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?Harrow et al. Ontology mapping for semantically enabled applications. Drug Discovery Today, 2019.
https://wuw.sciencedirect.com/science/article/pii/S1359644618304215
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1. EEARK (GO)

GO EfFRITAIRNRR?

YARAIE, FIREE MR AL, BATRETE A FIBEE
AL (Gene Ontology, GO) MIAREH T & NI H )% RH LRI IRERIIN . B
SCHREIARAE . B PRI B MR LU B LR 2 1.

id: GO:0006094 unique GO ID
name: gluconeogenesis term name
namespace: process ontology

def: The formation of glucose from
noncarbohydrate precursors, such as
pyruvate, amino acids and glycerol.
[http://cancerweb.ncl.ac.uk/omd/index.html]
exact_synonym: glucose biosynthesis synonym
xref_analog: MetaCyc:GLUCONEO-PWY database ref
is_a: GO:0006006

is_a: GO:0006092

definition

parentage

B HE2/DF id. name. def. synonym Ml is_a: 45 TN, & XHTHEE L EFAK
RAFETF KR,

Ihttps://geneontology.org/docs/ontology-documentation/
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1. EEARK (GO)

ANEBET: LAERE G

FB P TR R, F AR L.
PSS (GO:0006094) T HHAEREFIAARTE B & # . glucose biosynthesis #&1% 2%k H W [F] SLiA;
glucose synthesis FHTIZMRIR, BELEF)THWRGHFEGEX—E L. 2

SRS (GO:0006099) H A JE TERACHT, (HMNATS AR, ANREFPETAES . FERd e
HHEARSTSRE (GO:0006006) HI NAAES, AREHEALS H UERHIF S,

’https://amigo.geneontology.org/amigo/term/G0: 0006094
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1. EEARK (GO)

GO 9= E

[Fl—F AT LR35 MF. BP il CC 1E#.

Z (5] 25 4] ) 5t % BT
SFIhEE (MF)  JERPEYIREHATH A4 Fi%sh?  DNA 454 (GO:0003677)
EVLRE (BP) eSS AR ? =55 (GO:0007165)

M5y (CCO BT Ab iy et 4 458 2 AMR% (GO:0005634)

“HEafzh” RRBIGE, AREAZIHERZEALS S DNA; “Z5ESHS” BARRAANEA
FREEA LR

Jingbo Xia (HZAU) SRS SHIRAT (FREE) 2026-10-22



1. EEAMR (GO)

B—E4, =AFEFRE

PLEE A A B -
o ZHER (GO:0005840) ;&HATHKIGFNHILEH, BT CC.
o FI¥ (GO:0006412) iiAAKEAFMLRE, BT BP.
o MNEIRZERIZH 4> (GO:0003735) FliiRFEK VIl 4r T LhiE, JB&T MF.
IXE S AR IbA oG, EIAS A S3A] . SCERARE N S i 2 A) FRTUL I &0Eah . I REIE 2450, HAH
GO %5 .
(@[Jingbo] WA R AT HE “EHER, fE AR “BIPEEAR” B R4 2 J
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1. EEARK (GO)

M GO KEFIHIERETR

HEH, AETRIGEDEEH N D REULSR -

Qlél%( Gene Ontology and GO Annotations

Search

7E QuickGO® H A& dm 5 B AR & X LTIk B RiFERIEFE. flan GO:0006094 & GO:0006006
IR RE s R HEWTAS BT

—% GO WAL BRI EL HIEF=Y) . X FA. GO %5 . iFHEKMERIE. AT FEiH5F
“DNA binding”, MARUEHCHIENEAEAZIIGE.

3h1.:t:ps ://www.ebi.ac.uk/QuickG0/annotations
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1. EEARK (GO)

NAKNES GO INRG TR

PR AR FME S AR AN A e

o SORFRE: AT HRREIREBESAR IS, AR EE RS
o SERIHSETERE: ARSI EMEE R ANE T X

= GO ThREERE: L “EEY-KFR-GO FH” MA IR,

EXP ZRUEHiR B SL5, IEA /& T HaERE: [N RO RIR . Bl e s AR, A5
T EAEMZIhREATAAE, ¢

“https://geneontology.org/docs/go-annotations/
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1. EEAMR (GO)

GO EEDHTRIEHARRR?

HARFE NP IS GO 2 H, A LT St SR L ?
Sl HARIE R B S TR I I Sk R4, A GO B R Gt b A, m AR H A S E

BAK T BENLIAE AR, 25 H RIS I B AL IE p 1
SCHERAERLGT £ BRI GO VR £ JERAEM GO wAELSR

HIfE— N2 H w4, AROUEC W S gin . R EBA BRI, BUMSSm R M S0k
o JAMIH Python SEIG BB NSRRI AR . THRIFARREIZ LSS R .
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2. BEOHTRIEIFESL

MHEKARRE] GO E5E

Sl AL R p

FihER ] | GO E 4T

N: ARPERAEH | BRI HUAT TR i R
m: FREREL HRERERTEE GO 2% H 3 K 4L
ke dHAOERE | HAREE R AT R R 5

z: APIRREREL | BAREE AP dy P i% ok H 2R

T HREEEAAN TZ% HRATINE . AREBEISRE R SIS, IR U L5
HH Rk B L E R AR AL
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2. BEOHTRIEIFESL

BIIREENETA?
BRI B0 o AN 1 EREER.

min(k,m) /m —m
i TRRT () O
p=Pr(X>uz| Hy) = 2: R
= O
HN=15 m=17, k=6, z=4, W p= P(4) + P(5) + P(6) = 0.230769. X5 “t&ifdr+ 4 ©” 1
MERAN A o
7E Python HA] F| SciPy A%} [A]—&5 5.

from scipy.stats import hypergeom hypergeom.sf(3, M=15, n=7, N=6)

BT HEIE P(X > 3) = P(X > 4). fEHEIEM GO /0¥, AR EMRITFL4H, FERER
ZRIER p {H
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SO E

=5

B A O 2 ER IR R .
o HirEMm LB o/k, BHILEIA m/Ns LB S A LR EWRE ST EE .
o —IRKGEIE LS P-value 524 BRI )G Adjusted P-value A, JGEHTE Python L5
W GSEApy KH BH HikitH.

o FEM T AFI T S KB GO VERARA, [Fl— H bk R4 (1 45 SR th AT BE iz

GO & UL H AR R NERZE H a2 i 2 s E A BRI H B S s, A IERIEA
B FHOSMT . Python L5623 FH R H K0 A I L3 5t .

BEBRTA?
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3. ASSREAIR (HPO)

3.1 HPO Hiif

A%%ﬂ$%&Hmmnmewm0Md%wPWO)%&%@*%,%ﬁ%ﬁW%%Eﬁ%%,
AP 5 2R Z 1A ) R B

[Term]

id: HP:0000006

name: Autosomal dominant inheritance
P:0001415

HP:0001447

HP:0001448

alt_i P:0001451
alt_i P:0001455
alt_i P:0001456
alt. P:0001463

def: "A mode of inheritance that is observed for traits related to a gene
encoded on one of the autosomes (i.e., the human chromosomes 1-22) in
which a trait manifests in heterozygotes. In the context of medical genetics,
an autosomal dominant disorder is caused when a single copy of the
mutant allele is present. Males and females are affected equally, and can
both transmit the disorder with a risk of 50% for each child of inheriting the
mutant allele." [HPO:curators]

synonym: "Autosomal dominant" EXACT []

synonym: "Autosomal dominant form" RELATED [HPO:skoehler]

synonym: "Autosomal dominant type" RELATED [HPO:skoehler]

xref: SNOMEDCT_US:263681008

xref: UMLS:C0443147

is_a: HP:0000005 ! Mode of inheritance

FE ) HP:0000006 & Gtk Bk isifl, sttt 7, AREHFNFHHRIE. HPO I8 &
BTSSR dn's s 8 ORI B N AL R REERI 46 H 2K 9 — ik .

Shttps://hpo.jax.org/app/help/introduction
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3. ASSREAIR (HPO)

3.1 HPO Hiif
— NIRRT DLRERZ AN R — AR A ] WA [R5

PRI H HPO %5  EFHAER

OMIM:608647 HYDIN HP:0011108 i &554%
OMIM:608647 HYDIN HP:0002837 KE ZS&%
OMIM:608647 HYDIN HP:0003593 %2)L#iTi

RTPHI» G300 e by R IPIRIE s 5 = BER7sEm 6] . HYDIN A G 21 i@ sk af BN I R IR
YR AR, (BEE R h B SR SO AR BB HiS i ghid. ©

MAH) CREBFR” BN B HP 45, ZJaA e SRR R -R BRI UL I
TRAFSI . FE 2% H 5 MK

Shttps://www.ncbi.nlm.nih.gov/books/NBK1122/

Jingbo Xia (HZAU) SRS SHIRAD (FREE) 2026-10-22


https://www.ncbi.nlm.nih.gov/books/NBK1122/

3. ASSREVAIR (HPO)

3.2 HPO-Shuffle EEHERFZ]

Zf5]: HPO-Shuffle = HEA R IE R A

WETse N GWAS X /5 22, # ] HPO ﬁf%@iﬂ?‘%ﬁ%iﬁ%&%?ﬁt, Wt ja Sk 258 R
WEEAEARRIETT . 2GR RIFRLR, DRIT

Rerank\ng
[Gene 3] - Match HPO shuffle MJ
[Gone}
m

GWAS gene list GEP gene list (GWAS gene list GEP

Drug Repurposing v
(Bruzd) regulat
module jGenea]
WGCNA [Gene 4}
regulate o —
o extraction =)
gene list

Verification Pathway
.\ Enrichment
b —

,,,,,,,,,,,,,,,
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3. ASSREVAIR (HPO)

3.2 HPO-Shuffle EEHERFZ]

Gene rank in GWAS after HPO-shuffled >
§ £ E 8 8 8 8
T R S

12355 -

HA(gene)

B ZL, 2% mi 0 R )\AS CARIE RFIR A L K AR AT 5 A B, A2 —logp MAUE. TAER
IR ETE =T
Ry R 7 A B # B i SR HE R s AREVLITA L RIS 2IEGE, AR EX IRl
ERI ML LG AT 2. BSRME NS HPO (5 2, SRR R B IR AL 2 [a] R R IE
P
®3C: https://pmc.ncbi.nlm.nih.gov/articles/PMC6732366/

Jingbo Xia (HZAU) SRS SHIRAT (FREE)

2026-10-22


https://pmc.ncbi.nlm.nih.gov/articles/PMC6732366/
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FERE

Q EMMHEKRAIR (PTO/RTO)
o PTO A7l
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4. FEYIERRAR (PTO/RTO)

4.1 PTO &l

HDMEIRAAR (Plant Trait Ontology, PTO) A F1E SONWEY) LS B v PR Fi b f o2 238 ] 2%
Ho 7
—HRRERAE TO %5 HWAK. [FA. & XM EM&H, EATREFRC N KT .

BioPortal B {# 1] PTO fE AR, 2% Héw's 51 T0: .. .o
%H B R
fet T8 B 148 E I W
MR R A AR R A A AR AL, R 2 A T RERI L b
RS R FEY B 52 A B T T P R A

R 2R AR “Hite” B “S&”, WARBIGE .. KB BAEX R .

"https://bioportal.bioontology.org/ontologies/PTO
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4. FEYIERRAR (PTO/RTO)

4.1 PTO &l

ittt (T0:0000303) HiRHEYAECE FIRD. 8
o CONTHRIRACTE 72 NI AR AL ERSEAE, AR R AT A R

o CIEDIEARIR TRIET i R0 IR, AN CATIE B 122 DA AR PR S 74

[Fl—A TO % SR IH— ARG U MR A FR: U IR IR ET, EAUREE YR, 385 LB
A RPN, ABEE M AR R K & .

8http://purl.obolibrary.org/obo/T0_0000303
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4. FEMIERRAR (PTO/RTO)

4.2 IKFEMERAMKR (RTO)

IKFETERAME (Rice Trait Ontology, RTO) HIEBIREMIMCAHEMIRTTIR A, HEE ] TK
TERISE H, PR A AORE 52 8 XA G E

I Rice Trait Ontology Construction

» @
add ‘,f ¢ delete é’i ‘)
|

As the figure shows, three strategies for ontology integration:
* Merge

* Add

* Delete

BEURIE TAEMEFG A& 0. BRI 25 . =P E B Y Rl dm ' . o ORISR EE ;SO M EAS
JELIE B AN 46 B 250
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4. FEMIERRAR (PTO/RTO)

4.2 IKFEMERAMKR (RTO)
CHRGZ” 55 CHRGUEIL” B

JRE % H SEBR IR

WTO:0000095 & FH = BEFEN RS FRMLAAR L, st
%At

T0O:0000480 = F= UM RN E RN, 2B s MR

JFEERTEIFNEE, EEEARE R R4 T AR, MUEREASERUR, &8y “%
TR R IRBE, (HARER —Fbr R R A .
(@[Jingbo] RAAIFR, SRS RTFEI I RIPEIR, 6 R RS R }
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4. FEMIERRAR (PTO/RTO)

4.2 IKFEMERAR (RTO)

I Rice Trait Ontology Web:

WO E N RER B g5 HAK. 58 SONMLERLZE H o ROCHIRARE VA — I 30 3 R A7 S S RRIE 5 R 5
A R LR T E CANFE, NPREE “ORULHC” BREQTEIZ ORI R R, TIA AT S 15 .

SRS SHIRAT (FREE)
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4. FEMIERRAIR (PTO/RTO)

4.3 {EEIR R £ 201

TP AR SCRRPR A S =T 55 I AN E . 9

= SCHRDIE: TR SCHRE SR AR ?

o SRHRE: FEAIITERRI RIS TO 45 ?

o FEP-PRIRICIR:  SCRRA 75 20 Hh R AL 5 2 IR A SR IR 2

TR T AR ARR S FSCRAAGE L 5 =00 EERFRR . SRR DT AR A 5P K
AR = I BT

STE®#}: https://github.com/bionlp-hzau/RiceTraitOntology
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4. FEMIERRAIR (PTO/RTO)

4.3 {EEIR R £ 201

#H#7~H: Rice seedlings showed improved cold tolerance.
= SCHRPR LM tE, AR —WT UKD “=27.
= cold tolerance AJ{EJy TO:0000303 MMM #xf & I ORAF S 1A 5 AP H
o BT L AR A RR, A RE TR I T I AR A P SR

A)H ) improved A YLIAXT IR REFMEFEIR. #7)E /& Cold tolerance was not
measured., PRRVIBEIEL, HEAHEERMIMLE R FRVER 2050 0 S AR TE 5 SO S T
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© EESHT Python SLIE
o HABUE S I TR
o WRERS GO H K4
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o #iRK W EHEIEIT
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5. B&HT Python SL3E

5.1 MINSUESIEITING
. ZIMEER 5 MERTE GO MMk H bt s iodi B B b T304k GO 4 H 77
BAEIMFE

3KHL GeneNames 1] gene symbol

1
2\ Ensembl BioMart A1 55 H

i
{fiH GSEApy #4T GO E&HENHr (F: 51&4 v AUESIEAT XD
i
it g5RER. AEE. HRES GO E K
Jingboi #:

WA —HERRS, WAREESN L. TR M.
Enrichr fEARSZIG 3L GO JER4E; FHES T GSEApy fEAHLTE K.
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5. BESHT Python SCI&

5.1 BIAZUESIEITING
SEE H P S S A &

experiments/

| -- GeneNames

|-- requirements.txt

|-- go_enrichment_gseapy.py
|-- plot_go_enrichment.py
|-- results/

GeneNames: 74 A\ JIER 7 5 0 R A SCIARE 5 A (4 Bl
SDH IS, SRS REB ISR RE, LT GO

ABCB11 éﬁtfo
ADAM12
ADAMTS16

ADAMTS18

o g A W N =

[
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5. Hﬂ%ﬁ:ﬁﬁ' Python 3C4&

5.1 BMIANZURESEIEITING

cd experiments

y -3.12 -m venv .venv312

\.venv312\Scripts\python.exe --version
.\.venv312\Scripts\python.exe -m pip install -r requirements.txt
\.venv312\Scripts\python.exe -m pip show gseapy pandas

requirements.txt 5t} GSEApy Ml pandas; HUETHH . 2B A L& IO /5 i — IF 224

L N

(@[Jingbo] W ASIRSFRIEITICR: Python 3.12.14, GSEApy 1.3.1. pandas 3.1.0. (Kimi3 BhEh%ife) J
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5. BESHT Python SCI&

5.1 MINSUESIEITING

10 SO experiments/go_enrichment_gseapy.py

KEE )

FEARSLI T 1E

import gseapy as gp-
pandas as pd

HERE = Path(__file__)
.resolve() .parent

import

GENE_FILE. RESULTS_DIR
read_gene_symbols ().
fetch_human_background()
newest_library(). save_gmt()

main() 53CHFAR R TRE T

53 & B AT DI RE R RAR AL HE T e
%R BioMart.

EXT%H*I]ZISF)TT H 3%, i N H AR AR AN H %
JABa 4.

S USRI B 5%, SRR R A I B2 .
S BRI B R MARS YT &,

==
; requests f

W GO FERRAIFORAT A AL I IR RE PRI o
MR LD R BHGSAT A J5 3 58 B .

Jingbo Xia (HZAU)

SRS SHIRAT (FREE) 2026-10-22



5. BESHT Python SCI&

5.1 BIAZUESIEITING
S AR R R T T . LEER Python %13,

1 | def read_gene_symbols(path):

2 if not path.is_file():

3 raise FileNotFoundError (path)

4

5 column = pd.read_csv(

6 path, header=None, sep=r"\s+", dtype=str
7 ) .iloc[:, 0]

8 symbols = column.dropna().str.strip()

9 symbols = symbols[symbols.ne("")].drop_duplicates().tolist()
0

1 if not symbols:

2 raise ValueError("No gene symbols found")
3 return symbols

header=None Pj IF4E5E — 4T 1% 4% 4% ; dropna() 5 FMF R EIERZ1T; drop_duplicates()
Bk EERF S EE T IANEABIA 5 MAFERFS .
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5. BESHT Python SCI&

5.1 MINSUESIEITING

KEEE )

fiERE

path.is_file()

pd.read_csv(..., header=None,
sep=r"\s+", dtype=str)

dropna() .str.strip() 5
symbols.ne("")
drop_duplicates().tolist() 5%
LIE A

SN SCIFAFAE s AR BRI L EIRES, AiEi AgE
BERAGE i

SFRATRSR s 1R BRI RAT 70 B A% SRR,
TREHRFT SR . iloc[:, 01 W51,
FRORE, JHHEE RS RS TR E

L HEJEF R Python I3 B A REN, RS
AR -
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5. B&HT Python L3
5.

2 BREERS GO HEEE

HRIGE “ AT ATEER,
o AHIH Ensembl BioMart [J NZE##E4E hsapiens_gene_ensembl.
o i) FB N external_gene_name, HJJ BioMart iR 5] f#)3& A 44 55
o RN NHIFLEEF153 41,850 MF 5, 5 MAAFFSHAH ., 10
o XRIBMHANEZEE T, AMUERKEA RNA-seq T256 5L bl 211 £ A .

10Ensembl BioMart RESTful access: https://www.ensembl.org/info/data/biomart/biomart_restful .html
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5 %E/\1‘ﬁ Python 3C4&

2 BERERES GO EREE

BioMart R#E XML 25 iR [n] i 32 7570 Ba i S0 A

BIOMART_ENDPOINT = "https://www.ensembl.org/biomart/martservice"

1
2

3 | query = (

4 '<?xml version="1.0" encoding="UTF-8"7>'

5 '<!DOCTYPE Query>'

6 '<Query virtualSchemaName="default" formatter="TSV" '

7 'header="0" uniqueRows="1">'

8 '<Dataset name="hsapiens_gene_ensembl" interface="default">'
9 '<Attribute name="external_gene_name"/>'

0 '</Dataset></Query>'

1 |)

2> | response = requests.get(

3 BIOMART_ENDPOINT, params={"query": query}, timeout=180

4 )

5 | response.raise_for_status()

params f1 5% XML &Ei#H#H1T URL %ifid; raise_for_status() BF| HTTP iR L EIF 1k, b
GeATAE 1R DU 24 B 5001

Jingbo Xia (HZAU) EMNEIZES: I (AFRRE) 2026-10-22



'5 GO EEE
T FEJE R, HE AR,

symbols = sorted({
line.strip(Q)
for line in response.text.splitlines()
if line.strip()
b
if len(symbols) < 10_000:
raise RuntimeError("Incomplete BioMart background")

BACKGROUND_CACHE.write_text(
"\n".join(symbols) + "\n", encoding="utf-8"

)

ARIRGH| 41,859 MAFEFFS, fRIF A results/human_biomart_gene_symbols.txt. J&%Li

HU R 2247, BERBRIRER FH; W SORIEA NI [BHCRAE JSON ok 1 .
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5. BEEDHT Python 3C4§

5.2 HE

==E5 GO HEES

ES a0

fiERE

if BACKGROUND_CACHE.is_file()

requests.get (..., params=...,
timeout=180)
response.raise_for_status() 5
IR (oA

sorted({...}) 5 len(symbols) <
10_000

write_text () 55 JSON JuHif

CAZAN BB, REFESBITHHR—E5, A
B IERM L,

8 BioMart XML EWHE NS HUKI%E; timeout FRESE
FEIFTE]

HTTP & SRk S T B [2] 485 DU S 1k, e B R S
ARHBEREGIE.

FE. HP, JRHPIUEE TR A SR N X
AN TIR R TEEERA, AR TRk bR .
PRI E RS SO0, FRERIE. BaRsE. T
BRI S5 &
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© 0 N o U s W N e

=501 Python LI

El'i GO ERFEE
RARRRPTREXT b, H RS SR A4 et

background_set = set(background_genes)
mapped_input_genes = sorted(
set(genes) & background_set

)
print(
f"Symbols found in background "
£" ({len(mapped_input_genes)}): "
f"{', '.join(mapped_input_genes)}"
)

AR5 MRS AILEC. HAMSRILE, SaEmh. KNS, [RGB AZHRB

SYEORFS R AT GO Thfe”. AU IRET R LS BN 5.

SRS SHIRAT (FREE)
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5. B&HT Python L3
5.

2 BREERS GO HEEE

A Enrichr B NSRIEPIFE Y R, I 00 BUROBT 03 FRUAS o

library_names = gp.get_library_name (organism="Human")

go_libraries = [
newest_library(library_names, prefix)
for prefix in GO_LIBRARY_PREFIXES

o o s W N e

]

ZAEG RN BP CEERE) . MF (7 FIhAE) M CC (AL ). ARE RS |
GO_Biological_Process_2026. GO_Molecular_Function_2026 F
GO_Cellular_Component_2026. MIAZENULHL, AIEHEAE & F0 5 5.
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£t Python SCIG

I'i GO EEE
A GO FESHRCH “ 2 HBFERBIER” 15,

gene_sets = gp.get_library(
name=library_name,
organism="Human",
min_size=0,
max_size=1_000_000,

)
snapshot_path = save_gmt(library_name, gene_sets)

FHAFGA GO Sk AP —HEFFT T . WAL =A FERARAE A GMT O, T I8HI A k4,
RAEFIHER N A . Enrichr ST AR AFRANEN; 257 R AR i R . 1!

~N o g A W N =

NGSEApy X TEEEEIFEES AR https://gseapy.readthedocs.io/en/latest/run.html,
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5. B&HT Python L3

5.2 SEERS GO EFE

KEETEH) il RE

re.compile(...) 5 fullmatch() KA e 42 R | AN E 45, IF BN B RRAF& T
%o

candidates.append((year, name))  EEMFIEZMIE—iE, FTHREMHEK.

return max(candidates) [1] WERAR TR P44 5 IZAE A AN I IEAN R4 [ 52 S 58

gp-get_library(...) T#EFTIE GO JE, 193] “GO 2% H 4R EIHEH 5551”7
it

save_gmt (...) AN B A BRI BN GMT SCHFs RAFIRIR S, 45

RATIE A DA BERERRAS o
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5. B&DHT Python SLig

5.3 PUTESEIIEEER

HArdE. GO T 54 —lidfk4: GSEApy.
1 | analysis = gp.enrichr(

2 gene_list=genes,

3 gene_sets=gene_sets,

4 organism="human",

5 background=background_genes,

6

7

8

9

outdir=None,

cutoff=1.0,

no_plot=True,
)
0 |one_library = analysis.results.copy()
1 | one_library["Gene_set"] = library_name

X H[F] gene_sets s& L\ NEM Python FHit, [Kt GSEApy H45 & 1 e A AT T LRG58 . 47
RA% Enrichr JE4FK, background ANgxLARIFET U T AR . Al sl GMT 3CfF, A BERA
e e A e R, 12

12GSEApy 3R BEN dict/GMT EREXRENE R, Enrichr ERESRERS—SOTEE. 210
https://gseapy.readthedocs.io/en/latest/run.html,
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5. B&DHT Python SLig

5.3 PUTESEIIEEER

SRR [l {E

AR X

gene_list=genes
gene_sets=gene_sets
background=background_genes
cutoff=1.0

no_plot=True
analysis.results & Gene_set

5 MEASE R R HAREE S

HHT GO FERIAI T s AEANIK HOXT MR A
BAEANKSHEE, & HHEHR R
ANTE BRI KON S 2 AR R )R AR A A RO %
RIEJE p E5fikE.

ik GSEApy 5 mIERIA&] ;s ASTR ATt B e BRI A A Al
BB 45 /3%, IR BIfETkE BP. MF 8 CC [
WA o
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5.3 PUTESEIIEEER
B GO A HEOG R — K “HiERk” A5 .

e | A S X

N | WRETRERE, AU 41,859
m | WEEFERIIZET GO 2% H KK
k
T

AEMLIN S5 AR H AR RAL, AUCN 5
HARSEd i 241 GO % H BRI %

K38 TH A =P BEALE & AN, 2/OWEE] o AN EEMERE . GSEApy XA GO FE
% HiF SR p 1, 3 Benjamini-Hochberg J72A% 1E £ B A
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5. B&DHT Python SLig

5.3 PUTESEIIEEER

SR EPTAIREIZEH, MR RIEE p < 0.05

results.to_csv(
all_results_path, index=False, encoding="utf-8-sig"

)

adjusted_p = pd.to_numeric(
results["Adjusted P-value"], errors="coerce"
)
significant = results.loc[adjusted_p < 0.05].copy()
significant.to_csv(
significant_path, index=False, encoding="utf-8-sig"

)

cutoff=1.0 fREAIREIF &AL EH: SEMHEBHR ¢ < 0.05 fiERE.
CC =ANEE o nlitE.

Jingbo Xia (HZAU) SRS SHIRAT (FREE)
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5. B&DHT Python SLig

5.3 HUTEEHIOEER
KHEIER) fife ke
pd.concat (result_frames, i BP. MF. CC =ANERSEREZMN WS I
ignore_index=True)
results.to_csv(...) RAEFTAIREIZH; eBERARY, ETEEMENE
K.
pd.to_numeric(...) 5  BRIEE p EEREUEF ML, 65K IEE GSEApy

results.loc[adjusted_p < 0.05] T 5E A
run_metadata 5 json.dumps(...) ORI R B5. GO FEPRIR. BAFhUA . FiitJriE

I AR
if __name__ == "__main__": A BBETZ N A B e BmE; SAH PR
main() AN 53l N EES .
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5.3 HUTEEHNEER
HINK) 5 N AFUCE, AR F 51 4> GO % H .
GO &3¢ REIZHE RS p <0.05

BP A:¥id % 38 38
MF 77 IhfE 7 7
CC gl 7 6 3
&1l 51 43

ZE 5 N GO_enrichment all terms.csv 5 GO_enrichment_adjusted_p_lt_0.05.csv, I
B, GO FERRAFI AL FAE run_metadata. json.
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5. B&DHT Python SLig

5.3 PUTESEIEES

Al — 4 & 2 MH5E GO % H

GO %H /% E RS p R R
EYPSE
4 P A Bl 3/104 9.50 x 10~7 ADAM12. ADAMTS16. ADAMTS18
metalloendopeptidase activity
(G0:0004222)
EJEVN 3/358 2.33 x 107 ADAM12. ADAMTS16. ADAMTS18
proteolysis (GO:0006508)
RE iR AR L AR 2/135 6.69 x 1074 ABCB11. AASDH

fatty acid metabolic process

(G0O:0006631)

R APIE BT 2/192 1.13 x 1073 ADAMTS16. ADAMTS18
extracellular matrix organization

(G0:0030198)

B i A B G 1/18 3.01 x 1072 ABCB11

bile acid transmembrane transporter

activity (GO:0015125)

3/104 W43 BH21% GO 2 B IZERIZE K/ ; Gene ratio HI4rBEZAIR 5 AN AL .
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5. B&DHT Python SLig

5.3 PUTESEIIEEER

335 2% B B eh P 2 g N FE IR TR .
o ADAM12. ADAMTS16. ADAMTS18 It [y /i 2 A /K @A 48 P Ik BEE ;. ADAMTS16.
ADAMTS18 ity 4o oh L i 2 4UA 56 B -
o ABCB11. AASDH Jt[EIdr A g I BRACIIAH 25 H s ABCB11 Sty fH T R 18 i 45 12 28 (1 G
P
X EegE AR R IE IR E S . Al GO 4% HE AR K SOk, FIMre T2 S
] —AE W £
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5. EE&DHT Python 5L

5.4 ERESTESET

NS PNANY T e S 2P N o8
overlap = data["Overlap"].str.extract(r"~(\d+)/(\d+)$")
data["Count"] = overlap[0].astype(int)
data["GeneRatio"] = data["Count"] / input_gene_count
data["MinusLog10AdjustedP"] = -np.log10(

data["Adjusted P-value"].clip(lower=1e-300)

)

points = ax.scatter(
data["GeneRatio"], datal["Y"],
s=65 + 85 * datal["Count"],
c=data["MinusLogl0AdjustedP"], cmap="Blues",

)

Pl A P R R R L By RUBOK, drrh IR BUOEIR, HEBS p EEN. AR E R
10 MEEFH, LIRS p EHF. A58 H e rmAER.
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5. B&DHT Python L3

GO enrichment of the five-gene set
Significant terms (BH-adjusted P < 0.05); up to 10 terms per ontology

BP | Proteolysis (GO:0006508)
BP | Protein Metabolic Process (GO:0019538)

BP | Extracellular Structure Organization (GO:0043062) [ ] ADAMTS16, ADAMTS18
BP | External Encapsulating Structure Organization (GO:0045229) () ADAMTS16, ADAMTS18
BP | Monocarboxylic Acid Metabolic Process (GO:0032787) @ ABCB11, AASDH
BP | Fatty Acid Metabolic Process (GO:0006631) () ABCB11, AASDH
BP | Extracellular Matrix Organization (GO:0030198) @ ADAMTS16, ADAMTS18
BP | Lipid Metabolic Process (GO:0006629) (@) ABCB11, AASDH %
BP | Phospholipid Homeostasis (GO:0055091) (¢] ABCB11 £
BP | Regulation of Fatty Acid Oxidation (GO:0046320) (] ABCB11 2
MF | Metalloendopeptidase Activity (GO:0004222) ADAMTS16, ADAM12, ADAMTS18 S
MF | Metallopeptidase Activity (GO:0008237) ADAMTS16, ADAM12, ADAMTS18 'g,,
MF | Endopeptidase Activity (GO:0004175) ADAMTS16, ADAM12, ADAMTS18 -
MF | ABC-type Xenobiotic Transporter Activity (GO:0008559) @ ABCB11
MF | Bile Acid Transmembrane Transporter Activity (GO:0015125) (¢ ABCB11
MF | SH3 Domain Binding (GO:0017124) Q@ ADAM12
MF | Monocarboxylic Acid Transmembrane Transporter Activity (GO:0008028) (@] ABCB11
CC | Basolateral Plasma Membrane (GO:0016323) o ABCB11
CC | Recycling Endosome (GO:0055037) o ABCB11
CC | Recycling Endosome Membrane (GO:0055038) @] ABCB11
02 04 0.6

Jingbo Xia (HZA SHE SR

Gene ratio (overlapping input genes / 5)

Overlap count

o' @2 @:

R (ARRIE)

Input genes

ADAMTS16, ADAM12, ADAMTS18
ADAMTS16, ADAM12, ADAMTS18




5. B&DHT Python L3

5.4 ERESTESET

H:K4% Benjamini—Hochberg ¥ 1EJ5 K] p H1THE.

1 | score = -np.logiO(

2 plot_data["Adjusted P-value"].clip(lower=1e-300)

3 ()

4 | ax.barh(

5 y, score,

6 color=[ASPECT_COLORS[c] for c in plot_datal["AspectCode"]]
7 )

8 | ax.axvline(-np.logl0(0.05), linestyle="--")

MELEFRE ¢ = 0.05. GAMAKRILKRIENG p EIERHT 7 T, ZHAR 7 T 28R A5 MF F
CC /ylExR 7 W5 3 I,
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5. EEESHT Python SKIE

Most significant GO terms in the five-gene set

Top 7 per aspectTall significant terms when fewer); bars show statistical significance
(9= 0.05
Proteolysis [GO:0006508] GG
Protein Metabolic Process [GO:0019538] I ——
Extracellular Structure Organization [GO:0043062] IE——
External Encapsulating Structure Organization [GO:0045229] ——
Monocarboxylic Acid Metabolic Process [GO:0032787] I—
Fatty Acid Metabolic Process [GO:0006631] I——
Extracellular Matrix Organization [GO:0030198]
Metalloendopeptidase Activity [GO:00042:22] | —
Metallopeptidase Activity [GO:0008237] I —
Endopeptidase Activity [GO:0004175] —
ABC-type Xenobiotic Transporter Activity [GO:0008559] I
Bile Acid Transmembrane Transporter Activity [GO:0015125] I ———
SH3 Domain Binding [GO:0017124] I —
Monocarboxylic Acid Transmembrane Transporter Activity [GO:0008028] I—————_——
Basolateral Plasma Membrane [GO:0016323] I

Recycling Endosome [GO:0055037] _ GO aspect
Recycling Endosome Membrane [GO:0055038] 8P mm MF mm CC
0 1 2 3 4 5 6

-log10(BH-adjusted P-value)
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BEEDHNT Python 3C4§

ERESUESET

GO ﬁ?ﬂ]ﬁ%ﬁ?& / Molecular Function hierarchy
TEHARE R R HES: is a HusE; fLBEmsamRan

Selected enriched terms and their direct is_a parents; arrows point from broader to more specific terms

BEERE BREBRE EREBRE
Broader term Narrower term More specific
REARSIEYE
endopeptidase activity
GO:0004175
BAEGENE SENESEE
peptidase activity metalloendopeptidase activity
G0:0008233 GO:0004222
SEUESEE
metallopeptidase activity
GO0:0008237
[ BF%8 / Significant term {7428 / Parent context

Jingbo Xia (HZAU) I (AFRRE) 2026-10-22
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5.4 ERESTESET

GO AR ELR / Cellular Component hierarchy
ISHII A LR is a LU, RkAgss 2 RaiRElk

Selected enriched terms and their direct is_a parents; arrows point from broader to more specific terms

BRZRE BRABSRE
Broader term Narrower term
PR [EIKTPIfE
endosome — recycling endosome
G0:0005768 G0:0055037
PR o Bk
endosome membrane — recycling endosome membrane
G0:0010008 G0:0055038
JRARIE, . EJERIMUBRAE
plasma membrane region E— basolateral plasma membrane
G0:0098590 G0:0016323
[ B#E4KHE /Significantterm [ 7% E / Parent context
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ERESUESET
TRIATERE S NS E A FRAASIR CSV a4 KA .

1 | .\.venv312\Scripts\python.exe go_enrichment_gseapy.py
2 | .\.venv312\Scripts\python.exe plot_go_enrichment.py

A RS

GO_enrichment _all terms.csv =25 GO JERMII4#4%H
GO_enrichment_adjusted

p_1t_0.05.csv WEE p < 0.05 K% H
GO_enrichment_bubble_plot.png

GO_enrichment_bar_plot.png SIBEERRE
GO_enrichment_hierarchy_

BP/MF/CC.png E%’é GO Z4i

.svg / .pdf 5% Csv PR O B A B A B o
GO_*.gmt. go-basic.obo.gz BEENEEEHK R

run_metadata. json
go_basic_ontology_metadata.json  HiiA. T, MALRIEICFE

Jingbo Xia (HZAU) SRS SHIRAT (FREE) 2026-10-22



5. B&DHT Python L3

5.4 ERESTESET

T 53 R R N 50T 7T Wit — 3.
o AHBI{fFH Ensembl BioMart IR [F1[¥] 41,859 /™3 [KIFF5 1 il F 15 5t
o W5 SR e TR 2L
[@[Jingbo] W BN R, AR GO F4E, M HPO 4, i RTO 4, Rt Tie? )
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