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Table S1. Primers for qRT-PCR of AmPAL genes

Primer name Sequence (5 - 3')

AmPALI1-F TGCTGACCGGAGAAAAGACT
AmPAL1-R AAGCCACATACCCTITCCGTT
AmPAL4-F TGAGCAACACAACCAGGATG
AmPAL4-R TCTCCTCCAAATGCCTCAGG
AmPAL5-F TGTGAGTCAAGTGGCCAAGA
AmPAL5-R GCACTGCAAGGGTCATCAAT

AmelF1-F CTGACATGCGCCGTAGGAACG

AmelF1-R CCCTGCTTATGCCAGTCTTTT
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Figure S1. (A) Venn diagram analysis of GO terms of DEGs; (B) Venn diagram analysis of KEGG
pathways of DEGs.
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Figure S2. GO and KEGG enrichment analysis of genes in the lightyellow and lightcyan modules.
(A) GO enrichment analysis of lightyellow module genes. The y-axis represents the number of
genes, and the x-axis represents the GO term. The red, green, and blue columns represent biological
processes, cellular components, and molecular functions, respectively. (B) KEGG enrichment anal-
ysis of the genes in lightyellow module. The y-axis represents enriched KEGG pathways, and the x-
axis represents rich factor. (C) GO enrichment analysis of lightcyan module. (D) KEGG enrichment

analysis of lightcyan module.



Genes 2024, 15, x FOR PEER REVIEW

3 of 5

Top 25 of GO Enrichment-BP

G0O:0015804 neutral amino acid transport
G0:0015824 proline transporty

G0:0009269 response to desiccation

G0:00094 14 response to water deprivation

G0O:0009415 response to water

G0:0030148 sphingolipid biosynthetic process

G0:0044770 cell cycle phase transition

GO:0044772 mitctic cell cycle phase transition

G0:0006865 amino acid transport

GO:0071705 nitrogen compound transport

G0:0009123 nucleoside monophosphate metabolic process
GO:0009126 purine nucleoside monophosphate metabolic process
G0O:0009161 ribonucleoside monophosphate metabolic process
GO:0009167 purine ribonucleoside monophosphate metabolic process
G0:1901700 response to oxygen-containing compound
G0:0015802 basic amino acid transport
G0:1902582 single-organism intracellular transport
GO:0046467 membrane lipid biosynthetic process
0:0006820 anion transporty
G0:0015711 organic anion transport1

G0:0015849 organic acid transport
G0:0046942 carboxylic acid transporty

GO:1903047 mitotic cell cycle process

G0:0006913 nucleocytoplasmic transport
G0:0051169 nuclear transport1

3 (0.00059)
3 (0.00058)
2 (0 00064)
4 (0.0044)
— 4 () 0044)
-2 (0.0071)
2 (00071)
- 2 (0.0071)
10 (0.0076)
— 1 (0.012)
I 3 (0.016)
— 3 (0 018)
_— 3 (0.016)
— 3 (0.016)
— 9 (0 019)
- 2 (0.02)
—— 10 (0.024)
— 3 (0.024)
I 1 (0,025)
—— 1) (0.026)
I 10 (0.026)
1 (0.026)
7(0.032)
5(0.033)
5 (0.033)

c

G0:0022890 inorganic cation transmembrane transporter activity
GC:0008324 cation transmembrane transporter activity
GO:0015077 monevalent inorganic cation transmembrane transporter activity
GO:0015075 ion transmembrane transporter activity

GOC:0008171 O-methyltransferase activity

G0:0022891 substrate-specific transmembrane transporter activity
(G0:0022857 transmembrane transporter activity

GO:0016740 transferase activity

GO:0046873 metal ion transmembrane transporter activity
G0:0022892 substrate-specific transporter activity

GO:0004103 choline kinase activity

G0:0003872 6-phosphofructokinase activity

G0O:0016301 kinase activity

GO:0016785 transferase activity, transfeming alkyl or aryl (other than methyl) groups
G0:0004674 protein serine/threonine kinase activity

GO:0008237 metallopeptidase activity

G0:0008443 phosphofructokinase activity

G0:0008378 galactosyltransferase activity

G0:0035250 UDP-galactosyltransferase activity

G0:0047216 inositol 3-alpha-galactosyltransferase activity
GO:0004364 glutathione transferase activity

G0:0004722 protein serine/threonine phosphatase activity
GO:0016772 transferase activity, transfemring phosphorus-containing groups
G0:0004721 phosphoprotein phosphatase activity

G0:0005215 transporter activity

Figure S3. GO enrichment analysis of genes in cluser 19 in trend analysis. (A) Biological Process;
(B) Cellular Component; (C) Molecular Function. The x-axis represents the gene percent, and the
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y-axis represents the GO term. The number after the bar represents the number of enriched genes,
and the number in parentheses represents the p-value.



Genes 2024, 15, x FOR PEER REVIEW

4 of 5

Top 25 of GO Enrichment - BP

G0:0044710 single-organism metabolic process
GO:0005975 carbohydrate metabolic process
G0:0044699 single-crganism process
GO:0000271 polysaccharide biosynthetic process
G0:0001522 pseudouridine synthesis

GO:0044262 cellular carbohydrate metabolic process
(G0:0005976 polysaccharide metabolic process
GO:0044723 single-organism carbohydrate metabalic process
G0:0016051 carbohydrate biosynthetic process
G0:0000023 maltose metabolic process
G0:0016053 organic acid biosynthetic process
GO:0046394 carboxylic acid biosynthetic process
G0:0005984 disaccharide metabolic process
G0:0000186 activation of MAPKK activity
G0:0009311 cligosaccharide metabolic process
:0048513 animal organ development
(G0:0048856 anatomical structure development
G0:0048583 regulation of response to stimulus
GO:0005982 starch metabolic process
GO:0009966 regulation of signal transduction
GO:0010846 regulation of cell communication
G0:0023051 regulation of signaling

G0O:0009887 organ morphogenesis

G0:0009888 tissue development

GO:0035556 intracellular signal transduction

35 (0.00016)
55 (0.00023)
452 (3e-04,

1 17 (0.00068)
19(0.00079)
W 40 (0.00082)
W 26 (0.0021)
W 56 (0.0031)
B 18 (0.0036)
W 23 (0.0036)
H 24 (0.0052)
W 24 (0.0052)
M 31 (0.0061)
114 (0.0087)
M 31 (0.0073)
19 (0.0081)
36 (0.009)
116{0.01)
3(0.011)
115(0.011)
115(0.011)
115(0.011)
17 (0.012)
7(0.012)

38 (0.013)

c

0 20 40 80
Gene Percent(%)

Top 25 of GO Enrichment - MF

GO0:0003824 catalytic activity
GO0:0016740 transferase activity
G0:0016301 kinase activit

GO:0004553 hydrolase activity, hycrolyzing O-glyoosyl compou
GO:0016773 phosphotransferase activity, alcchol group as acceptor:
GO:0016798 hydrolase activity, acting on glycosyl bonds
GO:0016772 ransferase actvity, fransfering phosphorus-containing group
GO;0004672 protein kinase activity
(GO:0016787 hydrolase activity
GO:0008233 peptidase activity
G0:0005515 protein binding
GO:0070011 peptidase acfivity, acting on L-amine acid peptides
G0:0004551 nucleotide diphosphatase activity
G0:0004190 aspartic-type endopeptidase activity
GO:0004185 serine-type carboxypeptidase activity
GO:0070008 serine-type exopeptidase activity
GO:0004180 carboxypeptidase activity
GO:0008236 serine-type peptidase activity
GO:0017171 serine hydrolase activity
G0:0070001 aspartic-type peptidase activity
G0:0005516 calmodulin binding
G0:0046983 protein dimerization activity
(0:0004674 protein serine/threonine kinase activity
GO:0004175 endopeptidase activity

GO:0008762 UDP-N-acetylmuramate dehydrogenase activity

N | 152 (6.42-23)
77 (11e-12)
. 260 {1.38-08)

Sy W 92 (3 6e-08)

. 225 (7.7e-08)
M 92 (9e-08)
. 273 (9 56-07)
. 204 (1.2¢-06)
368 (5.1e-06)
96 (1e-05)
M 70 (18e-05)
W91 (21e-05)
16 (4.68-05)
125 (7.48-05)
118 (9.5¢-05)
118 (9.5¢-05)
121 (8.78-05)
145 (8.9-05)
45 (9.9¢-05)
125 {1e-04)
120 (0.00011)
128 (0.00011)
B 145 (52-04)
B 64 (0.00065)
11 (0.00087)

0 20 40 60
Gene Percent(%)

pvalue :
(G0:0005784 Golgi apparatus
88153 GO:0012505 endemembrane system
0.0075 (G0:0044430 cytoskeletal part
0.0050 GO:0005856 cytoskeleton
0.0025 GO0:0015630 microtubule cytoskeleton
G0.0005819 spindle
GO:0005777 peroxisome

G0:0042579 microbody

G0:0031224 intrinsic component of membrane
G0:0099512 supramolecular fiber

G0:0099513 polymeric cytoskeletal fiber
GO:0016021 |n1e%ra\ component of membrane
GO:0000159 protein p osphatase tgpe 2A cnm lex
005874 microtul ule

GO:0005875 m\crotubule associated complex
G0:0008287 protein serlne/lhreomne phosphatase complex
:190: Ehothatase comré:lex

GO:0000508 g\ywsy\phusphahdyhnosllﬂl N-acetylgluco; amlghran rase

GO:0005578 proloeggceous extrace IuTarCf%"é ‘re&

2 extracellular matrix

G0:0000793 condensed chromosome

(G0:0044438 microbody part

(G0:0044439 peroxisomal part

G0O:0016471 vacuolar proton-transporting V-type ATPase complex
G0:0033176 proton-transporting V-type ATPase complex

D

pvalue Metabolic pathways
0.00075 Biosynthesis of secondary metabolites
0.00050 Fatty acid elongation
0.00025 Phenylpropanoid biosynthesis

Porphyrin metabolism

Plant hormone signal transduction

Fatty acid biosynthesis

Glycosaminoglycan degradation

Glycosphingolipid biosynthesis - globo and isoglobo series
Pyrimidine metabolism

Amine sugar and nucleotide sugar metabolism
Fatty acid metabolism

Photosynthesis - antenna proteins

Cutin, suberine and wax biosynthesis
Brassinosteroid biosynthesis

Starch and sucrose metabolism

Glycerolipid metabolism

Stilbenoid, diarylheptanoid and gingerol biosynthesis
Ubiquinone and other terpenoid-quinone biosynthesis
Zeatin biosynthesis

Carotenoid biosynthesis

Glycosphingolipid biosynthesis - ganglio series
Lipoic acid metabolism

Histidine metabolism

ABC transporters

E— 7 (1 7-07)
I, (> 3005
.12 (40-05)
-4 (7 7e-05)
11 (0.00051)
u5(00021)
- 15 (0.0031)
- 18 (0.0031]
1 (0,007)
04 (00084)
04 (0.0084)
E— 9 (00057)
g (0.023)
13(0.032)
4 (0.041)
™3 (0.04d)
8 (0.044)
12 (0.045)
12 (0.045)
12 (0.045)
4 (0.068)

5(0.089)
5(0.089)

4(0.1)

4(0.1

0 5

10 15
Gene Percent(%)

20

Top 25 of GO Enrichment - CC

value
£ 0.100

0.075
0.050
0.025

Top 25 of KEGG Enrichment

I 5 (1 8e-07)
314 (1.9¢-07)
116 {4.Te-06)
M 41 (0.00034)
117 (0.00051)
I 73 (0 00056
023 (8e-04)
19 (0.00083)
19 (0.00063)
B 25 (0.0012)
M 43 (0.0013)
M29(0.0014)
110{0.0022)
111 (0.0026)
17 (0.0085)
42 (0.0089)
120{0.01)
17{0.013)
117 (0.015)
110 (0.018)
113 (0.019)
l4q.021)
14(0.021)
19 (0.021)

10 10.026)

0 20

40 60
Gene Percent(%)

Figure S4. GO and KEGG enrichment analysis of genes in cluster 0 in trend analysis. (A) Biological
Process; (B) Cellular Component; (C) Molecular Function; (D) KEGG enrichment analysis. The x-
axis represents the gene percent, and the y-axis represents the GO term or KEGG pathway. The
number after the bar represents the number of enriched genes, and the number in parentheses
represents the p-value.
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Table S2. List of PAL members from Arabidopsis thaliana, Glycine max, Oryza sativa, and Zea mays

Species Gene name Gene ID
Arabidopsis thaliana AtPAL1 AT2G37040
Arabidopsis thaliana AtPAL2 AT3G53260
Arabidopsis thaliana AtPAL3 AT5G04230
Arabidopsis thaliana AtPAL4 AT3G10340
Glycine max GmPAL1.1 Glyma.19G182300
Glycine max GmPAL1.2 Glyma.03G181700
Glycine max GmPAL1.3 Glyma.03G181600
Glycine max GmPAL2.1 Glyma.10G058200
Glycine max GmPAL2.2 Glyma.20G180800
Glycine max GmPAL2.3 Glyma.13G145000
Glycine max GmPAL2.4 Glyma.10G209800
Glycine max GmPAL3.1 Glyma.02G309300
Oryza sativa OsPAL1 LOC_0s02¢41630
Oryza sativa OsPAL2 LOC_0s02¢41650
Oryza sativa OsPAL3 LOC_0s02¢441670
Oryza sativa OsPAL4 LOC_0s02¢41680
Oryza sativa OsPAL5 LOC_0Os04¢43760
Oryza sativa OsPAL6 LOC_0Os04¢43800
Oryza sativa OsPAL7 LOC_0s05¢35290
Oryza sativa OsPAL8 LOC_Os11g48110
Oryza sativa OsPAL9 LOC_0s12¢33610
Zea mays ZmPAL1 GRMZM2G074604/Zm00001d017274
Zea mays ZmPAL2 GRMZM?2G441347/Zm00001d003016
Zea mays ZmPAL3 GRMZM2G160541/Zm00001d051161
Zea mays ZmPAL4 GRMZM2G063917/Zm00001d051166
Zea mays ZmPALS GRMZM2G081582/Zm00001d051163
Zea mays ZmPAL6 GRMZM?2G118345/Zm000014003015
Zea mays ZmPAL7 GRMZM2G170692/Zm00001d017279
Zea mays ZmPALS8 GRMZM2G334660/Zm00001d017276
Zea mays ZmPAL9 GRMZM2G029048/Zm000014017275




