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Abstract: [Objective]l This study aimed to elucidate the differentiation patterns of aroma metabolism during fruit development
across distinct peach flesh types, and identify key regulatory genes governing cultivar-specific aroma profiles, so as to provide a
theoretical basis for flavor improvement in stony hard peaches. [Method] The melting-flesh cultivar Chunmei and the stony hard
cultivar Zhongtao 9 were utilized as experimental materials. Seven critical sampling stages were established throughout the fruit
development cycle. Volatile compounds were profiled using headspace solid-phase microextraction combined with gas chromatography-

mass spectrometry (HS-SPME-GC-MS). Transcriptome sequencing was performed to identify differentially expressed genes (DEGs),
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and Pearson correlation analysis was employed to pinpoint core genes significantly associated with key aroma compounds. [Result]
A total of 57 volatile compounds were identified, with significant variation in composition and content across cultivars and
developmental stages. The stony hard cultivar Zhongtao 9 exhibited no detectable ethylene production throughout development,
maintained high levels of C6 aldehydes (e.g., 2-hexenal) at the mature stage, and showed almost no accumulation of esters and
lactones. In contrast, the melting-flesh cultivar Chunmei exhibited a typical ethylene climacteric peak at the S3 to S4 transition,
accompanied by a 3.1-3.8 fold increase in ester content and a marked decrease in C6 compounds. Transcriptome analysis identified 2
806 DEGs, with clear separation between the two cultivars at all developmental stages based on clustering analysis. KEGG
enrichment analysis indicated that these DEGs were significantly involved in plant hormone signal transduction, a-linolenic acid
metabolism, and carotenoid biosynthesis pathways. Correlation analysis identified 16 candidate genes associated with ester/lactone
biosynthesis. Among them, BSK2 (Prupe.2G110200) and PpYUCII (Prupe.6G157400/6G157500) showed strong positive
correlations with hexyl acetate and y-decalactone, respectively. [ Conclusion] Ethylene was a key regulatory factor underlying aroma
quality divergence between the two peach flesh types. Impaired ethylene signaling in Zhongtao 9 likely restricted fatty acid

metabolism at the C6 aldehyde stage, preventing downstream esterification and lactone biosynthesis. Candidate genes, such as BSK2

and PpYUCI 1, together with hormone signaling pathways, were identified as potential regulators of aroma formation.
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Fig. 1 Cross-section phenotypes of fruits from Chunmei and Zhongtao 9 at seven developmental stages
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Fig. 2 Dynamic changes of fruit color parameters of Chunmei and Zhongtao 9 peach at different developmental stages



3644

ok

NI S

59 %

2.2 AEARMKGMRIABEIBPNCHESEDNT

T

WA ok 9 5 AR R E AR TR AR A I
Bl LR 2 B L AT B R AR U ) IR R
WA I 1) SRRSO A ) S H S T )i B
BRAR R, S1—S3 B BERS U LR (<<0.5 kg h D),
S4 W WIF iR P BTl S6 BBk I (4 5.0
uL-kg'h') , BlJG7E ST M Bt R (B 3-A)

TSI I e g R o (B 3-B) , R A R

Kbtk B R N, (0 ik 9 57 7E ST I
MYEFFEZ) 20N, BEF S THER (L 10N) , K
R (R SRR AE o HE P A O A BT R B (K
3-C) , R RSIRIMERE S SRR O R R R
HiAHOE, 3 Pearson AHIE R %N -0.743 (P<0.05) ,
RIS L OB, k9 57
G AR I P RE T2 2252 AF O O T A AL 52
Wiy, X 5 AT R Bk A FR T R G 1T 20 A sz
il (1) A2 BEAEAEAH 75

A —=— ##3 Chunmei B —=— %73 Chunmei C V=-7.254x+35.967
s —e— H1Bk95 Zhongtao 9 5 —o— H1Hk95 Zhongtao 9 - (=-0.743, P<0.05)
| |
e 50 -
- 60 F
o0 — — O
k> Z Z 40
= d c
i = 2 2
ﬁ g 3F g 40 + g
%2 g g 30F [,
% 2 i £ AN
N & 2 i s
g E ot g 20 N\
= .
= \
3 10 .
n \\
P :
1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 O \
SI S2 S3 S4 S5 S6 S7 SI S2 S3 S4 S5 S6 S7 1 0 1 2 3 4 5 ¢
KE W Stage KB Stage 2R

3

Ethylene release rate (uL-kg"'-h™)

‘HX 5 ‘PHoS RIBEMZERBMERNTSEURCH-EERXMEST

Fig. 3 Dynamic changes of fruit firmness, ethylene release rate and their correlation analysis of Chunmei and Zhongtao 9 peach
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Fig. 4 Aroma compound types of Chunmei and Zhongtao 9 peach at different developmental stages
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Fig. 7 Dynamic changes of different categories of aroma compounds in Chunmei and Zhongtao 9 peach during fruit development
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SRENYZEREFAES ML RERYE (K
10-B) , SI WHiZERERNEERE, & 1480 (k
W 544 4, T 936 AN 5 BEAERSEKE, S2—S3 i
W7 LB 4 4 458—631 A4S, {EAE S4 B4 G
PR ETE, S5—S7 BUAMA4ERETE 702—818 4>, 4k
R R - ARG R SR AR A A

ML 5 F SRR DG ThEg i i, XHE
S1—S7 Z /N A IR 22 S DR g A T 0 i, I

i KEGG Ml & H 0 i, 453 Enr (B 10-0) , %
SR E E R THYMERS ST o WARRA
KA SR E R E . YRS T
S AR de i, WA OS2 AR ETR EIN3 . ERF
BEIN P RBEREN, o- U BRIRAC HE M B F
LOX F HPL %5 5CHEIN, 2% N 3B i i &
4 CCD 53, 5 C13 5 R IR A&k (i
BT D KB



3650 moOE Kk

W B2 59 %5

2.6 BESYRSOEERXEKSH

O X AR AL S HE AR A S AT S DT R K S B £
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1.03X10™) o 7ERRIEA B, JEifikd 8 M5
o OB K 4R -3- OO0 BR B E A S 3 A
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F1 21 F0AV>1 IXKBESYRRESKEE
Table 1

21 key aroma substances with OAV>1 and their odor thresholds

FESYHR Aroma substance

SBRBIME Odor thresholds (pg-kg™”)

JBRFEE Aroma type

% Octanal 0.587 7 Aldehydic fragrance
2% Decanal 3 7 Aldehydic fragrance
1-2£47-3-l  1-Octen-3-ol 1.5 et % Scent of soil
1-:4%-3-fi 1-Octen-3-one 0.003 Je1+% Scent of soil

IE T Nonanal 1.1 WER Oily fragrance
Jx3-2-F )4 (E)-2-Octenal 3 MfE# Oily fragrance

Jx -2, 4-% —Ifil% (E, E)-2, 4-Decadienal 0.027 WER Oily fragrance

e -2, 4-T- ZJ%l% (E, E)-2, 4-Nonadienal 0.1 WER Oily fragrance

J7 % Linalool 0.22 167 Fragrance of flowers
B- KL p-Damascenone 0.002 {EA K Fragrance of flowers
TA-p-K% 20 Dihydro-B-ionone 1 {EA K Fragrance of flowers
PR % 4 B-Tonone 3.5 {EA WK Fragrance of flowers
LIRS Hexyl acetate 2 WHIE Fruity
LIR-3-CUFlE (Z)-3-Hexenyl acetate 13 REIE Fruity

2,3-% i 2, 3-Octanedione 2.52 BA&E Fruity

IFEC.#E Hexanal 5 FIAIE Grassy fragrance
2-CU#EE (E)-2-Hexenal 110 HEER Grassy fragrance

IF . Hexanol 5.6 FIAIE Grassy fragrance
JI5i-3- L 94-1-§F (Z)-3-Hexenol 3.9 R Grassy fragrance
FElE Heptanal 2.8 FIAIE Grassy fragrance
y-23 W1l y-Decalactone 1.1 Bk# Peach fragrance

3 it R, Wang PO Tk R IS I AR 1A A S

3.1 ZHESEHMBRESEREMRESKIGEI L

HEABTTT WA, SRR SEBZ R4 1T 4
W B RE Sy, AELURE I 2R, AT PR A5 A G
i, T AR T I 20 R AR SR R AL

AR I3 23 AT R W], B AE v R A% P R AT 4k R
I ZABARBE K, ToVE R B GARE Y » ATEFT4SE R
5 ERBIE 8, hEk 9 5T AR AL
ARACTIEN LR RE L, 7R Ho L et v e = S 2065
PR R S A UNIETRORE, AR
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Table 2 Key candidate genes significantly associated with esters and lactones between two peach cultivars

ENFS HEER HERYIR XM PHE

Gene id Annotation Volatiles Correlation P value

Prupe.1G007300 AW HIK S XK % Glutathione S-transferase family protein 7-% Wi y-Decalactone  0.78977232  5.06302E-10

Prupe.8G081800  SAUR FFA K ZE M3 25 1 5% (Small Auxin-Upregulated RNA)D 7-2$ NI y-Decalactone  0.781266115  1.02782E-09
SAUR-like auxin-responsive protein family

Prupe.6G157500 ¥ Z BN Z 1 Flavin-containing monooxygenase family protein  y-2$ N y-Decalactone  0.77503427  1.69318E-09

Prupe.4G262200  HACHHEEFEHE KIS A Pectin lyase-like superfamily protein 7-%$ i y-Decalactone  0.773254369  1.947E-09

Prupe.7G192800  RASHABEFAIEBF K EH Pectin lyase-like superfamily protein 7-2¢ Il y-Decalactone  0.77149158  2.23311E-09

Prupe.6G157400 ¥ ZE ¥ INEM KA H Flavin-containing monooxygenase family protein  y-2$ i y-Decalactone  0.765521038  3.5216E-09

Prupe.7G247900 2 ZFFH IR Ubiquitin-like superfamily protein 7-%$WIiE y-Decalactone  0.765034818  3.65255E-09

Prupe.7G216300  JLEZ N4k 4 myo-inositol oxygenase 4 7-%$ MG y-Decalactone  0.750757713  1.02794E-08

Prupe.2G110200 W33 S B {7 5 2 BR-signaling kinase 2 LIRCES Hexyl acetate  0.840380176  3.38379E-12

Prupe.6G361600  IZKEIZ IR E #1171 RraA/— FHk F 28R Y A6 45 il LB CE Hexyl acetate  0.823552189  2.13017E-11
Ribonuclease E inhibitor RraA/Dimethylmenaquinone methyltransferase

Prupe.8G178000 44 U-£i#& 4 15 (PUBLS)  Plant U-Box 15 ZIRC\ME Hexyl acetate  0.820125425  3.02577E-11

Prupe.1G317500  JiGBUBEIR WML 2 lipid phosphate phosphatase 2 LIRS Hexyl acetate  0.816580973  4.31669E-11

Prupe.3G162800  FSHHiUIR 4 &8 H (CalB &Ml Kk A LR C\ME Hexyl acetate  0.769708345  2.56219E-09
Calcium-dependent lipid-binding (CaLB domain) family protein

Prupe.4G188000 ¥ KK [ protein kinase family protein LIRS Hexyl acetate  0.761710103  4.67746E-09

Prupe.2G107600  -EIRIEENE MLO K% 4 (Mildew Locus O) ZIR-3- il 0.791412693  4.40037E-10
Seven transmembrane MLO family protein (Z)-3-Hexenyl acetate

Prupe.3G250400 ¢ COBRA #HH 1 Hifk LIR-3- Ol 0.754508468  7.88601E-09

COBRA-like protein 1 precursor

(Z)-3-Hexenyl acetate
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