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Abstract; Polygonatum cyrtonema seeds have a comprehensive dormancy phenomenon, and analyzing the changes of key
genes before and after seeds germination plays an important role in exploring seed physiology and breaking
dormancy. Based on high-throughput sequencing technology (Illumina HiSeq 2500) , the transcriptome sequencing and
bioinformatics analysis were carried out in four stages of P. cyrtonema seed germination with three biological
replicates. The results were as follows: (1) A total of 388 231 Transcripts and 178 319 Unigenes were obtained by de
novo assembly. (2) Among the 11 817 Unigenes with significant differences before and after germination, 6 405 were up-
regulated and 5 412 were down-regulated. (3) Significant difference genes were enriched and analyzed in the GO
enrichment analysis, and the differential expression up- and down-regulation Uningenes were main enriched in biological
process and molecular function, which were mainly involved in metabolic processes and catalytic activities. (4) KEGG
significant enrichment indicated that the differential expression genes were mainly enriched in ribosome, plant hormone
signal transduction, starch and sucrose metabolism and other pathways; the up-regulated differential genes were mainly
enriched in ribosome 231, plant hormone signal transduction 56, starch and sucrose metabolism 76 and others; the
down-regulated differential genes were mainly enriched in phenylpropanoid biosynthesis 48 plant hormone signal
transduction 48, starch and sucrose metabolism 48, and other pathways; a total of 40 differential genes were involved in
the synthesis of auxin pathway key enzymes. Genes encoding sucrose phosphate synthase were down-regulated and genes
encoding glycogen phosphorylase were up-regulated in starch and sucrose metabolic pathways. The above results
preliminarily identify that plant hormone signal transduction and starch and sucrose metabolism play a key role before and

after the germination of P. cyrtonema seeds, and clarify the key genes involved in these two pathways, which provide a
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reference for further research on the physiology, reproduction and breeding of P. cyrtonema seeds.

Key words: Polygonatum cyrtonema, seeds, before and after germination, genes, expression characteristics

Z LK ( Polygonatum cyrtonema ) J& T 85 K
J& Z A REA KT ( Chen et al., 2000) , > FH Y
ZIEWI YA (Li et al., 2022; Wu et al., 2022),
BATHMFRYT A il 25 B 0 Zhas, iR 97
B A AE= T B ARR  H T il R
WEAEPN ([ X252 B 2%, 2020)  BULACZG BT
TR, Z ARG & A 208 A Y, i i 45 AL
By, A RS B 57 BT R PR AR Y S
SAER (Li et al., 2018, 2020; Gan et al., 2022)
Bl NATT0F 22 A ORI RN I, A% 52 7 Bk, K
B BUg A K (B HAE, 2020) , ZAEEAEEZY
FHFE PR b 5 A Jo B AR B 5 O3k ) 5
VDT, B MG J5 T AR b 5 119 7% 28 3 (X))
PRIFAE, 2015, %545, 2020) , ifi 2 4 80K
T B BB R 2 A8 TR 1Y AR 7 B e B R
HA B (XI5, 2017)

S AP EAR OB PP FH & ( Chen et al.,
2022) AW A R ( Liu et al., 2022; Song et al.,
2022) S RHERE R R B R T B, BE TR ST
1, N R ORI figp 53k o A v 2 e R PR B SR 1
O RAR AR AHIE B AT BT, I R - A AR B
SHivER SRR ERKR S AR R
O FEFTR F KM B AH G (Song et al., 2022) 5 f

ZEFEIURNF B R ET B R KW R R 3 AN B i
ST A SRR IR SR NI K R 2E
JURR i Ko A 0 EE B T (B AR, 2021) 5
X R B AR & 2E 5l R R A,
%t CYP78A5  Bg7s . GA-20-0x ,rd22 MYB4  LEA
CHS F5 8 A2 & 4 T 1 ( Shimizu et al.,
2022) ; [Fl )@ BORG Bl 1 5% Sk AL “E SR AR R TR IR
A FTRE Rl 7 b RSl B AR R LD, B A i R e
KB DNA 34 mRNA Ffi R 3L 55 1k Fn g
¥ 235 ) A O %) 35 PR Bl [ 4 il A BORS AT & L b
B ORI AL T B ( Liao et al., 2021) , 7EEAE b
TR E SIRIRAE bR R, SR IRE S8k 20
O3 R A AR DG Y 22 S kR Rk Bl
W K ARSI AE ELAE 74 5058 44 ) ARHIR fi
o IR 4 X 4 (5 T SR A 1) G I, 2021 ; Zhang et al.
2022) . SR, M A& T 2 EE R T 1005 Ko 72
()38 R Sl 5 /0, UL X 1 & B A G
YER BRI E SRR i S i AT B T 2
EAEF TN ST R LRGP AR, A
WFFEFI AL SR 2 7 %, 6 2 A BOR R 7 & ol
HR) 4 ASBTBOT R TN SR (1) 248 R Fh
TS5, VAR b5 Ay DG B J 5 (2) 0K 4 SR I JH
RSB P AT T W AR AL, A AT 2 AR R
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1.1 #FRFnIt 5

M EERE TRAEERTE 2B H K
B2 B A A= B DR AT 5 T R T BRI 5T 1 M8
R Z A B ( Polygonatum cyrtonema ) , FiAE T B 5
TP R R, 2019 4F 11 A R4 10 A
B RPN SRS, 4 8 d HEE RS, TR
PRAS BN SR 592 1 25 R M S5 AR PO FHK I Uk, T
(AR R g AR S H

DP441-RNAprep Pure Z §§ 2 I 48 ¥ &1 RNA
P &, W B RARAE AR (Jbat) AR
NEBNext® UltraTM RNA Library Prep Kit, I H
Ilumina, Inc.; TransScript® All-in-One First-Strand
c¢DNA Synthesis SuperMix for qPCR ( One-Step gDNA
Removal ) ( AT341 ), PerfeciStart® Green qPCR
SuperMix ( Dye Il ) , 14 B b s N4 AV H A A R
N TOIK S W E PG BE R B AT BR A F
1.2 (XEFig &

NanoPhotometer ( £ [E Implen 23 F] ) ; Agilent
2100 Bioanalyzer ( “ZHEAEHL 44 BR 2> F]) ; 5424R
1 AR IR B0 AL (1 [ Eppendorf 23 A ) 52100 #E
JEE LG ARL (1 ¥t B A A AL SR AT BR A 7] ) 5 K F
VKREE (AT R —AUAR) ) s 1K MI-2270M (N)
T (77 03 103 K AW ) A BR A 1) 5 it 52 41~
A WLYG 43566 BE 31 ( NanoDrop One) [ 38 2R & it /R
FHE () A R F ] 5 AE124/JY10002 2
O3B R (s TR AR A IR A A ) 5 ABI
QuantStudio 3 76 %E 1 PCR 1Y [ FE B K /R Bl 3
(FEDHARAF],

1.3 #4438

WUk T 0 5 I JC T K vh e 10 38, 57 B
A3 g BT AME TAAT 10 min, A5 A-80
CrKFTTORAE, 3 RNA REL(E 1. A) . TR
Tt~ 11 V0, V0 6 s B 9 R 223 121 °C K
B 30 min, I HI >t 5 0 TR K ORI VDI , P05
S 18] 4 J& 90 A6 A O TS B K kb FEOK a3, 1D
150 d J& , BEEE RN S i b g 0 R (1. B) A1)
A Y B — S ARAR ZE A Fh - (& 1: ©) |, Fidi
20 dJ& , PRIk Zx Y ORIR 22 B (181 1: D),

DL & B B A5 BURE 2 3 g, FHIE 7K ok 34,
TRE A K>, LB A WA T ARAF 10 min, #152
A =80 CUKAE HR-A7, I T RNA $2 10, b iR Uk
B3 A s,
1.4 ZENF

B R VD AT (A) (BT RIS (B) BUORVIR 25
(C) BROTHIRZE (D) 4 N8 & B Be i Fh & 24
0.5 g, % JH DP441-RNAprep Pure 1 £ B A1 4 B4
RNA 42 BO ) & [ KRR AR (dest) AR A
A ] A AR HUAC T A B BO Y BN RNA 3 IRAE W) 27
% . NanoPhotometer: ] RNA i & ( OD 260/280
K 0D 260,230 F{E ) Al Agilent 2100 Bioanalyzer:
K0l RNA SE8E . f— 20l FOR & Tlumina (Y
NEBNext® UliraTM RNA Library Prep Kit, 2 18 51 ]
oMy H SO, M SO TR, S8 AT Qubit 2.0
Fluorometer #] & % 1, # i H Agilent 2100
Bioanalyzer K SC FE Y insert size , AW A, H
qRT-PCR X SCJRA ROk & AT w1, A&
M I, H1 AL 5T AR BOIR B ROy AR 2w H
Ilumina HiSeq 2500 52 i % 41 Al 7
1.5 BB
1.5.1 HFEAEFER KRS H Raw reads FBR
43k & N AUIKF i reads, 3545 Clean data, Jf- 3
17 Q20.,Q30 F1 GC Ft it . Yl 2 /b wik i o
SZILHHAFY), A AT R de novo 41257
%, B Trinity 2KFX) Clean data #F47PF4%  4H 2%,
#t— 438 b Corset ( Davidson & Oshlack, 2014) %X
W AR R L TOA, A A cluster #E X
A “ Unigene” , | BUSCO ( Benchmarking Universal
Single-Copy Orthologs) X} Hf#45 2| A9 Trinity. fasta,
unigene. fasta fl cluster. fasta ¥E47 $f 32t PEAL
YEN IR 2 M 92 % )7 51, (i  NCBI blast Xf
Unigene #£41T Nt {8, Diamond %I Unigene #£41T Nr|
KOG/COG ,Swiss-Prot {£ 8, HMMER % Unigene Biin
T Pfam 1 B¢, KAAS X} Unigene ¥E1T KEGG 1 B,
Blast2 GO H#EAT GO {EHE .
1.5.2 ABRAKF 54 KA RSEM HAF (Li &
Dewey, 2011) , J&H Bowtie2 X} bt I Xt 45 R #4748
I, DL Trinity $f #2153 2] () 7% St AE 8 2 % )7 5
(Ref) B EEDFES clean reads £ Ref b fVCHL ,
PAFERAFE A VC LA, GETTH e P B BE A L
T2 reads ZCH , SR )5 #E4T FPKM (expected number

of Fragments Per Kilobase of transcript sequence per Mil-
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Seed before sand storage (A), after germination (B), microrhizomes (C) , green microrhizomes (D)

Fig. 1

lions base pairs sequenced ) % ¥ , 1 1fij 15 21 B>
pity PP A R SRS ) R KKK

1.5.3 23 A B R&Zodr [T R T A
FRRSE Y iffy T KR Bk TR 3R TR BB Th Y 22 R AR B Y
DESeq R (1.10.1) #4755/ 4 i 22 57 3R 38
38T, 18 FH Benjamini Fl1 Hochberg F9 7 72: 16 1 45 2|
PAE LA R B R R B Padj<0.05 (95 DA E
2RIk, HT GOseq( Young et al., 2010) Frik
Jr Xt 2 F ) DEGs #EAT GO & AR, BT
KEGG T B Z5 &, fff J§ KOBAS, # 17 KEGG
Pathway & #£73#H7 ( Mao et al., 2005) ,

1.5.4 qRT-PCR % 25 22 F RIXFH T A,
TER R 53 S g b BE LRI 6 22 S Ak A
BT (£ 1), LD BT S A9 RNA SRR, 12 8
TransScript® All-in-One First-Strand ¢cDNA Synthesis
SuperMix for qPCR ( One-Step gDNA Removal )
(AT341) i 5] & 47 S 5% 5 5 0 cDNA, 2 ]
PerfectStart® Green qPCR SuperMix ( +Dye II ) {5
UL, BL cDNA 984, £ ABI QuantStudio 3
I EFER qRT-PCR, H 27 D5 ik 1B A A4S S A
TEAS[R)RE i B9 A 6 26 3K & (Livak & Schmittgen,
2001) ., Actin HNZIEH,

2 H#ER5 A

2.1 HERANFEI de novo H3E

MR J5 AR A i BAR B UL 3R 2, & FEAR 3RS
T 42 589 470 UL 1Y Raw reads, ;3 JE /5755 6.03
Gb LA I+ By I J¥ &, Q30 = 93.04%, GC # &t
46.98% ~49.47% , T ¥ JCZ 46 R 1Y 4 5k KL 41
YER2Z2% IR de novo J7 1% R 5 HEAT4H 2% |
A3 HI4R1S T 388 231 Transcripts (361 956 157 bp)
F1178 319 Unigenes (146 022 913 bp) , Transcripts

F1 Unigenes [ f KAE NS0 £ 540500 15 875,
15 875, 1 2941 059 bp, %K 14 (Y 178 319
Unigenes 7E Nt, Nr, KOG/COG . Swiss-Prot, Pfam .
KEGG GO 47K 100% {3 B , 4 B0 1 B A5 & e
B2 3,7 A8 HE LR T 178 319 4
Unigenes,
2.2 BERMIEERERIEAKE

DV %2 J 00 9 SR, # VDSRIT A1 A2 (A3
i & J5 B1 B2 B3 £ £ AR Y Clean reads 52 It
XF, 2 BEA I ITEC reads 25 H MIDC R ULER 4 VD
HIAIPEELFEN 75.19% ~75.67% , W & J 1Y DL Bt 5
H71.63% ~74.23% , % #5 FE i 35 19 Unigenes
BH PTG 5 FPKM SR 5 4 FPKM K
ANRI G DXCTR] 2% DX i) 0 28 38 1 BT o L 1) L3R S,
i & J5 1Y B1 B2 1 B3 FPKM>15 {#) Unigenes % &
YIS T U0 AT A A1 A2 F1 A3, Ui I 2 VDR i &
J& , R ARk I A H AR 20 T R
23 HERNBERRIEERON

FLASH & R E A AR P (B’ 2. A) 3B
5B E M S0 Unigenes 11 817 A, Hidh ik i
4 6 405 A, KIE N HMA S 412 4, ¥
B R 2 SN AE GO BE R A (K 2.
B), Tt LA JE R A 22 AL ) R R AR
TEAE W) 3 #2 ( biological process, BP) Fl 4y ¥ I BE
(molecular function, MF) " A1 X} i &, 21 Hd 2 A,
(cellular component, CC) & 5 WL SR A > o 1T HE
BP i SR E N 8 S 5 AR
RS S 5RE RN R E 2R RSB EN
hEMEAE 2 251 A4, FIEA 1516 A, A HE
Cluster-40845.0 | Cluster-11099.0 Z¢ | i fit) 3L 4 A1
Cluster-68615.79372 _ Cluster-68615. 87349 4£ K
ML, 78 MF rp 22 55 R 3 22 5 500G
P AR R ERE M, S S B 2
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£ 1 qRT-PCR 3|7 % 3 Unigenes £ %
Table 1 ~ Primer sequences used in qRT-PCR Table 3 Unigenes annotation rate
. yA
SR 519 JF5l (57— 3") B Unigene $ 4t pﬁﬂ\tth
Gene Primer Sequence (5" — 3') Database Number of Unigenes e?ccf;:l)age
UL Cluster-68615.91119-F  CCTCTCCTTCTTGGTCCTGTA NR 52 796 296
Cluster-68615.91119-R  GGTGGCTCAACTTATGATGCT
NT 33 746 18.92
Cluster-68615.87861-F  TGCTCATCCATCAGTTCATAACC
AUX1-2 KO 20 019 11.22
Cluster-68615.87861-R  GAATACGATTGCGAGGAACCATA
o Cluster-58608.0-F AAGAAGACCTCCAGAAGAGCATA SwissProt 41335 23.18
H .
Cluster-58608.0-R GACAATCTCCCAGAACAACACAT PFAM 44706 25.07
Cluster-68615.45537-F  CTTCCTGCTGCTTTCTCTTAGTG GO 44 706 25.07
TF
Cluster-68615.45537-R ~ TGCGGCTGCTCAGATTATTG KOG 13 771 7.72
e Cluster-68615.81195-F  AGATCAGCTCAGCTTCCATCA All databases 5758 322
Cluster-68615.81195-R ~ CATTCCAGTTCCTTCGCCATT At loast one database 78 000 4374
Cluster-68615.43996-F  ACAAGGGTTAATGGGACTTCTCT
3.2.1.21 Total Unigenes 178 319 100

Cluster-68615.43996-R

Actin_Cluster-F
Actin
Actin_Cluster-R

CTGAAGAATCGCCTCCAAGTG
CACCGATTGACACAAGGAGAG
AGGATGGCTTACTACATTGACTTC

x 2 WF reads RESiT
Table 2 Quality statistics of sequencing reads

A . g \ GC
6 i T JEHY AR MERE L

FE i reads reads i3 Eror >0.999 L(‘}C
Sample Raw Clean Clean  rate Q30 Lent
reads reads base (%) (%) (,(()r;e)n

(Gh) ’
Al 48 520 140 45546 096 6.83 0.02 94.38 49.47
A2 47 170 082 44 451 372 6.67 0.02 94.31 49.40
A3 45620238 43071606 6.46 0.02 94.27 49.38
B1 42 589 470 40179 174 6.03 0.02 94.44 46.98
B2 46996 340 45826078 6.87 0.03 93.04 48.54
B3 45 637 374 44560 782 6.68 0.03 93.27 48.20
C1 48 175766 45873 682 6.88 0.02 94.84 47.52
C2 44436814 41999 498 6.30 0.02 94.47 47.49
C3 47 628 286 45760 904 6.86 0.02 94.42 47.61
D1 43 183 474 41290430 6.19 0.02 94.61 47.48
D2 47139690 44373676 6.66 0.02 94.83 47.46
D3 46 613 848 44 063 488 6.61 0.02 94.44 47.45

TE: ALLA2 A1 A3 SHYDECET RN T 5 B1 B2 A1 B3 Jy AR I %
TR B T R P F 5 €1 C2 R C3 SRR 2E; D1.D2 Fil D3
A B AR AR ZE

Note: Al, A2 and A3 are seeds before sand storage; B1, B2
and B3 are seeds germinated when radicles just break through the
seed coats; C1, C2 and C3 are microrhizomes; D1, D2 and D3 are

green microrhizomes.

x4 EHFRreads SHEFHRALLS
Table 4 Mapped results of sample reads

and assembly transcripts

F & reads 'l‘ot‘i %ffped

Sample Total reads (%)
Al 45 546 096 34 464 274 (75.67%)
A2 44 451 372 33 474 832 (75.31%)
A3 43 071 606 32 384 682 (75.19%)
Bl 40 179 174 29 824 074 (74.23%)
B2 45 826 078 32 824 940 (71.63%)
B3 44 560 782 32 498 548 (72.93%)

TE: ALLA2 A3 9 VDGR AR ¥, 3 UK 2 BT B2 B3 i
EIGmT 3 REZ, FF,

Note: Al, A2 and A3 are seeds before sand storage, three
replicates; B1, B2 and B3 are seeds after germination, three

replicates. The same below.

SFRRIER B EVHAA 1815 4, FMMA1 327
A, F 45 Cluster-68615.88556 |, Cluster-68615.88402
A5 | ) 2 1 F Cluster-68615. 29401 | Cluster-
68615.62361 & T AL, 7E CC 27Kk
K FE S SR R E R E &AL 5,
Z 5 OM AR 2 25 S RO R B A 222
AL FHEBA 95 A EAECEN R, 75 £
28 GO Terms H1, JL-F-Ir A i L I8 22 5 36 B H #B
=T R REREH

kT B 22 5 3 TR B TR AH B P B A A
e, #id KEGG pathway i 351 & i 22 538
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x5 BEMRIAKE FPKM X B # 251t
Table 5 FPKM interval quantity statistics of sample expression levels
N FPKM [X [i] FPKM interval
B fi
Sample
0<FPKM=0.1 0.1<FPKM=<0.3 0.3<FPKM=<3.57 3.57<FPKM <15 15<FPKM <60 FPKM>60
Al 66 890(37.51%) 15 127(8.48%) 69 506(38.98%) 16 746(9.39%) 7 668(4.30% ) 2382(1.34%)
A2 65 674(36.83%) 13 669(7.67%) 71 197(39.93%) 17 542(9.84%) 7 856(4.41%) 2 381(1.34%)
A3 65 155(36.54%) 12 935(7.25%) 71 732(40.23%) 18 153(10.18%) 7 953(4.46%) 2391(1.34%)
B1 45 729(25.64%) 8 928(5.01%) 84 666(47.48%) 26 418(14.82%) 9 731(5.46%) 2 847(1.60%)
B2 90 461(50.73%) 4 155(2.33%) 46 585(26.12%) 25 282(14.18%) 8 776(4.92%) 3060(1.72%)
B3 92 713(51.99%) 2373(1.33%) 42 307(23.73%) 28 240(15.84%) 9 676(5.43%) 3010(1.69% )
%8 Type B vs AGO Terms &2 4 #r
A BvsA xf;j'pf,ms B 25007 Enriched GO Terms of B vs A
L ° Up: 6405
. Fil: 5412
Down:S412 o,
g 20001
&
§,\ 200 E
=T 8 1500 = LU
2% § ® T Down
w5
52 100 g 10007
& i
S
5004
1.3}

Al A2 A3 A4 A5 A6 A7 A8 A9 ATOATIAI2AI3AT4A15A16A1TA18A19A20A21A22A23A24A25A26A27A28A29A30A31A32A33

-10 -5 0 5 10

ZE AR B X 5L
log,(FoldChange)

il

Biological process

2 8 41 B

Cellular component

5 T8k

Molecular function

Al FALER T RR; A2, RS A3, IBITRAEY & AU R ; Ad. BoKLE M REHE R AS. TeITm R R ; Ae. N5 Bt
WA A7, B AE REE R ; A8, —JURMRAEW G IR A9, JEBUEY &ML AL0. A0 BEIRSE 7 AL &%
BEURAE NG AL2. SRS AR A13. BOBZ S B S A A14. AR SRR AR ; A1S. AR AR ;. Ar6. 41
BE; ALT. SMERELH ; AL8. BEIR; A19. BUSMA; A20. ARITHR & AL &5 A1 BRI A A 05 A22. IR DR ;
A23. B MR BRI A24. EALTG L A25. SR TR ARG ML, A26. JRKAFAGTG VR, /R 0 TR A A27. JRAR GG 1, 7K
fift O-WEIALET Y5 A28. PUMLIEZS {35 A29. MZLRA 175 A30. BB 745175 A3, ML eI vk, 1 T MO X A, 45 4 i 2>
ST A32. BBERRISS A LY s A33. BRI I, e RS BRE AL L AL LA AT R 1B i

A1l. Oxidation-reduction process; A2. Metabolic process; A3. Fatty acid biosynthetic process; A4. Carbohydrate metabolic process; AS. Fatty
acid metabolic process; A6. Lipid metabolic process; A7. Cellular carbohydrate metabolic process; A8. Monocarboxylic acid biosynthetic
process; A9. Lipid biosynthetic process; A10. Cellular polysaccharide metabolic process; All. Ribosome biogenesis; A12. Single-organism
metabolic process; Al13. Ribonucleoprotein complex biogenesis; Al4. Cellular glucan metabolic process; A15. Glucan metabolic process;
A16. Cell wall; Al17. External encapsulating structure; A18. Ribosome; A19. Apoplast; A20. Fatty acid synthase complex; A21.
Ribonucleoprotein complex; A22. Lipid particle; A23. Monolayer-surrounded lipid storage body; A24. Catalytic activity; A25. Oxidoreductase
activity; A26. Hydrolase activity, acting on glycosyl bonds; A27. Hydrolase activity, hydrolyzing O-glycosyl compounds; A28. Tetrapyrrole
binding; A29. Heme binding; A30. Iron ion binding; A31. Oxidoreductase activity, acting on paired donors,with incorporation or reduction of

molecular oxygen; A32. Structuralconstituent of ribosome; A33. Transferase activity, transferring acyl groups other than amino-acyl groups.

B2 BREI(A)EHRE(B)WERREER

Fig. 2 Different expression genes before (A) and after (B) germination

BRERRNS 5 W R EEACRPNE T FEE,
Pk & 4 i W 1 20 4> pathway #F47 R (F

3), ZERRBENEEEET MK YR
ERER S I 1D AW N QS A e 7 R AN
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A. Stilbenoid, diarylheptanoid and gingerol biosynthesis;
B. Starch and sucrose metabolism; C. Sphingolipid metabolism;
D. Ribosome; E. Plant hormone signal transduction; F.
Phenylpropanoid biosynthesis; G. Phenylalanine metabolism;
H. Phagosome; I. Pentose and glucuronate interconversions;
J. Linoleic acid metabolism; K. Limonene and pinene
degradation; L. Glutathione metabolism; M. Galactose
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Fig. 3 KEGG pathway enrichment of differential genes
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Fig. A: A. Stilbenoid, diarylheptanoid and gingerol biosynthesis; B. Steroid biosynthesis; C. Starch and sucrose metabolism; D. Ribosome;
E. Plant hormone signal transduction; F. Photosynthesis-antenna proteins; G. Photosynthesis; H. Phenylpropanoid biosynthesis; 1. Phagosome;
J. Pentose and glucuronate interconversions; K. Oxidative phosphorylation; L. Limonene and pinene degradation; M. Flavonoid biosynthesis;
N. Fatty acid elongation; O. DNA replication; P. Cyanoamino acid metabolism; Q. Circadian rhythm plant; R. Carbon fixation in
photosynthetic organisms; S. Biotin metabolism; T. Anthocyanin biosynthesis. Fig. B: A. Ubiquinone and other terpenoid quinone biosynthesis;
B. Tyrosine metabolism; C. Stilbenoid, diarylheptanoid and gingerol biosynthesis; D. Starch and sucrose metabolism; E. Sphingolipid
metabolism; F. Sesquiterpenoid and triterpenoid biosynthesis; G. Plant hormone signal transduction; H. Phenylpropanoid biosynthesis; I.
Phenylalanine, tyrosine and tryptophan biosynthesis; J. Phenylalanine metabolism; K. Linoleic acid metabolism; L. Limonene and pinene
degradation; M. Glutathione metabolism; N. Galactose metabolism; O. Flavonoid biosynthesis; P. Flavone and flavonol biosynthesis; Q. Fatty
acid biosynthesis; R. Circadian rhythm plant; S. Carotenoid biosynthesis; T. Alpha Linolenic acid metabolism.
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Fig. 4 TOP 20 KEGG pathway enrichment of differential genes
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Fig. 5 Expression levels of Unigenes encoding enzymes involved in plant

hormone signal transduction before and after germination
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Fig. 6 Expression levels of Unigenes encoding enzymes involved in starch and

sucrose metabolism before and after germination
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