35 /s R A K 2 S16 HAHHE T4y 2255
BRI RIREE AN A EESENEMNEXESR

FIAEE 7

s S L
(1. FERCHRAS:  HIRCH 210037

o ZE: [HMW]) EE S, M AREbs T AR BRI &M, IRt s bR 28 2R
AP AT . IR AR T S R AR KR B TR AR A 5T AR B 5507 TS T e AL Ao, JUHAE R
RSP bo A0 90 B TEIEISAE 43T 7KF iR vk e 2k R0 ks, R FORE M Sl s e DR TR W A4 A 25 B IR IR
A st e s, [ 3E) @i IR TICE R “84K” (Populus. Alba X P, tremula var. glandulosa) it
LAk MERR T R “ T4k 8957 (P deltoides X P. euramericana) WRsSpHiEnve g, MUt ErkET
S TRENZ S5 53 BIERAF A 1 T e R )3 SR vk R RN R BR 2R o X6 3R A3 (WIBH T3 SRR bk R AT T R B ERAAR 4
PR E, 5t Rk R IR TR R Z T RIE T [(ERI A AILTAS T 91 A “mbk 895”7 i FREHRARR 139 1~ “84K”
R RBR R R REARRY, HmWaE] TR RIS . W AR B ERRIIHEER av by (ath) M EENE
B, MRIERRMEEE av MEEER by B4R (ath) MEEEZECTEAR, bR b SR TEENEE. M
T, FERNgmEEAEA WA, S8R RN 2 7 . SR IAR RIT R B 22 5 ik /il R s, 3t
Rk R GH A RIE R R 3L 899 N ZERRIEER . ¥iX 899 MEFFRIXERIT T G0 /32K KEGG il M b iR, K
FAED G IR REEE, HEERREREFEERS B, (4501 B PoE 2 Ed LA v R 7 A Fi Y &
BURRIER RIS, MM | RIARRI R TR 8, RAFE A BAIR . X — KB Hg 2 K s AE
VAR T ARV SRR T B EEAE . RN, X TR AR E MO B R SR AL TR I R B A R B

KRR MEMEFRARAEYD; PERPOE R IRAE TR A MRS ERRIAEEN

Effects of poplar sex-determining gene on chlorophyll contents of poplar leaves
and analysis of the relevant differentially expressed genes

Abstract: [Objective] Except for the dimorphism in the reproduction organs, dioecious plants exhibited secondary sexual
dimorphism in some non-reproductive characteristics. This secondary sexual dimorphism can have significant impacts on plant growth,
development, morphological traits, and accumulation of metabolic substances, particularly at the population level. This study aims to
investigate whether plant sex-determining gene affects the secondary sexual characteristics by manipulating the expression of poplar
sex determining gene at molecular level. [ Method JTo established the over-expression and knockout lines of the poplar sex determining
gene, we over-expressed the poplar sex determining gene in a male poplar “84K” (Populus. Alba x P. tremula var. glandulosa) and
edited the poplar sex determining gene in a female poplar "Nanlin 895" (P, deltoides x P. euramericana). For the positive transgenic
lines, we observed the phenotypic changes and measured the relevant physiological parameters. Subsequently, we analyzed the relevant
differentially expressed genes (DEGs) in over-expression lines. [Result] In this study, a total of 139 over-expression and 91 knockout
lines were obtained. For the over-expression lines, an obvious phenotypic change of leaf yellowing was observed. Measurement of the
chlorophyll a, b, and (a+b) contents showed that all these parameter were significantly lower in the over-expression than in the knockout
lines, with chlorophyll b decreased the most. By contrast, no leaf yellowing was observed with the knockout lines, which exhibited the
similar leaves color as that of the wild type plants. Analyzing the DEGs in the over-expression lines against the wild type plants revealed
a total of 899 DEGs, and the most abundant DEGs were found to involve in the flavonoid biosynthesis pathway base on GO clustering

and KEGG mapping. [ Conclusion] The poplar sex determining gene negatively affected chlorophyll contents, which might occur

BT H DY U S AR H (2021YFD2200202)s 5K A AR AHE G T H (32071795)
* P A
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through its effect on the expression of genes relevant to the flavonoid biosynthesis pathway, leading to leaf yellowing. The findings of

this study provided direct evidence that plant sex determining gene affected the secondary sexual dimorphism of the non-reproductive

characteristics. Moreover, this study provides new insights and theoretical foundations for plant breeding and genetic improvement.
Key words: dioecious plant; sex determining gene; secondary sexual dimorphism, chlorophyll content; differentially expressed

gene.

W TR R R o3 A MEAE R b, SR L, PR S MEAERE Y Th BN S IL (Barrettand Hough, 2012)
Yo SRR 0 BN A T AR AR T, R EUR] R AR AR A AR R (T AR
B BREMAE (AEAETEAR T HIAEEZR R (Sakaiand Weller, 1999) o S ik 7 Ak AL P50 — 25 P (¥

FEPE AN IE S o AL 0 1 ) — 25 PR AE BB ARFAIE v BUAE B TR AR S D L - 91 4, 5 i 28415 ( Sagittaria latifolia)
MEREDE oK /I . I (Salix viminalis) #EREFERY | B4R H 4 (Leucadendron xanthoconus) #1745 /I # ( Populus.
balsamifera) MfEkfEfE A2 F4E %5 (Barrettand Hough, 2012; Daroltietal., 2018; Hemborg and Bond, 2005) .

SR, X T BRI IE R BARAEME N 1, HATmE —8 W s, — SRS #H I, MR RED
TR EAFAE VRS 2. B, K4 (Leucodendron spp.) MEMEMKEE M A Ay BL ikt EARAE 2R, AEM
%5 (Silene latifolia) F15EE M (S. paraplesia) MEREKAETE A1 A BUEFIE A7 7E 22 55 (Midgley, 2010; Welsford
etal., 2016; Steven et al., 2007; Liao et al., 2019) . B VLRI RS, EK. A EH, PfE. LG L%
P54 T 5 T PP B v e IA 52 B &R PRI 8 520 (Barrett and Hough, 2012; Forrest, 2014; Juvany and
MunnéBosch, 2015; Tonnabel et al., 2017; Zemp et al., 2015; Hultine et al., 2018) . 7 —YEHf 5% F NN, HfE
T SERRAE D) 0 FRAEAAZAE VRS A M. i, Wkilids (P.tremula) « ERA (P.trichocarpa) FI
JE A7 M AR AE T A Bl AR B 5 T R KB ZE R (Robinson et al., 2014; McKown et al., 2017) o A 5T S
P ZE 7 e IR TRt e P B . ANE R BB B el IR ik . bk, 45 SRE sz S it
i3 2 A I BE A B 520 (McKown etal., 2017) o [Altk, 75 Bt — B T 78 SRR R H AW YA R T S/
AP IR AR, DASE A PR AR SRR R SARAENE A AR I R . SR B T s R ) B A
Ao rb v S A AL A RN R S

B TR RIBEIT, FRATTE W LA TR RIR TS 72 K B W B v SRR M. 1Y)
{180 1 ) e e 3 e ) R R 1 o SR FRAT T BRI 38 A T K TR AR N YoE BRI RIS, @B
PP ) e v B RDGS AE BRARFAE T MR, KA B T 3R S AE Y AR T ) A I S PR B AR B o T L o X R
AT BT A B A R AR S AEAE R B A PRI BLR R A A A AL o ) S R LR
MRS EFR, EZMMERERREY A EH TR ke i H, Flankhir (Akagietal,2014) . 7
% (Harkess et al., 2020) . BiJEdk (Akagi et al., 2018, 2019) F1## (Xue et al., 2020; Miller et al., 2020;
Yand etal., 2021) %5 o IX R FRATTR B 1) e 5 5 DR 75 6ot M v 5 7 oA B (RO MR = 2 RS 2 41 1 RSk At
TESCHT e 7, SEM BB EREA — A Y K553 K FERR-R, ZJEK =4 siRNA KA HiliE 4 3L K FERR
f2IL (Xueetal., 20200 o FATRIBIF Fe i 7EAERRAZ I Hh Ik 2 100 R LR RERRAZ A% T el B Al o R PR, W%
FIMER s FER T R IA S S EUERT A AGBLR, ISR SR, UESE TR I e B R Rk
SRR T R — KA AR PR R o AR, GBI BRI 22 R RIA b, BATTHE— PR T A S HIAR A
E3o Y ol

1 RIeH R

PAIERRAZ I 84K (P alba*P. tremula var: glandulosa) FMERKF I« 4k 8957 (P, deltoides % P. euramericana)
NI R A T0%IERE A 4% IR BRANIK O BF A R B Sk AT i o, I H U R i T o R AR,
IS T . AU TR 9. 16 h OGHE/8 h BIEHE A, 200 pmol m™2 s7! JLIRBREE, 80%
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SR, 2300/150 B RIR 2.

2 MRAE

2.1 BRIXMERRBERIAENE

PAASLES 2 ARAE ) Pro35S::FERR-GFP #AK BRI AR, {# 4] Primer Premier 5 Wit i1514) (£ 1),
$ 34 FERR (1) CDS(%B% FERR-R 74 siRNA Il MEVER: 7 25 K] FERR FIXFBAL), £20d BamH1 1 Kpnl
WY, K H R Bl [R5 A R E R B YR IE B A pCAMBIA2301-35Splus 1, Wl 5HIE, 2%
G5t LiL Ak p35S:FERR (B 1A), #HAF| EHAL05 KATH T, FHT 84K BiitiEik. [FIF, LAMERKSE
MBY (P deltoides) FI“FEHk 895 167 NI, Resw 514 (K 1) 45l 14 FERR FE[KIZH DNA, JRH# L
Sl S| pEASY®-Blunt Zero WFF#ifA. Pkt 1 35 ASPHPER e AL FURIN . 20 B SNP AR R A A5 1Y
JEAE 28344 CRISPR-P 2.0 Chttp://cbi.hzau.edu.cn/CRISPR2/help.php ) FiI CRISPR-GE Chttp://skl.scau.edu.cn/)
i ETETE 1Y) Cas9 $EAL i, kit =1 sgRNA, @it Golden Gate £ AN E 41146 A\ £ pKSE401 # AR Bsal
s 2z 18], MRS, 2 IRTEIE SntE 21k pKSE401-3gR-ferr (& 1B), % A\F| EHA105 &ATEH T, H
TRtk 8957 L H4 14k

PKSE401-3gR-ferr
16,356 0

1 AR ER
Fig.1 Schematic diagram of vector construction

A.p35S::FERR i FiE# /A K Vector map of p35S::FERR overexpression construct; B.pKSE401-3gR-ferr 3 [K 4 48 5 /4 1% Vector map of
pKSE401-3gR-ferr gene editing construct.

2.2 FRHEEECNEEEKREE

WP K 20 d I RE HL 58 4 T0 I I BT A RO AL TV E R AR, I RIA AR AR 84K, SEA
Y AR AL MERRBIAR 8957 X TR, A EH 15mgL! FHFE R (kana) [ 1/2 Murashige F1 Skoog
B IR B AT ORI . T ERE, MBS S0 mg L (1R AR R A M [RIRE 7R AT 0R ik . R AP IR R S DT UT
IR B FIEAR 10-15 min, X5 7EBIEHILIE IR =R, TBR/KMEE 2R, FHBOKARRERE K5,
HE THLIE T T TR AR F KB 1 om, K LR B RS 7758 A BRI B, 23U 1) DNA/RNA,
ERHESIY (£ 1) Kt RiEMER, T 1K PCR 4L Sanger MY, qRT-PCR & & FERR ik
K AERRRESIY (R D Y8 ERmBEAL A, YT Sanger WP AN Mlumina W7 Ak & B2 A 3]
6 cm B}, HFILHMMEEAE 2 g 7% L. LA 3:3:1 MELBRE AR A, BT AEKE R H
MH. BJE, BHEDER R R RO E AR (118°82'13"N, 32°0826"E) M#E K& it Tit—
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LR

R AT E519 &P

Tab. 1 Primers used in this study

& a3 JESIMFAI(5-3)

Applicaiton Forward primer sequence (5'-3") Reverse primer sequence (5'-3")

£
FERRcDNA
Amplificati TTATGCATGTTCGTCTTCTCCTG ATGGCCAGCTCTTCTTCTTC
on of FERR
cDNA
p35S::FER
R AL
Constructio GACTCTAGAGGATCCATGGCCAGCTCTTCTTC GGAAATTCGAGCTCGGTACCTTATGCATGTTCGTCTTCTCC
nof TTCC TGCAA
p358::FERR
vector
¥y
FERRgDNA
Amplificati GTGTTTTGTTGAGGAGATTAGAC CCCTTCTTGTCTCTCTTTCTG
on of FERR
genomic DNA
PR
£
Amplificati CTGAAGCGGGAAGGGACT ATACCGTAAAGCACGAGGAAG
on of the
kanamycin gene
qRT-PCR
WS E R
GTTGATTTTTGCTGGGAAGC GATCTTGGCCTTCACGTTGT
Reference
gene qRT-PCR
qRT-
PCRFERR SE&
AAACGGAAAGAGAGCATTGGA TCATAACCTGTCATTCCTGGCA
FERR gene
qRT-PCR
L A
A2
Amplificati ACCACAGCAGAAAACGG AAGGACTCCCAAAAAAT
on of target sites
1 and 2
AL
M3
Amplificat GAATGTCCAGTAATTAAGAGAGCATCG GAATGTCCAGTAATTAAGAGAGCATCG

on of target sites
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3
G
M1 2f013
Amp lificati GTGGCAGAAGGTTAGACT TGAAATTGCTGAGCAGGT
on of target sites

1,2, and 3

2.3 MERSEMNE

KRR S T B BT O ETRE, B 0.2 g FEah, FHVRERTE R, A 2 mL /) 95%Z
BE, WREERAIHR, PRI 5 mL ) 95% %, kERmtE BRI A oyik. 1 )ES) 25 mL ARt S,
/& CREE VTR . WP KR, I PT A S BeOE s — i JE B A S . FE RN O, ¥
JEAR b AR B R A N BRI, B R IR T e gkt 1k e 95% M L REE A R 25 mL,
RS BAFEMELR 3 K. HHSEOZRBOREIA G 1 em WAL, LL95% LR AZEA,
FABEARAC A RAE P K 665 nmy 649 nm A1 470 nm R OEE . ARHE Arnon (1949) ik (1771 H 5t

2.4 BREMF R

MEHL FERR 32555 ) = AN A MR Ry AT He s A e, BPAE RUAE R IR, R =AW
FEE . RPEEAL RNA POf i BGR & b E IR AR AR ARG BR A 7D 3B - 5 B 72 RNA,
1 1% B BEEE AR FE VKA I RN A Jii &, {8 ] Nanodrop 8405 Y606 FE 115 RNA WK, {# ] Agilent 2100
FERREI RNA O 5¢ 8o . Rl A4% J5 8 3t AT 00 Fe o 6 R A A HE AT 108, LRk 81 R AR R
i reads, 3K79 cleanreads. [FIf}, M https:/figshare.com/articles/dataset/84K _genome_zip/12369209 M3l T %%
84K ZH IR RERE LM« M HISAT2 (v2.1.0) 8 (Kimetal.,2015) #f clean reads Hox 3275 K]
2H. f§iF FPKM (Fragments Per Kilobase of transcript per Million fragments mapped) (Pachter etal., 2010) &
# RNA-seq 2K KIA{H. {4 DESeq R Bioconductor # #4fL (FC>1 H. FDR<0.05) (Anders and Huber,
2010) #1T DEGs 70 #7. 1# H 7S KEHEE NR (http/nebi.nim.nih.gov/), GO Chttp://www.geeontology.org),
KEGG ( http://wwwkegg.ip ) , COGKOG (  https://www.ncbinlm.nih.geov/COG/ ) ,  Uniprot

(http://www.uniprot.org/) fl Pfam Chttp://pfam.xfam.org/) AT K I REVERE . /8 H GOseqR # €L (Young

etal,,2010) Xf DEGs #1T GO E& 7 #T. f#iFH KOBAS #ff (Buetal,2021) 44 KEGG &5l f#H
Bardou % (Bardou et al., 2014) iR i) /77527 Venn K.

2.5 HIEALIE

FIFF] SPSS26 (IBM Corp., United States) 1 Excel 2016 #AEHEAT By AT J2 0. M4 5 & BT

TR

3 R0

3.1 HEEMHRAEL

B — RPN, AR T 139 ML RIE R 91 MRbR R o LA Ubiquitin £K NN 2, qRT-PCR
S8R WIR FERR RiIEKT 2 WA= REMR, 0504 OE16. OE22 f OE28 % (& 2A). DLEFAAN
TR, ARG A —RMP X 3 ANE TR, S5 REIR, AR KA BOR Rk & (B 2B). LA DR3,
DRI18 #l DR21 Z A, DR3 RTEZH 3 /> sgRNA UL fSAF7E 4 A Indel, NEEARA, DRIS RIEHE 1 4
sgRNA HUL7 fS174E 4 > Indel, tAZEA 2878, 1M DR21 REEREA sgRNA AL SIS, it 33 4
Indel, BEAh, 7EZ5 1 /> sgRNA LS ZH T 1 AT 0, 15— NSO RS B AR, A RA

(K 2B).
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) Usd El AR 2 S16 MR H M T 2

A3
3.0 o
T2 25- il
Hé 2-0 |
m
= 154
=
LLE 101
05
0.0 T
WT OE16 OE22 OE28
B sgRNA target site 1 sgRNA target site 2 sgRNA target site 3
Target editing sites GCATTGGAGTATTTGGGCTTAGCTGATGGACAACA ACCGATTATAGTATGCCAGGAATGACAGGTTATGA ATCACCTACCATGAAGGAGATACCGGTGGTTGTAG
DR3 Alelet GCATTGGAGTATTTGGGCTTAGCTGATGGACAACA  ACCGATTATAGTATGCCAGGAATGACAGGTTATGA  ATCACCTACCATGAAG TACCGGTGGTTGTAG
Allele 2 GCATTGGAGTATTTGGGCTTAGCTGATGGACAACA  ACCGATTATAGTATGCCAGGAATGACAGGTTATGA  ATCACCTACCATGAAG TACCGGTGGTTGTAG
DR1g Aleel GCATTGGAGTATTTG- - - -TAGCTGATGGACAACA  ACCGATTATAGTATGCCAGGAATGACAGGTTATGA  ATCACCTACCATGAAGGAGATACCGGTGGTTGTAG
Allele 2 GCATTGGAGTATTTG ITAGCTGATGGACAACA ACCGATTATAGTATGCCAGGAATGACAGGTTATGA ATCACCTACCATGAAGGAGATACCGGTGGTTGTAG
DR21 Alee! GCATTGGAGTATTTGGGCTTIA------ - JACAACA  ACCGATTATAGTATGCCAGGAAT - ------[TTATGA  ATCACC CGGTGGTTCTAG
Allele 2 GCATTGGAGTATTTGGGCTTAGCTGATGGACAACA  ACCGATTATAGTATGCCAGGAATGACAGG TTATGA  ATCACCTACCATGAAGGAGATACCGGTGGTTGTAG

Bl 2 R PRI A
Fig.2 Detection of transgenic plants
A, BPERAE RIE /P FERR (M%) 314 /& The relative expression levels of FERR in the wild-type and overexpressing lines % * . i Fi& R[] FERR
FKiLFE GHATMEGAAENEZEESR (P<0.01). * *refered a extremely significant difference in relative expression levels of FERR between wild-type
and overexpressing lines; B.EFA: I Bk 22 -p S50 JE K 4 48 1577 Gene editing of alleles in the wild-type and knockout lines.*-" 3R/~ FE ik 2% o

7D

-"represent deletion.

3.2 WM AR EEEEEMT R REE

WM RSN AR KA O, FRATRIIAE LA TP A RN 5, 15808 FERR TR 435 K 3 7™ B
(E3A), TEEK G ferr M F URA PR FRRIEF AR —FEI SR (I 3B). MR ik 5t S &% UM
Ko MbAh, MEEFRENEGERNCEA S, ENRERIOEREE MR, MEYNAEKIEE
RALBEEAGHYIR . Ak, MR T 27 MRk ZM o N AR A GRS, 4RER, TRIER
MR AER a S ESMEN 0.85, ABFARYME 1.22 17 0.70 5, ZFEEZE (p<0.01) (£ 2), TXKER
MR HIHARR b S EBE N 027, REFAERILME 0.4 11 0.68 15, ZRKEE (p<0.01) (£ 2), TRIER
Rt g ER (atb) STEMEN 112, ZEFAMINME 1.63 1 0.69 fif, ZRMEZE (p<0.0D) (X 2), H
HFIHEEER b S EEF TS . BHBREG R EEE FERR WIid FKIE BERK THEKT R XN S E, U
UGIESE TR E 50 R B R ¢

A TR 84K OE

B
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P 3 B DR AR AN B A AR P A

Fig.3 Comparison of leaf color between transgenic plants and wild-type
A, BFAERUFE R IE R E# Comparison of leaf color between wild-type and overexpressing lines. OE fX3 i1 #IA K. OE represents the overexpressing
lines; B.EFAERIFNR R R LLH Comparison of leaf color between wild-type and knockout lines. DR {3k /. DR represents the knockout lines.

#* 2 i3RIk FERR WAMRANEF A BRI Fr i gk &5 & iR
Tab. 2 Comparison of chlorophyll content between FERR overexpressing and wild-type leaves

MR AR 1 1L & Over-expression lines B§ 24 Wild type plants t-test
Chlorophyll content . v v " "
B PHE RdEE WH ERRHN HE CPWE = FLe | A R
(mg-g' FW) P
n Mean SD. Range CcvV n Mean SD. Range (6)%
4k 2 -a
27 0.85 0.22 0.79-0.88 0.26 9 1.22 0.33 1.17-1.26 0.27 3.555E-12
Chlorophyll-a
4%
27 0.27 0.01 0.27-0.29 0.02 9 0.41 0.03 0.37-0.46 0.06 2.622E-07
Chlorophyll-b
4K -(ath)
1.12 0.23 1.05-1.17 0.21 9 1.63 0.05 1.62-1.71 0.03 3.019E-10
Chlorophyll-(a+b)

3.3 MM AREREFAEESEXREYEHEEEMHAHRESE

ik FERR ‘T 8RB R B i, A T30 T MRS A BURN IS 3Rk R 2 (0] 22 S 5 IR i 2 5 1 1 %
g, BATHAT TSR AN S5 R ER, SEAEMMLIL, /£ OE16. OE22 fl OE28 &+ /37l K T 1,461
A DEGs. 3,064 /> DEGs 1 3,103 > DEGs (& 4A). Mt4h, B4R Hix =ik kil 22 A34 899 MH
[ DEGs (] 4A). H, 617 4> DEGs &3 Fil, 5ILFEIFE DEGs 1) 69%; 282 4~ DEGs 3% i,
JLH KA DEGs 19 31%, Ll DEGs 2T Fifl DEGs f%tE (K 4B).

A B 3004
i -
OE16_vs_WT OE22_vs_WT ® -‘LL\.J g;;
(1461) (3064) 2504 i:H
430 497 2004
(7.38%) (8.52%)
899
15.42% o 150-
59 1595 ° a
(1.01%) (27.36%) =1
=
= 100+ . .
550
(9.43%)
50+ : %
' 4 %
. Ty
OE28 vs_WT %y 1 :‘:
(3103) . " w
e A B

Log,(FoldChange)

4 1 FRIE R ANEF AR ) DEGs 734

Fig.4 DEGs between overexpression lines and the wildtype
A7 5 FRIEFE T B Venn diagram of differential gene expression (DEGs); B.899 43L& DEGs k1L & Volcano plot of common 899 DEGs

b5, XF 899 ANJL[H Y DEGs #H1T T GO fl KEGG & £ #T. %2R 20 ©~ GO RifEd, A 84
PN Sy (CCY, 6 NN TIIfE (MF), 6 ASNAEWIEFE (BP) (K 5A). DEGs X & 4745 41
MitZ (GO:0005634). FEFERELA 4 (GO:0016021) FFEF. DNA FARAIEFE (GO:0006351) (K 5A),
KEGG 73 #rBrr, FEAAEWHERAEMEBIRKE (ko00941) T REFHE, H 25 D DEGs, HERE, HIX
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EHAER 9 DEGs HIZEIE M RAEME IR (ko00906). H 7 4 DEGs i RNA E&HE (ko03020).
H 9 /> DEGs MBI 2R UIES (ko00460). A 7 > DEGs HIEAFERIIEE (ko00052). H 7 4
DEGs [ TIE-HY) (ko04712). F 5 > DEGs iz B A A s 2-FR 1 AP & &% (ko00130) 2518
P (B SB) 3R B 51 vk e B DK FERR 13k 30E T B 52 T AE AR 2R 3 IR A= 0 & g 72 2R R 3R,
BEM RS

B AR R [
- e L R ®
L J

. ‘l‘g\ : T =
A i -
s 2 R RNAZ A
UG

. 4 ; 5 5 ) N . ~logidpvalue)
» s TR B H) ] is
oA \ A LA R R . o
A o HVTHI L {
" ‘ ‘ R ’

B

A

e Wik Esran s @
e spRTEE @ i

MAPK{G GiEM-H @ . s
MRt @ ® w0
AT R TR @ P
P RIEHEE ® ®
y o BB i @ @

“ : o B i @

5 0 S 4 ) @

i pAGs SR (PRI @

W@

0.1 0.2 0.3
FARI T

K& 5GO #il KEGG i@ ig & 047

Fig. 5 GO and KEGG pathway enrichment analysis

A.899 MILIF DEGs ) GO 27#r. GO analysis of 899 common DEGs. 38t £ (W15 (3 HIAER A 7> (COO 2T Thfe (MF) FZEW)idie
(BP). #ME. RIS 2R 20 /> GO ARiE . JERE st (LRI HCEA GO RiBIIER = P (H, VLK DEGs W& . o bis & Es
4 GO KB E R F. GO analysis of 899 common DEGs. Yellow, green, and blue represent cellular component (CC), molecular function (MF) and
biological process (BP), respectively. The outer circle, middle circle, and inner circle represented the top 20 GO terms, the gene numbers in the genome background
and the gene enrichment P-value for the GO term, as well as the number of DEGs, respectively. The central ladder-shaped list indicates the enrichment factor for
each GO term.; B.899 MILIRI[] DEGs #J KEGG 734w 4R TR £ 58— B Ef ) DEGs ¥ 5 WUl 220 i 2 RS M b R BRI 4cRoR m
B H—IE B DEGs $(# . KEGG analysis of 899 common DEGs. The enrichment factor represents the ratio of the number of DEGs mapped to a pathway

to the total number of genes mapped to that pathway. Gene count denotes the number of DEGs mapped to a pathway.

4 g

MEHE AR ANAE K. A ABEFL A SR BRIR B8 JEE B &N, 423
AEWRAE A YIEA I e . B, BEEMD (S, paraplesia) WEPEANARIRRE . AE R R, HER LS EM
GBI R R T HEHEANMA (Liaoetal., 2019); PR KHI KR (Cannabis sativa) HEVEAR) T M4 2 LEME
HEAMEK: (Campbell et al., 2021); ZLEMI (S, purpurea) MEMENMARE = A2 87 A PR FRERE, T3 /NF
HERE (Goukeretal., 2021); HI# (Juniperus communis) WEREH B KA &9 Bk & L AT R4 & 9010
WIS = T ifERR (Rabska et al., 2020); AHX}THERR, &% JE ) Ocotea tenera MERR ik (Wheelwright et
al,,2012); FTEPE2FEEMEY (Pdeltoides) WERERK I AN A& 28V e 12 AR Ak, T3
BB AR (He et al., 2022); KA EAE S & FREANER T, FM (S, myrillacea)
SE T AN A SR B HH B T AN AT G 1 A KRR 266 /T (Caietal,, 2022); #hMHE T, —E4£ L (Mercurialis
annua) WEHEAN R LEHEMEAMA P42 5 2 1 A 5E T 5 (Cossard etal., 2019; Zluvova etal., 2015), hpiE it
2 FEEW (P cathayana) WMEVENMEFALE T HEMEAMAE A KT (2K, HifE. SPAD. ~FIM A, A4
R PLAFR S (B & B 87, 858 MR TR NS %, MsEEANA 7K 53 A 558
FEERE, JFM AMF R SRIGE 2105 (Wu et al, 2015; Li, et al,, 2020); N FHEE R, —4F
Az L e A A HR LG EPE A BE /N (Labouche and Pannell, 2016); T 6L A14E AR ST, BRI LA MEPEAS
PRI W) o K~ i T HEVE N (Sobujetal., 2021); &[] FHE, HHMEENMAESYT RIRR, RREZR
WARKAA YA TB BT, 220 BTN A 1 AT iR B2 AR S5 & A ) (Liao et al, 220); {E%L
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E R, A R LM AR B 52, DOER RIS (Zhaoetal,, 2018); {E&RME T, T4 1M
PEAMAGT R SR T RURR, 52 T R S A B, ELE AR BRI U TR I b P A AR TR KRR R
f) N P% (Chen etal., 2016

AW FENID 7R T 1 Sl ke JE R 4 25 A R I e I 2 5 RSl s, A T ACPIESE T e E
TR BN BAREE R 8. SR, AU SR & 8EaixX — A EMIRE AT TIRTL, R RE.
AR T B — B T ) R R DR A S TR AR A AR ) A, kR, HhAR . Hb RS At
T YR KA T WO AR R ZEATMERNTTREE . i R RS RN KA
WA R bR . RIRE R O % e T 1 i Yo FE DR 1) oA A Floit A= K AR A= W B2 (1 g Fg, k20
W SR ) S HEAEAS AR AAS A 2R IR, A B IR T M IR A S M 2 20 F0 &R itk

5 &1

AHFFALHDT 91 A “Hibk 8957 it Fiktk R 139 NS LN R . EtFEMRER T, Wik
LR TR IR . 2 R RS RN EE au b (ath) WS EIERR, dEEkANS
Fa. b, (ath) WEREZETIAER, HodGE b S8 FRENEZ. i5E &SR-S HI %1
M, HHESEAREEER, it RiEhRITRIEFEZRRIE IS R ER, SRk S E R bk
I F A 899 A% RRILIEK . ZRFIEEK GO 4445 KEGG @I r, REREM S SRR ER
Tk FE R BRI B RS o W T e i 56 PRk 00k WY RE S T BRI AR OB AR TR 9205, AT 3
W T IR IERR RN R A R, A SEOT IR . X — R B B e SR s A Al
SRR PR A MR T B . I, XU ST AR AR T PR 4 5 I B A T 1 L R 0
K
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