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Enrich_analysis.pl, a perl script for enrichment analysis of differentially expressed genes
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Abstract It is a major for challenge transcriptome data analysis to dig out research-related information and provide
professional interpretation. Enrichment analysis offers a rational option. In this article, a perl script Enrich_analysis.
pl was written for analyzing differentially expressed gene product annotations in biology, and the statistical test
adopted Fisher’s Exact Test. Enrichment analysis performed domain aggregation by combining gene expressions
before testing for the differentially expressed. It helps investigators assign biological meaning to some group of genes.
Moreover, using the data of differential expression gene from 3 SCI articles, the perl script was tested. The results
proved Enrich analysis to be correct and reliable.
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Table 1 Data format of gene classification

S G ERFRR

Gene_name_1 Annotation_1
Gene_name_2 Annotation_2
Gene_name_3 Annotation_3

Gene_name_n Annotation_m

S i R S R — 3 22 S A R R ]

G AR 4

1 Excel FI377 A" SCA SO (Il A5 Tab”
A3 ED) (s axt) "SI SCAR SO, 140 annotation. txt
Fl DEGlist. txt, # X ™ > % 48 X4 5 Enrich _
analysis.pl FAELTER—HE T, 40 C #MRERT,
2.3 Enrich_analysis.pl HJiZ1T

SIPUN R e i =l W O N T W D S )
FERAEEE H 52 T B Enrich_analysis.pl ({4, 7Eiz
ATHEHR S A “emd” ,FTHF“ emd fr 242 7m 45", 4K 10 7E
FHHHEAed C:\" 5% 5305 perl fiv 4 4T
BIFHEHZET, FE<C: >7 AR T A “per
Enrich_analysis. pl-h” [ 42 J5 3 4 3 Bh {5 2. 78

“Co>" AN A perl Enrich _ analysis. pl
annotation.txt DEGlist. txt > Result. txt” , Bl 4 F If iz
17, HH 45 Enrich_analysis.pl & 7E“C:\" H 3%
T H 3 4 il “ Result. txt”, 3 A7 A H A,
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3.1 Enrich_analysis.pl IR 5B LK sci XE
2 A5

N T UEBARE RO R SEVE  FRATTRI A Priest et al. |
2015 ( Plos One)'"’ Hu, et al., 2016 ( Bmc Plant
Biology ) '"®, Wu, et al., 2016 ( Plant Physiology and
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Table 2 Comparison of the GO enrichment results of Module 1 data''”’

Enrich_analysis.pl ZhIR Yﬁ?ﬁ%[ 17
Number in Number in
Enrich Ontology Description p-value FDR query  refitem p-value
input BG/Ref
L tRNA
biological
G0:0006418 aminoacylation for 12 28 1.34x1077 8.91x107¢ 16 56 5.60x107%
process . .
protein translation
cellular
G0 ;0009579 thylakoid 21 147 2.86x107° 1.04x1073 29 262 2.80x107°
component
cellular chloroplast
G0:0031969 3 30 7.20x107*  3.28x107? 9 49 8.00x107*
component membrane
biological protein
G0:0006457 18 222 4.10x107%  3.24107! 15 203 5.20x1072
process folding
®3 GO BENMERILR™
Table 3 Comparison of the GO enrichment results!™’
Enrich_analysis.pl g Yﬁ{i%%[ 18
Number in Number in
Enrich Ontology Description p-value FDR query  refitem p-value
input BG/Ref
biological response to
G0:0050896 166 5099 7.70x107%  4.27x107¢ 166 6928  8.30x107°
process stimulus
cellular
G0:0005618 cell wall 47 896 1.13x1077  4.19x107¢ 47 1179 1.70x107®
component
external
Cellular
G0:0030312 encapsulating 47 906 1.44x1077 3.19x107¢ 47 1189 2.20x1078

component
structure
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Enrich_analysis.pl ZhIR Yﬁ?ﬁ%[ 18]
Number in Number in
Enrich Ontology Description ) BG,/Ref p-value FDR query  refitem p-value
mnput el
Biological lipid metabolic
G0:0006629 51 940 9.50x10™  1.05x107 51 1376 3.90x107*
process process
biological response to
G0 :0009628 85 2 109 1.14x1077 3.16x107° 85 3022 2.30x1077
process abiotic stimulus
molecular catalytic
G0:0003824 270 9 650 7.28x1077 1.35x107° 270 13508  6.80x1077
function activity
molecular hydrolase
G0:0016787 107 3 005 8.53x1077 1.35x107° 107 4293 1.60x107°
function activity
cellular
G0:0005623 cell 393 15 915 1.06x10™* 1.17x107° 393 22 048  3.20x107°
component
biological response to
G0 :0006950 105 3513 1.24x1073 8.59x1073 105 4 660 1.30x10™*
process stress
Cellular extracellular
G0:0005576 26 533 2.83x107*  2.61x107° 26 730 1.70x107*
component region
response to
biological
G0:0009719 endogenous 53 1438 3.11x10™*  2.65%1073 53 2015 2.70x10™*
process
stimulus
carbohydrate
biological
G0 :0005975 metabolic 41 931 6.01x107° 7.41x107* 41 1439  3.00x10™*
process
process
biological metabolic
G0:0008152 343 13 840 8.57x10™*  6.79x107? 343 19328  6.70x10™*
process process
F4 GO BENMAERLER™
Table 4 Comparison of the GO enrichment results!"”’
Enrich_analysis.pl g Y%Zﬁ%[ 19]
Number in Number in
Enrich Ontology Description ) BG/Ref p-value FDR query  refitem p-value
nput e
biological response to
G0:0006950 34 3584 1.65x107"°  7.08x107* 33 4660 1.60x107"
process stress
biological homeostatic
G0:0042592 15 226 3.89x107'%  3.35%x107"° 14 342 3.80x107"
process process
regulation of
biological
G0:0065008 biological 18 647 2.64x1075%  7.57x107" 17 863  2.10x107"
process
quality
biological response to
G0:0050896 38 5227 5.03x107"  1.08x107"2 37 6928  6.00x107"*
process stimulus
biological biological
G0:0065007 19 2 146 1.01x1077  1.09%x107° 18 2871 2.90x1077
process regulation
cellular cytoplasmic .
G0:0044444 40 7 669 3.91x107"°  4.80x107° 38 10930 1.70x1078
component part
cellular
G0:0005623 cell 49 16 259 2.05x107* 1.26x1073 47 22 048  4.40x107*
component
cellular
G0:0043226 organelle 18 3914 2.41x1073 1.38x1072 36 12251 7.20x107°

component
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Enrich_analysis.pl 2558 pa oL
Number in Number in
Enrich Ontology Description p-value FDR query refitem p-value
input BG/Ref
cellular
G0 0044464 cell part 47 14 094 1.76x10™>  1.38x107* 45 19532 8.90x107°
component
cellular
G0:0005737 cytoplasm 42 8 344 3.40x1071°  4.88x107° 40 11866  9.50x107°
component
biological metabolic
G0:0008152 47 14 136 1.79x107  1.28x107* 46 19328  1.70x107°
process process
molecular catalytic
G0:0003824 42 9 878 1.14x1077  1.09x10°¢ 42 13508 2.80x107®
function activity
cellular
G0:0005739 mitochondrion 20 1112 1.65x107"%  2.84x107"2 19 1611  3.50x107'2
component
biological response to
G0:0009628 16 2178 1.51x107  1.30x107* 16 3022 1.40x107°
process abiotic stimulus
G0:0009856 biological process  pollination 6 271 3.46x107  2.29x107* 6 337 1.80x107°
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fisher’s exact test, {HJ&~ 55638 7t H e fCh T
U THE , R0 A B BN TR U
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E—FER) . it FDR (false discovery rate, #8515 & 81
KV IEZ 384 5] FDR H)5, YL 0.05 4 [®{H,
<O.05HIER/ N B E =

% 5 Fisher’s Exact Test 2x2 &
Table 5 Fisher’s Exact Test 2x2

Gene Genes in category ~ Genes not in category Total

DE genes nll nl2 nlp
Not DE genes n2l n22 n2p
Total npl np2 npp

i npp  WFPSEER BB nlp 2 WA A nlp NFERE T HA TR
n2p  ZYIFAE n2p NERANE T XA E B npl FoR 22 5 Rk H
FEH ;

R4 npl D2EFRIBFEHF P IELAH nll DA

J& F XA RN .
nlp n2p
(nll 3})‘() n21 ( ] )
(npl

Fisher’s exact test 134337/~ npl 2253 Rk I
R 2/ nll ANE T EBROHER
) G

p=1-2

= ( npp

P(X =nll| npp,nlp,npl) =

(2)

“Result.txt” 45 54505 tH SCRY , Enrich_analysis. pl
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