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Abstract: Tea polysaccharides are important active ingredients in tea. Studying the properties of tea polysaccharides
and promoting the development of tea polysaccharides products will benefit both the tea industry and the health
industry. In the present paper, literatures related to tea polysaccharides from the Web of Science database over the
past decade were visually analyzed. The results show that the overall number of papers related to tea polysaccharides
showed an increasing trend from 2013 to 2022. The co-occurrence, emergence and frequency analysis of keywords
show that the antioxidant activities of tea polysaccharides are a continuous research hotspot, which may also be one
of the main trends in future research. At present, global research on tea polysaccharides mainly focuses on the
physicochemical properties including monosaccharide composition, solubility, emulsification and biological
activities such as antioxidation, anticancer and antidiabetic. Although tea polysaccharides exhibit a variety of

biological activities, the underlying mechanisms are still not well understood. Recent studies have shown that tea

Wi BEA: 2023-05-09 EITHER: 2023-06-24
HEEWH: BxEARR¥ES (32001695, 32072336). WAERFH B E (2021L3013)
TEE®MT: 24k, &, WLURL, FENFRSPEQE TSR, 676292470@qq.com. *@{EEE : liugingmeil229@163.com



448 b 43 %

polysaccharides can exert probiotic potential by affecting gut microbiota. In addition, the transformation and

development of tea polysaccharide-related products are particularly insufficient. In the future, researchers can focus

on developing biofilm products, drug delivery vehicles and functional foods using tea polysaccharides. Overall, the

present paper summarized the main contents and hot spots in the field of tea polysaccharides, aiming to serve as a

reference for researchers in this field as well as for the development of the tea polysaccharide industry.

Keywords: tea polysaccharides, visual analysis, antioxidation, gut microbiota
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Fig. 1 Keyword co-occurrence analysis of tea polysaccharides in WOS database
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Fig. 2 Burst keywords analysis of tea polysaccharide research in WOS database
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Fig. 4 Biological activity and related mechanism of tea polysaccharides
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1. BRI AR 2B RAT, EK 4021605 2. LA LFEMW SR, L 85 330203

WE: RHEE (Thosea sinensis) BASA) . &M, BERERA, EREEZMRMLE SR, HHIER
H VLG ) )k 2 R AR B R4, TR R A ERAM S S E R, WA R R 2R ik 5 B 24 310
. i8I Sanger WP G P BIE B IRAT i Ik ) e 4 A BRI 2H 7 31, I 2k T 2 A o g P ik TR )7 310 4
HTEHME 17 4R 26 MEERMWARFREN. ERER, WK AEREAZ 1 A K/ 15540 bp 1
MG PR XEE DNA 737, Jegmbd 37 MR, B 13 MEARMEER, 2 M A RNA SR 22 Mg
RNA E[H, i&F 11 425 bp W4EHIIX, FERHES S 685H B B ALK (Ditrysia) B A F o 85 5 A ) i i) 4=
¥ IR 5 4 R 28 DR Bk LU ARABL R, SRR EBIR, B S XM (Iragoides fasciata) WIABME RE, 5
My 5 (Parasa consocia) MHALE RAK. RAKE T4 REW, Wil 5 F 0k mg X /fxin, KK
NN (Narosa nigrisigna) W EH B RERIRAN L. AR NRANT T m RO ERE. BE2
FEYES BB A, DL R A 24 I v SR AR R 22 AR A

KRR Rl R, REIERA; REKE

FE &S S571.1; S435.711 RAFRIRES: A XEHS: 1000-369X(2023)04-460-13

The Complete Mitochondrial Genome Sequence and

Phylogenetic Analysis of Thosea sinensis

JIANG Hongyanl, CHEN Shichunl, LIAO Shuranl, CHEN Tingxul,
YANG Puxiang®, XIE Xiaoqun®, WANG Xiaoqingl*

1. Tea Research Institute of Chongqing Academy of Agricultural Sciences, Chongqing 402160, China;

2. Jiangxi Cash Crops Research Institute, Nanchang 330203, China

Abstract: Thosea sinensis is an important agricultural and forestry pest in China with characteristics of wide
distribution, polyphagy, and high damage. The purpose of this study was to report the mitochondrial genome of T.
sinensis collected from Jiangxi, investigate its diversity and difference, and explore the evolutionary characteristics
of Limacodidae insects. After Sanger sequencing, the complete mitochondrial genome sequence of 7. sinensis was
obtained by splicing, correcting and annotating, and the phylogenetic tree of 26 moth species in 17 families of
Lepidoptera was constructed based on the protein sequences. The complete mitochondrial genome sequence was 15 540 bp
in size, encoding 37 genes, including 13 protein-coding genes, 2 ribosomal RNAs, 22 transfer RNA genes, and 1
control region of 425 bp. The gene arrangement is the same as that of the Ditrysia moths. By comparing the
similarity of the full sequence and protein-coding genes of the mitochondrial genomes with other moths, the results
show that the similarity between 7. sinensis and Iragoides fasciata was the highest, and that between T. sinensis and

Parasa consocia was the lowest. Phylogenetic analysis shows that the closest relationship of 7. sinensis was with

YH EHER: 2023-04-13 1&iTHHEA: 2023-05-30
HEEWB: B LEARER (CARS-19)
TEHB N LM, 2, ER, NFRWERZEAENIZETI, jianghy925@sina.com. *HE S {E# : wangxiaoqing2891@126.com
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Iragoides fasciata, followed by Narosa nigrisigna, and all the moths from Lepidoptera were clustered into one

branch. This study provided a scientific basis for further research on the origin, genetic diversity, migration, and

differentiation of 7. sinensis, as well as its resistance to pesticides.

Keywords: Limacodidae, Thosea sinensis, mitochondrial genome, phylogeny
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Fig. 1 Structure of mitochondrial genome of T. sinensis
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Table 1 Gene composition of the mitochondrial genome of T. sinensis
eS| J6 [# /op Ji Ih) K&E/bp  HEEEFM/bp  AT/%  AT-fRA GC-mAt  #IAHELT & IE®HETF
Gene Region Direction  Size INC AT-skew  GC-skew  Start codon Stop codon
coxl 1~1 531 F 1531 4 71.33 -0.125 -0.052 CGA T
trnL, 1 532~1 599 F 68 0 76.47 -0.077 0.000 — —
cox2 1 600~2 275 F 676 0 77.37 -0.090 —0.124 ATA T
trnK 2 276~2 346 F 71 0 71.83 -0.059 0.000 - -
trnD 2 349~2 417 F 69 2 88.41 0.115 0.000 - -
atp8 2 418~2 582 F 165 0 92.73 -0.007 -0.500 ATC TAA
atp6 2 576~3 253 F 678 -7 79.65 -0.130 -0.217 ATG TAA
cox3 3 254~4 039 F 786 0 73.54 -0.118 -0.067 ATG TAA
trnG 4 042~4 107 F 66 2 90.91 -0.067 0.000 - -
nad3 4108~4 461 F 354 0 80.79 -0.203 -0.147 ATT TAA
trnA 4 480~4 549 F 70 18 85.71 0.067 0.000 - -
trnR 4550~4 613 F 64 0 78.13 -0.040 0.000 — —
trnN 4 617~4 689 F 73 3 82.19 0.133 0.077 - -
trnS; 4706~4 771 F 66 16 78.79 -0.038 0.000 — —
trnE 4 773~4 843 F 71 1 92.96 -0.061 -0.200 - -
trnF 4 852~4 918 R 67 8 82.09 0.091 0.667 - -
nads 4 934~6 658 R 1725 15 81.86 -0.163 0.316 ATT TAA
trnH 6 677~6 743 R 67 18 89.55 -0.100 0.429 — —
nad4 6 744~8 082 R 1339 0 81.25 -0.142 0.315 ATG T
nad4L 8 090~8 371 R 282 7 82.62 -0.219 0.347 ATT TAA
trnT 8 399~8 463 F 65 27 86.15 0.000 0.111 - -
trnP 8 463~8 528 R 66 -1 83.33 0.091 0.455 - -
nad6 8 531~9 055 F 525 2 87.24 -0.201 -0.224 ATT TAA
cob 9 079~10 230 F 1152 23 75.00 -0.134 -0.188 ATG TAA
trnS; 10 250~10 316 F 67 19 82.09 0.018 0.333 - -
nadl 10 335~11 270 R 936 18 79.06 -0.168 0.276 ATG TAA
trnL; 11271~11 337 R 67 0 76.12 0.098 0.625 - -
rrnL 11 338~12 756 R 1419 0 85.55 0.053 0.327 - -
trnV 12 757~12 826 R 70 0 81.43 0.088 0.385 - -
rrnS 12 827~13 609 R 783 0 85.70 0.013 0.393 — —
CR 13 610~14 034 — 425 0 94.12 -0.050 -0.280 - -
trnM 14 035~14 102 F 68 0 80.88 -0.018 -0.231 — —
trnl 14 103~14 171 F 69 0 75.36 -0.115 0.176 - -
trnQ 14 176~14 244 R 69 4 85.51 0.051 —0.400 - -
nad2 14 299~15 312 F 1014 54 84.81 -0.202 -0.208 ATT TAA
trnW 15329~15 396 F 68 16 85.29 0.000 -0.200 - -
trnC 15 389~15 456 R 68 -8 80.88 -0.018 0.231 - -
trnY 15 470~15 536 R 67 13 77.61 0.077 0.333 — —
E: AT =(A-T)/(A+T), GC-fii#l=(G-C)/(G+C)
Note: AT-skew=(A-T)/(A+T), GC-skew=(G-C)/(G+C)
3R 2R e R s B (R 4 A A% E R 4H AR
Table 2 Nucleotide composition of the mitochondrial genome of T. sinensis
P51 K8 /bp A% C/% G/% T/% AT/%  GC/% AT fhifh GC i &
Gene sequences Length AT-skew GC-skew
K4 Whole genome 15 540 39.40 11.52 7.54 41.54 80.94 19.06 -0.026 -0.209
EAMGIERE PCG 11163 33.62 1026 10.67 4545  79.07  20.93 -0.150 0.020
tRNA 1496 41.64 7.55 10.09 40.71 82.35 17.65 0.011 0.144
rRNA 2202 44.46 4.68 9.72 41.14 85.60 14.40 0.039 0.350
FEHIX CR 425 44.71 2729 2.12 49.41 94.12  5.88 -0.050 -0.280
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0 4
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AAC CCC
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* Ala Cys Asp Glu Phe Gly His Ile Lys Leul Leu2 Met Asn Pro Gln ArgSerl Ser2 Thr Val Trp Tyr

A.AC ccc CGC AGC UCC ACC GUC

B2 RRSMEAFERATFEQRFRBERNSERERGER (A) MRAXEBTFERE (B)

Fig. 2 Amino acid usage frequency (A) and synonymous codon usage (B) of protein-coding genes in the

mitochondrial genome of 7. sinensis
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Fig. 4 Structure of the control region in the mitochondrial genomes of 7. sinensis and Limacodidae
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Table 3 Nucleotide composition of six species of Limacodidae

L/p GenBank &35 A HE A PCG tRNA CR
Species GenBank accession No. Whole genome

K/Nbp AT/%  K/NMbp AT/%  K/Nbp AT/%  K/Nbp  AT/%
Jm Ak T sinensis MN661155 15540 80.94 11163  79.07 1496 82.35 425 94.12
il T sinensis MK 122624 15544  81.00 11184 7920 1474 82.20 424 93.20
WA M. flavescens KY628213 15396 80.50 11145 78.70 1513 82.40 401 93.30
FHMk 1 fasciata MK250437 15645 82.03 11186 80.23 1490 82.68 431 94.20
to I /NRIEK N nigrisigna MHG675969 15292 81.21 11172 79.51 1487 82.25 377 96.82
Xk RSk L. hilarata MK 122617 15306  80.97 11243 7935 1480 82.70 374 93.05
MBI G R P consocia KX108765 15296  80.58 11134 78.84 1485 82.09 373 95.17

R 4 6 MRl SRR B EE AR IE LR
Table 4 Mitochondrial genome similarity of six species in Limacodidae
%

LU i filik 1 i i, 2 B Py L oy I L A 8 i [ R e ]
Species T. sinensis 1 T sinensis 2 M. flavescens I fasciata _N. nigrisigna L. hilarata P, consocia
gk 1 T sinensis 1 — 97.75 83.49 84.96 83.28 83.33 82.29
gl 2 T sinensis 2 97.87 — 83.42 84.45 79.45 83.40 82.13
Hfilk M. flavescens 84.75 84.55 — 79.86 80.16 85.82 85.02
FH 1 fasciata 90.66 90.70 85.36 — 83.21 79.68 79.07
I/ NRI N, nigrisigna 84.45 84.28 84.69 84.93 — 80.38 79.83

WG ERFK L. hilarata 84.51 84.63 86.82 85.26 84.54 — 87.55

Wi ¢l P consocia 83.87 83.66 86.21 84.38 84.20 88.25 —

W Al 1 89 GenBank B 3% 5 8 MN661155, ik 2 ) GenBank 3% 5 N MK122624. = M3EF & F 5% L ARBLE, T =
i1 3 T g A5 A 1 DR LG 1 A B
Note: T sinensis 1 GenBank accession number is MN661155, T. sinensis 2 GenBank accession number is MK 122624. The number above the

diagonal is based on the alignment of complete sequence, the number below the diagonal is based on the alignment of PCG
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Fig. 5 Maximum-likelihood (ML) phylogenetic tree of 26 species of Lepidoptera
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Diversity Analysis of Leaf Phenotype and Biochemical

Components in Tea Local Population Resources

TANG Lu, LI Changle, GE Yue, WANG Pu, ZHAO Hua, WANG Mingle,
WANG Yu, GUO Fei’, NI Dejiang

National Key Laboratory for Germplasm Innovation & Utilization of Horticultural Crops, College of Horticulture and Forestry Sciences,

Huazhong Agricultural University, Wuhan 430070, China

Abstract: In order to protect tea germplasm resources and promote tea germplasm innovation, the phenotypic character and
biochemical component diversity of 32 tea germplasm resources from 12 provinces were studied. The results showed that the
genetic diversity index of 16 phenotypic character ranged from 0.81 to 1.94, and the phenotypic genetic diversity of the test
population was high. The cumulative contribution rate of the six phenotypic characters including leaf area, leaf shape, leaf
upper surface, young shoot pubescence, leaf tip shape and leaf cross section were 71.78%, which was the main factor causing
the phenotypic difference of the tested tea population. Based on the determination results of biochemical components in two
years, the variation coefficient of caffeine content (17.95% and 14.55%) was the largest, followed by the variation coefficient
of tea polyphenol content (13.61% and 8.11%). The variation coefficient of free amino acid (5.62% and 7.52%) was the
lowest. Cluster analysis based on the results of biochemical component content determination was conducted to divide the
tested tea tree populations into three groups, each including different types of germplasm. From the geographical distribution
of the tested tea populations, the content of biochemical components showed regional differences.

Keywords: tea local population species, phenotypic character, biochemical components, diversity
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HREMAEFREN, BET 2016 43 A
T dr RO K 2 2 2 A 6 2 b 25k i e R U
Mo PRI AR 2 FR RIE. 'S5 55 R
1. RIGIEHANL T ZREE 114°35", b4 30047,
AR 29.5 m, FVIHIRE 17.9 C, FHFEN
& 2012mm, MXEE 70.3%, J&HZE
A o Zi B b 5T BE YR AT B 1 m, M2,
37 b S A R AR B A B A i A AR — B

1.2 ZH R RE RN 75 5%

IR RS A UG 25 10 (S R 2 U
TR RV AN ECE AR AE D, X 32 4 R AR e b
LRI 2 I S B 2R B A IR AT R ¢
it AEEGHE AR BT BELIZHR 10 BRAE N
FLIAARE, FETT R 320 Fh AR o MR
My 2 N RIS EAT, X e B 28 e | 2 i
HE. MAEARS. . m5. MRS 16
SRR BEAT I L Ads%, 12 AN BTE IR
RACHS K2 4 DN ECEMAR G TR IR 2 B

1.3 ZWMBRENRSENT5E

A AR A3 R I R R SR VR R
43 HF 2019 4F 4 H A12020 48 7 A AR 7R
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A AN R A6 I T 7R R IO e B
T-Yy )5 & B E 2 8 GB/T 8303—2013; f &5
RAIEE KB E S GB/T 8314—2013; inj
B & B 2 GB/T 8312—2013; XMy
B Z 8 GB/T 8313—2018. A4+ 5 1y it
IT3IMPAREL.
1.4 HIEALIE

AR HH () 435 v &5 SR % ot & 1 R %) T A A
AR 5 R BB AL, 1] Excel 2019 B3
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MRS WilEE. TR AN, FIES
i FH %54 4b B 4K 1 TBM SPSS Statistics 26 i
ITERD T (PCA) Rk = it /£ fF &
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CV=SD/MNx100%, SD AFrifiZ%E, MN JF1y
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Pi EAEREE IR I A A s B Y
MR AL AL PR J5 115 Shannon-weaver %
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Table 1 Name and origin of samples used in this study

ETRE RN iR i J 7= 3 EERE I D 2 N J 7= 3 W5 AR JE 7=
No. Germplasm name Origin No. Germplasm name Origin No. Germplasm name Origin
1 A& | 12 IR EERS I 23 = A ]
2 A R AR A AN 13 IR B A T pAN 24 g TR
3 o 37 F Wi 14 KA B AT bR 25 +H2 A& =
4 HWEIBR B 15 1R A ANt 26 RS =0l
5 (PN e 16 R SERE R R Wk 27 AR 1T A TR
6 TLH o k] 17 e pAN 28 EUERL Bk vt
7 Ik A W 4 F 18 55 G REAR A Wk 29 oINS =
8 H S e 19 CE=PNUPEH il 30 2 YUK D IS
9 AR A AN 20 e = RER S W 31 NEBK ST
10 T H Fl Wi 21 ZH W 32 JAPRK 55 =W
11 ZEY b AN 22 Fox [
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Table 2 Description code of quality character and statistical methods for quantitative character of new shoots and leaves

WwE PR N 5 Ty 32 0 AR A
Organ Character Determination method and assignment standard
B R ZF P L EAf, 2. g, 3. weh, 4 6, 50 250
Shoot FHHE L2 4,3 %4 %, 5 52
HARE Lo b, 20 MR 30 K, 4. T
Ll i) Losgag, 2. ke, 3.0 g6, 4 KRG
- T 1P, 2. kR, 3. R
£ 1. W, 2.°F, 3. MESE
2% LoF, 20 R, 3.0 %
N 13k, 2. Wik, 3. 84, 4. HR
B R 5 58 18, 2. v, 3. 4
Mature leaf 5 1. 8, 2. 9, 3. B
i LOERTE, 2. 6%, 3. MEDE, 4. KEEEE, 5. 3w
M RN Lo/, 20 i, 30 R, 4. RRRH
K BRI, K#E 0.1 cm
5 ERME, H#E 0.1 cm
KL S
- T A K Cem) <58 (em) x0.7

2 SR 50
1 R REMREEESHED T

2.1.1 FERI RS SR 0 8 AL 2 R AT
FE T AR AP 3R PRI &5 S, ) ik
R AR o3 A 2R J st At 2 AR M FR Bk AT St
SERWEER 3 Fin. 12 MR MRS 2
FEME BRI 2 (0.81), f KRR ZEH G
(127 MR Z FEE R O S 2K HE Y
MRS ZF > Iy 3 AR RS > I T > £ >
M i > B > 5> 28 H B B> E > R>iH
KNS S, PR B ZE B3 DLR SR B
F, HEE 42.44%; REZEHEEKTFHEERE
T NFEE, HH 55.95%; M A E AR
SUKPFEANE, 5 44.69%, HIKEMLE
REL, H 27.97%, TEEAGED, A
8.68%; M KZRIAGE IRGEE, 775
17 b 58.84%F1 23.15%; M 1H] 32 EL R B K ~F 1
MRS, 2295 b 47.59%H1 44.70%; & LA
FoRE, HE 54.02%; SRS R,
N 63.67%, “FIHIK, K 30.87%; MARETERK
WM, L 67.85%; MUNBIEZ RILK

A
i, N 51.77%:;

i 54.98%; AT A AT ) 5 LE
MR LR B £, &
52.09%, HIRZKMEETE, [ 28.62%; M
K/NBAH S Ay, ik 5 B 62.06%,
R 31.51%.

ot A A 2 A R Y P R A 3 A 2 R 1
T8, ERILE 4. WBHERE, HER
A B PR R I 1 2 R M Rl
K6 A 4.00~18.00 cm, “F¥JN 8.12 cm;
B (AR VE A 1.70~8.60 cm, P34 3.42 cm;
KB LB /IME N 0.93, & KfE N 4.00, “F351{E
N 2.41; HEHAFEEN 5.60 cm® F| 73.71 cm?
ANE SEHME A 20.48 em?®. R AR & R
'ﬁ#ﬂ:m%zﬁ@hi&mlﬁ 1.77~1.94, &5
THREMER. B RO TA (53.33%) &
K, HREMTE (26.71%), BR AT K
(26.12%), W H K5 E R RN, N
17.09%.
2.1.2 ZEpmt RS MR 2 Loy o0 i

o AH AR R 1 2% 2R IR 3R AT 3 A T
33 & R E AR TR (B 1.
HHREARBR R B 16 AN ERAY, bR ER
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Table 3 Distribution frequency and Shannon-weaver index of non-numerical character

MR i8R Y Description code Shannon-weaver i %
Character 1 2 3 4 5 H'
% Young shoot colour 0.00 27.97 42.44 18.97 10.61 1.27
Z#HE Young shoot pubescence 0.00 26.69 55.95 17.36 0.00 0.98
FHHARA Leaf attitude 18.65 27.97 44.69 8.68 — 1.24
(% Leaf colour 2.57 15.43 58.84 23.15 — 1.03
Mifil Leaf upper surface 47.59 44.70 7.72 — — 0.91
£ Leaf cross section 27.33 54.02 18.65 — — 1.00
"% Leaf margin undulation 30.87 63.67 5.47 — — 0.81
4% Leaf apex shape 14.79 67.85 16.08 1.29 — 0.90
15 Leaf serration 17.04 54.98 27.97 — — 0.99
M5 Leaf texture 29.58 51.77 18.65 — — 1.01
JE Leaf shape 10.93 1.29 52.09 28.62 7.07 1.18
I K/ Leaf size 62.06 31.51 5.79 0.64 — 0.86

() o B o o6 LR AR, BB AT 6
A F 0 AL E AR I RFAEAE CRRIEAE > 1)
PRBABEW, 28 7 ANy 2 e &ETF
%%, VLRI 6 M EMS AT HEEER W&
F R RFAEAE . DTk . RIF TR R TR
(R 5, ZRERWFT 6 NFKAREITTT
BREEIE 71.78%, BeiUF HiEFE 16 >R AL IR
MREEE HPE TR EN
25.49%, EEZMHK, M55, AR AR
INHIRZ A, AT RS A~ 0.874 0.93. 0.96
0.91, KIAmEIEMK, H b EFHA R
e AR B A R T B B K B L R R
FISEI, BN 0.83 1 0.88, TEAE A
13.16%, H 53 FHUA TR 8 =/
SFTOTHRFE N 10.21%, St M. mEr
M2, MR IEADG, BAAE SN 0.47.
0.55. 0.52. 0.44. 0.48, 552 MAMK, 3,
ff 8 9-0.43, FHorr by 32 5 b A7 (19 i T B i
5 BN ERS 5 EE GRS, 84
BA 079, 5 G EERMER, &maEA
~0.60, TTRAZE A 9.04%; 5 F 3 sy = E 2t
TSI, BRATE N 0.60, TTERFR A 7.05%:;
FSERr FEZ M RYRI W, AT E R
0.51, TTHREN 6.83%. ZEEKE, WA, i
W W, FHEE R HEIX 6 MR

RATCU e 16 SR AR 71.78% 1115 &,
R RAER R AR ESF M EER K.
2.1.3 ZERIE RS SR A R SR 28 b

MR R R ) 16 NERMERE R, K
FAEIECT 432 CUPMGA) 3 T B 2 i 4% FE
BN 32 43 A5 AR AR B R AT R 2B b (B 2D
BRI g LRI, A IR T RN 4
AN BB T AR 2 AR, Uit atl Sl
FEFPEE o NEEEFD, WHE b A S 5% 6
ANBEAR R, H T EASAEE  LL N
0T H 5 L A S N AT SRR
FEEFELS . R AREE LS 8 Nk
P, R BRAE R LN L S
B RE FHEEZ . WG IR
. KRB SR KRR R M S 7 AN BEA
B, R BRE R DU I EE
WA R RS R OR AR B A
I J5 v A5 A o 28 T TV 60 355 B K 2% R KPR
RWZE, FERFAE R R R R,
AL MR R, FE RS

.
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TR R A BRI IR S BEEN 34~49 mg-g!
(FED, HAE RS BT 37-40 mg g 1)
KW B 15 43 (AL 46.88%), ¥fF B & It
REEAE>40~43 mg-g”! AWM BLAE 8 4
il HE 25.00%) 5 A5 ASBE A2 R (1 B 5 &
£ 20~45 mg-g™', o 12 63 5 b4 Rk e B

SETE 30~35mg-g’ (HH 37.50%), 9 4%
B RE o ol B B AE > 35~40 mgrg! (A L
28.13%); LR WM B MR Z W& &4 T
212~352 mg g, o 19 43 ZE W BRI 25 £ 18
AL 268~296 mg-g” (5 E 59.38%).
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Table 4 The variation and distribution of numerical character of tea germplasm

95 5 44 K K H- g K5 T AR
No. Germplasm name Leaf length/cm Leaf width/cm Leaf aspect ratio Leaf area/cm’
1 ARFE 8.10+1.22 3.18+0.34 2.55+0.27 18.22+4.35
2 R 9.24+0.85 3.88+0.61 2.44+0.37 25.32+5.88
3 M 30 8.89+1.02 3.51+0.59 2.58+0.45 22.09+5.74
4 HEEBR 7.80£1.02 3.57+0.77 2.24+0.39 19.73£6.21
5 (PN Y 6.96+0.77 3.02+0.34 2.32+0.22 14.82+2.79
6 MIRCSE S 8.11+1.12 3.44+0.26 2.37+0.38 19.50+2.91
7 I A U 8.18+1.51 3.38+0.72 2.44+0.19 19.99+7.63
8 iERE S 9.22+1.75 3.60£0.58 2.57+0.32 23.70+7.57
9 AR A 7.16+1.21 3.49+1.89 2.33+0.77 18.03+11.5
10 Je I Fh 6.95+1.64 2.85+0.58 2.49+0.67 14.14+5.29
11 ZE R 6.94+1.20 2.90£0.57 2.4240.34 14.41+5.19
12 RUSECES:S 6.66x1.61 2.72£0.62 2.47+0.37 13.22+5.81
13 B IR T A T 8.22+1.84 3.33+0.74 2.48+0.34 19.86+7.96
14 TKAE B A Fip 6.61+1.34 2.69+0.68 2.50+0.43 12.86+5.26
15 T A T 7.50+1.70 3.11£0.33 2.40+0.38 16.61+5.78
16 B K TR T 9.39+2.89 3.60+1.12 2.68+0.62 25.35+15.72
17 TR 6.66+0.95 2.80+0.44 2.40+0.34 13.2143.51
18 5 5K 6 T A Fol 6.06+1.70 2.44+0.62 2.51+0.42 10.88+6.04
19 HE RS 6.75£0.85 2.75+0.53 2.52+0.51 13.10+3.43
20 JUe TSRS 7.97£1.87 3.45+0.81 2.33+0.38 19.93+8.60
21 = Gl 8.43+1.32 3.44+0.74 2.49£0.27 20.82+7.30
22 F ok 8.08+1.58 3.64+0.65 2.22+0.19 21.18+7.53
23 {5 BA Fh 8.44+1.06 3.52+0.46 2.3740.35 21.04+4.96
24 1Ly Fof 7.09+1.23 3.37+0.47 2.11+0.30 16.93+4.73
25 + B 7.83+1.39 3.40+0.45 2.28+0.67 18.92+4.89
26 5FxR 9.19+1.14 4.16+1.01 2.28+0.38 27.2849.32
27 AR 1A 7.22+0.87 3.06+0.30 2.36+0.22 15.57+2.99
28 S FH A 7.97+1.08 3.64+0.46 2.19+0.16 20.57+5.10
29 [N 12.67+1.36 5.13x0.77 2.49+0.24 46.01+10.63
30 T YURE AR Fh 6.08+0.92 2.67+0.49 2.34+0.44 11.62+3.75
31 VAN TS 9.91+3.62 3.81+0.63 2.56+0.57 27.58+14.69
32 LY SNIES 12.51£2.27 5.26x1.07 2.43+0.44 46.88+15.88
< /ME Minimum value 4.00 cm 1.70 cm 0.93 5.60 cm?
f XfH Maximum value 18.00 cm 8.60 cm 4.00 73.71 cm?
“F-¥1H Mean value 8.12 cm 3.42 cm 2.41 20.48 cm?
FrifEZ  Standard deviation 2.12 cm 0.91 cm 0.41 10.92 cm?
455 ZH Coefficient of variation/% 26.12 26.71 17.09 53.33
Shannon-weaver £ Ff P 15 £

1.90 1.89 1.94 1.77

Shannon-weaver diversity index
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Fig. 1 Line chart of principal component feature value changes
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Table 5 Principal component analysis of tea germplasm based on 16 phenotypic characters
PR Character FE B4 4 M1 Principal components analysis
1 2 3 4 5 6
ZEF 4% Young shoot colour -0.02 0.24 -0.20 -0.21 0.29 -0.68
%3 £ Young shoot pubescence 0.15 -0.15 0.06 0.79 -0.06 0.04
F IR Leaf attitude 0.38 -0.23 -0.25 -0.41 -0.08 0.35
4 Leaf colour -0.43 0.09 0.47 0.34 -0.34 -0.21
M1 Leaf upper surface 0.07 -0.01 0.55 0.03 0.60 0.10
& Leaf cross section -0.06 -0.20 0.52 0.15 0.43 -0.04
it % Leaf margin undulation -0.12 0.24 0.44 -0.60 0.11 —-0.01
M4 Leaf apex shape -0.18 -0.42 -0.15 0.02 0.28 0.51
M1 Leaf serration 0.32 -0.10 —0.43 0.06 0.16 -0.25
i Leaf texture -0.33 0.03 0.48 -0.27 -0.48 0.09
K Leaf length 0.87 0.38 0.11 0.05 -0.08 0.07
% Leaf width 0.93 -0.13 0.19 -0.02 -0.06 -0.03
K 9E Ltk Leaf aspect ratio -0.24 0.83 -0.14 0.14 0.12 0.26
- J% Leaf shape ~0.15 0.88 ~0.11 0.11 0.10 0.24
A Leaf area 0.96 0.14 0.14 0.02 —-0.05 0.02
M K/N Leaf size 0.91 0.14 0.15 0.02 -0.05 0.01
FFE{H Feature value 4.08 2.12 1.63 1.45 1.13 1.09
ik # Contributing rate/% 25.49 13.16 10.21 9.04 7.05 6.83
F il Tl % Cumulative contribution rate/% 25.49 38.65 48.86 57.91 64.95 71.78
222 FEAME S EBE Z Fh g B (36.48 mg-g'): WMHEG & BT
Xt 32 B AW T BEAR R SRR OB AEAE AL (N 2154 meg!, R RECN 18.63%, ik
BRI S, BERHRER LI W 12293119 mgg! s W RBIRIAR Y E

gL 2 B
HZ

3

5 E AR

228 mg-g! (FHE),

SERNE 6. WEKEE,
o PR RL IR i B R 2

e
PAN
R

Mo HME N

AR REN 5.78%, H TR
SRR (27.12mg'g"), HEBE SRR R E

YIME N 200.40 mg-g™,

TERENER)NEEM KE2HEET
R RHN 13.61%,
BRI R HERAEM (15371 mg-g"),
EEAE (277.07 mg-g). 2020
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N 40.52 mg-g, %3#%%1%3 7.52%, ribk

RN (i (3649mgg ), THESEK

B, N 4690 mgeg s WNHERE & B F X A
3381 mg'g', BH RN 14.55%, KA

B, A42.11 mggh); %%%ag%iﬁﬁjﬂ
282.00 mg-g ', Ey‘%%i&ﬁ 8.11%, AZ4k 3t
N 214.18~349.93 mg g, BHM G ERIL,
THEERSERE.

1)
13
9
8 |2 Wl GBS, 20 HERMH, 3. SiTH,
g 4 HHBR, 5. PTIKE, 6. T
12 X, 7. WOBURAS, 80 MPEIEAL, 9. bk
307 I BEURAD, 10, RIFFE, 11 B, 12, 8
) WEBH, 13, BOKBERH, 14, AR
2 TR, 150 F)IEEARN, 16, BRERIFHAE
2 b B 17, AL 18 MEF G RHAR, 19 17
7 J B, 200 WA TR, 21 BAL
24 B, 22. F A, 23, {EFEFD, 24, B LA,
ié 25. +BF, 26. BT %, 27. AT, 28.
27 BPHAR, 29, BHEEKHZE, 300 FHiitiE
26 I B, 31 SR, 32 RPAH
23 Note: 1. GZ-SQ, 2. IX-YC, 3. ZJ-IK, 4. GZ-DY,
28 5. HB-ZS, 6. HN-JH, 7. HN-CBT, 8.
ég FI-TY, 9. JX-SY, 10. ZI-LJ, 11. JX-WY,
14 12. GX-NS, 13. JX-XS, 14. JX-YX, 15.
}g 1 JX-SC, 16. HB-LJP, 17. JX-FL, 18.
17 HB-FJT, 19. HB-YC, 20. HN-RC, 2I.
19 HN-YTS, 22. GX-YJ, 23. HN-XY, 24.
gg: v AH-HS, 25. YN-SLX, 26. GZ-NW, 27.
AH-QM, 28. SX-ZY, 29. YN-MK, 30.
GD-LK, 31. GX-LB, 32. YN-FQ

2 BT REMRESFHRESH

Fig. 2 Cluster analysis based on phenotypic character
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Fig. 3 The content distribution map of main biochemical components in summer samples
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Table 6 The content of main biochemical components in 32 germplasm resources
o Re S 42 Bk 2019 4E 2 2019 year spring/mg g’ 2020 4 H % 2020 year summer/mg-g”’
No. Germplasm name WE SRR nEm *Z2Wm WE B SRR unERR *ZWm
1 FIF &7 29.43+0.48  19.42£2.64 210.09+13.57 36.93+0.87  36.06+1.04 293.49+12.38
2 AR AR 36.48+0.54  26.46E£3.46 153.71+4.42  39.56+2.45  41.19+1.78 269.51+7.80
3 S 3 o 33.78+0.27  25.76£0.27 211.27+0.34  40.28+1.24  40.57+3.84 269.39+24.06
4 HEJBR 31.02+15.55 19.43£591 184.91+58.78 37.32+1.74  39.89+3.26 255.43+17.22
5 A7 K B 30.74+£15.38  20.24£6.05 178.26+56.57 36.49+3.20  33.01+1.64 278.11+22.64
6 VLA 2% 32.34£0.26  29.77£0.65 277.07+2.18  41.28+0.58  36.20+3.97 349.93+11.77
7 WD IR 2% 32.21£16.71 20.62£7.05 205.61+66.31 41.14+2.44  37.02+3.07 284.65+6.48
8 ERE P 32.24+1.19 21.41£4.98 184.41+15.31 39.24+2.19  37.81+2.43 270.21+4.27
9 B AT 33.17+£3.41  24.69%£2.24 232.18+0.55  44.09+2.51  29.31+5.82 300.97+37.86
10 T I Fif 32.02+0.77 20.88%£1.65 174.77+6.35  38.38+2.16  27.33+5.35 214.18+20.92
11 ZE 5 A 35.03+2.60  21.07£0.34 197.76+4.75  38.45+2.50  38.31+1.37 300.32+6.01
12 RITNSEEES 33.37£2.25 1630 1.13 198.96+11.27 45.10+3.30  31.40+4.39 282.69+11.64
13 A 7K T AR Fi 32.36+2.35  23.15£2.79 208.96+30.12 38.30+0.89  37.99+1.74 292.61+34.96
14 TG BE A 30.60+1.41  22.54F£4.15 169.36+35.08 37.29+0.57  34.72+2.95 278.14+5.76
15 % VAR T 33.39+1.82  31.19£1.58 189.72+10.58 38.17+1.56  42.11+1.33 286.58+10.42
16 B OR PP AR b 35.47+17.79 20.82£6.36 241.79+£79.61 40.86+2.52  32.44+2.47 316.18+13.02
17 TR 31.61£0.13  19.61£1.30 170.68+7.31  39.09+2.64  39.79+2.03 294.64+9.86
18 5 5K 5 B A o 32.21£16.18 20.90£4.24 175.25+24.24 38.41+1.63  34.45:3.31 303.68+25.74
19 ERC NP S 31.24+15.63 23.73£7.01 194.53£62.04 39.36+2.43  32.37+0.98 264.55+6.46
20 b S EEPS 31.70£1.53  25.25%3.42 218.40+53.44 38.30+1.17  30.34+0.64 290.90+11.32
21 =G 31.86+2.08 19.46%0.33 219.07+8.98  40.15+1.60  28.80+4.14 268.08+27.56
22 Fox 32.78+4.19  20.46+531 185.78+18.55 42.54+4.42  32.48+2.99 294.65+20.99
23 5 B A 29.48+0.62  20.60E1.89 167.38+1.23  39.05+1.12  40.87+0.66 259.28+11.49
24 B L Al 31.09+£1.07  19.29£3.75 180.71+£28.32 37.88+0.94  31.68+3.57 284.04+8.89
25 Rtk 32.28+1.32  18.89£0.58 204.49+14.06 46.90+4.25  30.84+3.21 293.23+7.54
26 L% 27.1240.23  12.29£1.18 179.54+£2.16  38.08+1.60  26.79+2.96 297.18+15.91
27 AR 1A 31.9142.57  22.88%£1.97 214.24£10.32 40.48+2.13  31.88+2.80 293.14+11.86
28 S PH A 33.28+1.23  26.28%0.40 195.60+7.33  40.77+1.51  28.59+3.42 262.75+21.58
29 B R 2% 33.40+0.84  25.51E£1.21 259.13£6.28  46.33+0.96  36.41+2.15 279.65+9.29
30 B U AR R 34.76+0.65 16.36E1.10 185.37+4.47  45.1246.08  27.69+2.19 272.89+32.55
31 VAN P 34.01£0.86  19.17£2.60 216.64+5.15  45.47+2.52  30.75+5.23 263.79+15.54
32 BN S 30.71£5.04  14.92+2.77 227.26+4.47  45.93+2.00  22.70+2.37 258.98+14.73
B /M#E Minimum value/mg-g”' 27.12 12.29 153.71 36.49 22.70 214.18
& K{H Maximum value/mg-g”' 36.48 31.19 277.07 46.90 42.11 349.93
EY{E Mean value/mg-g™' 32.28 21.54 200.40 40.52 33.81 282.00
Fr#EZ Standard deviation/mg-g™' 1.87 4.01 27.28 3.05 4.92 22.88
A ZH Coefficient of variation/% 5.78 18.63 13.61 7.52 14.55 8.11

A PR R 2 L DR s O
S EBRERIOVPE, RO E RS
LK R E, m K2 RISk th, i3 2=
RIAT, HH U AE, HERZRIN
B, MAREFRIONII, HABEZRIN
SR, MR R T SRR, R

L EINIAZIR S G S S WA NN Y RN W
E, Hohn bk E, 5E&EPRTHE
P A% R it ot 2 I S R P R A 5 RO — B
AN T o Joit 2 A AR 2 Ry 20 A B AT AR R
PP — A F B BHET 2 2T 9
M BRIEBE . MEA L 39 R AR AT BRI A PR AR T
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JX-XS, 14. JX-YX, 15. JX-SC, 16. HB-LJP, 17.
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Fig. 4 Cluster analysis based on the contents of main biochemical components



484 LI

= 43 %%

RTETEEEUADSEN 2 BEMBEMIIR
RAMREE
Table 7 Cluster groups of 32 tea population resources

based on the contents of main biochemical components
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EFE Y ALY, gk, BREM REAT, EHERT

Lo PEAERARABHBE R W &2 B, BePE M 7121005 2. FERURML KM Z %0, LI A 210095

FEE: iR T R EE ERm  AEKORE , DU R RO, R R D AR e R 16 4 e ) B A
ST, HAE SR e S e iR R R A R R AL RE . DL K A RE, ) R R R iE
N R R S R R R A SR E R R IE KT T RA . SREW, mRATREE T
BRI HARKERE JAA)  FEBER (GAy) SERFRK, BXEZE (ZR) SEKE A, HNZEWES
AR AR F RERZEK UGN FEEm; R, K& IAA. GAs. ZR EYE SRS 5 0 R O 2 R 2
BEREIL, NHEBBESEETHLESHSRET o rER. BIER (ABA) FESEF]R (JA) {E i
MR EEAGRMTEE TR EWNMN, XIS T ZEP. NCED. SDR % ABA 4¥)& Bud 23k K
M LOX. OPR. ACX% JA WGBSR LIRERIE: 54, % PYR/PYL. PP2C %% ABA 5 5 &R
AN JAZ. MYC2 %5 JA 55BN M E#E 2 REIL, BR T ABA Fl JA {553k 2 78 55 B Wi S iy i A 52
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Changes of Endogenous Hormone Contents and
Expression Analysis of Related Genes in Leaves of Tea

Plants Under Heat and Drought Stresses
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1. College of Horticulture, Northwest A&F University, Yangling 712100, China;
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Abstract: Extreme environments, such as heat and drought, seriously affect the growth and development of tea
plants and the quality of tea production. Hormones are important signaling factors, but the molecular mechanisms of
hormones involved in the response of tea plants to heat and drought stresses are rarely reported. In this study, we
systematically analyzed the changes in endogenous hormone contents and the expression levels of related genes in
leaves of tea plants under heat and drought stresses. The results show that the contents of IAA and GA; were

significantly reduced and the contents of ZR were slightly increased in leaves of tea plants under heat and drought
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stresses, which were presumably used to delay the growth of tea plants to adapt to the environment stresses.
Meanwhile, many genes related to biosynthesis and signal response of IAA, GA; and ZR were significantly
differentially expressed, which provided a molecular basis for explaining the hormone content changes and signal
transduction. In addition, the contents of ABA and JA increased significantly under both heat and drought stresses,
which may depend on the up-regulated expressions of ABA biosynthetic pathway genes such as ZEP, NCED, SDR
and JA biosynthetic pathway genes such as LOX, OPR, ACX. Furthermore, many ABA signal responsive genes such
as PYR/PYL, PP2C and JA signal responsive genes such as J4Z, MYC2 were also significantly differentially
expressed, suggesting the important role of ABA and JA signaling pathways in the response of tea plants to heat and

drought stresses. These results provided theoretical references for further exploring the molecular mechanisms of tea

plants response to heat and drought stresses, which rely on endogenous hormones.

Keywords: tea plant, endogenous hormone, ABA, JA, gene expression analysis, abiotic stress

ZW [ Camellia sinensis (L.) O. Kuntze] /&
KEEZENEFEY, HEEIEFaEE %
B RIABERFE I . 3T R 4 BRAAE AR R,
B 2 T K 1) 1Ry il 5 AR i R AR A A AR K R
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Jivk, AR R B T RUA IR, N
B 78 0 0T B8 g B D B B, BIE T Cig
[ P A EOAE: 4l A0 S5 A B % 4% A o O o T K S
P W B CELISAD Il 5€ TAA. GAs+ ZR. ABA.
JA BREME R, B AR & i R LK 2
Peft. AR EZNE 3 K.

1.3 ERREERSHT

Fe sk 4l B s ¥ C SRA ID
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B A L 410, H FeatureCounts % £ Xt
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Db I 0% 0 3 22 i KA BE K] (Differentially
expressed genes, DEGs).
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Table 1 Primer sequences

%X ID Gene ID F R4 B Gene name 1Y F %) (5'-3')  Primer sequence (5'-3")

F CTGCGTGATGGTCAGGTCAT
HQ420251.1 p-actin

R GCTGGGAGCAAGAGCAGTAA

F AGAGCATTGTACGCCTATTC
CSS0030705 SDR

R AACTGCACGGAGAACATTAT

F TGGACACGGTCGCGTTCACTTTGT
CSS0047561 LOX

R AATGAGCGGTGCCGGAGTTTCACTT

F GACCCTGAGGAAGTCATAGA
CSS0026777 JARI

R GTATCACCATCCACCATTCTC

F CCAGTACCTGAAGGAGAAGA
CSS0031905 JAZ1

R CCAGACTGCTGTGGAAATAA

F CGTGGTGGGTCTCCTGTGGTGTAT
CSS0033791 NCED

R ACTTCGTCGGTCTCGGGCTCTT

F CCAGTATATGGCGAGTTCAC
CSS0017736 PYR

R CAGCTCTTGAGGAAGTGTTT

F CGCTTCGCCTTGGAAATA
CSS0037945 OPR

R CCCACCAGCAGCAATAAA

F ACTCATTCCGATCTGCCAGTGCCAA
CSS0010510 JAZI1

R TGAAGAAGTCGATGGACCGCCATGT
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Note: Different lowercase letters indicate significant difference at P<0.05 level. The same below

Bl 1 SEMETEMMHE TS IAA, GA;. ZR. JA 1 ABA SE%1L
Fig. 1 Content changes of IAA, GA;, ZR, JA and ABA in tea leaves under heat stress
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I} At BE AL PR T 34.18%, 2 Jm JT 46 01 T (/&
2B); fH&, ZR 8L 5 A 38 )5 5
FHEJFAE 24 h A R BE (B 20). JA & &
B8 & T 5 3 B[R] G AN W R, EALEE 24 h
Jo B R R E o , AbE 48 h B S ER CK 1Y
Iy 86.98% (& 2D); ABA S EETEAT
0, 552 4, ZEAL B 24 h I £ BRIk 224.89 ng-g

B CK T 55.53%, 2 Ja WA AR (& 2E).,

(GA3+ZR+1AA) 5 ABA HC{E1E &R i
TORGE PR, ALFR 240 EHETREE, 4EERE
BARAKE (E 2F).

23 IAA. GA;\ ZR SRR RIS S IR X
ERFIEERSH
il B R A T K BLRBERERE S
) DEGs, H 1 IAA #1561 DEGs $(& W] &
=T GA; fll ZR #15¢ DEGs #&# (3£ 2). 1AA
WA R R R N A B B
( Flavin-containing monooxygenase gene )

YUCCA fE i A+ 5 i A 25 24 825 N R
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Fig. 2 Content changes of [AA, GAj, ZR, JA and ABA in tea leaves under drought stress

R2 FHHAEVARESESERPHNERREER
Table 2 DEGs in phytohormone signal transduction pathway of tea plants

W 7 5 %Kik 3 M Differential expression gene  JC4 [ FHRER
Hormone i ifi T 5 Key gene Gene annotation
Yucc4 () Flavin-containing monooxygenase

ARF (SelJa D)

Auxin response factor

IAA 174 (521, 1220) 99 (781, 210D AUX (JalJET) Auxin influx carrier
SAUR (J&]J51)  SAUR family protein
GH3 (JelJam) Auxin responsive GH3 gene family
GA2ox () Gibberellin 2-oxidase
GA3ox (1) Gibberellin 3-oxidase
GA;s 30 (91, 21 25 (141, 111
GA20o0x (1) Gibberellin 20-oxidase
GID1 (]81) Gibberellin receptor GIDI
IPT (1) Isopentenyltransferase
LOG (1) CTK nucleoside 5'-monophosphate phosphoribohydrolase
ZR 29 (221, 70) 22 (171, 51D ZO0G (D) Zeatin O-glucosyltransferase
AHK (1) Arabidopsis His kinase
AHP (1) Arabidopsis His phosphotransfer protein

Ee AR BEARIE, RO R IR

Note: 1 indicates up-regulated expression, and | indicates down-regulated expression

Fik, HATRERZ AT TAA & & FBAR K S
W T 20 TAA S 5N IER, 41 SAUR.

GA20ox 5 GA3ox FFEIE, MiES GAs
KIEH) GA20x FIAFRIE, X5MiEH GA; &

GH3. AUX 1 ARF, £ N 2 H S M
Ja FHBIER A . GA; fH5% DEGs LA &
FoANE, HEFEEEME GAs 4 B o f g 3L

B NEEEMR, 44 GA. GA,ZHAh B f
EWEYE GAs [FFEZ Lk e B g 45, HED
GA200x. GA3ox T GA20x ik KF-A5 4k 7] e
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TE R R E T A TR, METEmE TR
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MHLH]. ZR #H3% DEGs DL BN E, w4
Y OB RESE N IPT. LOG, & MEVA 3
ZOG, VAJAE 57 FisF R AN AHK F1
AHP %5

Wik 3A Fion, ABA £ & &R K &I
P B D AE iR M ie T BRI, UG ROK
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gene, ZEP) MUK i & B /1L [ B 5L K] (Short
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A EHK R — B C R
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e = e e = e
Antheraxanthin — | | €S50017736 - 17357
0 CSS0033624 PP2C
v ZEP B S0 —— Csse000acs
B - — €SS0047272 —— C83000179
s B R - — 9382 PP2C —
9-cis-Violaxanthin e C330072355 - I CS80036795 St CSS00M1A88
ZEP BN W 550000268 - €550046402
) —1 €SS0003100 s CSS0032164
BT B CSS0043882 = $S0046840
ARV BN CSS0038836 =1 CSS0013620
9’-cis-Neoxanthin ~ NCED — R | CSS0019748
e - —-— CRUMITT = mm C550029646
= C380013304- V NCED C850015270+ 550022550 F & > S
H IR — = CSS0017602+ = 33000 366s TEEH
; | [ CSS0042757
Xanthoxin — CSS0008840
— | C550019049
AO e mE CSS0022962
5OR B e CSS0027014
o0 mm CSS0049363
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‘ - =o
WiTERE <« ABAWE HAEIR - 0017116
Abscisic alcohol ABA-aldehyde ~ Xanthoxic acid T cSs00anes
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AAO LOSS/ABA3 | e CSS0017597
—— = CSS0025436< AAO — 1 | CSS001173
| 850047978
sor ABA < 5o e
B CSS0030705+ 7 —— CSS0027466+ e CSS0043830
EEE s CSS0049351+ BN CSS0041511+ B CSS0037436
| SS0018920— B CS80040692+ B CSS0037111
- SS0010756 - CSR0031301 || CSS0014533
. CSS0040692 B CS80026817+ B CSS0049118
B CSS0035299 | CSS0001790— | SS0000277
EmE e CSS0031301 B 550020803+ . CSS0028390
| i CSS0007515 B CSS0014190 B (SS0035343
B CSS0036031 B CSS0026747
| 550005498~ & OO TR B CSS0036045
|| CSS0010740— L EE B CSS0041745
. CSS0015127+ PP B CSS0009751
| e CSS0031926+ | B CSS0011171
— | $S0036471+ —] B C880029360
— C880026817+ | B (SS0022000
- . ¢Ssouadnal+ — CSS0019748
-
! §30034731 [— | | 850049454
s mE CSS0001790 SnRK
B o CSS0020805 — €SS0008431
1 | C880014190
c O >
FLLELEL
FISIT FELE
FEEE

E: AN ABA A HUE1 DEGs RiLili, B Al CJy ABA 5 5 WM& 1% DEGs Rikilf. ZEP HT KM KX AMMIER, NCED
N 9-IR-FAH KL DRI A NI, SDR i 5 it 2 B /18 SR B I (K], 44O i vk e FAL R R, 40 i A AL g I
B, PYR/PYL 3 ABA Z kB AME, PP2C HEAWKE 2C . +RREERLKFESUETREEMR, —Fx
R R AB KT H R UiVIiES

Note: A, expression profile of DEGs in ABA synthesis pathway. B and C, expression profile of DEGs in ABA signal response
pathway. ZEP, NCED, SDR,
dehydrogenase/reductase gene. 440, abscisic aldehyde oxidase gene. 40, aldehyde oxidase gene. PYR/PYL, pyrabactin

P =Ny =}
[N

zeaxanthin epoxidase gene, 9-cis-epoxycarotenoid dioxygenase gene. short-chain

resistance/PYR1-like gene. PP2C, protein phosphatase 2C gene. + indicates positive correlation between gene expression

level and hormone content. — indicates negative correlation between gene expression level and hormone content

3 ABA &S5 ESMNRERXERREERNRIXIE

Fig. 3 Expression profiles of DEGs involved in ABA synthesis and signal transduction in tea plants



4 JET G, A i AT A R 2 I A RIOR & AR A R O S I IR A SR A 495

RIS RN EZE PSR 2. 6.

12 h, M7EAL PG 24 h B (R R0k K P B0 H fin
|lvE, X 5wk a2 ABA &
A S LT — 2 2RI, 9-MTa-FA %28
HHE N 2 XN 4 B %5 K] (9-cis-epoxycarotenoid
dioxygenase gene, NCED) FlJlii ¥ 1 48 14 Mg It
(Abscisic aldehyde oxidase gene, 440) 1E
il e T AT IRRE . FRBET,
ZEP. NCED #1 SDR #°8 FiRi5, HFRIEK
PRI M E BT 12h DU, R,

MRS M4 R B, &iRbE T e 24
ZEP. SDR $:PRIRIE KT UL R T a2
Y NCED. SDR #:[NFKiEKT 5 ABA S EE
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FH ABA BRERE PR IEREIEN (B 3A). 7
4, ABA X 1k & B P
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RN 2C JE A (Protein phosphatase 2C gene,
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& 7 4

A E T, JA AYE R o-F

Jik B2 A5 % & B8 2L K] ( Lipoxygenase gene,
LOX) . 12-F AW — % B IE I Bg 2
(12-oxophytodienoate reductase gene, OPR).
OPC8-CoA % i 2 [l ( OPC8-CoA ligase
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Tk, MH ZE NG g EE P (Allene oxide
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( Pyrabactin
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Note: A, expression profile of DEGs in JA synthesis pathway. B and C, expression profile of DEGs in JA signal response pathway. LOX,

lipoxygenase gene. A0S, allene oxide synthase gene. AOC, allene oxide cyclase gene. OPR, 12-oxophytodienoate reductase gene.
OPCL, OPC8-CoA ligase gene. ACX, acyl-CoA oxidase gene. JARI, JA conjugate synthase gene. J4ZI, jasmonate ZIM-domain

protein gene. MYC2, myelocytomatosis proteins 2 gene. + indicates positive correlation between gene expression level and

hormone content. — indicates negative correlation between gene expression level and hormone content
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Fig. 4 Expression profiles of DEGs involved in JA synthesis and signal transduction in tea plants
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Fig. 5 qRT-PCR validation of RNA-Seq data
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Geochemical Characteristics and Risk Assessment of

Heavy Metals in Typical Tea Gardens in Yunnan Province

XIE Mengli', CHANG He'", ZHOU Xiaohua®, YANG Tianfu”, LONG Kun'

1. Faculty of Land and Resources Engineering, Kunming University of Science and Technology, Kunming 650093, China; 2. Central
Laboratory of Yunnan Geology and Mineral Exploration Development Bureau (Kunming Mineral Monitoring andInspecting Centre of

Ministry of Land and Resources), Kunming 650218, China

Abstract: In order to explore the relationship and the current situation between the geological background of tea
garden and the content of heavy metal elements in tea, the rocks, soil and tea in Mengku tea garden and Jingmai tea
garden in Yunnan Province were selected as the research objects. The contents of 10 heavy metal elements (Cd, Co,
Cr, Cu, Hg, Ni, Pb, Zn, Mn, As) were determined. Multivariate statistical analysis and spatial analysis were used to
summarize the characteristics and risk assessment of heavy metals in tea gardens. The results show that: (1)
compared with the abundance of elements in the crust, the rocks in Mengku and Jingmai tea gardens were rich in As.
While the rocks of Mengku tea garden were poor in Hg and the rocks of Jingmai tea garden were poor in Mn. (2) The
soil of Mengku tea garden was mainly polluted by As and Cr. The soil of Jingmai tea garden was mainly polluted by
Cr and Cu. They were all lightly polluted and had good soil quality. (3) The average contents of heavy metal
elements in tea followed the order of Mn>Zn>Cu>Ni>Cr. The accumulation ability followed the order of

Mn>Zn>Hg>Cu>Ni. Only a few tea samples from Mengku tea garden had As content exceeding the standard. And

kS EEA: 2023-02-13 &ITHEA: 2023-04-30
EETH: BEXARRY¥IESE (42167052). =B ARIHTH S (202101AT070277) EMBF AR EH-FHEIE (202201AU070091)
TEE@A: W, &, BErsE, T8N MR 7P, 1079460428@qq.com. *BfE1E#: 22786473@qq.com
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the heavy metal contents in tea were generally at the safe level. (4) For tea samples from Mengku and Jingmai tea

gardens, Mn had the highest non-carcinogenic risk. As in Mengku tea had the highest carcinogenic risk. Cr in

Jingmai tea had the highest carcinogenic risk. And other heavy metal elements were within the safe range.

Keywords: heavy metals, coefficient of variation, geoaccumulation index, enrichment, health risks

He R A ARERM R EEMENE, ZmR
PR R AR A K@ EN, pEE T
A BT A IR A FE , Hb R A 8 In) R 2L RO T AR
oo B R E S R I R UGk YR, R
FH o3 A0 A 3 o N 2> 10 B 4 8 B R R,
A SR I E A JE S 2 B H RS SN
WSS AR A I 8 |t S o | e V@ L]
BB RS OB 2 —, AR A BT AKX B G
R, BEFRRAENAER . (H SR
KW@ h HESRIKREET — € ®MEE, 2X
R AEKIE R E, HAERH TR, H&E
o AR EE N AR M NARIT RS, AR e 5 i
w, HoEH NRERE.

O R B 5 3 0 4% bl o3 35 5 Al 2% i
HEBERBBETVR, —& R AKaMERR
Haa KEMTHEELSEKRKEHES TEH
RIS AR E N ED, BE TS BRI
el LI Zn HERAC, 7E IR A AL
JEAT R w2 zn S 8N, Zik M A
Cr & 5% N3Pk Mn fl Cr & &= R 28T
Kb, KFZEmd Cr. As. Cd. Mn Al
Pb (& B E F R, FRaimA Cr &1
NEHAFRER, 5128k EEXRT. S/
BHOEREV T REFEE, Li#E$ Cu. Cr.
Pb Al Cd 25 5 4 J& & & i DL 5 S A 21,
DA K v ] A A 1 1 38 5 4 T 08 A DL S 4%
B R0 AR 72 A X v PR RS g, /N
HLA o R 7t B A s b S P

H # 5¢ T &h 25 2% [l A1 55 3 4% Il 3 o 75 5
B4 B B B R AR S g R XS T A S E AT
TE, AUVEFENBXNESESERNE,
PEAL IS A e RS, A7 850 PR B 4% o 2% €8 P
M e 4. Ik, AHFFCRE T b 2%
MR A A TIEME RS, TR

H 4 R T A I ERAL SRR AL 5 e B 2
PR 3R B NARAE R RS TR & 72 9 2= B 7R 7k
1 PR A1 A J S B A} 22 K 30

1 MBS 75
11 FAREX#R

75 B K R % 2 SR 1 S € AR
2 2 FE A I T ROV B ) I o A B
el 2 K AR AR R 7 X o B (MK %61
5 2 £ S BT IR YO T A AR G 2
TLHL X Ve TE b By (Pzyin®)s a BE (Pzn®)
B=BEENEY D W b BehEFE R
FYER S B R RS
B, WORE o BUATE R BRI A, A
Rog et g,y OB R BRI S
LA o h P 5 AL 3L 2 3k R 2 £ B A
JFR A PR R X 3R R 1A P, LA SR B XA
Tl 2% B P b A T A 2 R T 1 B
2, WSS TR, TR L EE,
IRNE, ZAPEL.

B (IMD K[ 7R H 2 BT R K
Jtk B B GAETT A T B (LhD . Bt A
B F U4 (Pt HREAH BB (PuA”)
FNB (Ptsh’). L' 51 F B a4 5
BRE W, Pan SR LUK A6GE 5
FERR AT S50 S8 B B N, P’ BHEE
BUNGR i HERH R E. LKA
LLHE. FRECHEAILLIEN F o B FCIX M S 5
KA AL E A 1R

1.2 #ERESKIE

1.2.1 FF f R 5 T Ak 2
AW FAEB PR R T 8 radr 16
fr 3% 8 AR RE gL, FERIGRIERIE T 3



4 3]

T N . 55 - 2 p TR Ok Bl < e B M BRAK SRR AR R XURG PRV A

503

a7 3L S AR RE AL, IMOT AL
RRER CZLIEHE ARG, IMOS ALK
TR il o FERAE AL 1 NRZ) 2 m 1)L
B, A A e SR R A RS, ) T
O SR 4 AL C )2 RS GRZ 1 mD.

N23°47 N23°48’
L 1

N23°46’

N23°45'
1

Pz,iIn* = ¥s

OFEIN LFoLIN BFEIN

SFLIN

N22°13'
L

N22°12*
L

A BRI GRZ 0.5 m), 7EX R A H |
REEFM CZEMHD . SAEMmIH 3~5 T
FRIR G, A MR NI RA AR, R
FED BN IE AR, bRic g 5 JF VA IS sk 3L
(PSS

E100°01" E100°02°

LLTIN

T1TIN

800m

T T T T
E99°52" E99°53" E99°54' E99°5§5°

ElDl‘]"DI}'

E100°01" E100°02'

(Pzin' |t [Papnilz | s [ @ |4 | s | / |6 L/|7|mwslll9.lmollln

T 1-BVR R b B

2-VEHE a BL, 3-ERHILZAM, 4-SRKERT, S-SEWMPTA L, 6-SLW MR, 7-MR, 8-kF AT GAETT

FHTBG O-BR BRI YU A, 10-He BB IRA E B 11-He B EIRA T B

Note: 1-Section b of Lancang Group. 2-Section a of Lancang Group. 3-Granite edge facies. 4-Sampling points. 5-Measured

geologic boundary. 6-Measured fault. 7-River. 8-Lower Member of the Huakai Left Formation in the Middle Jurassic System.

9-Nankenghe Formation of Lancang Group. 10-Upper section of the Huimin Formation in the Lancang Group. 11-Lower

section of the Huimin Formation in the Lancang Group

B 1 #AREXMR

WA AR E T AT R
105 CHET, Al AR AL E 2 /N T 2 mm,
K DY 4332 46 4y 2 a0 W e e B, s o i e
17 R ARER BN ZE 0.075 mm A& . #
TIEFES 40 C T, FH AR A A A i 1 ik
WG, BIRREYIR R A SR, RPER
&Y, i AR S A2 0T DL A B FL 42 2 mm
Je e, R VY 3k 46 4y 2 A P 7 AcE, It
Bt IS 160 B JE e i A TR0l o 4 258 iR
M ERAKEBTFRKEME 3 X, BrasRT,

BREXBFERMUED T

Fig. 1 Geological background and sampling point location distribution in the study
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Table 1 Lithologic characteristics and mineral components in the study

%

%I WERS LT o H¥E =8 KA SeA WP mH  TTfRA
Tea garden Stratum code Sample Rock character Quartz_ Mica Feldspar Chlorite Ferrohydrite Kaolinite Calcite
Pzin” MKO1 #WKGARRYIERE  78.53 7.83  1.33 — 1.46 6.18 —
Pz In” MKO02 WKEBAZBEAERFSE  73.99 21.74 2.07 2.20 — — —
B , , e
MK Pz,in MKO06 KO =% )4 61.43 3573 1.74 1.10 — — —
Pz In" MKO03 kWK EKIERER S 50.03 7.83  14.53 19.67  7.94 — —
7 MKO08 MRk B X B E Y 5598 7.83  26.64  — 7.94 — —
A Ptsn IM03  KRAGEZERAEDE 90.69 521 — 1.07 — — 3.03
M Joh! IM02 ROt wy 87.50  12.50 — — — — —
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Table 2 Statistical results of heavy metal contents in rocks of the study area

*® Gl & X i H i % 4 i i a2 i
Tea garden Statistics Hg Cd Pb Co Cr Cu Mn Ni Zn As
)l /mg-kg! 0.02 0.11 11 13 110 88 404 33 57 80.7
T P % KA /mg kg 0.06 036 23 16 169 359 624 57 140 4523
MK-D /i /mgkg! 0.01 0.03 3 7 52 6 215 18 22 1.7
(n=8) bR 2 0.02 0.10 6 3 44 107 129 12 37 142.1
5 2% 73 87 49 26 40 122 32 35 65 176
F #4948 /mg kg 0.12 0.12 11 7 87 106 201 22 21 17.7
BiE e K8 /mgkg! 023 028 13 13 127 202 368 32 28 40.6
JM-D /Ml /mgkg! 0.06 0.02 7 3 57 32 116 11 15 3.4
(n=3) PRt % 0.08 0.11 2 4 29 71 118 9 6 16.4
52 % 64 92 23 64 34 67 59 40 27 93
5% 70 % 3 2 /mg kg !
0.08 020 12 25 110 63 1300 89 94 2.2
Abundance of crustal elements
"I MHRRABTIEN CELIEEESRLEZRERITER
Table 3 Statistical results of heavy metal contents in soils of layer A and layer C in the study area
%1 gl = K i OB il i BB il
Tea garden Statistics Hg Cd Pb Co Cr Cu Mn Ni Zn As
SE 34 /mg kg™ 0.085 0.067 23.9 12.0 111.3 38.7 560 37.4 60.8 43.4
B I Kfl/mg-kg™! 0.129 0.192 38.8 16.5 143.8 62.1 1170 463 110.6 139.0
MK-A /Ml /mg kg™ 0.041 0.032 17.6 9.9 61.7 14.6 120 267 293 8.3
(n=8) i ik 22 0.032 0.052 6.4 1.9 29.1 16.0 294 56 225 509
5 R % 38 75 27 16 26 41 53 15 37 117
418 /mg kg 0.108 0.058 20.5 10.4 136.5 73.0 643 41.0 58.4 13.4
=eV} % KAt /mg-kg! 0.153 0.094 25.1 12.7 1943 107.2 946 68.1 748 15.7
IM-A /Ml /mg kg 0.070 0.034 152 6.8 105.1 34.6 220 256 386 113
(n=4) i fE 22 0.030 0.024 3.5 22 343 303 263 161 129 1.8
LR RBUY% 28 42 17 21 25 42 41 39 22 14
= AR Y A /me k!
Background value of soil layer A in Yunnan 0.058 0.218 40.6 17.5 65.2 463 626 42.5 89.7 18.4
48 /mg kg 0.051 0.060 14.5 11.9 89.2 42.1 412 33.8 562 72.8
ol FE B KMl /mgkg! 0.104 0.162 21.4 188 138.1 757 721 473 1269 286.2
MK-C /Ml /mgkg™! 0.011 0.009 43 7.6 432 97 92 17.7 305 1.5
(n=8) bt 2 0.031 0.046 5.2 3.4 293 256 179 9.5 281 993
5 R % 61 77 36 28 33 61 43 28 50 136
T4l /mg kg 0.090 0.047 17.0 82 132.6 73.3 298 353 333 9.0
=31} & Kfl/mgkg™! 0.110 0.070 18.5 13.6 211.2 116.0 540 61.7 446 112
IM-C /Ml /mgkg™! 0.057 0.018 16.0 53 655 28.6 121 21.4 249 7.7
(n=3) st 22 0.023 0.021 1.0 3.8 60.0 357 177 18.7 8.3 1.6
5 RE % 26 46 6 47 45 49 59 53 25 18
ZH CEHHY R /mg kg
) ) 0.076 0.155 40.2 20.4 78.0 482 621 51.0 99.1 254
Background value of soil layer C in Yunnan
A% FH b - 38 75 G KU 7 i 1B P /mg kg !
1.3 03 70 — 150 50 — 60 200 40

Screening value of soil pollution risk in agricultural land
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Fig. 2 Assessment results of the accumulation index pollution of heavy metal elements in the soils of the study area
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Table 4 Statistical results of heavy metal contents in tea samples from the study area

1 Giit i K i Y e % | i L BE fi
Tea garden Statistics Hg Cd Pb Co Cr Cu Mn Ni Zn As
T /mgkg’  0.028 0012 0487  0.096 0.785  8.727 723 4.425  13.898  0.627
B e Kf/mgkg'  0.058 0026 0577 0.124  1.567 10.048 1098 7.276  17.080  2.344
MK /M /mgkg!  0.013 0.006 0.355 0.059 0.266 5.025 356 1.602 12.134 0.076
(n=8) T 22 0.014  0.006  0.080  0.022 0377  1.580 264 1.853  1.455 0.689
TR REB% 52 55 16 23 48 18 37 42 10 110
P /mgkg!  0.021  0.009 0332 0103  1.237  11.595 989 6.180  19.420  0.013
=SV e Kf/mgkg' 0031 0019 0394 0.155 3.472 13347 1695 9.509 25417  0.038
M f/Mb/mgkg' 0013 0.003 0269 0.039  0.515  8.627 596 3.401 15.069  0.000
(n=5) T 22 0.008  0.006  0.042  0.042  1.122  1.581 404 2.083  4.006 0.014
5 2B % 38 64 13 41 91 14 41 34 21 107
Fent bR mg-ke!
Tea standard 0.3 ! > B > 30 B B B 2
=5 MRREMELRESERTREVEERY
Table 5 Biological factor of heavy metal elements in tea samples from the study area
% b K i i % i i £ 22 i
Tea garden Hg Cd Pb Co Cr Cu Mn Ni Zn As
B MK 0.328 0.177 0.020 0.008 0.007 0.225 1.291 0.118 0.229 0.014
A IM 0.195 0.159 0.016 0.010 0.009 0.159 1.539 0.151 0.333 0.001
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Riskrow DR E 28 LU 3 BT . il 28 4% il 2% R ) Cr 2 %6 N A il 58 AN W] 452 52 1 20
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Table 6 Average daily intake (ADI) and non-carcinogenic risk (HQ) and carcinogenic risk (Risk) of heavy metal elements

T TLE HFE# i N8 ADI/mg-kg'-d! EFUR AR HQ o A S Risk
Tea garden Element “Fi{H I KAH 5 /ME P ROKME RAME CPIE BRME & /ME
Hg 5.145x10°  1.071x10° 2.390x10°  0.005  0.011  0.002 — — —
cd 2.174x10°°  4.847x10° 1.082x10°  0.002  0.005  0.001 3.261x10°  7.271x10°  1.623x107°
Pb 8.994x10° 1.065x10* 6.547x10°  0.026  0.030  0.019 7.645x107  9.055x107  5.565x107
Co 1.772x10°  2.287x10°  1.097x10°  0.059  0.076  0.037 — — —
Cr 1.449x10* 2.893x10™* 4.904x10°  0.048  0.096  0.016 7.245%x10°  1.446x10™* 2.452x10°°
) )
]
MK Cu 1.611x107°  1.855x10° 9.276x10°*  0.040  0.046  0.023 — — —
Mn 1.335x10"  2.028x107"  6.568x10  0.953  1.448  0.469 — — —
Ni 8.169x10* 1.343x107° 2.958x10°*  0.041  0.067  0.015 — — —
Zn 2.566x107 3.155x10° 2.240x10°  0.009  0.011  0.007 — — —
As 1.158x10* 4.328x10™ 1.409x10°  0.386  1.443  0.047 1.737x10*  6.492x10™ 2.113x107°
&it — — — 1.569  3.234  0.637 2.795x10"  8.674x10™  6.244x10°
Hg 3.892x10° 5.787x10° 2.380x10°  0.004  0.006  0.002 — — —
cd 1.690x10° 3.484x10° 6.157x107  0.002  0.003  0.001 2.536x107°  5.227x10°  9.236x10°
Pb 6.135x107°  7.273x10°  4.963x10°  0.018  0.021  0.014 5.214x107  6.182x107 4.219x1077
Co 1.892x107°  2.856x10° 7.212x10°  0.063  0.095  0.024 — — —
i Cr 2.284x10*  6.411x10™*  9.509x10°  0.076  0.214  0.032 1.142x10™*  3.205x10™*  4.755x107
;'v[ Cu 2.141x107  2.464x107° 1.593x10°  0.054  0.062  0.040 — — —
Mn 1.826x10"  3.129x107"  1.101x107" 1.304 2235  0.787 — — —
Ni 1.141x10°  1.756x10° 6.278x10*  0.057  0.088  0.031 — — —
Zn 3.585x107  4.692x107° 2.782x10°  0.012  0.016  0.009 — — —

3.689%x10° 1.061x10° 0
1.438x10*  3.840x10" 5.720x10°

As 2.460x10° 7.071x10° 0 0.008  0.024  0.000
[=aah — — — 1.597 2762 0.940
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Fig. 3 The percentage contribution of THQ and Riskr,, of heavy metal elements
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A 2 A8 RO R 2 e RO A 25 A BT/ A A B KR PR ARk AR R BEFE oy, AR ARJH 350013

THE: S EM R Z R 500 TR R 59 5 AL TR R I A SR IR AR B, BT % A A B A TT DL EE A
JEHL B i, AERE IEACEM RSN, S TEMESRSE S A EAREEE/EM . DARER
(CK) « Eff 14 (A « EFf 24 (A2) . EF 3 4F (A3) MHEMIRIE LT AN %, FIFH Miseq PE300
EEEMNF AR LA SRR E. 4R RW, 5 CKAML, BMRZ EERS T RHR bR+ 5%
B AR USROS RANIREE, Hh A3 LEAERS, SFEFEESNE 32.36%. 13.01%.
69.21%F1 9.56%. a ZFEVEIRER, ZEMIRER 1B B & B & Observed species (Al Chaol 18 ¥ £ ¥l CK>
A3>A1>A2; ACE #8%1. Shannon 8%l Simpson 84 2 A3I>CK>A1>A2. p ZHMIRHEERN, A2 5
CK. Al A3 BIZSHR bR 1 3 BB VA AR5 W 22 R K . 2B i RI, RRIAR B L W o A6 T
18 1148 40 135 H 309 %} 632 J&. 7EI'1/KF L, THK T (Ascomycota) & CK. Al Fl A3 LA ], XS
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HM )8 (Cladophialophora) 4y 7 5.3 b F+ 788.43 f5F1 36.24 fff (P<<0.05) ; A3 hIEMHMEEMRZR
(Ganoderma) 4y 51 %% ETF 1.09 541 0.81 f% (P<0.05) . % LRk, ZRFEEM R 2 0r4G 03 MR bR+
WA WAL, S R AR, 2R I AT R 4k R SR SR AL E IR K .
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Abstract: The tea plantation with Ganoderma lucidum is an ecological cycle intercropping model of resource
utilization of tea processing waste, and the composite community formed can cover the ground more thoroughly and
play an important role in improving the soil microbial community structure and maintaining the balance of soil
microbiological system. In this study, we investigated the changes of tea rhizosphere soil fungal community structure
in uncropped (CK), intercropping 1 year (Al), intercropping 2 years (A2) and intercropping 3 years (A3) using
Miseq PE300 high-throughput sequencing technology. The results show that: (1) compared with CK, interplanting
Ganoderma lucidum significantly increased the contents of available nitrogen, available phosphorus, available
potassium and organic carbon in tea rhizosphere soil, with soil of A3 having the highest increase, reaching 32.36%,
13.01%, 69.21% and 9.56%, respectively. (2) The a diversity index shows that the observed species and Chaol index
of tea rhizosphere soil fungal community were CK>A3>A1>A2. ACE index, Shannon index and Simpson index
showed A3>CK>A1>A2. (3) The g diversity index shows that the composition and structure of fungal community
in tea rhizosphere soil of A2 were relatively different from those of CK, Al and A3. (4) Through taxonomic analysis,
it is found that tea rhizosphere soil fungi were distributed in 18 phyla, 48 classes, 135 orders, 309 families and 632
genera. At phylum level, Ascomycota was the dominant phylum of CK, Al and A3, with relative abundances of
71.28%, 68.74% and 51.79%, respectively. Basidiomycota was the dominant phylum of A2 with a relative abundance
of 64.48%. At the genus level, compared with CK, the contents of Ceratobasidium, Mortierella, Piedraia and
Saitozyma in Al were significantly increased by 59.14, 1.34, 3.70 and 1.92 times, respectively (P<<0.05). The
relative abundance of Archaeorhizomyces in A2 decreased significantly by 76.81%, while that of Tomentella and
Cladophialophora increased by 788.43 and 36.24 times, respectively (P<<0.05). The Mortierella and Ganoderma in
A3 soil significantly increased 1.09 and 0.81 times, respectively (P <<0.05). In summary, the interplanting
Ganoderma lucidum in tea gardens can effectively regulate the composition and structure of tea rhizosphere soil
fungal community, improve the soil micro-ecological environment and this study provided a theoretical basis for the
technical model to promote the sustainable green development of tea plantation.

Keywords: tea plantation, intercropping Ganoderma lucidum, rhizosphere soil, fungal community structure
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Table 1 Physicochemical properties of tea rhizosphere soil under different treatments

i H Item CK Al A2 A3

pH 5.63£0.06" 5.74+0.12° 5.83+0.19° 5.67+0.05°
AR Available nitrogen/mg kg’ 198.77+0.15¢ 229.04+0.87° 244.22+0.11° 263.10+0.40°
#A4 B Available phosphorus/mg kg™ 82.23+0.15¢ 86.63+0.25" 84.83+0.61° 92.93+0.45"
4T Available potassium/mg- kg™ 246.07+0.45¢ 320.07+0.75° 385.07+0.85" 416.37+0.31°
4% Total nitrogen/g kg™ 1.85+0.07° 1.84+0.10° 2.19+0.08" 2.26+0.04"
4% Total phosphorus/g kg’ 0.97+0.09" 1.04+0.06° 1.66+0.11° 1.51£0.06°
44l Total potassium/g-kg™” 7.27+0.11% 7.32+0.09° 6.96£0.27° 8.39+0.16"
HHLBE Organic carbon/g-kg™ 20.82+0.12¢ 21.31+0.12¢ 22.29+0.14° 22.81+0.11°

2L )& B Microbial biomass carbon/mg kg™ 591.82+33.1

7° 431.08+47.12°

462.54+51.48"

602.29+16.41°

E: BT AR TR R Z R IE R E KT (P<0.05, n=3)

Note: Different letters in each line indicate significant differences (P < 0.05, n=3)
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Fig. 1 Shannon-Wiener curves of fungal community in tea rhizosphere soil under different treatments

x2 TELEFMRIFTRERFEZHFMEEY

Table 2 Diversity index of tea rhizosphere soil fungal community under different treatments

Aab 7 W52 2 1)) b 5 Chaol 5% ACE 184 Shannon 1§ %t Simpson & 1 5%
Treatment Observed species Chaol index ACE index Shannon index Simpson index Coverage
CK 1 562.00+42.32° 2119.42+114.63° 2127.01493.24° 6.93+0.28° 0.97+0.01° 98.67+0.58"
Al 1332.33+37.43° 1799.76+148.12"°  1809.08+123.44°  6.59+0.20° 0.96+0.01° 99.000.00°
A2 1 056.00£136.67° 1 606.33+267.55° 1641.06+211.97°  4.02+0.61° 0.68+0.08" 99.000.00°
A3 1 544.87+54.56 2 070.32469.23° 2 128.86436.93" 7.384+0.12° 0.98+0.00" 99.00+0.00°

e YA R 7 RER R 2 ik B EKFE (P<0.05, n=3)

Note: Different letters in each column indicate significant differences (P < 0.05, n=3)
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PALZRTE

24 EMRZEAMRFETRERZAHM

T
2.4.1 FETKFAS [E] Ab H A4S B AR Br 3% B
IR S5

TE 2% AR B - 498 B0 B B 5 AR A I B 18
AT, FHorb, M EERT S A AR SRR K
T3] (Ascomycota, 29.01%~71.28%)-
27 H ] (Basidiomycota, 13.51%~64.48%).
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Fig. 2 PCA analysis of fungal communities in tea rhizosphere soil under different treatments
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Fig. 3 Hierarchical clustering analysis of fungal communities in tea rhizosphere soil under different treatments
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Table 3 The relative abundance of major fungal phyla in tea rhizosphere soil under different treatment

[T Phylum CK Al A2 A3

FHEH [T Ascomycota 71.28+0.39° 68.74+2.72° 29.01+5.18° 51.79+4.81°
#HFH ] Basidiomycota 13.51£0.55° 18.85+1.28° 64.48+6.89° 29.75+4.63°
F € LT Unidentified 8.85+1.23" 5.45+1.25° 3.55+1.29° 9.28+0.64"
P fIB ] Mortierellomycota 1.41+0.45° 3.19+0.66 1.01+0.23" 2.88+0.59"
FREEH ] Glomeromycota 2.74+0.24" 1.88+0.27" 1.39+0.09¢ 2.78+0.29"

W BATA R RER R ZE RiA B EKE (P<0.05, n=3)

Note: Different letters in each line indicate significant differences (P < 0.05, n=3)
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5 BT Cunidentified, 3.55%~9.28%)+ #
fi# ] (Mortierellomycota, 1.01%~3.19%)
FEKFE ] (Glomeromycota, 1.39%~2.78%)
(£ 3). TEREITZ CK. AL 1 A3 LMk
HWIT, AN 71.28%. 68.74%F
51.79%; 1 A2 HIERLHETTVE TR,
XS E N 64.48%.
2.4.2 FET R IKT A [F] Ak BE % W AR Fos 438 LR
HE & 450

HEE 4 75, 2T EAKPEL, K LHEE
(unidentified)« AR E J& (Archaeorhizomyces)
W2 1 J8 (Tomentella) « fH4A 1 J& ( Ceratobasidium)
M HE A )8 (Cladophialophora) 2&Fh R
ZHRMR LA EE (AT 5). Hr,
CK. Al Fl A3 38 v 3= B fg oy 10 2 oK 0 LA
J&, AH XS N 45.02% . 29.70% Al
53.63%; 1M A2 35 &8 F B i, A
StFE N 55.26%. 5 CK ML, Al i
HEE. WEERE (Mortierella). BT
J& (Piedraia) M =JEW & (Saitozyma) 41 %)
2% ETF 59.14. 1.34. 3.70 f5f1 1.92 f5 (P
<0.05):; A2 LM EREEZE TR
76.81%, T A 5= 11 & A1 S f i 25 8 4 il (2 3% b

T+ 788.43 £5 A1 36.24 fi5 (P<<0.05); A3 T3
K EEMRZ)E (Ganoderma) 43 7 & 3%
Tt 1.09 £5A1 0.81 fi5 (P<0.05). M4k, #
P &t SRt 2 W], S [ Ak T 5 AR o - 3 TR B
WA R R R B (B 4D,
2.4.3 A [FI A B 2 AR PR 8 LR VR 2 R
Pl o b

Z 9 M oz H A G 4 Ht ( Linear
discriminant analysis effect size, LEfSe) 7] 3K
B/ 2 N 1 Wl T R 5 % N s 2 M i
0 2H AR 43 A, AT 4K B0 40 () 76 3 B A R
ZRW R CEIA bR EY), Biomaker) (LDA
score=4, P<<0.05). HIITHEHI S KZEHA]
L, O MR BER R E R R E . T 5
BT BRI T T BT AE N CK.
Al FI A2 HRFR L35 1 BRI T LE bR B
M % 265 1] (Rozellomycota) Fl & & X B [ 11E
A3 LR EE RS (B 5. £ CK. Al A2
FA3 LEEFHIA 104N TT283 H 48D,
200 C1TT4HN8HTRD. 64 (171142
H2FD. 164 21134H6HS5SF BFS
R AR ED .

x4 FRALEZFHRELRABEEESEE (BKP)

Table 4 The relative abundance of dominant fungi in tea rhizosphere soil under different treatments (genus level)

%

J& Genus CK Al A2 A3

€ X HiJ# Unidentified 45.02+1.23° 29.70+1.92° 16.48+4.13¢ 53.63+3.88"
W EJE Archaeorhizomyces 30.62+3.71° 23.32+3.02° 7.10+1.18¢ 10.86+1.13¢
WA @ Tomentella 0.07+0.07° 0.04+0.02° 55.26+7.82° 0.47+0.06°
B B Ceratobasidium 0.140.02° 8.42+0.69° 0.01+0.01° 0.03+0.03"
YU R Cladophialophora 0.21£0.17° 0.06+0.02° 7.82+3.07° 0.29+0.06"
WA R Mortierella 1.36+0.42° 3.18+0.67° 0.9440.19° 2.84+0.58°
EfTHE R Piedraia 1.0840.29° 5.08+2.12° 0.46+0.05° 0.59+0.27°
ZHE Saitozyma 0.95+0.27° 2.77+0.88" 0.68+0.23° 1.55+0.60°
WA R Pyrenula 0.02+0.01% 4.45+5.57° 0.00+0.00° 0.00+0.00°
RZJ® Ganoderma 1.15+0.28" 0.18+0.04° 0.23+0.02° 2.08+0.91°

E: AT AR TR ZRIB R KT (P<0.05, n=3)

Note: Different letters in each line indicate significant differences (P < 0.05, n=3)
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Fig. 4 Heat map analysis of fungal community in tea rhizosphere soil under different treatments (genus level)
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Fig. 5 LEfSe biomakers of fungal community in tea rhizosphere soil under different treatments
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Study on the Differences of Leaf Color and Volatiles of
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Abstract: In order to explore the differences in leaf color and volatiles of different insect-resistant tea cultivars, a
two-year field population density survey was conducted on 11 tea cultivars. Through the indoor incubation test of
field branches and the indoor life parameter determination test, the reliability of field population density as the
resistance grading standard was proved. The color difference and wax content per unit leaf area of leaves were
determined, and the volatiles of new shoots of one bud and two leaves that were not harmed by pests and diseases

were detected by gas chromatography-mass spectrometry (GC-MS) in order to screen the differences among different

IS BER: 2023-02-28 EITHHEA: 2023-05-15

E€WB: PEARAKRFBCGREETE (BCY2021K0100) . 48 & R AR K S “XW—ifl 7 @R+ 000 a8 3-8 & 1 kI B
(KSYLCO005). & & i SR FA& N CEZe) Pk lE [ 2 Fh i B IR R A 2 TH I H  (KH220095A) A 3 5K K AR 7% it K Jé
e RHEA R4 (FIZTFOD)

TEE R A0, &, B F e AR, 32 TN W 8 & R 5 2B W R J5 T 0F 5 . %38 15 1E 3 : jinshan0313@163.com; swj8103@126.com



526 xR o2z 43 %

insect-resistant tea cultivars. The results show that, M. onukii preferred tea cultivars with darker, lighter yellow
leaves. D minowai preferred tea cultivars with brighter, more saturated colors and a higher yellow color, and D
minowai placed more emphasis on the color of the leaf back. In terms of volatiles, the population densities of M.
onukii were significantly and positively correlated with the relative content of linalool and negatively correlated with
the relative contents of nonanal and dodecane. Population densities of D. minowai were significantly and positively
correlated with the relative levels of dodecane and phenylethanol. The effects of dodecane on M. onukii and D.

minowai were opposite, and the same trend was observed for the relationship between wax and population density in

tea leaves, suggesting that the same volatile substance may have different reactions to different insects.

Keywords: tea plant, Matsumurasca onukii, Dendrothrips minowai, leaf color, volatile components, resistance
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Table 1 Population density of M. onukii and D. minowai in 11 tea cultivars

i 2 ERI R BEEEE (45 50 NFAY)  Population density for two years (per 50 tea shoot)

Cultivars ANBURA RS W M. onukii FARE T D. minowai

S CRVAl 161.80+5.62° 69.50+5.17°

M5 MZ 104.50+6.37% 59.90+5.41°

KAl SX 91.70+5.91% 49.30+3.20"

Hk HD 83.30+11.18% 122.00+12.90

A% QL 82.80+5.01% 200.80+20.17%

H 4 F+ BMD 75.80+5.82°% 125.80+5.64%

K44 DHP 72.70+3.53% 89.10+5.64°"

i & RX 64.80+3.26°" 261.40+10.35°

B HMG 46.2042.018 355.90+63.45°

#WEH HGY 51.70+3.78' 178.20+13.04%

F1 356 BIG 42.60+1.99° 263.60+19.49°

e RSB E bR FSIAR TR R EREFE (P<0.05), T

Note: Data in the table are mean + SE. The different letters in the same column represent significant differences (P<<0.05). The same blew
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Fig. 1 Population dynamics of pests in the 11 tea cultivars
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Table 2 Developmental duration of different stages of M. onukii in 4 tea cultivars

RE W B & B Vil Developmental duration/d
Development stage £ K HOWH EREPEA
1 # 1% instar nymph 1.76+0.05" 1.58+0.07° 1.990.06° 2.00+0.06"
2 % 2" instar nymph 1.78+0.07° 1.41+0.06° 1.72+0.07° 1.72+0.07%
3 # 3" instar nymph 1.83£0.07° 1.60+0.07° 1.81+0.08° 1.80+0.09°
4 # 4™ instar nymph 2.17+0.08" 1.76+0.08° 2.27+0.12° 2.02+0.11%°
5# 5™ instar nymph 2.82+0.11° 2.15+0.08" 2.74+0.15" 2.70£0.14°
# 1t Nymph 10.11£0.12° 8.42+0.14° 10.43+0.24° 10.24+0.21°
A Adult 33.32+1.49° 43.45+1.96 38.23+2.39% 33.13+1.97°
WE Rt Female adult 34.85+2.18" 44.14+4.08° 37.26+3.19" 33.22+2.63"
M . Male adult 31.97+2.05" 43.12+2.18° 39.17+3.59" 33.05+3.01°
I di %5y Female adult lifespan 45.29+2.16 52.43+4.01° 48.30+3.06 43.87+2.57°
M H1 75 @ Male adult lifespan 41.79+2.01° 51.60+2.18° 49.00+3.66" 42.86+2.93°
g W Life cycle 36.67+1.91° 38.314+2.65" 28.60+2.55° 25.02+2.18°
1007 o4 z
#HK HD

3 —A— HWE HGY

g HX45E BIG

&

"l

q\lt

W] Instar

44 NFER @i B/ DR MR R ER

Fig. 4 Survival rate of nymph of M. onukii in 4 tea cultivars
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Table 3 Surface color difference parameter AE of the third tea leaves

i ol E G g KA # ik A F4SE ROl EE HWE O HBUR SR
Cultivar 7] MZ SX HD QL BMD DHP RX HGY HMG BJG
E SCRVA 0

5 MZ 1638 0

KAl SX 19.41  5.24 0

# % HD 31.50 1532 13.04 0

#F= QL 12.18  4.66 8.23 19.36 0

H4t 5+ BMD 1493 1.90 5.37 16.61  3.15 0

K44 DHP 1273 5.73 9.45 19.42 234 4.64 0

i 7 RX 20.50  4.73 2.62 1122 8.67 5.65 9.46 0

#ME HGY 3036 14.18 1235 1.62 1820  15.52 18.16 1033 0

HHI HMG 2829 12.80 1236  6.14 1624 14.09 15.67 10.04  4.63 0

13456 BIG 47.10  31.11 2966  16.71  35.00  32.56 34.54 27.63 1733 18.89 0

H: AE<I R ZA T

% 3.5<AE<S XoRZEW R, 5<AE X W E KU ALEW R G2, AT

Note: AE<I, color difference is not obvious. 1<AE<2, color difference can only be noticed by experienced observers. 2<AE<3.5,

1<AE<2 R Z R ARWEFMMEHR T RITEED; 2<AE<35 BRBRALBRMAEH T EB A

inexperienced observers can notice the chromatic aberration. 3.5<AE<5 indicates obvious color difference. 5<AE, the color

difference can be clearly distinguished. The same below

x4 FWFTEIMHAME

ESH AE R
Table 4 Color difference parameter AE on the back of the third tea leaves

i ol Y g KA R A2 SE NN D E HWE EH FI ¥ et
Cultivar zJ MZ SX HD QL BMD DHP RX HGY HMG BIG
E SERVAl 0

5 MZ 9.70 0

KAl SX 12.47 337 0

# % HD 17.46  8.41 5.24 0

A% QL 7.56 2.15 5.16 10.3 0

H4t S+ BMD 9.46 0.56 3.67 8.60 2.02 0

K44 DHP 9.09 1.17 4.21 9.02 1.90 0.63 0

Hi# RX 11.93  3.18 2.11 5.78 4.86 3.14 3.43 0

W& HGY 18.35  8.95 5.91 2.77 10.94  9.27 9.79 7.08 0

I HMG 1632 7.42 4.16 3.13 9.18 7.78 8.34 5.76 2.65 0

A 7958 BIG 27.13  18.09  15.13  11.57  19.95  18.50 19.08 16.59  9.58 11.13 0
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Fig. 5 Correlation between insect density and leaf color difference
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Fig. 6 Venn diagram of volatiles of 11 tea cultivars
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Table 5 Relative contents of volatile compounds in 11 tea cultivars

25 L& AT £ B Relative content/%
Category Compound E3] g i KAl g o A4 KA Kty 7 FEOW HEER 13 5t
I 0.05£0.07"  0.0120.00°  0.29+0.08"  0.02£0.01*  0.01:0.00°  0.01+0.00°  0.39£0.03"  0.54+0.75" — —
2-PEmE 0.19+0.03  — — — — — — — — — —
2-Z TR 0.78£0.06"¢ 0.95+0.03b°"  0.83+0.04b" 0.53£0.04°"  0.44:0.40°  1.07+0.11"¢ 1.27£1.03"  0.86£0.21°" 1.52+0.48"  0.17£0.01°  2.650.28"
Ll 0.41£0.17"  0.08£0.11°  0.05%0.07° — 0.28+0.03" 1.57£1.78"  — — — 0.40+0.23*
-0, 00-5- = 3 -5- 2, 05 Jk
) . " 12420.06% 3.28+0.78%0  2.70£0.00b% 5.01-0.19%° 0.51£0.04°  0.84£0.04°  5.9244.95® 2.8140.54¢ 7.7941.00°  5.16£0.03%  2.71£0.26"
70 2114 I g -2~ F
R -a,0-5- = 1 F-5- £ 0 e
- O 7762050 68751795 5.6330.17% 0.48£0.23" 2110010 19580130 11.27:4.73° 7.2550.18°  16.84:1.75° 16.27:0.11°  7.980.62"
g TVEA2TM TR
Al"hl 75 MR 62.75£6.63" 28.91+0.86°° 36.11+5.58" 40.13£0.42° 19.64:3.21°" 10.61:1.45" 7.85+8.428  26.22+2.08°° 24.46:4.41% 31.70£0.65" 24.78+5.82%
cohols ; P 4
EYA 0.60£0.20° 231028 — 1.32+0.04™  1.37£0.01"  0.77+0.10°  0.550.69°  2.12+2.98"  1.45:0.17" 3.65+0.04"  1.97+0.88"
2,2,6- = H1 3 -6- 2, 4 3 1Y
) o 1.16£0.15*  0.21£0.02°  0.27+0.01°  0.62+0.00°  0.15£0.02°  0.15+0.01°  4.25£5.92°  0.61+0.14*  1.15:0.01°  0.97+0.10°  0.96+0.02"
A -2H- k-3¢
1- TR — 0.10£0.01 0.05£0.00*  0.09+0.01°* 0.15+0.02"* 0.17+0.15"  0.06£0.01"  0.15+0.16"™™ 0.05£0.00°  0.220.04"
[egia 0.15+0.00°  0.52£0.01°  — — 0.45+0.10"  0.10+£0.02°  0.15+0.01° — - 0.16+0.08"  —
IR 2.49:0.31¢  23.68+0.45"  16.34+4.26° 10.28+1.24°! 47.75£0.04° 23.23+0.52" 8.64x11.59° 11.20+3.37° 5.97+0.85°  16.09£0.85* 1.92+0.31°
2-+NHE — 0.06:0.01"  0.07+0.01* — 0.22£0.10°  — 0.13£0.07° — —
B AU — 0.14+0.04°*  0.1840.02°°  0.1040.00* 0.3740.01°  0.26+0.14™ 0.120.02%  0.14+0.02°%  0.670.12"
1 0.22£0.01"  0.23+0.01°  0.15+0.04"°  0.16£0.04"  0.27+0.01°  0.17+0.08"  1.60+2.04"  0.11£0.07"  0.12+0.04°  0.14+£0.01"  0.19+0.04"
a- RN 0.65£0.05"  0.70+0.04"  0.72+0.04"  0.46£0.04°  0.91+0.04"  0.32+0.00° — 0.37£0.04°"  0.27£0.06°  0.37+0.11° —
5B 0.28£0.08"  0.37£0.04*  — 0.26£0.04"  — — 0.80£0.54"  — — — 0.39+0.01°
o8 S i — 0.11£0.01°  — 0.10£0.01° — — 0.04+£0.02*°  0.06£0.06*  0.13+0.03"  —
Olefin  (-)-a-FEH i 0.15+0.08" 0.08£0.04°  0.05+0.01°
BT K — 0.05+0.01Y  — 0.11+0.01°  — — — — 0.32+0.03"  0.22+0.01°  —
A-FERA — — 0.05£0.00°  0.05+0.01° — 0.16+0.04"  0.15£0.11°  — 0.140.00"  0.06+0.01"  —
a-MIA — — — — — 0.21£0.20°  — 0.05:0.01° —

i AT AR FEANG AR P<0.05 KF 2 5 W
Note: Different lowercase letters in the same line represent significant differences at the P < 0.05 level

1439
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BES
251 &=L’} H% % i Relative content/%
Category Compound 3 i KAl B [ [EEiTRS KLHL Jity A M R 1138 56
2-CUIA S — — 0.01:0.00"  0.02£0.01" — — — — 0.01£0.00" — 0.020.00°
BEfE — — — — — — 0.31:0.00 — — — —
(2)-3-C IR s — — — — — — — — 0.05£0.02"  — —
[ES TR — — 1.380.12% — — 0.82+0.15°  1.231.00™  1.12£0.37" 1.71£0.16" 0.86+0.06™ 1.64+0.13"
Aldehyde L — — — — — — — — 0.16£0.05° — 0.39+0.15°
B Fy S 0.15£0.00"  0.12+0.01°°  0.10£0.01°  0.1240.02°  0.15£0.03" — 0.17£0.05"  0.14:£0.05" 0.18£0.01° — 0.15£0.02°
(2)-3,7- " 3E-2,6-9 HEE — 0.64+0.06"  0.26£0.01"  0.23+0.01°  0.84+0.07°  0.29£0.01" 6.36+8.75"  0.17+0.07°  0.12+£0.01" 0.25%0.01° —
i s 0.110.02¢"  1.2120.08"  0.58£0.01°°  0.60+0.02°" 1.770.07°  0.81+0.01° 0.33£0.23%  0.36+0.28% 0.360.06" 0.68+0.01° —
LR B B 2.2940.16°  0.73£0.17°  5.21+0.06° 0.55+0.07° 1.88+0.35° 24.34+5.08" 10.65+0.65° 10.90+8.92° 0.71+0.12° 0.43+0.02°  0.35+0.03°
L 2 -2- N R - - 0.29+£0.25"  0.09+0.12°
(E)-C-3-1 45 T Fe i 0.10£0.03°  0.1420.09"  0.62+0.13"  0.12+0.01° — — 0.26:0.04"  1.71£1.07"  0.16£0.04* 0.07+0.00° —
- K 2 R 4.54+0.04"  3.31+0.58" 3.78+1.32" 2.1140.21° 1.010.20°  0.51+0.13" 4.34+5.84"  2.60+£0.32°  0.95£0.29" 2.29+0.14"  3.45:+0.92°
Beters SRR 0.28+0.06a" 0.4120.43"
ZE G — — — — — — — — 0.13£0.01" — 1.960.29°
CLFR M B B — — 0.12£0.01°  — — 0.3240.08"  2.05£2.80"  0.34£0.25" — — —
AR R 5 T e 0.21£0.09°  0.15£0.04"  0.07£0.03°¢  0.10£0.03° — — 0.64£0.05"  0.07£0.02°"  0.10£0.01° — —
A R — 0.12+0.09"  — 0.0740.01*  — 0.19+0.20*  — 0.25+0.33*  0.1740.01° — —
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Study on the Control Effect of Chemical Pesticides

on the Empoasca onukii Adults

ZOU Jiating"*, GUO Yuhang"?, BIAN Lei', LUO Zongxiu', LI Zhaoqun',
XIU Chunlil, FU Nanxial, CAI Xiaomingl*

1. Tea Research Institute, Chinese Academy of Agricultural Sciences, Hangzhou 310008, China;

2. Graduate School of Chinese Academy of Agriculture Sciences, Beijing 100081, China

Abstract: Empoasca onukii is an important pest in tea gardens. Currently, the control was mainly depended on
chemical pesticides, but less attention was paid to the control effect on the adults. In this study, the control effects of
chemical pesticides on the adult E. onukii were evaluated through field experiments, and the reasons for the poor
control efficiency were investigated by laboratory test. The results show that the chemical pesticides with good
control effects on nymphs in the field did not have ideal control effects on adults. Indoor studies have shown that
when spraying the entire tea shoots at concentrations even lower than those in the field, the adult mortality rates were
100%. Furthermore, the adult mortality rates were the highest (63.33%~71.67%) when the pesticides were applied at
the middle part of tea plant shoots, and the adult mortality rates were the lowest (20.00%~28.33%) when applied at
the top of shoots. Moreover, the adult mortality rate could be increased by increasing the shading range around the
shoots or reducing the light intensity at the top of the shoots, when the pesticides were applied at the top of shoots.
These results indicate that the main reason for the poor control efficiencies of chemical pesticides on the adult E.

onukii in field is that the adults mainly live in the middle part of tea plant shoots. This phenomenon should also be
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related with light intensity. This finding provided a reference for the control of the adult E. onukii, and helped to

enhance the control effects of chemical pesticides on E. onukii.

Keywords: Empoasca onukii, adults, chemical pesticides, control effect, affecting factors
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Fig. 2 Control effects of different chemical pesticides on E.onukii adults and nymphs
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RENLIBEHTEBREUERTHITHUREE
SHAESIN ACE &M Y22
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1. B AW Rl 2 g 25 i BF 78 BT /A M A T S 4 Fh e BF s A AE W 5 8L B P EE A Sk Ie =, Wi AU 310008;
2. HE LR EBERE A B, dEET 100081

TEE: LRI RMEEH TR R, 5 RECI G R & METRE . 258, a04%. ARERA = BIEH R MR
g CEFEILFRE. EER. FES) #HATNE, 3R & ZOR A € 852: 074l 0k 4 I8 5 9k = 5 il
(Angiotensin-converting enzyme, ACE) #Ilyd s tbah, 23085k 4 7 0 S a0 56 0F 70 28 o 32 B AL 32 B
43 ACE Z (B TE M EAENLH . 45 BB, @REEEMETRF p- 2 2E TR (y-aminobutyric acid, GABA)
SEEME 1.72mg-g!, BERHTRKALLHEFEFEN 0.04 mg-g" (P<0.05) o FAALH & AR N T T 200 2 ke
MAERMEZMBUEMMARE EBEWE KR RAAX T ZREmFAFPEERANS &, MK T L2060
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(P<0.05) ; JREKHERAB G TR T ZH MK ACE MHEMH&®E, B2ES T RASR. ARMmaRk
T TZHAERRER (P<0.05) o Mh4h, o FXTEERHRIE R, Zem i) R AR5 ACE WM HAER
W5 T 0 R SRR R F IR A . TS A B T4 s IR AL B X SR 48 45 ACE 0 il 3 14 11 5%
W, SR B AR TR YT IR SRR Th e B SR IR A P R PR A E R AR AR

LR TR p-EBETER: REWAH, MLTE, e %ok EHE R

FESES:S571.1 CHRFRIRAD : A EHS : 1000-369X(2023)04-553-14

Changes in Chemical Composition of Zijuan Tea under
Anaerobic Treatment Conditions and Their Effects on

in vitro ACE Activity

1,2 . 1 1 1 NE . . 1%
YANG Gaozhong **, SHI Jiang , ZHANG Yue', PENG Qunhua', LIN Zhi , LU Haipeng
1. Tea Research Institute of the Chinese Academy of Agricultural Science/Key Laboratory of Biology, Genetics and Breeding of
SpecialEconomic Animals and Plants, Ministry of Agriculture and Rural Affairs, Hangzhou 310008, China; 2. Graduate School of Chinese

Academy of Agricultural Sciences, Beijing 100081, China

Abstract: In this study, fresh leaves of Zijuan tea were treated with anaerobic treatment and used to make
freeze-dried, green, black and white tea samples. The main non-volatile components (such as catechins, amino acids,
anthocyanins) in these samples were determined and their in vitro angiotensin-converting enzyme (ACE) inhibitory
activities were evaluated by high performance liquid chromatography. In addition, molecular docking simulation
experiments were conducted to investigate the potential interaction mechanisms between the major chemical

components in tea and ACE. The results show that the GABA content in the freeze-dried samples after anaerobic
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EEEN: et B, BEw g, EENERH SRS E FFEE S PR . *BE/E#H : linz@tricaas.com; Ivhaipeng@tricaas.com
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treatment increased to 1.72 mg-g”', which was significantly higher than that in the tea samples without anaerobic
treatment (0.04 mg-g™', P<0.05). The composition and contents of amino acids and polyphenolic compounds in the
tea samples were significantly affected by the processing methods after anaerobic treatment. The white tea process
could increase the contents of amino acid components in the tea samples, while the freeze-drying process could
maximize the retention of polyphenolic compounds in the tea samples. The in vitro ACE inhibitory activity of Zijuan
tea fresh leaf samples was significantly enhanced after anaerobic treatment (P<0.05); the strongest ACE activity
inhibition was observed in samples prepared by freeze-drying process after anaerobic treatment, which was
significantly higher than that of samples prepared by green, white, and black tea processing methods (P<0.05). In
addition, molecular docking simulation experiments reveal that the strength of the interaction between the main
chemical components in tea and ACE was related to the hydrophilic groups and aromatic ring structures in their
molecular structures. The results of the study helped to reveal the effect of anaerobic treatment on the ACE inhibitory
activity of Zijuan tea and provided a theoretical basis for the development of special functional Zijuan tea products
with potential treatment of hypertension.

Keywords: tea, y-aminobutyric acid, anaerobic treatment, processing technology, angiotensin-converting enzyme

e I s A2 O I 78 9 5 A O B AR T g — A
HE AT SO MRS R R . AN 1990 £EF] 2019
4, AER 30~79 % 1 i I B LR T &
I % 5K &R % # i  ( Angiotensin-converting
enzyme, ACE) Z'HR-MERKRARGE TN
— AN OB, 7SI i A A R L 5K T,
H o TR AT 6 5 v I A I I A 0 . 4
il ACE W] LLAG R4 FEA I 1, 98k 2> I A% T Rl A
O IS R XU, DA, 41 77 % ACE
() A A A ) 3% PR A A D9 0 e R AR ACE 1) 551
fi 52 R K P,

AR, 58 2F 2% DALARR AR 1R XU it Joft A LR {2
ThEESHE T RFZ xRl 54648805 A
e, SR ARG RS SR, i
Z W E R RIR ACE #Ifil5H], AFERE a1 IL
REKE TBEE (Epigallocatechin gallate,
EGCG) 1) F& T ILAHK-3-0-3"-0-H 1)
# & TR [Epigallocatechin 3-O-(3"-O-methyl)
gallate, EGCG3"Me]), F1EH =P E &=
&, EATEE AR SME R IR S B A B ACE
g vE . K ( Camellia sinensis var.
assamica) J& 2 F A AR 2= B % i 70T A
KRR R ok F ok, 23R E & AR
PERTE o At 2 — o MRTAIRIERR, 31
BT, SRUE 2 LU 2 B DR i o 25 B fi o) Rl 1) 5%

P LA B R 1K) AR I TR R (AR R, -
R TR (y-aminobutyric acid, GABA) #iA
e — M E B AV E YR, v RELE IR O
LR 7R » A ) P AU It s T O 4% AT 25 IR AR
FE R A A P 4 0IF SIS 4R v 2% 7
GABA SREARONEPL, Hit, #HEmz s
PREAME S, @I E A1 GABA & &,
ATLASE R ACE #MiilvEt, AEFRH—A
BRI MR PR AR 2 7= i, R AN R 2%
N R B R R TR 2K

NG NYS 3 CPy N Sl SO SN
AR EHI S BIER TR 65, 458, B5%
R EEIEERMERS OLRER. ZHER.
WHRSE) AT E, IR H m& B0 135 72
PRAL HAK AN ACE $H13E P, 245 i 4y
- St 2 A AL 3 56 B T A v 3 A B A 4 (i
JLFRE KRR ALHF R GABA 55) Hl ACE
Z AV AE B EAEHLE], B 75 ) B PR A AL B S A
[F) N T T2 KB A AR 7 ACE #0314 11 52
W, N EL A P AR I O R R R SR 4R 25 77
PEALR K -

1 MBS 75
L1 #8557



4 34

Mo o, S5 s DRI B AR TR SRE 2R A 2 B B AR A e O AR S ACE 3 T 1) 52

555

111 dh i) 26 7 32

IR R M B CRFPREN—2F =) T
2022 4 6 H 8 HERAH H o [H AV R B A5 - #F
FURTIRIN B b o A B A AR S T 125
B 1 s, ¥ 1 ke BEHERUCE 8 h )5,
SLRIE VR T TR AL B, B S AR A B R T
FRALEEAT R R T 1%, bRid X . Bhah,
5 kg M3 36 NI RLEE, JFiEAT AL 8 ho
BEJ5 & B 1 kg 8EMI3 0 K B AR R T
DLI A FNZR N T L 20 & 550, TR 2 kg
i SR 20550 11 200 9% 40 5 o A i B
BL¥s i A R S BB ok R, FFRAEAE-20 "C UK
FERr it — 225 M
1.1.2 EZEH

JLZ & (Catechin, C) « RILEKE R
( Epicatechin, EC) . JLFXHE B THRE
(Catechingallate, CG)  KILFXRXE BT
lig (Epicatechingallate, ECG) . % & 1 L7
% (Gallocatechin, GC) . REBTILHK R
(Epigallocatechin, EGC) . W B T ILERE
& TR B8 ( Gallocatechingallate, GCG ) EGCG-+
EGCG3"Me (98.0%) . #X# % (Theaflavin,
TF) . RE%-3-WETEEE (Theaflavin-3-

TF3G) . FE ®-3-% & 1R
(Theaflavin-3'-gallate, TF3'G) . A3 %-3,3'"-
B T B Bs ( Theaflavin-3,3'-digallate ,

TFDG ) . 5 JR Bt - 4 & Bt - = & %
( Hippuryl-histidyl-leucine, HHL) (BR,

98.0%) « LREE (>98.0%) . WHER-Hlfb 2
M (pH 8.3) W H g AW R A R A
Ao RARR. HER. L%R. KREAR.
BEME. WER. HEAR. WaEKR. SR,
AR, moodlR. wER. AR, KEN
A, HER. "R, BER. WER.
AR, WETH (Gallicacid, GA) . GABA
(4lifE A 95.0%~99.0%) « GABA (97.0%)

M ACE ( = 20unitsmg' ) ¥ B Lt ¥
Sigma-Aldrich A7 . L-ZXZMR (>99.0%) Al
R (>98.0%) I HILHE B REFHA RA
Al o B =R CREARD RO R4 2h 2 Pl (pH
R 2.9, 4.2, 8.0) T H BUM AR AL A
HIRAF . BB (85%~90%) . &AL AI=
WO (=98.0%) 14 H g w kA LR
HIRAT . LIEMPE (AREai) W H & E B
T F] o AR K B BT R e A A R
Gl

gallate ,

TR R 8
Ed ‘V%‘f{,{‘?‘f’ —>» | Vacuum freeze-drying >
-50C, 72h ’
WAL FE 8 h XtH#E4H Control
Spreading treatment
for 8 h T
> Vacuum freeze-drying >
-50°C, 72h N
T H Freeze-drying
e - N I N
. _ o~y #H BT
b N > | Withering » | Drying |—>» &
LY pE B gk e N N Y o o '
B0 2% A .,5,,5," | e8¢, 48n 100 C, 11
Fresh leaves of S r) F 7% White tea
Zijuan | \;”\;’\;’ .
| edans ' . N e N
e 1 %% BT
A ill;&t : Sth ) > | Spreading —> Fixing —> Drying |—» ¢
naerobic treatmen ° P . 5
28°C, 3h 260 'C, 2 100 C, 1
for 8 h N o ;b .
Zx 4 Green tea
oy N N 4
% it 5 B ) |
—>» | Withering [— | Rolling [~ |Fermentation|—»| Drying |—>
28 C, 48h 1h 32°C, 3h 1\00"(3.13

I TRIIZRB\FEMMIRREE

Fig. 1 Flow chart of Zijuan tea leaves with different processes

7% Black tea



556 xR o2z 43 %

12 UR5RE

AT RN B RREIIE THE A
ZBRERNMA R AR, Fae N LAEZW T
THERET WS AERLA, 1 RF

(AB107-S %) Iy T % £ Mettler Toledo A ],
HAE %% T AL (FD5-10B A1) T 35 [
GOLD-SIM A a], WAL T 48 E IKA A H],
HLHVE IR KB 4% (DK-S11 %) T EilEfR(E
SEIGA A A PR A A, B0 ML (Centrifuge 5810 R
) W+ 1 E Eppendorf A&, 436 E T

(UV-3600 ) | = &0 (53 248 (LC-20A
A1) £ WondaSil Cig i (250 mmx4.6 mm,
5um) T HABEAF, SR A R
4% (Acquity H-Class) it % Acquity UPLC BEH
C s (100 mmx2.1 mm, 1.7 pm)J T 5 [E Waters
], BRI (S-433D ) FL#s Sykam
FHES T LCAKO7/Li £ (4.6 mm X 150 mm) J§F
5 Sykam A #] .

1.3 B

1.3.1 K2y R% 3 R o Bk il 5 %
FEFEZMEENINE S % GB/T
8313—2018( M R Z M A LR RKE EW
Rl 7770 #EAT s 4 Fh AR R R & =
EZ % GB/T 30483—2013 (A MRk R
D 5E -1 ROB AR k) 347
1.3.2 S B/ 7 M il 7 %
KRR LR S BN E S % Yang ')
1755 FERAEAE B, SR P& R R o B A AT
PEEE. FRE 100 mg FIASK, A 10 mL (1)
WK IEAE 100 °C FHEHL 15 min, &HFH 5 min
TR 1 K. A H R, KRG e B 0L A
8 000 r'min” B> 10 min. K L35 H 0.45 pm
I, JEMEFAE 4 C R AT R R AT
SRR YE Na' 2 fiff [0 55 9 8 M PH &9 1 58 #e
g L4y & . ishAHt pH N 2.9, 4.2, 8.0 HIf7
IR A Eh 22 MR Bk, %N 0.45 mL-min™',
B =W N 025 mLe-min™, N8I
130 °C, #EFEEN 10 uL, HiRBEE N 40 C,

6 3 K% E N 570 nm A1 440 nm. K AR
TR FRE I IR R R o AT E
1.3.3 JLZEZ. MIHEBR. GA & &2 b6 5 vk

FAEFLEZR . WnHERL . GA & &= e
%% Yang SV EFREB SR, KA
UPLC It % Acquity UPLC BEH Cis #1347 &
PEE . REL 0.2 g A8, A 10 mL AT
70%FHEE KIS (V2 V), 70 “C/K# 30 min,
#5315 B§ 5 min ¥ 1 K54 15 4 000 r-min™
20 5 min, FHAFKFREE 10 5)5, 1T 0.22 um
JE I RE NFEFE AR . AEdR 35 °C, HEFEE
5uL, Fill#K 280 nm, iE 0.35 mL-min™'.
WA AN 0.1% (Vi V) HRIKER, &
71 B A2l . Ze MRS VeI i 4 40 R« 0 min,
3% B #; 3.0 min, 8% B fH; 7.5 min, 20% B
#1; 11.0 min, 20% B #; 13.0 min, 60% B
#H; 14.5 min, 60% B #H; 15.0 min, 3% B #H;
19.0 min, 3% B AH. J L2 2 A0 MEGR Y 7 &%
FAMRIE D 5E
1.3.4 1675 2 70 frAs il o7

R ZE RESR B 1.3.1 Y. FrEh e
EMEEN pH mzEE!, pH=1.0 1%
MWN 0.2 mol L7 R - & 1k B % b
pH=4.5 [ZE N 0.4 mol-L' W% . B
) s 0 3k B 1) 457 U E  7E 520 nm AL B RO
FEAE 0.2~0.8 KW & o BT A FF i 23 3H pH=1.0
Fl pH=4.5 ZZ R Fi FE 4 f5 . §+E 50 min J5 H
43 M6 6 43 BIAE 520 nm Al 700 nm Ab ) & I
K. BT ETE (TAC; Fritlyh R
ERHFE-3-O-HE T LYENZRE) HUTF
AR

AXMWXDF XV
exXLXW

Kb, A WO, DF AR, V
NIRRT (mL) , WORNZEMFER & (g,
MW RNRTEHE-3-0-FEHBEFN S F =
(4492 g'mol™) o L JHHFE (em) , ¢ NE
3 3 -3-O-H % B 75 520 nm Ak 1 BE 2R 1 6
ZH (2.69x<10° L'mol™-em™) o FEWROGEE 4

TAC =



4 10 My, 5 IREAEBE 2 A R 50 2R A0 2 By ) 2R A0 B CH X 1A 8 ACE 3 18 9 52 1 557

5E SN
A=(A\—A2)—(A3-Ay4)

S, A AFESLSR A pH=1.0 1) 2% i 7 i B
JGTE 520 nm Kb 52 WG, A, FESCRH
pH=1.0 [f1 2% MR F5 B J5 75 700 nm AL 72 11K
JERE, Ay NEERKF pH=4.5 (2% b i ¢ 5
fE 520 nm AL R O B, Ay AFESSR
pH=4.5 [ 2% M ¥ B B¢ 5 78 700 nm AL 7 1K
H
1.3.5 ACE ) y& 14 43 #7 )7 %

KH HPLC J5 46 DA 8] n 1 1 2 25 b
) ACE #M3E HESREE, 22 CHR[14-15]77 7%
HRINE M. FREL 100 mg BIZ58 A 10 mL
[ 100 C b /K FZH, WK FEE 15 min, (A
B 5 min W HE 1 . A G, FEREAEE O
FLr LA 8 000 r-min™ B0 10 min. b i Wil
i 0.45 pm B 98 I AR AE 4 CHRED .

DL HHL /£ 4 ACE B R B4  # 0.25 units
ff) ACE [ 4% T 2.5 mL (% 0.2 mol-L™ §ll % -
MRS 22 vV (0.2 mol-L™ NaCl, pH 8.3) it
il i ACE ¥ ¥, AREL 29.1 mg ff) HHL [& 44 ¥
T 15mL (¥ 0.2 mol-L™" § -9 fb 22 ih 15
(0.2 mol-L™" NaCl, pH 8.3) Mt HHL ¥
W (5mmol-L™") . ¥ 20puL ) ACE W5
50 pL AS[A] BB (0.5, 1.2, 4. 8 mg'mL™)
A FE 5L A B A, 78 37 CARIBMT IS
10 min, B /50 100 pL (% HHL (5 mmol-L™) ,
WETA PR 2] J5 3L RPAE 37 C R B ) B 60 min,
B¢ JE N 300 uL f 1.0 mol- L™ $hER % 1E ] i .

R REWCR A 0.45 pm 7K & JE I 08 )5 3R 47
HPLC &I 70 M7 5 SRR (10 &5 & . Al I KN
228 nm, FERN 35°C, #FEEN 10pul, i
My 1 mL-min™, AN A ALK CE 0.1%
=R , BARALHE, Vel 75%
(1 A A 25%0 B ASEREYE L. v 1 3 et
s P £ R B 7 AR B R A, RAION R (AN
ACE WEAE AR HA (R 1D .

ACE ) 5 PR AR BL T 2 0t 5

ACE #0135 1 = ("_Z:g_d)

X, o AXIRA S JRIRIERA, b N
AL IRREET: ¢ NFERA S KIKRE
VT AR s d R 2 A PR R 1) e T AR .
1.3.6 7r T 400 M 7%

N TAESF TP BB S YA ACE 2
W) 9 #H B /E H . f# H AutodockVina 1.2.3

(Scripps Research Institute, La Jolla, CA,

USA) BEAT 40 F 3t Bl ™. W A 5 2 i
JE Chttp://www.rcsb.org) 3K N2 ACE-F=¢
WHREEY (EAM ID: 1086) =4 &
ik, fE R R REEMILK
BRSO T A 1) = 4 45 4 M\ 5 [ 5 IR 2 1A
F51F Chttps://pubchem.ncbi.nlm.nih.gov) 3K 15,
ffiH ChemBio3DUltra 14.0 % f} (Cambridge
Soft, Cambridge, MA, USA) #3478 = &/
oo FEXTIEZHT, Fr2: 1086 HIIFTA &5+
K, (B LR B B R A H &R, R i A
PLAEJE AR AR AL (x: 43.821, y: 38.240,

X 100%

=1 E5N ACE IHIZRME 535

Table 1 In vitro determination of ACE inhibition rate

R X B 4 =i Ff it 41 RSN
Reagents Control group Blank group Sample group Sample blank group
FEdh Samples/pL 0 0 50 50
ACE ¥ ACE solution/pL 20 0 20 0
281 Buffers/uL 50 70 0 20

37 ‘C/Kif 10 min
HHL ¥ HHL solution/uL 100 100 100 100

37 ‘C/K¥ 60 min

BN 300 puL [ 1 mol- L™ #h R4 1k B2, I #E 228 nm 4k il HPLC 347 # J
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z: 46.712) , MMM RPN 225 A x225A
x 225 A, WHIEEEA 0.375 A, BCARAT ACE
TR 7 (8] 1 4 ¥ % 42 K ) AutodockVina 1.2.3
AT o R S e AR B, 18T 64 IR
T I B A S R B o i A S R
B, AR VS R AR T (R BRI 45 5 BE A 8 R
%, AKX EZAESR 3 k. BLEM ACE f
B2l KA E ) kM AR &M us
Chttps://plip-tool.biotec.tu-dresden.de/plip-web/
plip/index) 7> #1. KH PyMOL 2.5.4 %}
(DeLano Scientific LLC, CA, USA) 4r#14&
152 - FC A4 22 8] B9 AH BLAE R AT A AR

1.4 HIELE

K H GraphPad Prism 9 #{f (GraphPad
Software, San Diego, USA) #AT B[R &R 7 %
71 CANOVA) JFit5E 1Cso {5, I1Cso fEHE
XA — ACE & Pk B 7% B 0 il 750 i 9k
FE, @id ACE H0il] 28 F0 400 i) 5510 B 1 AF 26 14
M 2840 & 11 5. i B TBtools #XAFHE AT # & 7
e

2 GR550H
2.1 REABEFMPEERERT S BN

SRR F W - 28 PR B S SR FH AN TR
25 ) 1 A R R R A R =
W 2 fros . & REA G 1% TR GABA
SEEEMME 1.72 mg g (P<0.05) , Tk
PR A K8 R T 2R FE AU 0.04 mg-g™' o AN
IMTTZH WA AR KRS, &
ZREM GABA S B (1.68mgg') , HikN
FIZEFEC1.58 mgg), LA PR AR (1.23 mg g o
P4, SR R4S 108 ZA R 2 1 28 IR AR Add
& PSSR AR GABA & &40
221, 1.08 mg-g™', Tl #MLAN GABA &
B, N 0.86 mg-g ', X 5 A 5 45
PR — B, RIS AL B S SR 4 5%
MLTZ, AHEFMES GABA MFKIIHE
BUZET= o BRAh, e rp HoAth — U S KL R 20 4y

WA T B E B, BN A E IR S AW R
THE (KD g ERE (0.83mgg’) , M
FERAG TR R ZE FEE 0.06 mg-g!' (P<
0.05) , 5RAH M, PRAEEEH %
MR Z ., AR MARER S ESRZEE M,
HEAZES, H5EHNE 0.52mgg’ (P
<0.05) . SREFHERALHELERE, B4
MRS VEN GABA A BRI PR I 2 5 R e % Jd it
HAL S FATH R, TERLARIA I
ML BA A AR LA . AR RE P R R B
WAFEREZR, BT RN EESTIRE
HTFHFE (P<<0.05) , fifi20 PRAACIE 5 N TRk
BZE, AZTRERE (1847 mggh) , MK
AR (11.46 mg-g™") , FLJRBF I HE T
FEH R AR TE oK B B a2,
AR (4 SUN k- R S EL S
B GBS R R AR,
22 REALEBRFEM P ZE XK RIS £

ST

AR T T 200 SR 48 2% R o 2 T S5 A i
HEGR, & B B I % 2 s o SRR T A A
$5c R PR RS R B 55 R 5 5 v SR S I R 4, T D T
FRERTR . AL A dn e, R s B B
EHH AL . S 8 h JRE K
J&, W TFER EC. ECG K GCG SR EZE
TS T AR (P<0.05) . JEE, K
SRR 2% 0 T 1 2 R B M R B % e et R
WY, AR R BRI T 2% 2 By Ak
TR A& an 7% 38 = 28 (R ZEALHE TF. TF3G.
TF3'G. TFDG 4 F) RO KRR, MNin'T
HESELEE TR, SRim, MERT REL
PRUR T2 KE, GRS RERT (1 20 RE B 4 KBB4 )L 5%
RNV A LIS B EE % REL
B S, SR A% B TBORT 1 4% 28 ) 0o A2 00 4% 210350 23 it
Al RAR PR S S IITSPAY S SR PAY oy
FMERE (R 701 mg g 1 6.67mggh),
VIREZESTHRTHPRRERLE, W6
& T2 0 I R ON LA A8 AT Bl B A
BT 0w B AR A7 . DR s A
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FEF R A RIS R LB R KA T
A A R BRI REIRORERD .
Horr, MECTIRAG TR, SRMARKNILE
EREDH TR T 91.46 mg g F198.14 mg-g',
SR, ZREREBEMN BN T 483 mgg!
M 4.49 mg-g'. EEEEMRZ, EGCG3"Me £
LI R IR oy, CEIRER TR
BN 13.05 mg-g FELLZRFEFIN N 0.29 mg-g',
X5 DR BT 7 g AR, Ak, 3 Rk b
X GA S EWEES THT A, MRS H
TAEM T A2, 3N A LA &= 2 /KR
B LA R B GA, S5 GA & & B &1
IO AN, R AL B S AT b AR B SRR 4
W AT R sy, IR TR A &N

0.95mgg’, WETHMETHRE (091 mgg!) |
WEEFARE, ME5HETRFEML, BN A
HIEHE R B EYRERFIK (P<0.05) , JUH
FELLZERE P RAK, A 0.10 mg-g ™ HE R IE P,
SRR R BT F LG, 0 TSR A P20 K 5 18
HEREESH T 60.78%A1 92.90%, X5
KA FLAE FARRL, v RS B T Tl R i &
AR B A S EAETE R . bl
W, 9 T G H DR A5 IR AR AL S A S B
By, JuiiE EGCG3"Me FIAE T & 2 H5 ik ik
gy, BRI B WS TREAT L. b, W
FIR A0 PR SR T 4% B o o ME B B 4 i R
37.67 mg-g M 37.55 mg-g!, WH AR E
72 5, 3% B PR A Ak BHKT A5 o i E AR A G

A oo 0.20 0.08 0.29 K AU W Aspartic acid 20
e o006 0.23 0.14 0.52 AEF Glutamic acid I
GG 0.0 0.01 0.04 0.03 F A Cysteine Lo
S oo 0.00 0.00 0.00 A Methionine 05
I 0.01 0.01 0.01 5% # Ornithine 0.0
14.62 13.35 13.85 FAHEM S & Total amino acids -0.5
0.34 0.27 2 Z W Serine -1.0
‘E 0.03 0.03 KA MWEf% Asparagine -1.5
0.15 0.17 HAM Valine 2.0
{ 0.12 0.10 7% X Threonine
0.51 0.45 B & B Glutamine
{ 10.42 9.22 # %K Theanine
I e L0200 (3% Tryptophan
0.14 0.26 043 wiEm Lysine
0.11 0.22 020 [JOEE =% Tyrosine
0.05 0.09 o0 [NGHEE =% Proline
0.07 0.07 000 B :Ef Leuine
0.06 0.06 006 [ 5 %% Isoleucine
7 0.36 0.40 0.41 _ KN Phenylalanine
| 004 1.68 1.23 1.58 GABA
005 0.17 022 [NOMENN 5% F: Alanine
0.02 0.05 0.04 002 [NOOEIN /i Histidine
oo EEE oo 0.02 0.03 #EM Glycine
0.01 0.01 0.01 0.01 0.01 IR Arginine
X R4 BT HE S IS F
Control Freeze-drying Greentea Black tea  White tea

JREMHE Anaerobic treatment
He AR REE RPN A ERO TSR, AN meg.
HoF LR FR AN [ A Y R B e B [ 1

Note: The values in the heat map are the average contents of the corresponding amino acids in the tea samples in mg-g”'. Normalizing each

X AEAT BE BEAT A — AL AL BE, A VT ) i 0 € 0 M Y

row of values, the legend of the heatmap is mapped to different ranges of values by the correspondence between colors and values

2 ARIMITIZRBRBFHRERSERE

Fig. 2 Heatmap of amino acid contents in Zijuan tea samples with different processing methods
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Table 2 Polyphenols and caffeine contents in Zijuan tea samples with different processing methods

2 B 5y T AT NEEE S NERAR S PRCESPS
Chemical composition Conventional Anaerobic Anaerobic Anaerobic Anaerobic
freeze-drying freeze-drying green tea black tea white tea
C/mg-g’! 14.36+0.96" 15.3120.79* 15.38+0.11° 6.57+0.22° 14.98+0.19°
EC/mg-g’ 28.33+0.15° 30.34+0.12° 16.62+0.04° 2.73+0.26° 15.27+0.05¢
GC/mg-g’! 8.89+0.05° 8.90+0.10° 7.2240.27° 7.27+0.14° 6.93£0.01°
EGC/mg-g”! 41.67+0.03° 41.12+0.45° 17.24£0.13°  2.28+0.04° 15.84+1.09°
ECG/mg-g”! 38.60+0.04° 39.73+0.08" 26.15+0.37° 3.88+0.03¢ 26.05+0.20°
GCG/mg g™ 1.40+0.05° 2.06+0.14* 2.00+0.04* 0.95+0.02¢ 1.79+0.10°
EGCG/mg-g’' 68.88+0.47° 68.38+0.56" 30.82+0.58"  4.89+0.28¢ 27.17+0.34°
EGCG3"Me/mg g’ 13.160.07° 13.05+0.16° 11.99+0.02° 0.29+0.03¢ 12.70+0.17°
JLZ % M Total catechins/mg g™ 215.30+0.47° 218.88+0.76" 127.4240.42°  24.86+0.63¢ 120.74+1.57°
GA/mg-g”! 0.61+0.00° 0.08+0.00¢ 1.20+0.01° 1.53+0.01° 1.23+0.01°
17 % M8 Total anthocyanins/mg g™ 0.91+0.01° 0.95+0.02% 0.58+0.01° 0.10+0.04° 0.64+0.06"
WIHER, Caffeine/mg-g”' 37.67+0.03° 37.55+0.04° 37.19£0.03° 35.33+0.01¢ 38.97+0.01°
TF/mg-g’! 1.26+0.01¢ 1.47+0.01° 2.77+0.02° 3.65+0.02° 2.78+0.01°
TF3G/mg g’ 0.17+0.01¢ 0.21+0.01° 0.93+0.01° 0.85+0.01° 0.83+0.00°
TF3'G/mg-g”" 0.12+0.01° 0.19+0.02¢ 1.26+0.02° 1.19+0.04° 1.0440.03°
TFDG/mg-g”! 0.24+0.03° 0.30+0.02° 2.04+0.03" 2.41+0.06" 2.02+0.02°
FH# % ME Total theaflavins/mg g™ 1.79+0.04¢ 2.18+0.04¢ 7.010.06° 8.31£0.07° 6.67+0.06°
X %W Tea polyphenols/% 26.92:0.03° 26.73+0.08° 20.87+0.22° 13.48£0.27°  21.3420.16"

e BIELCEE EAREZE (SD) RoR. R AT A F 7 BER R @ Tukey #2530, & RB K Z 7 EFEH (P<0.05)
Note: The data are expressed as the mean + standard deviation (SD). The different letters in the same row indicate that the difference

between the teas is significant through Tukey test (P<0.05)

HR o ML TVRT AR, B A FE oo el Bk 25
BRFEWIME 38.97 mg-g, ML AR S
ETFME 3533 mg g’ (P<0.05) , HIfEfE &
EVEESR,

2.3 FRIZEBIZEM 3T ACE HIINHIE M 24

WK 3A fior, dEik HPLC &40%F HA fl
HHL JRA bR S TR, P93 REAR I 23 25
HA BEREFTEIRIE A 0.012 5~0.400 0 mg-mL™”,

A WETE AR Y (mAU-min) 5K & X (mg-mL™)
MEPERR R, [FIHGFEAN ¥Y=39 561 808X
+197 970, R*=0.997 8 (& 3B) . FHI{EiZ%
WY N, HA WS 0 A H A BT 1 28
Ve 2, WORE L A HA VG TR AR B8 I AR 5 A
HA &5, 3t ACE i) i 1%

1Cso fEL 52 NI — 2 ACE % fr 7
PO FI AT, BUE /N R B 7% ACE
PO M R R . W 4 TR, W R TR R
VT2 BRI ICso 84304 3.247 mg-mL

A 2.608 mg-mL™s RAEETRHFER K 1Cs
BHEEMRTHENET AR ICs A
(P<0.05) , Tt W PR AL BT DU & 48 08 A5 1t
i R L ) ACE #ITE M. 45 & AR I8 R M1k
SR AT, HEBTRE S K ACE S0 1) 1R 3
58] A5 RSB SRR ) GCG. ECG.

EC il GABA %570 A <. thsh, ¥t
R IR S A B (R 58 08 2 A B 4 R 2R 0% L 40 0%
AE 2N L L2604 o™= g, BT IRE
THE, 3 ACE #IITEPER 1Cso 8 (435K
3.603 mg'mL". 5.420 mg'mL" %% 3.457 mg-mL™)
YR EWIN (P<0.05) o HA 42 FER A 25 FE
ZMEARELER, AHREHEZRTAOR
FEo B b AT, FEErT & R AL S R H 4 4
AEZR N L L2 6608 T iF R £F H X ACE
PFNRIEVE . B AR B, PRAEAL IR AT DA
IZERIH o GABA &8, JFAeitm iR
Utk 4 ACE $EERY, X FE T GABA



4 1 Wb, & RN B 2511 T SR U8 5 4k 2% 1 23 (1) AR 4k B o 6k A 71 ACE 1% 4 119 5 1 561
AT B 207 =39 561 808x+197970
61 = R*=0.997 8

=) g

< g 5]

EZ° <« HA 2 s

x g 1 —- s

@z’ Y-

22 2 HHL| 1= 0.5

BT < &
0 0 T T T T :
55 65 75 85 95 105 115 125 135 0 0l 02 03 0403

f# B4 I} /8] Retention time/min

JR B S /mg-mL!
Mass concentration

[ 3 HHL #1 HA B BiE S EE (A) KUK HA BiRERZ&E (B)
Fig. 3 Chromatographic separation of HHL and HA (A) and standard curve of HA (B)

6—.
-
E g c
£
S
.
X R TR

Control Freeze-drying Green tea

be
A% EES
Black tea  White tea

H%] Group

B 4 NEIZMEREESN ACE #IHI7E M
Fig. 4 In vitro ACE inhibitory activity of different tea samples

afREH A EN ACE I 7 g 7. 456 A
RETRAERSENER (B2, %%
FEATEA 2T B GABA SEX&E TS,

AL, GABA W] fig o IR AL B 5 2 A v (1) 3 22
AT A o H R TR RS B R0 ACE i
HE O R E 22, M R TR GABA
TEREEMRTRAOR, RURETIRT
GABA 171 At} ACE EL AT 55 41 1] 3% 14 F
H 4y . Dong 25UVEHL, G EA L bE

R RS ACE BY3E 18, W7 HH 00 1 4 4
ACE it B p &S sedioE, ok
108 F B iy A 1y 5 1 28 IR AR Ak 38 5 om 1 1T

A [F) R B 5 i B X ACE B4l 3 R
A, M, g5 ACE i#l R, A%
W2, AFBIINEE RS, X5 A A% R
FEAR—8 fEART T, AR L T 26 R
FRhREZm s EESEE, L, BT
HRZM G REE S TR AR, a4
FhRZmE Rk, 58NN ACE
0550 ¥V BR 5 AE X B, RIS A 2y T
AE & L Z ) ACE 15 .

AW B R 5 AR S ACE #lH
W R TCso 11 R B2 R 33 AH S M 20 B L 22 3. #H
KRB RN, R ZUMEM S 2,
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FE SRS ACE $HITE P 1Cso (R K (BRI
4b ACE Il v P 55 ) 5 i AH O RECH
R, R ZAEY S &S, PSS ACE
1 95 P TR 1Cs0 fE /N CHP AR AN ACE 41 75
PEBRSE) , BT DAHE W Z Ak 2% B2 7T g e R
FEWIHIFI Sy . R 3 R, ANFEZEFER
A4 ACE #IIE I 1Cso 18 5 R FEh I 1E T
F e L& ECG HIAH R ME R N-0.97, ik
B & U K (P<0.01) 3 5k
EGCG3"Me. #Z WM. GCG. LR R L&,

EGCG %54k 2% B 43 I AH 28 R EE-0.95~-0.92,
A B 5 2 7 M 57K F (P<0.05) o FRtk, e
X 88 By 43 AT e A AR RE TR R FE RS ACE i v
PER) EZEA S sy [ARERERZ, GABA S
FREMI RSN ACE HI1) V8 14 111 1Cs0 fH IAH X R
$N-0.04, K GABA Xt X FE KA ACE #1
B T DTRR AN K . Ak, ZR BRI GA
5 A RE AR AN ACE $I13E 14 1 1Cs0 15 35
SIEMG, MK REAE 0.61~0.84, HIYRIA
B FEKF (P>0.05)

®3 EMPEZNFRS SEMAS ACE IIELEHEHBE XD

Table 3 Correlation analysis of the main chemical components in tea with their in vitro ACE inhibitory activities

5 Ry 5 1Cso E IR R 2

No. Chemical composition Correlation coefficient with ICs, value

5 ARy

No. Chemical composition

5 1Cso {EIIA R R 2

Correlation coefficient with ICs, value

1 HRLE -0.97""
2 ECG -0.97""
3 EGCG3"Me -0.95"
4 i Ed -0.94"
5 GCG -0.93"
6 EC -0.93"
7 C -0.93"
8 IR R EE -0.92"
9 EGCG -0.92"
10 EGC —0.85

11 FER -0.77
12 WnHEGR -0.76
13 GC -0.57
14  GABA ~0.04
15 TF3G 0.61
16 TFDG 0.72
17 TF3'G 0.75
18  GA 0.82
19 FHHERLDE 0.83
20 TF 0.84

e KM BRI AR AR HEAT 20, A OGHE PERIAE S+ 30R, L3RR P<0.05, **3RIR P<0.01

Note: The Pearson correlation was used for the analysis, and the correlation P values are indicated by the symbol *, * indicates P<0.05

and ** indicates P<0.01

2.4 HFIIESH

Zemb i E B F R 5 ACE BEAL ST
XFEEM S G o 145 AN 4 FioR . 454 ok
DI FRTE 45 A 1 72 v RE RO R 5, L 468 0 R
K, GEEaESRkAE. Wik, a7 DARTE S &35
F W RN AL A 205 ACE (1 00 ) 355 1 o
ERL STt RER, RERBLEY
5 ACE 4y F X80 45 & 55 0 ) 46 0 8 5 K
(10.49~11.37 keal'mol™) , & & T HAh &k
gy (P<0.05) , RPFHREAELLFH
KAE ACE TG MR EE Ry . thAh, Kk
B -3-0-F FUBE T AR 4245 3 -3-0-2F JLpE T
SRR AR R A B R EE A R
MBS ACE 2 T X B4 A 36 /1 )

LB 73 719 9.46..8.91 keal-mol! . EGCG3"Me
2 55 R 25 B i o KR BR D BR sy, H S
ACE [IZ5E 35 M 435N 9.43 keal'mol™, 5
T AR EAH EGCG (9.34 keal'mol™) FlIFEfS Y
JLA5Z EC (8.29 keal'mol™) . #HELZ T, GABA
5 ACE 45436/ J 4658 9 3.91 keal-mol ™,
BENT HAL s (P<0.05) , R
GABA XS ACE 1l 7 11 7T Re % 55 - SR 170
g3 1 X #2485 AR AL JZ TH 48 7R 1X 28 BR 43 XF
ACE #3550 55, 5 88 BT & ACE #I
1) 9 1 3% 56 3 AT B8 AIE

Iy TR R B, 7R 3 3R K4 X ACE
g AT B R T AR RAL R RIS - AR
M, 2.3 T BT &5 RN R AR E &R
K EZRFEMIR SN ACE $MHITE M 1Cs [H 1 2
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FH G CRIVER B 2% 38 31 28 IR AN & Z5 0 A o 1k b
ACE EMEMEER D) » WELSREA L
T PRAAER T A, RERERLA T
BAE 3 MRS AR (R, XA FiE
FERE, HB IR EAE (4.49~6.13 mg-g™) ;
SR 3 PP R LR R A ESR TR, X
A BE A2 T EUR A A FEI ACE $0 135 AR T R
AHE TR EEER. Kk, RERTRRE
B %E ACE il 14 AT e i T A6 75 2 AL &S
TR, T AR 0 B A
ik, HArREFEAE At p R E R RS ACE
PO MR R 2 o EFE R, AR
RIE GABA TE4R P HA KA N 285 i
5 f BE &%, GABA — J i A] LA i 101 41
ACE & VeI 4 Bk 3 1A Bk BRI
M, o5 —Ha ER T e 2 &40, @
IE A AT R Ak AT GABA Z AR & LR R
FEEGE IS GABA, 32 AR 15 J5 28 %0
2, W5 Mgy sk 2, 4k, GABA A
A B R AR R R R R 2R R I i 5 5 g
71, XATREA BT GABA FEAK N K 4% 5 A 2%
MR s, SR, REER. LEESR
(R H B LA 2 A H R RS MEY
F P R A R T, PR, A R X B
SYTEAA PN I % 100 A AL ) gk — 2B A 9
TF3G. KM K-3-0-LF.FH . EGCG.
EC.GA #il GABA % 6 MUKW S5 ACE
S 5 0 1) 45 A S8R A TR FH 4
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HEHEMEPY, ACE I EBIF A H 3 A
WEIECAS (S1. S2 A1 S1YD A Zn*TH . SI
4845 Ala354. Glu384 1 Tyr523, S2 4%
f1 ¥ GIn281. His353. Lys511. His513 Al
Tyr520, 1 S1'H4E R4 Glul62®7%, 437
XL RERY, 6 MG YAE T LLEN ACE
MIBRK D148, TR e BB K 8 . Shukor P!
WKL, —LEREH], MBREEREE, W
VBN S Sz AR s AR LR AL &5 ACE
Z R EAER . 28T, AW EYE ACE
Z 18] FH AR FH 0 58 55 1 52 3046 & ) 25 18] 45 1)
LRFEMEmW. K, TF3G F3#5 ACE 1
Ala354. Arg522. His353 2553 & 12 A
i, BEEEN 23 A~32 A i 5 Zn® EES TR 1
ANEFE N 2.7 A A, R R -3-0-F- b
5 ACE I Tyr523.Glu384.Glu403 1 Glu411
EVREETE R 9 A, HEE N 2.8 A~3.2 A,

4, EGCG E# 5 ACE 1 Glu384. Glu4ll.
Arg522 Fl Tyr523 S5k FE Y R 8 S0, HEER
N 2.7A~3.1A. 5 EGCG ML, EC I TH=
BETMAE, 5 ACE 5&%: His387. Gludll.

Try523 S5JERC 6 N2 . BRALA =K G
ERE GA WATLLS ACE #%% Gludll
Gly404 JE R 6 NE5E, M H GA FIRAIE Y
His387 [ KPEIRTE B 1 A HEARA, BERE 4 3.9 A

R4 FHPEENFRS S ACEHS FRHENESFEMN

Table 4 Binding energy of the main chemical components in tea with ACE for molecular docking

FFs o HaEw 454 5% F1 /) /keal-mol”!

Fa Ew 454 321 /7 /keal-mol ™!

No. Chemical compounds Combining affinity No. Chemical compounds Combining affinity
1 TF3G ~11.37+0.23" 8 ECG ~9.25+0.03°
2 TF3'G -10.93£0.16" 9 RIEH F-3-0-F- AL pE T -8.91+0.01°
3 TFDG -10.76+0.31° 10 EC ~8.29+0.028
4 TF —~10.49£0.01° 11 VIR -5.92+0.01"
5 CMEE R -3-0-F AL -9.46+0.03¢ 12 GA ~5.65+0.00!
6 EGCG3"Me —9.430.01¢ 13 FER ~5.61+0.05'
7 EGCG —9.34+0.03% 14 GABA ~3.91+0.00’

Ee B DCF B EbREZE (SD) KR [/ A IR FRROR 4 Tukey Z HHUERK K, $SHUEWLHFERSEZER (P<0.05)

Note: The data are expressed as the mean + standard deviation (SD). The different letters in the same column indicate a significant

difference between the compounds by Tukey's multiple comparisons test (P<0.05)
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Fig. 5 Molecular docking interaction analysis of six representative compounds with ACE
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Effect of Tea Polyphenols on the Determination of
Reducing Sugar in Tea Food

SHENG Zheng', DU Wenkai?, WANG Chongchong', ZHANG Boan', ZHANG Haihua'*, DU Qizhen'"

1. College of Food and Health, Zhejiang Agriculture and Forestry University, Hangzhou 311300, China;
2. Zhejiang Quality Inspection Center of Grain and Oil Products, Hangzhou 310012, China

Abstract: In order to find an accurate method to determine the content of reducing sugar in the digestive products of
tea noodle products, phenolic acid, phenolic and glucose blending systems and phenolic and amylenzymeate blending
systems alone were used to study the effects of four typical phenols including epigallocatechin gallate (EGCGQG),
gallic acid, proanthocyanidin and ferulic acid on the quantitative determination of reducing sugars by
3,5-dinitrosalicylic acid (DNS) method, glucose oxidase/peroxidase (GOPOD) method and fluorescence-assisted
sugar electrophoresis (FACE) method. The results show that ferulic acid had no effect on the DNS method, while
EGCG, gallic acid and proanthocyanidin could react with DNS, indicating that they would affect the accuracy of the
DNS method. All four phenolic substances significantly reduced the glucose results determined by GOPOD method,
while the FACE method was not affected by phenols and could visually characterize the distribution of oligo
reducing sugar in the amylase hydrolysate. Therefore, the FACE method has a good application value in determining
the content of reducing sugars in tea noodle products and their enzymatic digestion products.

Keywords: tea food, tea polyphenols, EGCG, reducing sugar content, fluorescence-assisted sugar electrophoresis
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Fig. 2 Effect of polyphenols on the DNS method
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Abstract: To investigate the effect of Jiukeng Longjing tea water extract (LJT) on liver steatosis and the regulation
of gut microbiota in C57BL/6 mice fed with high-fat diet, a non-alcoholic fatty liver model was established in mice
induced by a high-fat diet, and LJT (300 mg-kg™') was gavaged for intervention. The body weight of mice was
recorded regularly, and serum biochemical indicators such as AST, ALT, TC, TG, LDL-C, HDL-C, and glucose
tolerance levels were measured. The characteristics of HE staining and oil red O staining liver tissue sections were
observed and analyzed. Real-time qPCR technology was used to detect the expressions of seven genes including
SREBP-1c, FAS, SCD-1, ACC-1, SREBP-2, HMGCR, and PPARy in mouse liver tissues. The relative expressions of
proteins related to lipid metabolism were studied by western blot. At the same time, the gut microbiota of mice was
sequenced by high-throughput sequencing (16 S rDNA) and its structure was analyzed. The results show that the
body weight, blood glucose AUC, serum TG, TC, LDL-C, and liver TG, TC levels significantly decreased under LJT
intervention. Western blot shows that LJT intervention reduced the expressions of SREBP-1¢, FAS, ACC-1, SCD-1,
and PPARy in liver tissue of mice. LIT also significantly downregulated the relative expressions of SREBP-Ic,
SCD-1, FAS, ACC-1, SREBP-2, HMGCR and PPARy in liver tissue. The 16 S rDNA detection reveals that the levels
of gut microbiota were mainly classified into four categories: Firmicutes, Bacteroidota, Desulfobacterota, and
Actinobaciota. LIT could effectively alleviate the trend of increasing the relative abundance of Firmicutes and
decreasing the relative abundance of Bacteroidota caused by high-fat diet, and increase the species abundance of gut
microbiota. Therefore, LJT could interfere with the signal expression of SREBPs pathway in mouse liver steatosis,
and improve the disturbance of gut microbiota in mice, thereby achieve the effect of reducing fat and weight loss.

Keywords: Jiukeng Longjing tea, non-alcoholic fatty liver, SREBPs path, gut microbiota dysbiosis, lipid-lowering effect
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SftuE (HEE S 2022 455 28 5) . 40 Rk
Ji £ N(23.00+£1.00) g ] C57BL/6 HEME /MR,
ZEEFNAE (120 B/MEEH) h, Bl
BCEOK, @MW SR 1 G AT 4,
SONIEEA (Normal) « g4l (Model) .
BH P %o B2 (R BRBH 4L, Control) FIAS T M
HFRKBY T A (R HE, LIT) ,
B H T RWNE 1R, MR REITES.
108 30 0 2 AR P B 4 2R Li S 5 ik
FEEAT5EE, A 95 CHUKIZRIRE 112013
PEAHI A S min, BRI BE IR IEW,
RIG-55 CAUE T 24 h 153 25 K42 BV %
T, HTREBESMFERD.

JEI DN TE /I SRR, AR5 O A R 45 AR i
/N, WS IFIC /N B T A Y 52 i 0 72
S, IR T I AKX Lee’s R 4L

&

)

Tk

o

7

[

3

Lee’s {641 = ‘/—lﬁ x 1000

X, m NPNRARTE, g [ N/ RAEK,
cme
1.2.3 1 e 6 B irf 32 8596 (OGTT)

FE/NERIAIRES 5 8, ZAE ALK 120, W
JE B /N B S IR BB AR . /D BRBE B 20% 7 %) B
KEW (2gkeg") , HEARTEMAESEEH
15, 30, 60. 120 min, 435l H 2 K ML B A FN
o I3 4% 2% 4 ol s AH 2 IR TE] AR /s BRI B
B, THERE- Rt S I CAUC) .
1.2.4 /RIS R4

FE/NRE TR 9, A EASOKE R (12 h).
AEE A W R, SR IR BRE I 77 2R & /) B I
FhigEh#E 2h, AELL 3000 rmin” %
FHRESL (4°C) 10 min, Y& B JZ M6 I R
fili 47 T80 ‘C UKAE .
1.2.5 I 375 FA I &5 06 A il 2

I 3E A E o % RN B B R
(High-density lipoprotein, HDL-C) . iK% ¥
Ag 2 A1 BH [ B¢ ( Low-density lipoprotein ,
LDL-C) . & fH[EEE (Total cholesterol, TC) «
SH VM =H8 (Total triglyceride, TG) Fl&L K
1 (Total protein, TP) & &, 44 M
( Aspartate aminotransferase, AST) F145 A %%
Z & (Alanine aminotransferase, ALT) HJV%
P K FH R R AR AR ) T RE A 5 P kAR e

®1PMRSERER

Table 1 Experimental scheme of grouping mice

ZH%] Group & Number/H A%l Feed

#EBY Gavage

iE# 40 Normal 10 93 4R
#i 4l Model 10 e i R
FHPEZL Control 10 A
Je3tA LT 10 i A e

AR K

AR K

R 4EAR M YT 45 A (10 mg-kg™)
5T KR (300 mg-kgD
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1.2.6 MAEHHR G

KA/ WU ZUF BT 10%46 /R bk 4121
[ 5 W 48 h, S % i RO )y g g wo Hegk AT
WAL O YL HE Jeta ) B il 1F .
1.2.7 HHEREEIL

/I BRJHF JIE A ol R 2R EOR A7 32 R T AL DL AR
MAERAHR, RHEEAREZERA (Western
blot) 737 /N B AL 23T B A AH ¢ B F Bk
ik W . i i SuperSignal® West Dura
Extended Duration Substrate #F 1T & 52 f1 € 52,
i F Tmage J 1.8.0 BUE AL B A (R ED
FAPOCEEAE, BNKWEE 3R, HNE
HXREE=[HWEHD OLEEE) /NS
OBEEEMED 1X10"
1.2.8 S 980%E & PCR

¥ TaKaRa MiniBEST Universal RNA
Extrraction Kit i 71 & Ui B T 42 BUE RNA, I
HBEAT R 5ol 5 RNA 46 98k cDNA; R
A Power SYBR® Green PCR Master Mix
(Applied Biosystems) #4T RT-qPCR, Z&[H
Fak KK A R BAE (272 ) JriEit
. 5P AI Lk 2.
1.2.9 Jiz i v A T

KN WA N EY, R BURE i
DNA J&, R4 R~ X521 514, £ 3519K
w0 P 422k, 34T PCR ¥ 3G % H =4
HEAT A4 | s BN — AT BSOSO R I AT

NovaSeq 6000 #EAT W7o W7 B ALt R4
Y2 w) 5E R
1.3 #iEmHh

B R S8 ME £ A2 (X £SD) FRoR,
ffH SPSS 20.0 # A/ #r#dE, IEH Origin
2022 1B . SR H K & J7 2 43 H1 A1 Duncan £
BT Z ELE, P<0.05 RNEREE.

2 ERE 0
2.1 ISAEFREBBURSRMER

WS 5 M S % 3 AL B A3 A W 4 SR R
3 s o MG I 55 HR KR A 2 (31.590+
0.292)%, #XZ Wy & 8N (19.773+£0.284)%, W]
TR S BN (4.65620.070)%, AIIEMEE A
B ON(4.103+0.026)%, WIHER & & N (2.455+
0.012)%, K43 & H(5.173+0.132)%.

22 MBI EHENEERENRIES. KARE
# Lee’s I8 8 HIF2 M

LR AP RAN AN A TR Ul W)
e HETA TR, 43 9 M &R R eSS
PEGRI IR, R A« PR AR 2L A0 e o AL/ bR A R
WY S b IR AR, e e S /N SR AR R B
AL /N IR AL/ ORI BN A R IR AL
W, mREALIT R 5, A W] R R AR
MR, AN H D RFAGUES 5 IER

N > . 3 = fg EJ u g
T2 WHEE PCR5IHFT

Table 2 Primer sequences of fluorescent quantitative PCR
PSR i Fr 5= SIFE] (523"
Gene name Sequence No. Primer sequence (5'-3")
GAPDH NM_008084 F: GAAGGTCGGTGTGAACGGATTTG; R: CATGTAGACCATGTAGTTGAGGTCA
SREBP-1c NM_011480 F: GATGTGCGAACTGGACACAG: R: CATAGGGGGCGTCAAACAG
SCD-1 NM_009127.4 F: GCAAGCTCTACACCTGCCTCTTC; R: CAGCCGTGCCTTGTAAGTTCTG
ACC-1 NM 133360.3 F: CGTGCAATCCGATTTGTTGTCATG:; R: GGAACATAGTGGTCTGCCATCT
FAS NM_007988.3 F: AGAGATCCCGAGACGCTTCT; R: GCTTGGTCCTTTGAAGTCGAAGA
PPARy NM 001127330 F: CTCCAAGAATACCAAAGTGCGA; R: GCCTGATGCTTTATCCCCACA
SREBP-2 NM_033218 F: TGGGCGATGAGCTGACTCT: R: CAAATCAGGGAACTCTCCCAC
HMGCR NM_008255 F: TGTTCACCGGCAACAACAAGA; R: CCGCGTTATCGTCAGGATGA
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HWHREER.

AN RGN RN RN 2 S A 1 R
Kl 1B FIEl 1C Fras. R4 /N BRAA J5 &
Lee’s BB Em T IEH A (P<0.05) , FHM
SN e IE A ROMR R R E K T o 4L
(P<0.05) . ARG RER, FmIERXEREYEIS
SN BOIEE S /N B AL 208 B R, OF S BUF
JIg J7 28 1 38 3 K AR B M BT A RE R 2R
B 0 /N B i M 7 1 AR

2.3 /v AR 52 7K A 53 4

/N BB AR A B0 P 2 7 o D 4H /0N BRI
B FE 1R 28 B VAV 15 min Jig ik B 5 s K
P, 120 min J5 FREREIRIEF K, HHIE
W 2N BRAE TIROBE B TR) AUC {8 5 2K T = E
4 (P<0.01) ; mHE4Ll. BHYEAL A H 2/ iR
I B A AR 8 & HE S 30 min 35 B % K
120 min J& = B8 4 1 BE KP4 T IEH 4L, T
BHPEZL . 0 4 /0n SRt i 3 T 1E 3 41K

R MBAEAFPEERURSSE

Table 3 Contents of main physical and chemical components in Jiukeng Longjing tea

%

%4> Component

% & Content

K Aqueous extrac
X Z W Tea polyphenols

31.590£0.292
19.773+0.284

Al EE Soluble sugar 4.656+0.070
M E A Soluble protein 4.10340.026
WNHERR Caffeine 2.4554+0.012
Wi & IR Free amino acid 2.027+0.001
JK 43 Moisture 5.1734+0.132
EH#AH e Jig 4 FH 1 21 eIt
A Normal Model Control LIT B 40]—=— EH 4 Normal
384 R4 Model
2 36 BHPE 4L Control
S 34 T4 LIT
o
7N BR, | 2 324 *
Mouse [ Z 30 Ty
) I—
M 284 ¥ *
mE 261 + 1
B o244
— | g »lL
204
0 2 4 6 8 10
JHJE C i) Time/F
Liver 400 1
B 350 =
=300
— © 2504
F - ; 200
-;35 150 4
! ‘ I . = 100
Bt 52 Jiig Jiy ! { ; 8 50
Epididymal fat at 0l
EHH migH FEMA k4
Normal Model Control LIJT

5 Group

e AN/NRET . HTRERTSEIET, B 29 0~9 F/DR A IEA L, C /MR Lee’s 8. *Rm G mlig 4L P<0.05

Note: A, mouse, liver and epididymal fat. B, the changes in body mass of mice at 0-9 weeks. C, Lee’s index. * indicates P<0.05

compared to the model group

B 1 Bk HFEINRAEm
Fig. 1 Effect of Jiukeng Longjing tea on mice



4 1

PTG, 2 YT H 2SN AE Ak & C57BL/6 /N RIS 5 2% 1 SREBPs Ml B{ (S 5 -ee et

581

F, HEFRTEIEH (P<0.05) .

HE 2B w51, SmEled /RN, B
. PHPEAF A 1)/ R IMBE AUC ¥ 53
TR (P<0.05) o KIS RERW, &K EhE
512 C57BL/6 /> BRUH % M 52 B8 J1 2 40, 1@
I B O8I B KSR W R A AE /) B
% WE TR 52 PE
2.4 INERINEE IS FRAG T 4 #

NR MG TR AR B AW E 3. HE

—=— IE# 40 Normal

—e— il 4l Model
BHPE4 Control
JeFedl LIT

IfiLE VR ¥ /mmol L

Blood glucose concentration
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i A Time/min

VE: A N/MR OGTT MpEZM Mgk, B A/ OGTT ik Fiifi.

A P<0.01, T

3A~D WA, SEflRdARLL, IERA. PHEgL
Mol 4 /N B TC. TG #1 LDL-C i % Z %
ik (P<0.05) , %4 [A1 HDL-C Jo ¥ 3% % 7 o
/IN BRI IR H VS 1 K SF- Wl B 3E AT 3F B,

R /N B AST Bl 14 /K1 2 25 v T IR 4
(P<0.01) , {EAATFIEH AKFIEE N, I
H/ANRMTE AST B3 1 /K- 2 KT = i 41
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140] B
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SN
S O
1 M
*
*

el
(=}
M

60 1
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Blood glucose AUC

40 4
20 1

miRAL B IR

Model  Control LIT
5 Group

*RoRGEAREMLE P<0.05, **RREEM

04
1EH 4

Normal

Note: A, mouse OGTT blood glucose change curve. B, area under the mouse OGTT curve. * indicates P<0.05

compared to the model group, ** indicates P<0.01 compared to the model group, the same below

# 2 /J)ER OGTT B} [a]-Mm#ET (L phek R sk TEH

Fig. 2 Mouse OGTT time-glucose change curve and the area under the curve

- - —:.4
w20 ! z7° wg )"
o
w £ 25) £ s g 6 SE
zE 20 WE 5] « + = o =
e s Bp H 2 20
25 2g o3 =2 2
j]:[ - 1.0 /= 2 M G
. S m g x e 1.0
w2 05 2 R~
g s iz o
Q 0 &) 0 o 0
N M C L N M C L 8 N M C L
_ 1% Group 5 Group H 5 Group
a - -
l]l\lﬂ'ﬂé 2.0 b :] 16 E j 16 F
@ g &3 £ 1. :
T o 1.5 % " hautd g 12 "I g 12
Mg 5 = =
22 9 2 8 "2 8
2 * s =3
B2 o5 K2 4 m 2 o4
“ 3 5 €5
g 0 g0 g o
] N M C L &) M C L @] N M C L
05 Group M5 Group A5 Group
W NONIERH, MARRYA, CHMHEMA, L ARHFA

Note: N, normal. M, model. C, control. L, LJT

3 NRRIME & IUAE HiE iR Hia s

Fig. 3 Serum biochemical indexes of mice
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Fig. 4 Lipid contents in liver
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26 MUEHEMNFEAERRFERES
aEA

/N BRHEIE R B S R B 5 A SA B
e HTE SA FE 5B WA, 5 R4 M,
IEH A, FHMEA R A PPARy X R IE&E
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Fig. 5 Expression of lipid metabolizing protein in mouse liver
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Fig. 6 Relative expressions of lipid metabolism genes in mouse liver
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Desulfobacterota Al Actinobacteriota %5 4 Fli [#
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Fig. 8 Diversity analysis of gut microbiota in mice
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