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Transcriptome analysis of soybean roots in response to early symbiotic nitrogen fixation

HUANG Huichao, WANG Jialong, YU Chunjing, PAN Yu, ZHAO Xiaoyu, ZHOU Shuyang

( Institute of Microbiology, Heilongjiang Academy of Sciences, Harbin 150010, China )

Abstract: In order to explore the key genes in response to early symbiotic nitrogen fixation in soybean roots as well as the
functions and metabolic pathways of these key genes, this study used transcriptomics technology to perform RNA sequencing on
soybean root materials one day after with or without inoculation of rhizobia. The key genes involved in the early symbiotic nitrogen
fixation process were explored by GO enrichment and KEGG enrichment analysis of differentially expressed genes, and the
transcription factors regulated by rhizobia were further screened. The AP2/ERF family members with the largest number of enrichments
were subjected to evolutionary analysis. Finally, the expression of some genes was verified by qRT-PCR. A total of 824 differentially
expressed genes (DEGs) in response to rhizobium infection are identified. GO enrichment and KEGG enrichment analysis showed
that DEGs are mainly enriched in transcriptional regulation, hormone-related and secondary metabolite synthesis pathways. Phylogenetic
analysis showed that AP2/ERF family members in soybean could be clustered into three branches according to their genetic
relationship with M¢tERNI1/2 and LjERN. Among them, branch I may play a role in inducing rhizobium infection and nodule organo-
genesis. The results of qRT-PCR showed that the AP2/ERF transcription factor is indeed regulated to varying degrees after inocula-
tion with rhizobia. The DEGs found in this study provide candidate molecules for a better understanding of the early symbiotic
nitrogen fixation mechanism.
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RAEMYIERAFIRN = RELEFRITRZ —, HATR MBS W E M EY) A RO 5B .
K7 (Glycine max ) fEREIRTZFEIVED 2 —, HHEAF 5 0EFRMERN S LM E, Bk,
TETR E R B AR A e PR A . VRN O RME AR R, KO E A S EA R
AIEOLT , SRR AE AR IR T A, BRI AE (N,) Fefe ymI Wiz (NH, ), hiE
WRAVAE K A FRAERIR, dEmgm R mr=m", tah, AR AW TR A i R b R Y
s, BAEEMA ST R L.

TEAEF AR, GRHMEYIR R STEIRAN T sl b S5, s A AR R TR
E L, EEZRAEWHEAIE R IESE S 54985 (NodD) KAEHAE, 51K HIEEEE LR (nodd,
nodB, nodC) Wik, A Mt Bk %59 K F (Nod factor , NFs) ———FZEfig JLT Fi M ( Lipo-
chitooligosaccharides, LCOs ) * ™. 17 At PR i 2598 K T2 (Nod factor receptors, NFRs ) E14%
TR F RS T NF R IHE 5@ R85 S, IR RE P IRE R YRR B KL IR
DAL AT, B o R A At M RE I A L AR o ] T SO BB R 8 R R T 0 A ) 40 B T U IR PR AR e 2k

(Infection threads, ITs ) " Bz 240U E B i A LN JE T UG A 22 43 244K T AR R R, 5 Db R s AR
JeA VI I A e G R A I A B 2 S b 5 B T AR IR e b, O BE AR R SR — R kAR R AT
QET(‘U* 10]O

FERIIAE AR, — RGNS R I 280, SRR T AR PR G AR (AT 1

HR 98 TR B NF i NFR1 ( Nod factor receptor 1) F1 NFR5 ( Nod factor receptor 5) Ll M 32K SYMRK

( Symbiosis receptor-like kinase ) JE UK ZARE GV FTIEA, FBOR B R K MR A7 ik 5| & BN 5
B MANE BT RE, A S-SR S TS O S NS I Y8R I ( Caleium- and calmodulin-
dependent protein kinases, CCaMK ) "'~ JEAL Y CCaMK 18 1t 5% 5% [FF CYCLOPS HAEW; Hougk iz 1k,
WAL CYCLOPS LUF5 45141 /7705 DELLAs 1 NSP ( Nodulation signaling pathway ) 1/2 #HEAEH],
X #IE NIN (Nodule inception ) B iK™ ', BL4h, CYCLOPS iffiE 5 ERNI ( Ethylene responsive
factor required for nodulationl ) JAF THF454, IS5 CCaMK JERUE G WIE 575 ERNT #45" [F,
NSP1 fig 5 NSP2 HARIE 518 — R F@ I IcF AATTT B 5 ENODII ( Early nodulin 11) Ji3)+
Zitr, ENODI1 & —HUISHRE 1, 7EARR P 1 AR Y B B (AR RIARRI ZH U 5™ ™", ERNI,
ERN2 WAES ENODI1 JA 8 T tE4h s Hiakik, i ERN3 Il K ERN1. ERN2 i) ENODI1
FESEHOE . NIN B — OSSR R T, ARER . NIN 25098 5 (Y B (2 Y . H
PR P SRR A BRI A R A R R E e Kot 56 T K G -8 B 3 A A P 43 FHL
i, (HZ SR B A S R T I R 2 BB R B S

T, R A HOR A Sl B A R AR A, CSCA AR I e 1y A [ RGP A )
T H o R SR A BOR R R A AP RLIRE BR1 J ()4R B [E) 15 R R DR ) mRNA 58, A B T2 TmiE
iR G SRR A 2 B B EAEHLH] . Hayashi 2570 3 i< BT A= RUARIRS o sl G AE IR (nodC- ) HIRkEE
PR, P25 XA TG SR 2 AT 1 2 915 AMARIRT R =411 Nod IR {5 T4 I A . Yuan 452
K RNA-seq Jribiise 7 REMRARLE 5 DARHER RS (0.5, 7-24h, 5, 16 F121d) DL SPFA
[JEERE (113-2 71 USDA205 ) Az 22 b B A, R X SERE IR 0 gmfy R T HTPER M . NF AHSCHEE M
SRR VR SR B A AR 1, DA N 5 AT T T B A )5 R ) - B (AR A AR A DGR 1 T 4R
SPAFEE X AR TR RN 12 h R SR RAFATR SELI T, R I 16 A% 415 55 K ( Wound-Induced
Peptide, WIP ) (&R TERYIE R 1R YL 5 9is 8k

A BRI FE SR A ER, 850 ) LUK GARFEAN AR R SRR T 1 d 5 SRR kT,
ST TR S AR ER I RIA B, RS SRR R G A &, S R R
AR T LR ARSI HE . @t XY, A B TR T R AR i SRR, e m ok
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1.1 SKIgdrat

AT RS ( Glycine max ) #8L A E: A Williams 82 FlIE A= RUARIE & (Bradyrhizobium japon-
icum)USDA110, ¥ [ hER ARGt E A L=,
1.2 MEFLESKE

FOFPRIAN . R/NEA B R ICRAE R R A 72450 (100 ml NaClO + 4 ml ¥ HC1) K& 16 h
Ja Tl KA R mGE R R AR, B RAATRIE T IEARR IS SR LT 23 °C JBHE &0 N acE 3 d L &
. R FIREHRBRIRA THMNIE A MBS (R 2 0 1) Mg, TIRES 28 °C. AHXHEE
H50% ., JEIRAEEN 14 h JEI/10 h RS SSE HEATHY U 2 P E IR I 57 . USDALL0 (BTN SEE R ) 15
28 °C FEIRTE L ZE RV ODggo THN 0.9 ~ 1.2, HEERIE 6 000 r-min ' B> 5 AM80S EIFL LIS, FHXAESR
R Z ODg H R 0.1 2247 ALFRAAFEAEYIARTEBE M 5 ml BT 10 ml ARJE R R, X HR A1)
FH 10 ml TR EFFWACIR; AR R 1 d JEX YR RFEATHE, %] SR R DR B RHE Wi
SCHET I, DL R YR L RS2 NI 4 40 240 AR PR R R S e —80 °C VKA IR-AT . B4k
HHERA 3 DAY ER
1.3 RNA $ZERFIE

i [ Trizol i3l & (Invitrogen , CA , USA ) ¥ MR HEEUE RNA, FH Bioanalyzer 2100 1 RNA
1000 Nano LabChip Kit ( Agilent, CA, USA ) #EfT AL RNA i A14lijE 0. & RNA & ka4 J5 7 vl
TR B SCPEA AR .
1.4 CEEHIZFNF

MBI E RNA HE 5 mRNA JfREALFT B By, RS FIHBEDLS 19 (Random hexamers ) R4
X R B Al cDNA 55 —458E, FHAINZE #hil . dNTPs. RNaseH Fll DNA A/ I 458 cDNA %55 —
5Bk . HEEXTA XU cDNA #E1T 2L IR R R I 2 VR, [RIFFE 3 s BsAE A i 4
3k, St BBk R G T PCR P4, 2t T IUF 1) cDNA SCFE. fERfIASCE T ik bn)E,
Ilumina Novaseq™ 6000 {C#SH#EF TN T o SCPE AAE EE A S 2 0 P 350 FR ) 1 AE DR HE AT BR A R SEHU T
1.5 MF#ELE
1.5.1 U EEET AL 2

i1t Cutadapt A UEHE (SCEM RS IAR ) MFEEL (R TIFH SRE7 AN ) N
A& I PR, DA TR [ i B A 7 A BRAS B G A B ;. AN GAR TS FEAASE . SR 5% L
N (N ERLIEFERIEEE ) B reads. fKFifR reads (iR H Q<<10 AYTIIEEL 5 #41> read Y LM #E 1ok
20%) o ] FastQC #PFGLiHEIR I . AZ%FE . Q20. Q30. GC & X AR it it
175317 o
152 5SEZERHFITHEXT

i F HISAT2.0 34800 e A $08E 5 K 5. 5% 24 (https://genome.jgi.doe.gov/pages/dynamicOr-
ganismDownload.jsf?organism=Gmax ) #17HLX, #R4E XTS5 AL StringTie A ARDHE 5 G I - A
If-2A FPKM(Fragments Per Kilobase of exon model per Million mapped reads) {E Ak 3% [ Fe ik KF . [F] B4R
P GO %4#8 )% (http://geneontology.org ) F1 KEGG H#E /% (http://www.kegg.jp/kegg ) 554 22 v ik [H 21
RSO R A T R
1.6 EZERREEFERNEESN

i edgeR FRA4XF PSR BE T 2L 6 ANFE i FRak 0 JE PR iR 4T 25 S5 3R 4 I HHE AT GO il KEGG
UiRe & E b, 2= FFRAFEN (Differentially expressed gene, DEG ) 17 1% 45 1 & P<0.05 H.|log2fold-
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change|=1, FC (fold change ) J225A5%%, SRl RIGFHIME K ILE, BUSEERIEX 2 5%k
gERPEA TR, DA log2 (fold change ) Af#Ak#bR, -logl0 (P value ) AYNARARZ ] KILESK T f% DEG Y
ARG . R ggplot2 43512 DEG GO &4 KEGG & 4E 43 Hras S ry s & .
1.7 #HREF5SHUKE AP2/ERF BREFHREERARALFHRIEEXSH

BTSRRI A R AR, I T SR AR YL 25 e B R SR O
T 5 8038 % PlantTFDB ( https://planttfdb.gao-lab.org/index.php ) 4T X4 114 S R A 80 A
HKA, W22 7 RIKM 36 > AP2/ERF % A #E— 20 5 R ) % sk X 140405 %2 PlantTFDB Hr 2 485 (1K 52
AP2/ERF #- W% (AP2. ERF. DREB. RAV Fl Soloist) "SG4T L XS 353350 S T itk —26 T i
o SR [ /UK AP2/ERF sk ¥ & W R AERR . AR . b B3R . AR R4 ZUrb i A1,
FIHE A TFRIRY) RNA-seq fELEBEHRIE (https://plantrnadb.com/ ) P TN i #0652 % it 51 L R B A ] 2 21
HYAH SR IAE PRI T4 ] GrapPad Pism 8 il {EFE K ZIA A
1.8 AP2/ERF %REFREHU S

M Phytozome %(#& & ( https://phytozome-next.jgi.doe.gov/ ) H3RHUTH 1€ i #Y 36 /1~ K& AP2/ERF #% 5%
TR EIERR T, R NCBI £di 2 b T 88 22 115 ERN1/ERN2 H1F kAR ERN B9 Z SR
FPol. B, i MEGAX FBA4x X $6 e g k17 2 e 9 L, IfR FHAB43: ( Neighbor-Joining ) 4% &
SEBW, BE p-distance VE ARG BT I, JHHAT T 1000 K bootstrap H JE(E 1A LI & B
A, [RIR IR T RO N bR 2 e 1T, X TS HOU LR R T AR BRI
1.9 qRT-PCR &%

(AR AR R B AN AR T 1 d 5 O ZURE S BRI RNA, L)L ELF-1b BERPE N N 24T 10 4
P 5K AP2/ERF 5 5 IR T 1 N A B2 1784 T QRT-PCR B3IE. >R H Trizol ( Invitrogen,CA,USA ) ¥4
BEY) . RNA, H Trans - Script® All-in-One-Step First-Strand cDNA Synthesis Super Mix for gPCR  ( One-
Step gDNA Removal ) (dt i X &AW HE A AR A A ) 2l 7 & 5 5% i cDNA, 7E NCBI M 3k

( https://www.ncbi.nlm.nih.gov/tools/primer-blast/ ) L i%it5[4) (£ 1) FHAETAY THE (L) Kihfa

WA TGS PFE], A FRMAR (Fk2) My (% 3) #17 qRT-PCR i, i Excel #H NS
KIEPRFIREHE , FEPR Sk TR sk A T35 R4 GrapPad Pism 8 #1748t I F1E K

& 1 qRT-PCR 3| ZFREFF

Table 1 Primer name and sequence of qRT-PCR
519 4 Fr Fel (5-3) 51 ¥ 4 B JF) (5-31)
Primer name Sequence ( 5'-3') Primer name Sequence ( 5'-3')
qRT-Gm01G225000-F GGAGGGAATGCGAGACAGAA qRT-Gm03G111700-F TTGAGATACCCGTAACGACGC
qRT-Gm01G225000-R TGTTGTTGTGGGGCAATTCG qRT-Gm03G111700-R CTCCGCCCAATTCTCTGTCA

qRT-Gm16G040000-F
qRT-Gm16G040000-R
qRT-Gm17G210500-F
qRT-Gm17G210500-R
qRT-Gm07G091100-F
qRT-Gm07G091100-R
qRT-Gm17G169800-F
qRT-Gm17G169800-R
qRT-Gm05G186700-F

qRT-Gm05G186700-R

CCAAACCTGCAGCAACAGAAAT
ATCTCAGCAACCCATCTCCC
GGGAGTAAGACAGCGCCAAT
GCAGCCTCTGCTGTCTCAAA
AGGCAAACTCAGAAACAAGGAA
GTGGCATCAGGGTCAGTGTA
AGGGTGAAACTGAGACGACG
GAAAACGGCGGTGTCGTAAG
AACGACGTTGACCAGAGTTACA

AAAGCAGAGATCATGGCTGACA

qRT-Gm02G080200-F
gRT-Gm02G080200-R
qRT-Gm03G162500-F
qRT-Gm03G162500-R
qRT-Gm12G073300-F
qRT-Gm12G073300-R
qRT-ELF1b-F

qRT-ELF1b-R

TAGCATCTCAAAGGGTGTCCTG
TCCGTGAACCGCATAAACTCA
TCATGGGAAGAGCTGTTTTCG

ATTTTTCTTCAACGTGGCCGT
GACAGCGAAGTAGAAGCTGCAAG
CTGCCCATTGGGAAAGAAATTAGG
GTTGAAAAGCCAGGGGACA

TCTTACCCCTTGAGCGTGG
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# 2 QRT-PCR R MEZE
Table2 qRT-PCR reaction system

12 PR
Reagent Consumption/puL
cDNA 1
Primer F 0.2
Primer R 0.2
ChamQ Blue Universal SYBR qPCR Master Mix 5
ddH,0 3.6

%3 RT-PCR REFEFF
Table 3 qRT-PCR reaction procedure

R s ]
Temperature/ °C Time/s
95 30
95 10
60 10 } 40 cycles

2 BERGAMN
2.1 MEFEHERESHT

R T S AR rp o O R A AU SCREE R, YR AEARIRE TR USDAT10 /244 1 d BIAR R MR, [l
DIAKAEE 5t BR, AR 3 M EFE A, 3 6 DRI TR ALY, 3845 86 149 352 FRJrlf i ; £
AP PR BAS PS5 1551 83 943 518 4 A B, AR S LR 96.7% ~ 97.5%, FiEAH=30 1Y
BE S N 97.0% ~ 97.3%, GC & Sl 44.5% (£ 4) o BREHNF RERE, ol HTIREm.

F4 NFHBEBRESN
Table 4 Quality analysis of sequencing data

B fh 2 5 J R B A A BB A RCEE 5 T [ 42k {H =308 B 3t 5 He GCHH & IL
Sample code Raw reads Valid reads Valid ratio/% Q=30/% GC content/%
NN_1d CKl1 41981 696 40909 042 97.44 96.98 445
NN_1d _CK2 42443112 41316398 97.35 97.28 445
NN_I1d_CK3 43652536 42547784 97.47 97.32 445
NN_1d_B;jl 41971824 40 604 942 96.74 97.31 445
NN_1d Bj2 41274128 40 152 166 97.28 97.25 44.5
NN_1d_B;j3 44167 656 43034476 97.43 97.33 445

22 ERREEEMEEST

PLFC=2 8 FC<0.5 H P<0.05 M#rife, Lkl T 824 4~ DEGs, H A7 328 M i ERiA,
496 NEEF TN IEHFRIE (B 1) o 328 A B IRFRIRFER AT 43 /N BE R A 5 S AR FEANFE R AR 4t R R B
¢ B 3k 6 L TR o AR R TR B R A RR SRR R (BRFR 1) o fEiX S22 R RIREE Y, Glyma.01G028500.,
Glyma.09G187000, Glyma.02G311000, Glyma.01G241900. Glyma.06G184400 3X 5 FEPH O 24 i 74t
AEEEFHER . Glyma.09G187000 ( FW2.2-like 1, GmFWLI ) REN N AR BHR Y AE MR T b Rk I Bl S 78
YR & B R s LA SRR, ATRES S A0 M X AR RS B AR G I 75 O A I SRR Y, S 5 R
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215 L A R YL L1535 BIMR IF LMD, RNAT UUER GmFWLI 7 i 2508 AR O 0/ N AT A
KNP Glyma.01G241900 ( Nucleolar/Mitochondrial protein involved in nodulation a,GmNMNa ) TEAR 58 &
RASRREERIS, A E O TR AR . DIREARTNAE T, RNA /T GmNMNa 2GR

SR BRI . R SR E AR U&ﬁ R R -B-FIL T HRME ( Poly-B-hydroxybutyrate,
PHB ) (LR b

11
20+ 1
(I
[ .
;;15 - L Y
< 1 . Significant
% -l [ "7} Sig Up (328)
= 1t . JC7E 1k NoDiN(47 906)
T‘o T . .' i « % Sig Down(496)
4
5t
— ._*& ﬁ ‘E‘ _-\lvt_ - —
0r .
710 75
10g2(FC)

Bl EZRFREERNEBESHER
Fig. 1 Overall distribution of differentially expressed genes

R YRR R S AR i AR AR R SR R R IR L, W22 RIS (DEGs ) #47 GO &
Frtr (K 2A) , 45iRFEW] DEGs 1E- 558 F AR REEMEH GO ZH w4, U DNA 455545 A
F 5 ( DNA-binding transcription factor activity ) . P DNA SR 19 5% 5 845 ( regulation of transcrip-
tion, DNA-templated ) . JBi7% B2 )i, (response to abscisic acid ) . ZR 8 MR/ F U5 T % ( gibberellic
acid mediated signaling pathway ) . 4%, DEGs it & EAEMRMIEA KA (embryonic root morphogenesis ) .
A0 B9 434k (cell differentiation ) 55 55 f7 JZ2 M0 43 244 09 GO X B MR R AW & ML ( gibberellin
biosynthetic process ) . XA WG I (secondary metabolite biosynthetic process ) Sl
H U GO F A,

it KEGG & 8 Mritt— 2L o0 Hr 28 eah S R s mi i AR % (161 2B ), Z52RSRW] DEGs F %8
LETE M Y I R 5 5 1£ 5 (Plant hormone signal transduction) . MAPK {55 5 i % (MAPK signaling
pathway—plant ) . H#-iKJEIRHAE ( Plant—pathogen interaction ) PAKASFMCIH=4)-& ni A Cighm s -, 1€
W e YA RGE BT B AR i 2 A& W A W) & AL (Diterpenoid biosynthesis ) . 5 B il A= W) & AL

(Isoflavonoid biosynthesis ) . 23L& Y284 9& . ( Terpenoid backbone biosynthesis ) . XN 531k
E WA Y5 i ( Phenylpropanoid biosynthesis ) | 28 # i 4E )5 i ( Flavonoid biosynthesis ) , U™ #f4
WE AL AR PR RIS (Lipoic acid metabolism), 442 B6 Cift ( Vitamin B6 metabolism ) Al 251 it

( Thiamine metabolism ) .

23 REHARRPHERE TSI APZ/ERF FKiRHEAREEX 2T

T GO BRI/ HT A M 22 5 R IB K TE DNA 45 Gk Atk BrhmEE A&, HUar 2 kb
fRIE T 2Rl s R A AR B A AR SR, BRI FRAT TR — 250 e 1o R A [ /U s PR - A T

LGB 172 22 R RIB A S o B 0 22 5 G819 sk R S A Y e sk IR 40l I Plant-
TFDB ( https://planttfdb.gao-lab.org/index.php ) #HA1THXTE, GEit& sk FIERECRE A, 251 %
28 S RIK WG s 7 T BALEE AP2/ERF (36 1> ) . MYB (234>, A& MYB-HHCH) ) . NAC (84) |
WRKY (104>) « bHLH (174>) 258005 (181 3) o TEZERRIKIIEE RN T, AP2/ERF 8 5% 1% 5%
ISR e s £ H AP2/ERF s SN FOHIE S SHEYARKET . Ham) . MEGESHREE
HEWAEY IR, FIIRATHEN AP2/ERF %% 5% F 7] RETE R G RN I A B A h A EZAE N . BT
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GO FAERA
A GO enrichment scatter plot

GO0:0009737 | Response to abscisic acid .
GO: 0001135 | Obsolete RNA polymerase II transcription regulator recruiting activit

G0:0003700 | DNA-binding transcription factor activity HE R HR
GO:0009740 | Gibberellic acid mediated signaling pathway Gene number
GO0:0000981 | DNA-binding transcription factor activity, RNA polymerase II—specific ® 5
GO:0006355 | Regulation of transcription, DNA—template . 10

GO0:0003677 | DNA binding
GO0:0006970 | Response to osmotic stress .

GO:0006357 | Regulation of transcription by RNA polymerase 11| @
GO:0009686 | Gibberellin biosynthetic process| —® .

GO:0043565 | Sequence—specific DNA binding .
GO0:0010086 | Embryonic root morphogenesis e| P
GO0:0045544 | Gibberellin 20—oxidase activity ° 3.88x10°6

GO:0006351 | Transcription, DNA—template B

GO:0051213 | Dioxygenase activity
GO:0004659 | Prenyltransferase activity | @
GO:0044212 | Transcription cis—regulatory region binding
G0:0016709 | Oxidoreductase activity, acting on paired donors, with incorporation or reduction of mo...
GO:0030154 | Cell differentiation
G0:0009788 | Negative regulation of abscisic acid—activated signaling pathway

15

20

P 1.43x10°

l 2.85x107

(A XX J

0 0102
CE T

Rich factor

KEGG & 481
B KEGG enrichment scatter plot

gmx00904 | Diterpenoid biosynthesis Pr=y
gmx00943 | Isoflavonoid biosynthesis o . ?R&Eb
gmx04016 | MAPK signaling pathway — plant . ene number
gmx00785 | Lipoic acid metabolism ° 1
gmx00900 | Terpenoid backbone biosynthesis e
gmx00940 | Phenylpropanoid biosynthesis @
gmx00750 | Vitamin B6 metabolism
gmx04075 | Plant hormone signal transduction
gmx00941 | Flavonoid biosynthesis
gmx00730 | Thiamine metabolism
gmx00908 | Zeatin biosynthesis
gmx00944 | Flavone and flavonol biosynthesis
gmx03040 | Spliceosome
gmx00290 | Valine, leucine and isoleucine biosynthesis
gmx04626 | Plant—pathogen interaction
gmx00770 | Pantothenate and CoA biosynthesis
gmx00130 | Ubiquinone and other terpenoid—quinone biosynthesis
gmx00400 | Phenylalanine, tyrosine and tryptophan biosynthesis
gmx00906 | Carotenoid biosynthesis
gmx00280 | Valine, leucine and isoleucine degradation

2
3
4
5

6

P
2.43x10°*
[ |

o 1.61x107!

l 3.22x107!

.....®

0 002 004 006 008

Rich factor

E: Rich factor F/R AL T GO 2% H Y22 A A8 S SRR LU, HORON S EREBERIEL, 65 PEAM K.
Note: Rich factor represents the ratio of the number of differentially expressed genes in the GO entries to the total number of genes, which is propor-
tional to the degree of enrichment, and the color is related to the size of the P value.

B2 £RRZEFANGOEEH AR (A) MEFRIZEZEFNKEGC EE#HAHE (B)

Fig. 2 GO enrichment scatter plot of differentially expressed genes (A) and KEGG enrichment scatter plot of
differentially expressed genes (B)

AP2/ERF F 5 nI ARG AP2/ERF 251 3 it 20 A B 15 &5 A7 oA 5 A kot — 2292 O AP2. ERF. DREB.
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Fig. 3 Differentially expressed transcription factor type and quantity statistics
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Fig. 4 Expression heat map of AP2/ERF family members in different tissues
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