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Screening and identification of several metabolites associated with cold

resistance in peach buds based on widely targeted metabolomics
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Abstract: [Objective] Peach has a long history of cultivation and wide distribution in China. Tempera-
ture is the main factor affecting the growth and development of peach trees as well as determining their
natural distribution, so it is of great theoretical and practical significance to clarify its physiological and
biochemical mechanisms in response to low temperature for breeding and screening peach cold-resis-
tant varieties. Metabolomics, as important components of systems biology, can reveal differences in me-
tabolite profiles among different species, between different tissues of the same species, and between the
same tissues of the same species under different conditions of adversity stress. The aim of this study
was to investigate the metabolites that would affect the cold resistance of peach buds and to facilitate a
deeper understanding of the metabolic pathways of cold resistance in peach. [Methods] The material
used for the cold treatment to identify the differential metabolites was 6-year-old Zhongnong Jinhui,
and the annual branches were taken from the upper and middle periphery of the tree, cut into 30 cm seg-

ments, wrapped in plastic wrap and placed in the refrigerator for stress treatment. All the samples need-
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ed for the experiment were put in at once, and the time of starting the treatment was recorded. The
branches were removed at 0 h, 24 h and 72 h, and the leaves on the branches were removed before the
branches were thawed, and the peach buds of the same size and without mechanical damage on the
branches were selected and peeled out with forceps and dissecting needles and then were quickly put in-
to liquid nitrogen. metabolite assay. Four significantly different metabolites, aminopurine, adenosine,
xanthine nucleoside and DL-homocysteine were selected from the metabolome assay, and the standards
were prepared in distilled water at different concentrations. Fifteen uniformly growing Zhongtao Kang-
zhen 1 rootstock plants were treated at -4 ‘C in a light incubator for 16 h of light and 8 h of darkness.
The seedlings were sprayed with different solutions of the standards at a dosage of about 15 mL per
plant every 24 h, using tap water as control. Finally, the proline content, the expression of the key gene
PpP5CS for proline synthesis and the cold resistance related gene PpCBF?2 in the leaves were measured
on 1, 3 and 7 days after the treatment. It is known that the increase of proline content in the plant tissues
under low temperature conditions can improve the cold resistance of plants, therefore, proline content
was used as a physiological indicator for cold resistance breeding. Similarly, the relative expression of
PpCBF2 gene could indicate the response of seedlings to the low temperature stress. [Results] A total
of 172 functionally annotated metabolites were detected in the peach buds by comparing information
from LC-MS/MS detection platform and database. The secondary classification of these metabolites
could be classified into 10 categories, among them the amino acids and their derivatives accounted for
the highest percentage, followed by the phenolic acids, flavonoids, organic acids and lipids. The content
of these 172 metabolite components was analyzed, and 32 major metabolites were found in the peach
buds, including 7 amino acid derivatives, 5 flavonoids, 4 phenolic acids, 4 lipids, 3 organic acids, 2 alka-
loids, 2 nucleotides and their derivatives, 1 tannin, and 4 others. According to the Fold change (FC =
1.5) combined with p-value<<0.05 analysis, 32 metabolites with significant differences were screened,
among them 8 were down-regulated and 24 were up-regulated, and their secondary classifications were
mainly amino acids and their derivatives, nucleotides and their derivatives, flavonoids, alkaloids, lipids,
etc. We randomly selected 4 metabolites from the up-regulated metabolites to perform validation experi-
ments on seedlings. The standards of these four significantly different metabolites, xanthine nucleoside,
adenosine, DL-homocysteine and aminopurine were selected to prepare solutions for in vitro validation
experiments. The results of the validation experiment showed that the proline content showed an overall
increasing trend followed by a decreasing trend and reached a peak on the 3th day of the -4 ‘C treat-
ment. However, by comparing the increase of the proline in the control and treated groups, we found
that the increase of the proline content in the control group which sprayed with tap water was not obvi-
ous by comparing with the previous and the subsequent treatments. The peak of the proline content on
the 3th day was only twice as much as that in the control group, while the increase of the proline con-
tent in the plants caused by spraying other substances was strengthened obviously, especially by the
spray of xanthine, reaching 6 times as much as that of the control. Similar to the changes in the proline
content, the expression of the PpP5CS, a key gene for proline synthesis, in the leaves of seedlings treat-
ed with xanthine nucleoside likewise peaked on day 3 of treatment and was four times as much as that
of the control. The expression of the PpCBF?2 in the control group sprayed with tap water gradually in-
creased with time and reached the highest value on day 7, which was 1246 times as high as that on day
0. The expression of the PpCBF?2 in the leaves of seedlings treated with DL-homocysteine and xanthine
nucleoside gradually increased with the time of stress treatment and reached the highest value on day 3,

which was 13 810 and 3650 times as high as that on day 0, respectively; The expression of the PpCBF?2
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in the leaves of seedlings treated with aminopurine and adenosine increased gradually with the prolon-

gation of stress, reaching the highest value on the first day, 1464 and 1169 times as high as that on day

0, respectively, and then gradually decreased on the third day. [Conclusion] The results of the valida-

tion experiment showed that the proline content of seedlings treated with four substances, namely xan-

thine nucleoside, adenosine, DL-homocysteine, and aminopurine, increased during the low temperature

stress compared with the control group sprayed with tap water, indicating that all four substances have

the effect of regulating the cold resistance of peach buds.
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Table 1 Primer sequences for quantitative real-time PCR

5194 FX Primer name

LW551%)(5”-37) Forward primer(5°-3")

FUFBI4(57-37) Reverse primer(5”-3")

f-actin GATTCCGGTGCCCAGAAGT CCAGCAGCTTCCATTCCAA

PpCBF2 GCGTCAGAAAGCAAGTCAGC CTCGGTGTAAAGAGGTGGAGACA™
PpP5CS AGCCTGTAACGCGATGGAAA TGGAATGAATGCGCTTGTGG™
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Table 2 Classification proportion of total metabolites in bud

R #H =4 (it #H fikt
Metabolites Quantity  Ratio/% Metabolites Quantity Ratio/%
IR K HATAEY) Amino acids and derivatives 19 20.40 R S HATA W) Nucleotides and derivatives 21 7.49
13225 Phenolic acids 24 15.44 A=Wk Alkaloids 13 3.02
M Flavonoids 23 14.73 &%/ Tannins 3 2.12
A WLEZ Organic acids 10 12.58 AMGFEAF F & Lignans and Coumarins 1 0.01
IEJ5t Lipids 28 10.10 HAth Others 30 14.10
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Table 3 Classes and proportion of main metabolites in buds

R ea R aa
Metabolites Ratio/% Metabolites Ratio/%
KR O-WIHERR Salicylic acid O-caffeic acid 5.58 5t B4 3K -3-O-25 & B Isorhamnetin-3-O-rutinoside 217
L - KAl L -Asparagine 5.17 LysoPC 18:2(2n 54444 LysoPC 18:2 (2n isomer) 1.93
2,5- TR RER IR O- T 4.20 D- 1L ALk 1.85
2,5-Dihydroxy benzoic acid O-hexside D-Sorbitol
15122 %% Homoserine 3.78 JHER- C BT Nicotinic acid-hexoside 1.83
i 3-%F & B IR ZEE JE R Cis-3-p-coumaric quinic acid 3.57 JF 4475 2 B3 Procyanidin B3 1.78
L F -k e I 3.34 L-BHR 1.77
Kaempferol-3-Glucoside-6"-p-coumaroyl L-Glutamic acid
3,4- " JR SR HE 3,4-Dihydroxybenzaldehyde 3.30 2,5- R FEFHR 2, 5-Dihydroxybenzoic acid 1.64
i & BE2 Gluconic acid 3.22 6-F SR EENS 6-Methylmercaptopurine 1.46
6,7-_FRIEFERT-0O-F e iR 2.88 S-SR 1.41
6,7-Dihydroxycoumarin 7-O-quinic acid 5-Oxoproline
3-O-F iM% T 18R 2.72 +\B-9E, 13E,152- =}l 1.41
3-O-Feruloylquinic acid Octadeca-11E, 13 E, 15 Z-trienoic acid
HHE T Prunin 2.70 JHBK Nicotiflorin 1.34
JRIR(RG) UROCANIC ACID(RG) 2.70 Ii% %R Tyrosine 1.33
L-NREERR L -Pipecolic acid 2.54 LysoPC 18:1(2n FH44K) LysoPC 18:1 (2n isomer) 1.27
L -4 B2 L -Valine 2.49 A7 L, Trigonelline 1.14
L -5 L -Leucine 2.34 TH5-3-0-F-FLFETT Syringetin-3-O-galactoside 1.08
94 Guanosine 2.30 9,10-EODE 1.03
A.TlvsT2 B.T1vs T3
54 [ 5 I
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1 1
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§ 31 ! :. . 3 3 : ! ® Downregulated
= L S | o T 5
< 14 en L .
n PRI S e | % No difference
W T A D
pregulate;
____________ 1 S SR o S—
1 P 1 x
x . | g 1 . . . . 1 : | . .
-10 -5 0 5 10 -10 -5 0 5 10
ZE S REHRAELL TE SRR L
Log2(Fold change) Log2(Fold change)

AL T1 vs T2, BI5XS HEZE.CO b LRASE, AIRIR AR BT 24 h 7B 13 3 22 AR5 B. T1 vs T3, RIS XA (0 h) LR, IGIRALB] 72 h Fif 5 45 31 i 22
AW [log.FC|>0.6,p-value<<0.05 ML R, logFC>0.6 #18 %3# FIRREY, log.FC<-0.6 M E3E FRREY, KRN ZEFA
2.

A. T1 vs T2, differential metabolites obtained by screening at low temperature treatment for 24 h compared to the control (0 h); B. T1 vs T3. differ-
ential metabolites obtained by screening at low temperature treatment for 72 h compared to the control (0 h). [log.FC|>0.6, p-value<<0.05 as screen-
ing criteria, log.FC>0.6 considered as significant up-regulated metabolites, log,FC<<-0.6 considered as significant down-regulated metabolites, the
rest considered as insignificant difference.
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Fig. 1 Volcano plot of differential metabolites of peach buds at different treatment times
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Table 4 Different metabolites in peach buds under different treatment periods
T1vs T2 TlvsT3
fiiﬁ:ﬁﬂmohm ZERERTE plE RSt ZEREBT L plE WA
log,FC p-value Regulation type log,FC p-value Regulation type
L- KA R L -Aspartic acid -0.81 0.03 Down -0.64 0.02 Down
DL-[FAIZ1 k482 DL -Homocysteine 1.72 0.19 - 227 0.04 Up
L-¥E%B L-Arginine -1.19 0.01 Down -0.28 0.13 -
L-t5%# L -Tryptophan -0.99 0.02 Down -0.79 0.01 Down
AL M AL Glutathione oxidized 3.02 0.01 Up 2.59 0.00 Up
A 5EIE % Aminopurine 1.24 0.01 Up 1.12 0.00 Up
B4 Adenosine 1.28 0.00 Up 1.21 0.00 Up
94F Guanosine 0.51 0.01 Up 0.90 0.01 Up
#H Xanthosine 0.90 0.02 Up 1.38 0.01 Up
3 - R 1T Adenosine 3”-monophosphate 1.97 0.04 Up 1.49 0.01 Up
MEAE-5 -FR R Adenosine 5”-monophosphate 1.58 0.02 Up 0.98 0.07 -
5’ -l R Inosine 5’ -monophosphate 1.88 0.00 Up 0.95 0.09 -
Ei 75 & Tricin 1.23 0.07 - 1.61 0.00 Up
MR Nicotinic acid 0.1 0.73 - 1.19 0.02 Up
3,4- "2 FIK I 3,4-Dihydroxybenzaldehyde -0.21 0.1 - -0.63 0.00 Down
D-iZ 1% D-Pantothenic acid -0.62 0.24 - -1.14 0.01 Down
HIHEAE 2 Glucogallin 0.74 0.00 Up -0.11 0.91 -
REERE Trehalose 0.90 0.00 Up 0.10 0.76 -
RAEAKRZE O EHEF Trans-Zeatin O-glucoside  -0.12 0.78 - -0.64 0.05 Down
KFF LR Roseoside 0.04 0.80 - 0.64 0.04 Up
A 5] 2,1 Methoxyindoleacetic acid -0.92 0.02 Down -0.70 0.00 Down
sn-T7ili-3-B B IE 66, sn-Glycero-3-phosphocholine  —~1.06 0.01 Down -0.88 0.00 Down
9,10-EODE ¥ If i IR it £ B2 16:0 0.76 0.06 - 0.94 0.04 Up
LysoPE 16:0 ¥ I 5Bk £ B 18:2 1.69 0.00 Up 1.93 0.00 Up
LysoPE 18:2 J LB fRIE 2 B2 18:1 151 004 Up 1.49 002 Up
LysoPE 18:1 1.55 0.00 Up 1.65 0.00 Up
B ARIEAR AR 16:0 2.11 0.01 Up 2.14 0.01 Up
LysoPC 16:0
LysoPC 18:3(2n SEF4 440 1.87 0.00 Up 2.10 0.00 Up
LysoPC 18:3 (2n isomer)
LysoPC 18:2(2n SfAE44) 1.58 0.02 Up 1.38 0.03 Up
LysoPC 18:2 (2n isomer)
LysoPC 18:1(2n StH44) 2.79 0.00 Up 2.39 0.01 Up
LysoPC 18:1 (2n isomer)
M AR BN 181 LysoPC 18:1 1.63 0.03 Up 1.53 0.03 Up
VA LA IS TR EB6, 20:4 LysoPC 20:4 1.59 0.14 - 1.74 0.00 Up

He BER.

Note: —. No difference.

Vo BRI T B AT N A R
(K 73 16 # F p-value = 0.8>>0.05, /i iR p- value =
0.73>0.05) ; [FAIFER , L-FE Z IR & B AR R IS
L H G B A 2 (p-value=0.13>0.05) ;
DL-[FZY iR 7E 30X 2 M AR & 28 kR
PR AR AT HA AR A S35 (DL-[F) B Y i 2R p-

value = 0.19>0.05, £/ 7& & p-value = 0.07>0.05) .

2.5 WEEFFE BT B E RS
SRR S ZE AR I D e 5 M 32 Fh 22 AR A
L BFEAEAE1d53d)E, 5SXEA O DA

EER B R 1 4 R AR I 1) b v ot i VR 5
TRk 4, 0 AR AL B i ot R 4 55 Ak B A P 1)
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D01 D02 DI 1 DI2

D3 1

D3 2

L-FE% R L-Arginine

L-t %[ L-Tryptophan

A 5 W 2, % Methoxyindoleacetic acid

sn-H JH-3-TBR IEAR, sn-Glycero-3-phosphocholine
L-RAZ R L-Aspartic acid

3,4-FRIEIK IS 3,4-Dihydroxybenzaldehyde
D-JZ F& D-Pantothenic acid

JRAEKZE O % HH Trans-zeatin O-glucoside
HHEIE 2 Glucogallin

JEHEHE Trehalose

3B T Adenosine 3'-monophosphate
METE-5"-FL B ER Adenosine 5'-monophosphate
5"-WIZ % Inosine 5'-monophosphate

KFE LN Roseoside

JHPR Nicotinic acid

DL-[FH - 282 DL-Homocysteine

5 Xanthosine

%5 & Tricin

VR I AR AR 16:0 LysoPC 16:0

LysoPC 18:2(2n &) LysoPC 18:2 (2n isomer)
VA LA MR EEAE AR 18:1 LysoPC 18:1
VARG IE £ 2R 18:2 LysoPE 18:2

ZHFEM Aminopurine

Ji#EF Adenosine

AT R Glutathione oxidized

LysoPC 18:1(2n 5##41£k) LysoPC 18:1 (21 isomer)
VA LB IR IEAE AR 20:4 LysoPC 20:4

51¥ Guanosine

9,10-EODE

W LA REE £ 2% 16:0 LysoPE 16:0
VL IR IE 2 BERE 18:1 LysoPE 18:1

LysoPC 18:3(2n FH4/4) LysoPC18:3(2n isomer)

1.5

1.0

0.5

0.0

DO. Wi :DI1. 1 d 43 :D3.3d Wb¥E. B 2 IER.
DO. Control; D1. Treatment for 1 day; D3. Treatment for 3 days. Each treatment has two replicates.
B2 ARAERENFESRGDRED

Fig. 2 Cluster analysis of differential metabolites in peach bud under different treatments
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Fig. 3 Changes of proline content in leaves after treated
with different metabolite solutions

B, FE58 7 R Bt R B W% 75 7K 17 5o 28 7 oy
EHTE R R S & IR, 8 3 RIMER &
A0 d 2 £ 5 T W it At A0 J5R a2 MR RA A T 1Y)
FIRMER S ENOAII 61,
2.6 MEHERFE RS EEXEERRILEN
A

RN HE— 25 B KT B0 AE AR P it Bk 4 1
PUIEME RS20, 2B IR HF 17 1 AN IR M B AH OG5 (A
PpCBF2"'V) J 1 A28 & i i 2 Rl PpP5 CS™,
D FLAEAG IR AL B S5 (1 A 6 R IA o

PR 4-A \] DL, 055 e 7 7K B 6 B AL, PpCBF2 3%
1 o I R P 3 I ) S KSR T PR 7 RIA F
B EE, 0 dIf 1246 £ s 4 DL-[F B LR R 5 3
WIS % AL T S K 2 P, Hom b PpCBR2 3R IA
2[RRI B ) i 320 18 A, (LU L I E Ak
HEHIR, MEEREER NE, B3 REEESD
K0 d 13 810 55 3650 1% ; & s 5 R4
AbFE IS I 2h T, Hork AR PpCBF2 (3R 5 B (E
PAEEE 1R, 43580 d ) 1464 5116975, HEE 3 K

=
W



51

RFRT A BTz BL AT 2 R S SR I R R S e 9

TFARIZET T B g TR W], Bk i i s 2 81 TR
TP, AR R 1 Ak B AT RE S0 T Ak 40 A
TSR T .

F P 4-B AT DL, W5 0t 1 7K W BR T  DL- R 8L 2
iz 5 S HE WA A B R R PpPSCS 3Rk S AR B

—o— X} Control

—o— DL-[A] B & R DL-Homocysteine

15000
12 000 |
9000

6000

PpCBF2 X ik &
Relative expression of PpCBF2

3000

—a— T % FF Xanthosine

ALFE JE 1] Time after treatment/d

B4 ARREIARLCERHAEXERRAEELER

Fig. 4 Changes of gene expression in leaves after treated with different metabolite solutions
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