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Abstract: In recent years, with the rapid development of China’s fruit tree industry and the improve-
ment of people”’ s consumption level, the demand for high-quality fruit is increasing day by day. Fruit
quality is mainly evaluated by two aspects: physicochemical and sensory measurements, the former
mainly includes the measurement of types and contents of the nutrients, the latter mainly refelects the
flavor substances, pigment substances and fruit flesh quality. Among them, fruit flavor, as an intrinsic in-
dex to evaluate fruit quality, is also an important factor to determine the market share and planting area,
so it has become the hot issue of scientific research. Astringency is one of the basic flavors in fruits,
which usually exists in unripe fruits and gradually decreases as the fruits mature. However, some wild
resources and cultivars are still relatively astringent after fruit ripening, which has a negative impact on
the utilization of wild germplasm and selection of good varieties. The astringent substances in fruits
mainly include tannins, catechins, epicatechin, chlorogenic acid, neochlorogenic acid and other polyphe-
nolic secondary metabolites, and the strength of astringency is closely related to the content of con-
densed tannins, i.e. proanthocyanidins. The biosynthetic pathways of astringent substances in plants
have been studied clearly, and they are synthesized in plants mainly through three pathways: phenylpro-
pane, flavonoids and phenolic acids. Among them, PAL, LAR and ANR, HCT and C3H are the key en-
zymes in the astringent synthesis pathways, respectively. In this paper, we summarized the progress of
previous studies on the metabolism of astringent substances in persimmon, grape, apple and peach
fruits, and found that transcription factors of MYB, bHLH, WD40, NAC, WRKY and bZIP families are

involved in the metabolism of astringent substances in fruits by positively or negatively regulating the
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expression levels of structural genes. It was also found that the mechanisms of action of homologous
genes were not identical in different fruit trees. It is worth mentioning that the environmental factors
such as light, temperature, water and hormones also affect the synthesis and accumulation of the astrin-
gent substances in fruits. In addition, this paper also briefly introduced the mechanism and common
methods of fruit astringency removal. The previous research results on the classification of the fruit as-
tringent substances, biosynthetic pathways, metabolic regulation and fruit deacidification had laid the
foundation for improving the formation mechanism of fruit astringency, and also provided the basis for
selecting new varieties of fruit trees with low or no astringency. However, there were some shortcom-
ings at the same time, so we also put forward future research suggestions: (1) Establishing precise fruit
astringency evaluation standards. At present, fruit astringency is classified into four grades: none, slight,
medium and much, but the boundaries between different astringency grades are rather vague, and the as-
tringency sensitivity varies from person to person, and subjective judgments can make the astringency
evaluation results biased. Therefore, scientific sensory evaluation methods need to adopt to establish ac-
curate fruit astringency evaluation standards. (2) Improving the formation mechanism of fruit astringen-
¢y, and exploring the genetic law of astringent substances in different fruits. There are many types of as-
tringent substances in fruits, but the strength of astringency caused by different astringent substances is
not clear. The route by which catechins and epicatechins polymerize to form tannins, the main astrin-
gent substance, is not clear, and chlorogenic acid and neochlorogenic acid are not fully studied. At the
same time, due to the difference in the content and species of astringent substances in different fruit
trees, and the specificity of the regulatory pathways of homologous genes in different species, it is of
great guiding significance to meet different breeding needs by making full use of a variety of experimen-
tal methods to improve the formation mechanism of astringent taste in fruits, to explore the genetic law
of astringent substances in different fruits, and to explore the key genes. (3) Strengthening the research
on fruit astringency removal. At present, the research on deastringency technology focuses on persim-
mon fruits, but in production practice, it has been found that some germplasms in other fruits also have
obvious astringency, but there is a lack of corresponding research. Therefore, it is necessary to explore
different fruit deastringency determination methods in order to provide technical support for improving
fruit quality and germplasm innovation. (4) Seeking the balance between the flavor and the antioxidant
capacity for germplasm innovation. The tannins, chlorogenic acid and neochlorogenic acid all have
strong antioxidant properties and play a positive regulatory role in fruit tree growth and development,
resistance to biotic stress and abiotic stress, and promotion of human health. However, the high content
of these substances can affect fruit flavor and reduce fruit quality. Therefore, it is necessary to select
and breed new varieties with strong antioxidant capacity and low astringency through germplasm inno-
vation. In summary, this paper reviewed the progress made in the classification, synthesis and accumula-
tion of the fruit astringent substances, metabolic regulation, as well as the mechanism and technology of
fruit astringency removal, and proposed some suggestions on fruit astringency research in order to pro-
vide ideas for using wild resources and selecting and breeding new varieties with low or no astringency.
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The blue arrow represents the phenylpropane metabolic pathway, the purple arrow represents the phenolic acid metabolic pathway, the yellow ar-
row represents the flavonoid metabolic pathway, the green word represents the enzyme in the metabolic process, and the pink oval represents the vac-
uole. PAL. Phenylalanine ammonia-lyase; C4H. Cinnamate-4-hydroxylase; 4CL. 4-coumarate-CoA ligase; CHS. Chalcone synthase; CHI. Chalcone
isomerase; F3H. Flavanone 3-hydroxylase; F3’ H. Flavanone 3’ - hydroxylase; DFR. Dihydroflavonol 4-reductase; LAR. Leucocyanidin reductase;
ANR. Anthocyanidin reductase; ANS. Anthocyanidin synthase; FLS. Flavonol synthase; UFGT. UDP glucose: flavonoid 3- O- glucosyltransferase;
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E1 ERRIRA SRR

Metabolic pathways of plant astringent substances”

Fig. 1

ERITNERA O R ARAOEFRESEE YRKHESEIGE T REMEF. FIEEFR

L SR B (ANR AL 2R LA &, BT LE RS
To (A8 0 I8 5 B (LARD AL TR LA R i a
RILERALZRRREERIFIHLH R

JFAEH R BT L AR R AR LR R
JR A (E AR JRAE T R R R A R, B A

LR LB T MATEP " f1 GST™45 #4128 5 (18 % »
AT LB s . HANRAETE &R AR
) B A 2 R R . DRKLACT AR A 1] 5 1k B 3
BA NAENE B FaTT10 Wi 2R 58
RHRIIRA.



1732 3 L)

S 4

40 %

3 AR SRR AT 1%

3.1 #f

il A2 ] (1 5 € R 2 — , AE R E 2 2000 2
TR RS g s, B AT AR B, A SR S R R A
FER T R, R A Fserh, A B i
RIENI 2% il i Bl A2 , AR SR 5 AT BE 15
TER b E SR DA BIR R M R I8 A% R A, P RS
i A 2 R 52 4 A (PCNAD AR 58 4 it Al (3F PC-
NA)P, A PCNA JS7E M b5t 6e F SR I , 1
I PCNA B B 75 56 4 3 2 BT ATI 88 B Tk, 7%
BNTHIRA R

H T, F3° 5" H ANR 1 LAR 4% %18 5 Al J5E 4%
HREY A RS, HPCNA B SEf F37 57 H,
ANR Fi5 B 5 Z KT AE PCNA A9, 3 b xof 5 s
KB I FEH ANR A LAR 1) 3Rk &3k 47 M € , &I
DKANR (#1322 15 5 55 3% 15 T DEKLAR™ , X 5 516 5 &
ST RIFRRERSERSNSGREE 8. ELE
i FEH, DKANR W3Rk &5 R 6 R & =7 (£ 1EAH
s MRS R, ANR 35 52 2158 Z030 1, ELAY: Bl
JR AT R & m I, K Ik DKANR 7] fig 2 i 5
WHEREVE R KCEEER .. SRR T RNE
5 R SR AR 52 B S R T R R A .l SR,
MYB # 5% A 1% 5 bHLH. WD40 & [ & it MBW
T ERILFITE Z BP0 1A A R [F AT
MR IERPEAE T . DKMYB2 A8 5 bHLH %% 5 R 1
g4, LRI 9R ANR JE 21 iE Ve, U A] DL
ANR JA 7%V T DkKMYB4 . 45 5 bHLH 3£ [7]
RIFVEHYY. DkMYB4 &% 5 DKANSDKF3’ 5" H.
DKANR J5 57X () MYBCORE Jifi 83 7 45 4, (B %)
DKLAR WK AT ™), AR DkMYB4 (1315 5%
2] ABA 1 37 [K-F DkbZIP5 115 . DKbZIPS5 GEf% i1
il DkMYB4 J& 511X () ABA i 5 7614 ABRE , %
DkMYB4 15 VE, IE 4% JRAETH R G . Ak,
fili o %5 52 F 1 WD40 & 1 DkWDRI € 5 DkMYB4
G5 I DEMYB4 (22355,

[ B A7 R 45 PRt 2 S A IR S b R AR & AR
Y& . DKMYBI14 B8 #1 2  li AE V& g 42
WA G IE TR I 3R IA , BRI R AL R A R
miRNAS858b i it 1 i #% 4 % K| DkMYB19. Dk-
MYB20 [ 3k , i) 5 s pnmt fyrp 5 A6 T R AR
R AR W2, EB o T DR A A A

W o B A R 2 A, T RS SR S MUK o Dk
MYB14 7] LUE O A6 S A2 A G BE [, 12
{5 LT () 5 11T T 5 ) v (1) T i 5 ] 1k o
T F2 Ik R AR T B A A I S A AT 1 R Ry
ANV ) BT, A SRS IR s DRLACT 38 3T e A%
BT RE Al R IR IR S (B 2)

32 B

BT R R VY R T R AR R B, TR T
AT 2 P R S R S A S A R T 1 R
SR, A A S LA R A T AE AR LR
BrdE RAE W HAAEZES, Hrh R m
TR FELEABPMRIFR RILFERE RILFRK
BFREMERETILRER, BEEA31~-33%;00
PR R TN E SRR R, BREERL.

TERE T, AR AE 245 LA 3= A e FEAR G 1)
FEK LARI R0 LAR2™ . fH1%%5 H 1972 , MYB K+
VVMYBPA1 fl VVWMYBPA2 A] UL 3E ANR A1 LARI
()23, (BN BE 0% LAR2YY, Tl VVMYBPAR ] [
N5 ANRLARI \LAR2CHSMATE ()35 , {2 3k
REFWF R G SEH™. VVMYBS5a/5b gty 5
bHLH 5 Ji I 5 5% [ 7 AtEGL3 JL[A 1 #% vvCHI Al
VWLARI ) )3 8 T & P 76 RS2 2 & F IE W) i 3%
i R R AR R AR R A R
%) 48 E B ) bHLH 2K 5 % 5% K 1 VVMYC1%,
VVMYCA19# i 5 MYB # 5 R 741 HAE T, 3L
VSRV B A B G S Oy AR S P L N ]
o 2> B8 H Y VYWDRI 5 MYB 1 bHLH 2 B 5%
BHM, AEETEREMELT RS K™ Aok,
WRKY Z % ] WKRY26 fg % 5 VvMYBSa BAE, i
& VvCHI VA BB IR A AR SR R, WUE R AR R &
FORITAR SR e R A AR E S AME % e Bl — R
HIA R T . VwMYBC2-L1/L3 7 33 3 35 1155 1
T EBREIEE R & &Y. miRNA TAS4 g5 i
VVMYBPAI VvMYBPA2 1] 5] Y5 % K] V'wMYBAG F
VvMYBA7 UL BR , I A 48 A0 RS i J5 A8 5 2R 1)
AT 3D,

FAN MR R WS 5k AR R
HRENE 153 VWWMYBFI )3R3K , T H2 /55 VLS 1)
s /KPR AN IR ANME 2 b AR R A
B, 2 T B A5 R = R AL T B A AT 8
5 G B AR, T SR SR A B B R G K
H5R AHRRAMR SR E FEA R AR RIS



8 1 T2 BH 5 55 SRS R Y AR A A 0 1733

ABA

i
®

L om T Cwea )y C me
— ABRE _D DkMYB4 e DkMYB2
\ / ATG

’ DKF3’5’H

Promoter DKLAR

/v DKANR
DKMYB19 l
DKMYB20 DkMYB14 PAs

v

DkmiRNAS858b
DKADHI1
DkPDC2
Soluble PAs Acetaldehyde Insoluble PAs
—————
Astringency Non-stringency

O F AR IE P , 2L OH AR AR i R e R T, S5 O T ARG R R, 2 (T ARG E I e e JRERR
DkMYB2 BL] Ll 5 bHLH Al 1T A &, ] DU #E R F i
The blue arrow represents positive regulation, the red arrow represents negative regulation, the orange oval represents the transcription factor, the
blue box represents the structural gene, and the green box represents the cis-action element. The dotted line indicates that DkM'YB2 can either form a
complex with the bHLH transcription factor or play a regulatory role alone.
B2 FiRIGERIBRGHEERR

Fig.2 Diagram of the metabolic regulation pattern of astringent substances in persimmon"***"
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Fig. 3 Diagram of the metabolic regulation pattern of grape astringent substances in grape
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Fig. 5 Diagram of the regulation pattern of astringent substance metabolism in peach
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