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Changes of amino acid metabolism and related genes expression in fruit of
Sinopodophyllum hexandrum at different ripening stages
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Abstract: Objective To reveal the changes of morphological characteristics and amino acid metabolism in fruit of Sinopodophyllum
hexandrum at different ripening stages. Methods The morphological characteristics, amino acid content, and related genes expression
were determined and analyzed in fruit of S. hexandrum at different ripening stages (S1 to S9). Results There were significant
differences in morphological characteristics (e.g., fruit color, length, and diameter), amino acid content, and related genes expression
during fruit ripening. The fruit length, diameter, fresh weight, and dry weight showed a 2.2, 2.18, 31.42, and 49.05 fold increase at the
S6 compared with S1; the content of amino acid were greater at the S5 and S9 than other stages; the 10 candidate genes related to
amino acid metabolism [e.g., arginine decarboxylase 2 (ADC2), arogenate dehydratase 6 (ADT6), and asparagine synthetase (AS)]
showed a down-regulation to some extent at S4 to S8 compared with S2. Conclusion There were dynamic differences in
morphological characteristics, amino acid metabolism and related gene expression levels with fruit ripening. These finding will provide
useful references for the development and utilization of S. hexandrum fruits.
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FI75 30M 4'-25 B O F 75 30 55 PSR IR SIS (il e 3%
L ZE My F S T 45, HAPUME . 5. AR5
HAERERS), 535h, EEREAR. BIR. 26,
e R, @HRR . R ITTRE AL W RE X
/NP2 3 BSR4 A F E T 9 A — s B
Re, HZERIERUN R S, HAm 2 AR A& A
P B HF AR IR AT -

AR, BEEPE) L-CE A IR DR AR, He
SETERE AN E A PR TR S5 25 3G 0000 S AR i/
ST R AR BB B, beandies . il
A HAZ M B S TR BT D . B AR, Bk
JL-BRSEAEY BN V)& 2 B R Z AR
WCEEATHIREM . Eedn, AR T AR SERIME . BARA
TR T ik, g LA B (R T R
FEANSR A AT PR . S S EAA R A S A
W T EEHRE B A KA IREK (4~9 1), B
PR SE R WMD), BEAE RS, RARRS
BRI, TR SRS SR VA
¥, 25 RHARBRAEYE BN R N 2R
fi# 2§ (phenylalanine ammonia lyase, PAL). 4-# .
fR: HlE A ZEFERE 1 (4 coumarate: CoA ligase 1,
4CLD) F4-FER: 4§ A EHN 2 (4 coumarate:
CoAligase2, 4CL2) ¥ Nifi, Z5EERMEDEY)
A U B R A HA & i (chalcone synthase,
CHS). &HEi & 1 (chalcone synthase 1, CHS1)
A& HWA A R 3 (chalcone synthase 3, CHS3) 4§ I
W, 25 2R EY)E R BRI DR -k SRpE
( beta-fructofuranosidase ; soluble isoenzyme I,
INV*DC4) . A R R BEFE-6 (probable fructokinase-
6, Atlg66430) Ml 4-o-Hi FEWEH £ 8 DPE2 (4-a-
glucanotransferase DPE2, DPE2) ik &R0 FE 4K
Ko, I HFEA R, TAE S SHBE LG R ST
AFHE. AR & 8 SR R R IE KA,
AR DARTE o PRI, AN FTLAAS A et ik ) LB AR sk
JoRPEL, RHTEARHE. 2R & SRR IR IA
AKFHEATIE 55007, B LR SERITT R A H]
Y N
1 #8

I HUCH A H R R B M = e B GNR 2 0
B AP S AR 2450 m, 34°30'N, 103°41'E) )
5 FEAEBRL-CRERR, PRl b E B AR R R 2
YRIE 5 i 55 R AR AT 90 01 48 e /N BERE Bk L LB e
Yk )L S. hexandrum Royle. H 2022 46 A 11 H

THIG KA F SRR S, B8 7 d K& 1R (n=
12), &8 H 6 HHRE 9 Ik (S1~S9). AR FE
AT T, S1 A0 S2 J& 4RI, S3 /1S4 J& T
R S5~S7 J@ T, S8 1S9 J'T-#ktk
W RISREFLRKIEE, —#a 8 TkaEha
[ T RS FHEM SR S 2E; —59H
TR JG 5 B B T80 CIRAF, A TRREFRIAK
P 5E
2 BE
2.1 SRSEFFHERTNE

A FHBCR s R RO & R SE K FE M EAR, 0
OSSRV FH A F P 2R S g
BATFE CRIT 80 CIHEEMM T,
22 FEBREERINE
K FH B = W R S 2 Ui S R R R
o BAKDIE Y. HERIFREL 0.50 g iR s, B
THEEEH, A 1 mL 10%ZBRHFEE 2513, FIA 50
mL Z.08F, H 15 mL 2808 /K 0 OB RS v L
B, IR NI 1 h; Lk, 22 °CL 4000
r/min £ 20 min, YEE RIEW, HZETKERZ
25mL; A5, W I mL $2BUEE T 20 mL BT
BRI 1.0mL EZ K. 0.5mL Z
TR-F IR Eh 2PN 3.0 mL K& Ei =FHE AW, 7
IHRAEZET 100°CARBH RN 15 min; #J5, X
N EARE G, H 60%LBEE A% 20mL, A
S MCEETHAE 570 nm FIEWOEREE (4D H, DA
TR O T F I . IR & R LR A RN
PR s, TR AR

HER A B =(CXV)/(Vi X MX 1 000)
C MR, Vi IERE S ARAR, V2 SR
WA, MR EE T &
2.3 FEBIHEXEENIZHE

FET AR EGAIARk LR SE, i FR2h R, 1
KT B AL 4 A OC s IARER 2. S4.
S6 1 S8 fifr 5k K] Rk 56 UE % 5% 40 ¥ Chttps:/
dataview.ncbi.nlm.nih.gov/object/PRINA 909622 (101,
FIF uniprot £ % (https://www. uniprot.org/), A&
P FE R g i 1) 3 L SUE e D Re, 1288 S m AR AR
W EL R ORI 22 5 RIE HE
2.4 EFERIE (geneontology, GO) FREERES
HEEBEBREF (Kyoto encyclopedia of genes and
genomes, KEGG) E&EDH

FIFHAELZ M3 Chttps://www.omicsmart.com/#/)
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XFFHZHRE) 18 A EHHES 5 R ER AU 2 7 A ]
T GO I KEGG & 5407
2.5 E& RT-qPCR &

M 2 5 3L K CDS /741, FF NCBI Primer-
BLAST(https://www.ncbi.nlm.nih.gov/tools/primer-
blast/) & iHEK S5 (£ Do 51946 Rk i
A TAEVTIESEARRS AR AT M. £/ Plant

RNA Kit (R6827, Omega A7) $HLE RNA, F)
Jil FastKing cDNAKit (KR116, KIREMLEHTA R
Aw]) & cDNA, FJH SuperReal PreMix Plus
(SYBR Green) (FP205, RARAUEHIARAFD
BT RT-qPCR i, F AR S SiAd 28 J 2% A WL 13t B
Fio BL Actin fE RN SR, R 2788 ikt B
BRI R A R R 7K 3T,

# 1 RT-qPCR #5455

Table 1 Primer sequences used

in RT-qPCR quantification

ER AR FFo (5°—-3) T =YK/ bp F55

ACT 1E[H: GCAGGGATCCACGAGACCACC 104 Al245731.1
JZA: CCCACCACTGAGCACATTGTTCC

ADC2 1E[A: AGCTTTCCGTTCGACCTGTT 163 Isoform0010517
S A: AGACAATCCAGCATCCCAGC

ADT6 1IE[[]: CTGGGGTGACTAAAGGCGAG 110 Isoform0028450
J2H: GTCTTCTACTGCTTGGCGGT

AS 1E[f: CCATTGGTTTTGCGACATGC 155 Isoform0016254
JZ: CATTGCTTGGCAGCCTTTGT

CHYI 1E[A: GTGGTGACTGAGAAAGCGGT 127 Isoform0023787
S [B): CAGCCGTGAGCCCTAAGTAT

DAP 1E[A: AAGGTTGCACGTACCGATGT 167 Isoform0016544
JZ1i: CGAGGGCTGTCATCTGTTGT

GDCSH 1ElA: GGGTAGCAGTTTTGGAGCTGT 118 Isoform0034080
J2f: ATTGATCGCTCCAGGTCCTTC

IPSP 1E[A: TGCAAGGGTTGGTTTGGAGT 169 Isoform0029348
S If: TCACCCTTGTGTCTGGATGC

METK 1E[A: AATCCATCTGGCCGTTTCGT 139 Isoform0032937
JZa: CCACCTTGGTTGGGTCCTTT

P5CS 1E[A: TCCGTTGGGTGTTCTTCTGG 130 Isoform0021032
J2H: TGCATTAGATCGCCTGGCTT

THAI 1E[]: TGACGACGTATTGGGTTCGG 154 Isoform0019864
J2IA: AACTTCACTCCCCCTCACCT

2.6 Ziit5oh FEFEARLE S1~S6 I HA G Z 9, S6 i HAH X%

FANIGEE 3 K. KA Excel 2019 HE4T 50
HHES5HIE. B8H SPSS 22.0 #fF#E4T One-Way
ANOVA Duncan £(#f 22 7 5o 2 143 4

3 ER55%%
3.1 AEIHRFEIR SR SIFERNT L

e 1 s, MELEIRSEAE G R, B
SREMBTE AL T REFERL . REHOHTE

(S1~S6) A4 (S7T~S9); JAEEIZHI K E ., 1£ S6
MR SR L8, BEERER; Frk
Hidfd, MEBEH A6 (S1~S3) ZRat
(S4~85) Rt (S6~S9) (K 1-A). Rk

T S1 3BT 2.21 F1 2.18 %, S6~S9 I} %
HEEZ (B 1-B. C). RSz EMT e
1E S1~S6 i {1 & Z 1, S6 i HIA T S1 4351
BT 31.42 F1 49.05 fi5; S7 WA E T %, AH
ST S6 AR T 1.24 A1 1.39 f%, £ S9 i
WA BELL (F1-D. B
32 FREIBRAHARITSERSENTNL

WKl 2 fros, BhIL-ERIE SRR F, 2k
SERAE T BETN. S1~S5 I, HERSE
EHAM, {E S5 W HHIAH] 13.22 mg/g; S6 B L
TR, FXTT S5 B ARR T 1.71 %, 2RJ5 % S9
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A, fruit phenotype; B and C showing fruit length and diameter, respectively; D and E showing fruit fresh and dry weight, respectively. Different lowercases

indicate significant differences at P < 0.05 level.
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Different lowercases indicate significant differences at P < 0.05 level.

2 AERZEHEABLERI SRR S EMNTL
Fig.2 Changes in amino acid content in fruit of S.
hexandrum at different ripening stages

BF 1A S B3 0, 72 SO B AL F 13.01 mg/g; S9 5
S5 INHAHLL A W3 % R

Changes in fruit characteristics of S. hexandrum at different ripening stages

3.3 FEIRFEARER IS EREIZ R
M 2 G ER, 2483 5 @ B RACH B #%
MRET 18 NEFIENR: BN AE (arginine
decarboxylase, ADC). F5% LR HF 2 (arginine
decarboxylase 2, ADC2) 75 7 B M 7K Bt/ TR R Mo 7K
1 6 Carogenate dehydratase/prephenate dehydratase 6,
ADT6) . RA&WEEA il (asparagine synthetase,
AS) RAWIE A Al 1 (asparagine synthetase 1,
ASID) .\ 3-B AR T BB A KEM 1 (3-
hydroxyisobutyryl-CoA hydrolase 1, CHYI). LL-—
Rk B TR & K F2 B ( LL-diaminopimelate
ammotransferase , DAP ) . K 4L T &
(phenylacetaldehyde synthase, ELIS). 75 % R i 32 i
(glutamate decarboxylase, GAD). HZ&ARLEM RS
H £ H (glycine cleavage system H protein, GDCSH)
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Table 2 Differentially expressed genes directly participating in metabolism of amino acid in fruit of S. hexandrum at

different ripening stages as well as their RPKM values

FE RS R K RPKM

S4vsS2 S6vsS2 S8vsS2

1 ADC KRR R -1.49 -1.67 217
2 ADC2 o 2 R R W 2 -1.46 -1.96  -2.29
3  ADT6 75 7 1 Ft /K Bl TR R Mo /K T 6 -1.16 -1.73 -1.73
4 AS KA iz s g —4.60 -2.81 -5.57
5 ASI RABE A U 1 -4.83 -290  -5.43
6  CHYI -k T EAEE A KRR 1 -2.04 -1059  -8.18
7  DAP LL- &R AL -1.34 -3.95 -3.51
8 ELI5 KB -1.59 -2.56 -3.26
9  G4D BB NR N -1.16 -1.50 -1.08
10  GDCSH HERAEWM RS HEH -1.15 -6.48  —10.62
11 IPSP A& R AL IR 22 2 R B R -4.16 -790  -8.33
12 LYSA2 TR R R 2 -1.06 -4.17 =379
13 MET 5-F 25 Y S BGENS = 75 20 2 - v 2 o 2 R R S R il -1.04 -226  —2.56
14  METK S-WRE IR AR & B -1.57 -1.92 249
15  METK2 S-WRHE F AR S 2 —0.84 -229  -2.04
16  P5CS AL-TEE IS IRR-5- IR TR A 1 -2.19 -2.70  -3.69
17 PTOI242 B AR R 3 A -1.26 -487  -7.08
18  THAI L-75 S BRI 1 -1.04 -1.84  -125

Ak 4 B WO AL 1 R 22 2 R 1% TR W ( metal-independent
phosphoserine phosphatase, IPSP). 2 J& P R/
R 2 (diaminopimelate decarboxylase 2, LYSA2)
5- P 3 D0 SR I = A4 SR - e <1 DB U IR Y 6 A A% iy
(5-methyltetrahydropteroyl triglutamate-homocysteine
methyltransferase, MET). S-JRH H iz R &8 (S-
adenosylmethionine synthase, METK)- S-l# F i &
2 & 2 ( S-adenosylmethionine synthase 2 ,
METK2)\ A1-MEPEIK-5-F2 2 & i (Delta-1-pyrroline-
5-carboxylate synthase, P5CS). %R F 2B
T8 (glutamate formimidoyltransferase, PTO1242)
AR S L-93 A BRI 1 (Low-specificity L-
threonine aldolase 1, THAI); B RS, 18 4
H N R IAFKF [ 513&5%, RPKM {HTE S4. S6
A1 S8 I IR XS T S2 (¥ AR Ak Y 43 i 9 —4.83
(A4S1) ~—0.84 (METK2). —10.59 (CHYI) ~-1.50
(GAD) #1-10.62 (GDCSH) ~—1.08 (GAD).
34 AEIHKFAHRERRRSHEXER ST

I 2R 18 N E S 5 R BT ACH
ZRHERPEAT GO Al KEGG EHT, IR,
£ GO Hfls Ferp LB 4R 2 30 SKigte, I 5 it

AN a-FEEBRACHIEFE . AR SRR I AR
BRI AR R . IR I I AR A
WLUER /ARl RE ;s KEGG Bl St & 43 26 %
AT, Wi 5 KB NE TR SR IRFAR
WA AR RS, MERAED AN BE
FR AR A (B 3).
35 AFREIRFAHIERNKIHEREERIEKER
RT-qPCR 351

W HES SRR 10 MREME
7E S 3L R 4T RT-qPCR 301, 45 Rl 4 iR,
S2. S4. S6. S8 WA 10 MK : ADC2. ADT6.
AS. CHYI. DAP. GDCSH. IPSP. METK. P5CS
A THAT ZER PR R IE K5 RPKM {HFEEA —
M. 5 S2 4Lk, S4. S6 F1 S8 HFHI 10 NFEH K
FKIEKFEEI R, FTREED N 1.32~
3.19. 1.06~12.50. 1.58~8.70. 1.41~1.63. 2.50~
6.90. 1.46~3.97.1.45~13.21. 1.06~2.91. 1.05~
6.46. 1.87~11.10 f%.
4 e

RELKBRAR—NEIRISRE, AR
AN Bt TR W KRS KA SIS, H
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Fig.3 GO (A, B) and KEGG (C, D) enrichment analysis of genes participating in metabolism of amino acid
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Fig. 4 Expression level of 10 representative genes directly participating in metabolism of amino acid in fruit of S.

hexandrum at different ripening stages
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