MCPmede 7|12 MEXESH Y MH|A(GEO, STRING, UCSC Cell
Browser )0l MCP AE2 F7t510 LLMO| X1 228t &= QA OtE AJAHIO|CE,
7

GEOOIM pancreatic cancer ## scRNA-seq GI|O|EMS ZMsHF.  STRINGO|IM TP531t

S EZol= HMAE HEYIE X3[6iH
MCPmedt &t GiTaM MHYLSII A9 HHS ROIFE S2 AHO|C 0|31 WAl0| Ha] HX|H, ol
MEHDS H0|E{#I0]AZ Claude CodeOi|M XII012 X 5|5t 2 A5H= 240] 24O0| E 4 Ut

39

11.5 Claude for Life Sciences

Anthropic2 20254 10& Claude for Life SciencesS
0|= MOHIIEH0| Al B2 7H5M0| =2 20lats Q1A o

— oo = e [ |

HHSHH YHtst 200 S3tE 7IsS MEot7| AR

Scientific Connectors

WIS 20t0| £ BUET} HSH £ U HUE7H ULk

7HIE 8k

Benchling A8 OO0l 2|, TA Y E
BioRender et UHAE 9 =2 I8 Iﬂ”
PubMed OlYH 2ol AM

10x Genomics CHIN| /27t I.JAWI =4
Synapse.org S 7|8t HO|H &M S3E

ClinicalTrials.gov =~ 24A|& H|O|E
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HUES

=2
ChEMBL FS-HXN MSEHE HO|EH|0]A
bioRxiv/ medRxiv =&

O 7HEIS2 MCP Mt} FASt HES otX|2t, AnthropicO| SAML=Z Ee|otal Z|Hafot 210(2t HFg-d 1t g0
t

Agent Skills

Claude for Life SciencesOll= Y&t ME QO|HE AL IHE[Y ALt OlE S0 single-cell-rna-qc
AZ2 scverse 2 A0 [k RNA AlEY HIOJE{Q] 22 #2|Qt REIFS TotEL. 6FUA B2 QC HES
Claude?} & YefolA g = UTSE H=Z X|A0] LIFE|0f UL

F2 ¥8 20}

« B 2R9THI W A BO| =22 HEH HEST AT W Kot
- D2ES MY NB D2EE, SOPEE 2% HAp, SoH 20t 54
« WEYES 2N QEA HO[E 2 TC I Y 2t o

o THH| 2A: AMAIE 2 X A EOF &Y
Et11: Claude for Life Sciences?| 25 7|52 7|1 (Enterprise) ETHOA Tt & 4~ QUC} 7HQI ALEXIE
MCP MHE Z&5tH H|st YIEZRE 73T & UL O] oM CHEE= MCP &7 90| T 7]8H0]
=iCt.

11.6 MCP2t HjO|H 3T

MCP= HIO|E FY 9| 7t sdS IA SHSITE 10&MK[= “AHE0| =021 X|AIS 20t0F AlOAH| MEatst XIAE WE
2 QUL gL, MCPE AE3SHH 07|A St & O LIOFZtet,
0|2 S0, BLAST =712 U= [ “E-value?t ®X|, FASTA SAI0] O{EH MZ=X|" 22 THQ! X|Al0| ZQ
MCP7t HZ%l Claude Codelf|A|= O|ZAH Q&E 4 QL
bioRxivOllAl XAl BLAST #l = &3 =23 &0t Y, CHE HXIS0| BLAST ¢ QIEH0|AE O{EH|
A=K ZALGHE. 1 LIRS HIEOZ 22| BLAST 79| UIZ 7HMsHZ.
Claude7t =22 ZMsIY, 2Motd, I ZuE IL0 Hi¥st= ™S ot SHA XM2lgt & UL
12~13H0M= 0| EHS EAXOZ EE510], QI XA ZAHRE MK AlOA &7|= WHS CHEC.

C|

32

-

11.7 E&|

« MCP(Model Context Protocol): Claude Code0f| /5 =712} H|0|E| AAE HZASI= B
— ABO0| Bt Cte| Het2 kK| 20t ClaudeZt 21 H|O|E 0 H2
o MM ditH: EHO|D0|M claude mcp add HEHOZ MH SE
— —-scope user(¥Y) E= --scope project(ZZHEH)Z HQ| X|H
- %7} & Claude Code XHA|ZH THQ
* MCP OIS Y0]A: mcpmarket.com SUHA 2Q8H MCP AMHE ZAAMatT MX|
— MEA7L HEA & B
o MBS MCP AMH: bioRxiv, PubMed, UniProt S =2 H|0|E{H|0|A0| ClaudeZt 2 M2
- HE fetch MHZE MCP7} 8l= MHIANE M2 7ts
* Claude for Life Sciences: Scientific Connectors?}t Agent Skills2 AMH}st
« 3Al: MCP MHE X&51H Claude CodeS MHXE st H 0|2 &H&I5t
g&olf M|l X|A ZAMJIX| XtS 2ttt

O=E
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U

%17 X9l
4 QIC 12~1380ME 0|2
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12%t. Co-scientist H|O|ME M|

12.1 Al Co-scientistZt?

Al Co-scientist= AT AR} &4 7142 M4, TIOIEE
TEE HMYoliF= A2 0, A7 M 2PHoIA kst A

Astl, 2812 HEstk= Al A7 THEH

]

Sl M el

T0YTNAIE “AZO| =M1 XIAS 220 A0{0F AIO|A| Fetet XIAS W = ALK I L 11Z0ME MCPZ AlQ]
HO|E HZ sHS &FYUCL O] oMz K71M g & & LIOt7}, AlZH M1 X4 _’F.M-?'—Ei =4, sHA7x| S+
IHO|Z 22l ’é,%* HES BEXot= A|A”S AT

0 7HE2 0|0] &h& 7 AFUA AR ALt

Generative Agents

ABHIHE [HSEO| Park et al. (2023)0| 2H S “Generative Agents: Interactive Slmulacra of Human Behavior’=
LLM 7|2t O] ET} X2 X2 = liSdt= OF7[HINME M|QIHCt O =22 eid] 2= M| 7HX| EE= O|F0{A QUCH:

L 7Is Co-scientistO| A2 &t
Observation SAS BESH =2 O, AY AWE AF
712
Planning HE= 7198 HM Mak 42 A5 M|
HIEtO 2 Si=
A=
Reflection A Zgs Al o, 7He 7, AT e Hgt
IR SEHZ
=5t
od

0] OF7[E&{0l|l M 25702 Ofl0|METt 714 O20|IM X2 X = etstl, ME|S 7|85k, &
A iE(emergent behavior)s EO{FUCE SHLE| XIA|("LHIEIRIGHO| TIEIE S0 ’}:' LIS IPNESE
HHE, HIOIE A1, &M X80| XIS E 0|20 RILCH.

Of H2|E ntet A0 MESHH: sfLte] Ay AEA AlZfsH 2 ZAL HIOIE =&, 24, siA{0] XFEEHO 2 TIdL=
A
o

S
Co-scientistS A& 4= QIC}

The Al Scientist
Sakana Al7t H3St “The Al Scientist™= 0| 7HES ot HA|  L0{E04, O{0|C|0] HHRE =& &, S& HIHX|
5| XS 2tet A|A-IO|C,
+ - - +
ATHA mo|Z2t2l: 1. Idea Generation: TE Hl 2 A7 WekE A6, Semantic Scholar2 ”é.*'“%
=

-O
A= 2. Experlmental Iteration: ASS AMalistn A|2ts) og 3. Paper Write—up: LaTeXZ &t3| gAlo| =2
Xf% I}y 4. Automated Review: LLM 2|H0{7t =28 H7tot D= XS

i
>
>
>
=>.;

O] AIAHS =2 5t TS O $150] MA5HH, ML SH3I0IA “Weak Accept” 59| BIHS WolCt,

LSR5 SPAE OICk: - A3 AE A2 oI 26) AT ORE A R - BIU HOlA

HIZZ MAGHS 297t IS - XM M3 ATHES 25501 EII0IRS HASHS BS0| ZarE (Al oA 2H)
S IE: N ASSHe JKSOINIT, ARl US gl XSS IR £ ULk O oM REsHs

NS
Co-scientist= X7t 2F HAO| AN EEHGHT Z4Eot= Human—-in—the—Loop &AIS [HELY.
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Figure 75: Generative Agents2| Observation—-Planning-Reflection O}7|HIXME Co-scientist0f] &%t
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CLAUDE.md

CLAUDE.mdis Z2HE 2E0| £ OjS0H2 LAR, Claude Code?} MAIS AXHE U 7K BIX Q=T 704
d O2HEE 2|3t CLAUDE.mdE ’Wgé

g, A T2HEN AT 22 2|7t H2EICt Co-scientistOf| Al $122]
i, WE, A2 LFE 7171 GYS o

#

#i#

- (NSCLC)

- Vs

#i#

- 10x Genomics scRNA-seq (GEO: GSE1234567)
- 30, /
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2. .claude/rules/2 T2l XIS £2]: X|Z0| HOIX|H FHIE IIUZ 222|510, LS M A Tt XSO 2 ZEL|H|
otCt.
my-research-project/
.claude/
CLAUDE.md #
rules/

+*

analysis.md
visualization.md #
data-handling.md #

FRY A2 YHGI S LY RS I W B4 XIH0| S22 HEECk

# Python

- Scanpy Qc

- hbad

- Figure 300 dpi

O] &2 scripts/ EH2| Python IfYUS CHE M2t 2EE|0| HEAES OFZ 4= QUCY.
XS HZe

Claude Code= T7[7|212 XS 2 QXS HEof A gl0|(7|22k: #E), Claude?t ZIGHHA] W7ASH IEH,
AINSHA|E, 25t GHEM 52 AAZ 7|25l O MM AFEC 2 E2{2L},
OIE S0, 8t MMM “0] Z2ME = micromambaZ SHAS 2|} = AMMS &HE6HH, T MMM = 29
XAl S10|% conda Cf4l micromamba HHES AFESICE ClHZ & Yst EZE gt

M3 Sk OFEIEXICE

0]Z40] Of|O[MESt H U O| XOIC}. R2 Of MM Z2 M5 =X, HI0|HE= 3

n&
=
x
10
N
39
l:

12.4 LI2t2] MCP AH 2HS7|

11”0”*1 7|1& MCP MHE 4X|ot= WS HiRCt SHX|ZH A Z2O0f0 2t RSt APIZ} 7|E MCP MHof| gi=
L7t HLt. o MCP MHE 2F PH=0] Claude Code0f| ¢S o~ QULCH.

Python FastMCP

Python2| mcp IH7|X|Z AFRSHH ZHASHA| MCP MHE otS 4~ QICt FastMCP= FlaskLt FastAPIXZ G| 23|0|E
IHEHS ABSIERE, Python0il 2=t AXIZHH EA Olae 4= ULt

M

Claude Code2 MCP A{H DtS7|

MCP MHE MZFH 217 g 2= it 0 APISE A8t H2X|, 0™ 7|50| EQHX|2t Claude Code ||
MOHEIH =0t

KEGG Pathway X3| AjH{ IHE7|:

KEGG(Kyoto Encyclopedia of Genes and Genomes)= R7MAIRt AL Z2 HHEE XiSot= C|O|E{H|0|AO|CE
KX OEH WESHE F=0f 2oot=X| 23/ i PO = ALSEL
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KEGG REST APIE Afgdt= MCP MHE 2HS01F. Python mep IH7|X|2| FastMCPS At&aHH. S
7|150] ZQ3H: pathway 7|¥E ZM (0f: “apoptosis”), £ pathway0| Z&E RHX S8 X3,
QEXI7t &8t pathway Z3&|. docstringS XHM|GHA| ”’géH-’H.
Claude Code7t 4445t TE0A O|5HoHOF & SHal ZOIE:

* @mcp.tool(): &f+E Claude?t &S = U= =12 S5ot= HIZ0|H

« docstring0| £235ICt: Claude= docstrings A1 O TS K| AL2EX| Tetst
Way% AMSiLIC 2= 4B0| U B2, ArZXL7} “apoptosis #E A2E R0 211 5

E !
* mcp.run(): Claude Code7} stdin/stdout@ 2 SAI5H=s B Al

CI2 APIZ MCP AMH Bt=7]:

Ensembl REST APIE AtEdl= MCP MHE THE0F. STXL IDE ME X8|, FTXL 0|ZL=2 M,
Z7t Q427 X3| 7|50| LQGEY.
scripts/ 20| U= blast_search.pyS MCP MHZ HERHFE. 7|&

0]0] AFR3I T U= Python AIZEJ} UCHH, IS MCP MHZ Hstst=
ATIZHEE MCP MHZ HHYF 213! 2F6HHA, 7|1E &0f émcp.tool (O H
=rt.

Ct. “KEGGOWIM path-
t™ Claude?} 0| =115

+58 MCP E72 525 &,
Jt&H

o3
A
l:
10
Q
c
a
)
.0
o)
Q
@
0S
=
ok S

|
|O|E1E &7 fﬁh_ docstrings X5l

Claude Code0l] H&
MCP MHE TS 2™ Claude Codelil S=ali0F StCt. O] A Claude CodeliHl Q&S 4= ULt
8= BHE kegg_mcp.pyS Claude Code2 MCP MHZ SZ3H7F.

Claude Code?t .claude/settings. json0 Ct21 &2 MAHS FII6H =Lt

{
"mcpServers": {
"kegg": {
"command": "uv",
"args": ["run", "kegg mcp.py"]
}
}
}

12.5 7{AH GO|HE F2

Claude Code= .claude/agents/ CIEER|0| HAE OO|MEE Hol& 4 ULt 2 HO|MEE EX Hatu &3
H Heto| AL, 01302 D2 Holott}, 0f0|ME MAUT Claude Coded|Hl S Q&Y = UL

Claude CodeZ Of|O|ME THS7|

.claude/agents/ E00] literature-reviewer H|O0|MEE BIS0{F. g WHHYHSH 25 AM ME T}
bioRxiv, PubMed, fetch MCP MHE At = Q0. ZM ANE M=, MA, F2 A, HAZe=2

Felot= HE E=oH0F .

.claude/agents/ ZC0f| data—analyst HO|MEE PHE0F. Qg HUME SHAMSH MZ HO|H
247}, Scanpy/AnnDataZ £445t11, 300 dpi Z2|E|Z figureE 445i. CLAUDE.mdof| Ho|E 24
Io|Z2fols ahet MHEA| o .

Claude Code”} 445t= O]0|ME TtA2 OFICH2 HAI0|Th HE(Role), AHE 7+Hs 8 =7 (Tools), £ YA (Output
Format) S8 HAI5HH o O0[HETL 1 X|ES W= .
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At HE M|0|HE 718

ﬂl9.'-'

OloIHE

A&sk= MCP

Literature Reviewer
Data Analyst

bioRxiv, PubMed, fetch
(Python =1 Alst)
KEGG MCP, GO MCP

Pathway Analyst
enrichment
A OZ2ES X0

Protocol Writer fetch

JELLE

ol

Xolst 00| ME= Claude Codellld @ 92 SESICE 0|2 £0{ @literature-reviewergtd

OloIME S| Hetit X|F0| EgetETt.

0] &&= Generative Agents2| HE|OO|HE A[ABIM} H[SF HO| QULCE
=K Observation)stal, A2l(Planning)stal, EIES0tEH SZK(Reflection)2 E=E3ICt.

21 SEot 2T HHS WD

2t IOIHET} X2 HE FHIM
A At= O] OO|HESS

RESEARCH ROLE-BASED AGENT CONFIGURATION

Literature Hypothesis 1 Experiment
Reviewer Generator Designer
role: search and summarize >| role: propose scientific ideas >| role: plan protocols
literature leveraging scientific graphs
tools: PubMed, Google Scholar tools: Knowledge Graphs, LLMs tools: LabBench, Protocol.io
L - v \ S
J
4 \p ) 4 N 4 A
N Literature . :
€.l H Data Analyst Report Writer
. Analyst olll y P
role: perform statistical >| role: statistical analysis using >| role: synthesize results into
analysis on R and Python Python and Scanpy manuscripts
tools: PubMed, Google Scholar tools: LabBench, Protocol.io tools: LaTeX, Markdown
\ J \ J \ J

Figure 77: ¢171 A& 0fO|ME THE

12.6 HooksZ& XI5 2! DIS7|

HAE OOI™ETL "HYO| C+E EA0|2tH, Hooks= 1 HAS0| AIE22 X|7|= #El0|Ct. Hooks= Claude
Code® S8 SAIY M&, B A% MM AIS S)0 AZE(0], R0 2O S RIEOE ASE|= 4 Ho|C},

1 O O O; Oo 2O, =

A GO “TES Z3 OOICH RIEIS S22 D 0 LE LR 0], FAOR HeFH X502 n2k Xt

—To=2
2Lt
Hook?| #Z&
Hooks= .claude/settings.json0 ™Me|otCt, Zt 2 O|HIE(CIX| AlISHEIX|)Qt HY (RS AlsHEIX|)OC2

2t Hook
THEMH, matcher2 £ =402 #136t=S TEHFY 4 ULt



Hook OJHIE

O|HIE A AIE 2HE OlA|

PreToolUse  E7 A&l ZIH o515t M3 Xfct 3 0l
PostToolUse =7 A&l XIS 2R Al 27 7|2

Stop Claude?t 22 02 I AW AZ, HAE XHs Alsl
SessionStart MM A|ZHA] 3HA xm HEIAE —’F—%l
Notification ~— 3 UM A SIack/Dlscord o2 Ma

Claude CodeZ Hook BIS7|

HookT Claude CodeOi|| H-&S Qe 4 UL}
Python IS &g WHOICH ruff ZIE7t XS C= HEkl= HookS PHE0{F. .claude/settings.jsondi|
PostToolUse Hook2 =2 F7talF.
M AR A SR O TS MEkS ASOE 22T = HookS BHE0F. “SiXf M HA|: DEG 2M &=,
pathway enrichment ZIg§ 570|2t= HIAIXIE E36HF.

24 FCS Tyt OjCH 2IE} SO
o7 23 S XISOZ MLYHODR Of

Cf.

Claude Code?t .claude/settings. jsonlll Hook ™S FII6 &
SOVIEE 28 QR AR ZHE SA| EAY = UL, MM AIZFA|
“X|HEHO| O{C|7EX| HX[?"E A HRTL 040‘Pt._”:|'.

Hook2| &l ZYEX(deterministic) MO0 AUCE. LLMO| “YO0LN” 3t7|5 Hizt= CHA, EF ME0UA HIEA]
Helk= 722 HollF= WAOCt Al ScientistOlA] st “XtH| ATHE +¥" 2HE YX|SH= HI0|E= HookO|

H= O0TT o=

FE0otCt. 6IE =0 PreToolUse HookMlM £ A|A” IYU0| =FS AHEHE 4= ALY

12.7 Skills2 M2 53 205}7|
Skills= Claude Code0iiil MZ22 M2 S 712XI= WHOICL . claude/skills/ CIME2|0| DAL MUS
DISH, MEXIJt /skill-name BHCE SESI7Lt Claude?t 480 S AtS22 E43t5trt.

HAAH OO|MEY} “"Het0| CHE /70|11, Hooks?Zt “At& &!"0|2tH, Skills= EHUHA 712X|= ME If=HO|Ct
“D5 AMS & M= 0] MAIS MEj2Ps IsUS 5 B OIE0{SH, 0|S0= /literature-searchdt Q|2i5|
EIC

Claude Code2 Skill IS 7|

Skill U= Claude CodeO|H MM A}

.claude/skills/ ZC0] literature—search AZ2 DS 0{F. bioRxiv MCP AHZ D2|Z2ES M5t
AP 5Ol =E2 MF/XNAY/FL UH/AHAMLOZ M|ot= HXI0f, A= OF0R E2 SH6iF.

=
.claude/skills/ Z0| analysis—report AZI2 DHS0{ZF]. $IXH T2MEO| BA 241} T}Q (h5 , CSV)=
=

.
0151, Sy 71 29, A8 Y, 32 20 2 w4 g2 1A B|mEE WA HAOF

12.8 BE[O[O|IHE /I S2?

12.3~12. 7011 THE CHA 7R 8 Q47 YXXAH, S+1A) otLte| ZES EXE I 298 dMold, HI0[HE
24512, IC ZUS NSO ASsH, ZIE 2|EER YaAl5Hs YIS} DIS0fAL
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MZL st Tx EfA
02 OO|MEE &=XtHQZ &&ot= CiFt YIAZ=2S:
@literature-reviewer £ 67H &7t pancreatic cancer?| |2 X|2 FH0f| &5t bioRxiv Z2|TZES

MG, 7+ Yt BH QT 3HE MHHH.

@data—analyst Literature ReviewerZ} M5t 37§ QX0 LHaH, TCGA pancreatic cancer H|O|E{0| A

Fof o] 2f ZX|9| &ed X[0|E E4ots =S AdohH.

@pathway-analyst ¢ QEXS0| ZL&tEl KEGG pathwayE ZE8|6td, GO enrichment 242
ABHEHE|.
T ST

M 24 218 SEote 0 R 7HY Faet EHQIX| 212t oA Zelsh.

EX|2 SAOIN AL AE Selotd 25
‘RUT REA L HER KUY z

[e)

3

F

r

TS Wal= 40| Human-in—-the-Loop ®ZI0|Ct A7t K|
= X|Alo 2 HTSHOF B,

CIUME 2N Y9829

- o= O
=22 24 LI ME Y 27 7I&S F2loiF. 3. 0| FEE HiEHC= 22| HI0|Eof =
THIZE 512 22AH £M Scanpy ZEE XMMoiE. CD4/CD8 &, exhaustion marker &0l
LoohF. 4. 24 Zuto| WESHA 2|0|E oMol .

1. bioRxivOilA] NSCLC tumor microenvironment 22 UM 24 M =23 ZMHF. 2. 2
.l

0] FEZLRE= Observation(1-2) — Planning(3) — Reflection(4)2] X2 S0} QUCt. 2SS ZtEfot
AEE MR, 2UE oifMsh= 2H-0|Ct

HI
1z

12.9 Co-scientist2| 17|12} &=

12.10|M HTH= The Al Scientisto| Afdls, 27T AtSetE A7t AMA| AJRE 8, Al2fst @F, =58 Hlu
S dZSt 2HE e + ASSE BHHFACE. 0|28 2HE YXI5t2{H Co-scientist &AM CE & 2
mQ 7} 9lCt
= M=

u

a7 2|

1. Human-in—-the-Loop: Al= X|Qtotyl, AMEO| TESHCE £5| 7Hd HF, A 47, 24
THO| HRSH HAMM = BIEA| ARXLZt 7HRISHOF ST,

2. EHY: A7} R R E HAQY ZAHE 7|SS OH =22 WY, o
LA =X FHg =~ Q0{0F SHCt,

3. Hst Hgk: AlQ £ o

=2O
X E2 HO{S 2 QICt

ol
==
x
2
o
H
Q'I_l
Il

HL- o= A .
4. S e AIQ BHS HICA| SHQI M2 AT 5] S4B, MS5HE 54, 018 HEAS ALZ0|
solsfof BHct.
HIO|Ef Kot

2UZSE BA} CIOJE{(PHI)E AIO] HEE = H|O[E Hot H2S Stelst ATt QUL
* 7122 IRB 85X 27| 11e43HOF St

12.10 g&|

* Generative Agents O7|ElX: Observation — Planning — Reflection 128 ¢7 I EZ R0 HE
* The Al Scientist: 2% XtS3t A72| 7t5d1t otAE H0E. Human-in—the-Loop2| 527 &9l
* CLAUDE.md: A7 M2t3 HiSoh= HO0|MES| 7|A(memory) B, HE7t 2285 AVt H HE6H S&t

« L}te] MCP AMH: FastMCPZ KEGG, Ensembl S MHXE5E APIZE Claude Codedi] ¢1&
« HAH O0|ME: .claude/agents/0| Y&t OO|MES HOI5I0] MR35t 24 23

—_ =
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 Hooks: T2 X, MM A& 5 S ARl XS AgE= FA02 2 12| XIS
; Skils: sl o7 s BEsiE UAlE MOS0/ & 53
SHEA — HlO[EIRA] — 22N — ZNFFO| &7 Tio|Z2fQl

=
= o
. S BIR]: AIS 223 97 BE ET0IXIE, sty HED A5S Kl SOICt

Jlm

Xl
AIS & ofs =& Ag2 0|0 IdE| MX|12 QUL So| 07t =017} Ot ATLAOA Al= 20 =

2 B0 =02 Y2t IZS AAA YR St FO|= HEoloh=s €2 A7 WE AAMTUFO0IL OE L *I 't 0] &40
7*EI ol, A7t O] 2FES A ':f"OH =Lt

J2{L} SA|0 Al &ZH(hallucination)2Z QI5t 5{Q| 018, ZEHIXO| XXM ZH|7t M
|30 UCE AIOA “EIESE Rt ofH, A= xJ(HOPQI = =2s X Iﬂ%ﬂf MAHH
A7} QlLt. 0|2 39 21 (fabricated citations)OIEf otCt.

12%0|M HI{E The Al Scientiste =22 $1501 Xt& AMMX|E, A n = =
HOFUCt. A= EHl= O|AO0ICH AIE OEA ALEalof Asty fHYS X|7|HME EE2XHO=E =E2 AdE =+
=)

M= H

—

0

SHIZ A2 HEE AR
A& H7LXte] OFO|CIE HOZ B A7t A7 LIS THEO0HH
o1 HARX7F MESH =20t & X A7t ZXotX| = =22 4o
Al =X] LRIt HO| A7} Zo|= 74
EHY Y ES EAst OETET ZIWSHHL HIS7H
0] 22| A2 XX 7|0f(intellectual contribution)7t =70l A L=710[Ct, 12| Al OFO|C|Of, 7HM, A3 A,
2t M S HAPXLZL 86k, Al A2 staX FO2 Hdlots T2 AL86k= 20| SHIE MZO0|Ct.

13.2 £HET MH 7H53 Al =2 XA
Towards a transparent and reproducible Al-assisted research paper writing (Park, 2025, Genomics & In-
formatics)0llA HQHE THQUTE Al =2 EbAo| BN MEAS BASH: L Y222 E HAISHY,

O] Z AT ol iyl 2= ZHHSICE AlOIA HIAE MES B717] Mo, ALKV 2E S AHE HA LEIC Al=
SALA7Lol0] 23 3._f HES 0= Hilot= ST SiCt

FP.E

7 PEECE

1. -+ 2. -+ 3. -+ 4. + 5.

1ED]. §A Mel =2 Qu(RIY, BiE, HE S)I 2US ST SHSXI0IC 75t HA0| (1202, £1Y
0=

2folEg MK SIS} &N =20|2}H Introduction, Methods, Results, Dlscu33|on(IMRAD)
-_rLJEE [[fE_' 2|7 =Z0|2tH FH|E MM AXE MEHSHTY,

J

tL2t, S ¢a1 e

287, 2 ME AL EHE AEY =25 MESICE. AVt =28 FHok= 20] 0
s) 24 | M™MO 2 HEX|St 4~ QUL

o= (LN (B |
=20 AX 220 LS50 0|2 A oFH 59| Q12 (fabricated citation

= 710
EA
2 «
= =
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https://link.springer.com/article/10.1186/s44342-025-00057-0

STEP 1: STEP2: b STEP 3: STEP 4:
FORMAT LITERATURE PERSPECTIVE OUTLINE
SELECTION CURATION DEFINITION CREATION
RESEARCH ARTICLES ] , INSlGHT STRUCTURE SECTIONS
DATABASE THESIS \ X3
Rrocees RESOURCES P'F‘I’“ Erogess
Select Style, Find & Gather |“| Develop Thesis Organize Content |“| Generate Content
Template & Relevant Sources & Position & Plan Structure & Draft Sections
Requirements
« Choose citation style * Keyword search in + Define research + Create a detailed ® Use Al prompts to
Al databases question outline (Intro, Lit draft paragraphs
(APA, IEEE, etc.) « Relevant studies « formulate arguments Review, Methodology,  write section-by-
¢ Document structure « Organize references « Synthesize findings Results, Conclusion) section based on
 Academic guidelines with metadata into a unique * Logical flow OUI]'“E
perspective « Argument paints * Refine text
. J J L J J

Figure 78: Al =& &4 6Lt YA EER

12Z0|A =8t Co-scientist@| Literature Reviewer H|O|ME7} O] &HAHE HXE 4 QI MCPE £3H bioRxivLt
PubMedOj|A] 2t EEE MG REZ QO FEZE SH =22 HiEA IUs £ QICt, o, £|F MEE2 ALKXIQ|
=OICt AlZ} “0] =20 &3 UCH 1 MIOISIHEIE, HHZ i1 LHES Sfelst =20t Q '%EHOF SHCE.

—— M
3T B Fo| Ao iy HE =S B0 AJeIth A7t 0| HS0FX(T, Sy OF0|C|0j= HIEA|
ALAL7E HSOHOF StCE O] HAZE 71 S5t & & U= — A7 2t Atst =22| BE AFol7|
(= O[Ct.

HE S0 et=0{Z O|ZFA 2gE & ULCf:
“71Z& bulk RNA-seq &4

295 48 TS 97 HHE T,
NEEDI} I8 HOED.
Z

49| M O| &M S HAGHK| 29It 2= HUME —'?’—ﬁ.gi
0| & exhausted CD8+ TME7} HAUEAXH LS}

rlo
o
2
a
=
g

—

-

L
0] 3f 2H0| == X2 yats ZFI. Al= 0|XS saX 0= Hatol1! &¥ot= s ot

— —

ATH|. FHQ R MIME SHA TQOIES AMSIT, HA| R0 2 R4S 4~ UOH, Al7t LS8 T oFEL
* Introduction: ¥ B{A, 7|& = Ao =5
+ Methods: A2t HIOIEL = g AN ’éﬁl
* Results: £ 27, EAX oM
* Discussion: Z2}Q| Q|0|, 7|& HFLHo| H|w, SHA|

[
ZF MI90f| "0 422 HHEA| Z8toKOF St = did) EOIEE O|2| Halo =3, A7 HES| AL JQ|Z FIisk= AS

i Bl WAL |_
=]

2|3 4 QL.

I
e
-1
10
o
_._\J.

>

q

Qo

5CtA. HAE MY UM XS 29, &, MHQE HEC=Z AVt GO FUE YTt Al ZEZE= AFAPL
HiZst X220 AI26tEE HISHE|] U0, retrieval-augmented generation(RAG) ®2|2 22 Z0|= Ol ©
EL}.
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RAGE= A7t Xtx| 85 GIOIE CHA ARVt MiSet 2MUM HEES HMsHH BHE ddsh= UA0|T. "0 10H2
== In troductlon‘é EMeiF "2t SHA, Ale 1 1039 LHRDP 7|gtoz Ei!ﬁE% MMsto 2 ZXHoHA|
HE =ES U8 7H5d0] A E0EDH.

13.3 Paper Writing Assistant

0| THAUYIE 785t QEAA Y =17t Paper Writing AssistantO|Ct. 0] 20|A] HH2 SvelteKit + Tailwind CSS
7|& AEHOR JHLE|QICT,

o ¥l =31 https://research.pnucolab.com
« 2A FE: https://github.com/pnucolab/paper-writing—assistant

F2 EH

=K 29

Human-in-the-Loop BIAE MH ™ 2= i 230 A7 Y

2zt AF| °“-TLX}7 t Xﬂ-é,-&* I}E._ AXSHEE TETE M

HYBIN DA FEE, MU, iy HOIES XSO ZMSt

HIOJE| &¢t SvelteKit 7|2t S2L0|E ALO|= Alol, AH0]| G|O|E
NE Qs

CHs LLM X2 OpenRouter APIE E3ll GPT, Claude, Gemini &
CHSt D3 AL

Docker H{ % ZiE[O| 43510 2Z2t0l SANME A Tts

0] E41= GFAL BEHA FIFE2RE MU= [[fﬂm £ QHUSHH, ZF THA Q| S ot F OHX|20| HIAES

Mottt S0t A2 AP 1~4THA0A 0]0] 2= S ’e"g% LHE HEHO|E =, 5HAUM AI7t d-dot= FIAEE=

AKX OFO|CI{E SO =2 Hedet 20| SUolT.

EHM BTN

71E20| StEXIS2 Al AR Al WX ZELE ZIHE Qo= Z7F UULE. 2Lt ZEDETL HE 210 S&6HX|ITHA

O] A2 AMXO|X| YTt =M HO{Q TETEE F7Ho|C] f , Q2= A7} Mot BIAEO| IfetX 7|07}

FOA A=K| THESEZ| O{ELC.

Paper Writing Assistanti= it = £ 84 H 11 X(transparency report)S At& 44ttt £ 21M0j= L0
ZEELC:

« AISE Al 28 HH (2D B, Tf240]E)

© 2t MM IR0} st HOIE (AT A EHISH LS

« HIAE MMS 0|1 31Al QAS
0|2M 2| XIX{ 7|0{7 HARA| USS FE6| HOIS 4 Ut TBIE MAYS Joots L0, ST O
2Yste| 2% UZEXIZ HOIFE 20| Of 9] 9 EFHO|C

13.4 Co-scientist2 =2 XM HX35}7|

11~1280 M 7158t Co-scientist #d=5 == g0l AY 28 + AU McP A-|I:|-| 2 232 1A
Ol0|HER 24 FES A5, SkillsZ 2|ZEES Hdsh= 8 ¢

_o'g
_I
X
[>
om

HELEREE R PEEED

MO

. bioRxivOA spatial transcriptomics2t tumor microenvironment 2# ZEI 6/ Ze|D2EE
AMGHF. 2. AME =2 & Q2| H7L HEE NS MESH, 2 =22 FQ WHENL UAS HE

O — =
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COLab Tools Scientific Paper Writing Assistant & EN

B
@]
@ . .
. Scientific Paper
Writing Assistant
Transform your research ideas into well-structured academic papers. Al guides you
through each step of the writing process.
Transparent and Ethical Al-Assisted Writing
This tool doesn't automatically generate papers. Instead, it gives you a structured workflow where transparency
and your control come first. You make every decision.
Figure 79: Paper Writing Assistant & QIE{T{|0|A
He|ohF. 3. 0] 2SS HIECE Introduction MMQ| &4l HOIE JHQE ZHslF. 22| 3712
28 “7|Z bulk RNA-seq 7|8t 49| SHAE St TA 2402 I=7
O] HIZSZR0M 1~2FHA= A7t +SHX| 2, 3HA| "] A9 2F"2 APV AH MSettt. AVt 2¥s
Helofl FH AR E HEA HEHE o AKX, 2T M8 3 AF2 SHAe| R0|C

MAYE XY 9F

Methods MMZ EtMGEHF. sial EQIE: 10x Visium 2HZEOZ FFPE XX! £210|E M, Space
Ranger2 M™X2|, Scanpy + SquidpyZ 24, Leiden SHAHE T MIE Y M Z7Zt X7 A
FM0= Z7HIHE 201 ot =7 YAO= AYolE], L7t MiSet LT ALS5HF.

“‘LH7t MSet LIZ R ARZaHF "2t H2F0| S20olLt. O] XIAIZH R2H AI7F R 24 HHS o= HelstHL,
HHZ Aot %2 EFE AaE + UL

Figure Mo
Figure 12 9Ist ZEE ZMoiF: (A) =X £20|=2| H&E O[0|X| {0l S2AEH 2H2{0], (B) M
k! UMAP (C) =2 0OtH QTXt| Z7t &dl IHE, Matplotlib subplot@2 45t =2 &t
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