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Abstract To explore the effect of DNA barcoding and metabonomics techniques on the identification of different
oolong tea products, this study used 18 oolong tea products in southern Fujian (Minnan), China, processed
by different tea plants, as the source materials for the amplification and analysis of DNA sequences. The
genetic distance was calculated from these sequences, and a phylogenetic tree was constructed. UPLC-ESI-
QTOF-MS technology was then applied to different types of oolong tea products in Minnan for an untargeted
metabolome analysis; followed by calculation of the genetic-chemical correlation of the samples. The results
show that the amplification success rate and sequencing success rate of the UPLC-ESI-QTOF-MS technology
can reach 100%, and has a relatively high identification efficiency. This technology can thus be regarded as
the most optimal sequence combination for identifying the samples. In this study, nine key different metabolites
were selected from oolong tea products in Minnan. Through further analysis, there were more similar metabolic
components in Jinguanyin, Tieguanyin, Benshan, Shuixian, as well as Daye Oolong, Maoxie, Foshou, and
Huangdan. This effectively distinguished different varieties of oolong tea products in Minnan, which could
provide a theoretical basis for the further identification of different varieties. Analysis of the genetic-chemical
correlation revealed that the genetic distance of the trnL-trnF sequence had a relatively high correlation with
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different metabolites. Using a genetic-chemical research method combining the trnL-trnF sequence and
metabonomics techniques, this study was able to identify part of the representative oolong tea products in
Minnan accurately and rapidly, which can further develop the standardization and characterization of tea types

and open a new way for the identification of existing teas.

Keywords oolong tea; DNA barcoding; metabonomics; tea identification
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Table 1 Collection of the samples of Minnan oolong tea
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QL)  FHE (DG & 14, B 3 ., A, Kby
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1.2 DNAZFEEIR A%
1.21 XERERF A A 4 DNABR i IR BGRA 7 £
(Aidlab, H1E) , iR &% 2081 (Eppendorf, f#[E#) ; PCR
11 (Biorad, K1) ; &t B4 (Syngene, EE) ;
Nano drop 2000c i &5 Y66 T (Thermo, SEED ; EIR

AR A4 FR S G K BT
Species name Experiment number Location Longitude and latitude
) . TGY1 22 9% ELPE PR Xiping Town, Anxi County N 25°1', E117°56'
W Tieguanyin TGY2 22 9% ELPaPE4E Xiping Town, Anxi County N 25°1', E117°56'
111 Benshan BS1 R BN EEAE Xiping Town, Anxi County N 25°1', E117°56'
BS2 2R FLPG P4 Xiping Town, Anxi County N 25°1', E117°56"
18 [ HD1 2% ELJE e84 Hugiu Town, Anxi County N25°00’, E117°59’
S HD2 2% BLJE 48 Huqiu Town, Anxi County N25°00', E117°59'
%1% Maoxie MX1 ZEE R 2 Daping Town, Anxi County N26°05', E119°32'
MX2 2% BLK$F 2 Daping Town, Anxi County N26°05', E119°32"
DY1 LR B P PR Xiping Town, Anxi County N 25°1', E117°56'
NS e e DY2 %% ELJG B4 Xiping Town, Anxi County N 25°1, E117°56'
&M Jinguanyin JGY 2% ELPE PR Xiping Town, Anxi County N 25°1', E117°56'
KAl Shuixian SX1 Je i1l Zhangping City, Longyan City N 25° 3', E117°42'
SX2 v 51 Zhangping City, Longyan City N 25° 3', E117°42'
YT % e Dongdingwulong DD 2% BLF PR Xiping Town, Anxi County N 25° 1", E117°56'
ff F Foshou FS STk B Yongehun County, Quanzhou City N 25° 32', E118°3'
15 Meizhan MZ LB ELPUPFH Xiping Town, Anxi County N 25° 1', E117°56'
#F24 Qilan QL TR E Pinghe County, Zhangzhou City N 24° 37', E117°3'
F}EE Dangui DG 71 117 B ¥ EL Nanjing County, Zhangzhou City N 24° 52', E117°37"
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K, FEYEL30 mgkE S R 22 mLE O T, A2 mL 70%
A WEE, WiEdR% IR, 25 CilE A #£EL20 min, 12 000 r/
min, 4 ‘CZF N &E010 min, B E3EW, FH70%T0 A F S 6
1001, fEAET -4 CokF M.
1.3.3 BiESREGNEHE AR M 45 4. T sh A A
(01%F R , WBHAHB (01%H BRI ) 5 Wi#: 0.3 mL/
min. FEREAEFINT uL, #0.3 mL/min, %40 C. ¥/
BEEE TR : O min, AF100%, B#H0%; 2 min, A#93%, B#H
7%; 13 min, A¥160%, B#140%; 14-17 min, A%11%, BAH
99%; 17.1-20 min, Af100%, BAH0%. il 401 % 1F: &1
U, ESI; $di K4, MSe; ramp, 10-40 eV; L4H& B IE,
ESI+, 2.0 kV (ESI-: 2.5 kV) ; BTFIFIEE: 120 C; IEAR
J: 450 C; F#ivil: 50-1200 Da.
1.4 Zit5#c DNAFFIK H Clustal X23E47 ELxt, X2
B K FH QI ik, 3832 Excel 2019, MEGA 7. EZinfo.
Heml 4 i 1.

#2 FRESIMIEERPCRR MR
Table 2 The information and PCR program of different primers
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2.1 DNARRER, 18Rk Ih & K e ak Th 23

FH AR 53 't 0 BE DU A5 2508 45 B S DNAR T 2 5 ik 3
WAL MFHE. BT rpl32-trnLAlrpl16/PCRY 1
7 2 B TR LUK S IR B — I 4k AT, T PALY R R A PCRY™
B R A9 B s R 26, (HLEN P IS R BLZ B AT 72 poly i W
U CRAZ T R poly A) , BRI £ 2 Yk 8 3 ¥ it 514 B4 PCR
S5 RS 1 R T IR X e ) JE. fE18AMREA T, trnL-trnFATITS2
HIF 18 Bk o R 500 7 % 2h 2 #8100%; rbel. matK. trnH-
PSOAIIY 18 B T 2R 53 531 J988%- 75%H194%, 85 DNA T BLIT)
T 238 9100%, PR L dp 235 B trnL-trn FRIIT S2% % 5
YEAT R B2 S5
2.2 FISRGHLS T

FFtrnL-trnF. ITS2MltrnL-trnF + ITS2[KE. CGE &
ST R W3, ITS2)FHIM K 9293-315 bp, trnL-trnF)¥
B 91 051-1 070 bp, trnl-trnF + ITS2JF 544 KK
F£491 361-1 385 bp. 5 ZRKDNAF Bt trnL-trnFAHLL, 411
W HE AR DNA T BTS20 48 5 3 AR/, (HITS248 FAvr i1
R 2945 BAL 2S5 8 B FE I LB 35 L 2R R DNA B
trnl-trnFiA iy, AEMH 7 40 # # DNALLH- 44 A DNA B A 5 = 1)
HEAL P,

FIFHMEGA 75%F A7) i Fol ¥ 130 5 5 e 245 77 b i3k 47 Kimura-
2-Paramter (K2P) L HE & 4081, 45 R WKL, —RIFHT,
T L1 B NG e EN O N T P s e = s e B d
ANTHL, BT B IBITS25 41 1) A% FE 250K T 36 20 1A ol e dit
FEAb, M FEHL Rl RS 08, KANITS2MtrnL-trnF
LR B (S P N e a1 B N DR 7 B2 R
trnL-trnF + |TS2(1Fh P8t A% FE B8 Bk 7 A Ll & Fh 40450 /T Fi ]
AL EE B, SIS FX 457 41 B W 26 T A AL B T e

Fr 3 4R il 1K PCRR Wi 5% 4
Primer Sequence (5-3') Primer length (bp) PCR reaction condition
PAL F: CAATGGGTTGCCATCGAATCT F: 21 bp Predenaturation at 94 C for 5 min; 34 cycles:
R: TCTTGGTTATGTTGCTCGGC R: 20 bp 94 ‘C 1 min, 56 C 1 min, 72 'C 90 s; 72 ‘C 10 min
ITS2 F: ATGCGATACTTGGTGTGAAT F: 20 bp Predenaturation at 94 C for 5 min; 34 cycles:
R: GACGCTTCTCCAGACTACAAT R: 21 bp 94 'C 1 min, 57 C 1 min, 72 'C 90's; 72 'C 7 min
oI32-trnl. F: CTGCTTCCTAAGAGCAGCGT F: 20 bp Predenaturation at 94 C for 5 min; 34 cycles:
P R: CAGTTCCAAAAAAACGTACTTC R: 22 bp 94 'C 1 min, 56 C 1 min, 72 'C 90 s; 72 ‘C 10 min
0l16 F: TGGAAGGTGTATGGGTCATCT F: 21 bp Predenaturation at 94 ‘Cfor 5 min; 34 cycles:
P R: CGTTCCCATCGCTTCTTGTT R: 20 bp 94 ‘C 1 min, 55 C 1 min, 72 °C 90's; 72 'C 10 min
trnH-psbA F: GTTATGCATGAACGTAATGCTC’ F: 22 bp Predenaturation at 94 C for 5 min; 30 cycles:
P R: CGCGCATGGTGGATTCACAATCC R: 23 bp 94 'C 1 min, 55 C 1 min, 72 'C 90 s; 72 'C 7 min
matk F: CGTACAGTACTTTTGTGTTTACGAG F: 25 bp 95 'C 2.5 min; 10 cycles: 95 C30's, 56 C 30s, 72 'C 30 s;
R: ACCCAGTCCATCTGGAAATCTTGGTTC R: 27 bp 25 cycles: 88 'C 30s,56 C 305s,72 C 30s;72 C 10 min
et F: ATGTCACCACAAACAGAGACTAAAGC F: 26 bp 95 ‘C 2.5 min; 35 cycles: 95 C 30 's, 58 'C 30 s,
R: GAAACGGTCTCTCCAACGCAT R: 22 bp 72 °C 30s; 72 'C 10 min
trni-tmf  F: CTCTGAAAAGCCCACATA F: 18 bp Predenaturation at 94 C for 5 min; 40 cycles:
R: CATAGCTTGATAAAC GAAAT R: 20 bp 94 'C 1 min, 57 C 1 min, 72 'C 90's; 72 'C 7 min
R3 FHIHE
Table 3 Sequencing information
Z:#1 Parameter trnL-trnF ITS2 trnL-trnF + ITS2
Hext 314K B Alignment length (bp) 1072 316 1388
GC# # GC content 35.90%-36.45% 62.95%-64.77% 42.31%-42.74%
A5 5437 &4 Variants (bp) 17 13 32
f&1 %15 ;207 & Parsimony informative sites (bp) 6 6 12
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Table 4 Intraspecific and interspecific genetic distance in two gene of the different varieties of commercial Minan oolong

At il 8 % #E Y Intraspecific genetic distance )i 4% 25 Interspecific genetic distance
Species trnL-trnF ITS2 trnL-trnF + 1TS2 trnL-trnF ITS2 trnL-trnF + 1TS2
M Tieguanyin 0.000 0.007 0.001 0.000-0.004 0.003-0.034 0.002-0.010
A1l Benshan 0.001 0.001 0.003 0.001-0.004 0.003-0.037 0.002-0.011
% H Huangdan 0.001 0.000 0.001 0.001-0.005 0.007-0.021 0.003-0.009
£ Maoxie 0.000 0.014 0.004 0.002-0.004 0.003-0.032 0.004-0.007
Kt J% Dayewulong 0.000 0.000 0.000 0.002-0.004 0.000-0.030 0.001-0.010
4 W Jinguanyin - - - - 0.004-0.034 0.005-0.011
7KAlll Shuixian 0.000 0.000 0.000 0.003-0.007 0.007-0.027 0.005-0.010
T %% Dongdingwulong - - - 0.000-0.004 0.007-0.032 0.004-0.008
{#F Foshou = = = 0.001-0.005 0.000-0.017 0.003-0.007
15 Meizhan - - - 0.002-0.005 0.000-0.024 0.001-0.009
Z12% Qilan - - - 0.002-0.007 0.000-0.024 0.004-0.010
FH: Dangui - - - 0.002-0.006 0.000-0.030 0.003-0.011
AR AN TR ol A ) ) B B A% 72 I X 43 A: trnL-trnF QL
BL Ll 2 B HRE I AR 0 B2 B 3% 1L K ( Euryodendron - Be2
excelsun H. T. Chang) HitrnL-trnF (GenBank’® % 5 DG
HM061568) FIlITS2 (GenBank i SAY626886) 41 Hy 41 65 v
JRAH, KFIAREE A MR R G (1), #iX24-DNA —{ by
P BOHAT R G T, G5 HK W, trnL-trnFAITS2/% 5 o e
BANE— B B LA R AN A X 4 F, H 38 TE3% A a5k —  HD2
AR 7 it o 1 1] B 2 R 2% JRAE ] — AN 235 b5 {HaZ&trnL-trnF + 7'%3
ITS2(1 Fr Bt A B 1 Joidof Al Rl s Rl A L SR — e 4b, Hoap IS
AR ) P ) B8 SR AE A — 7%, gJDG
gi Lo b, BRI NDNARFEBIPCRITY M RK N 88 TGY1
100%, HLAS [ (1 5 18] 359 47 7548 5 067 0, (5 il T e ) itk Ak TGY2
. _ X o ™ ——SX1
B TC 244 A (6] b b D 1 A S 0 2% A A X 43 FF, TR 3 AN e AR L sx
9% 9 1) B fe 2 R I DNAS TS, B e trnl-trnF + 1TS2 Euryodendron
H R UL 20 R KA B S AR S, TR BB trL-trmF BTS2 oo
+ I TS2(1 /7 51 41 G 15 2 45 1) 8] F 50 2% 72 i FRT DNAZR T A :81
s . e o s s 2
23 ETFRFENERESER~mERT T FS
FIFHUPLC-ESI-QTOF-MS 4= 3 85 2 1) S 1 3 5 2 57 mg
PCAZHT, 2502817~ Al 5] & P 13 e 5 e 4% RE 47 Hh 2R SX1
T8 N[ Pl i 5 0 R i CREA R B ST ERE 473 2
WK, BRI R LR ZE R KSR , TEPCAEIH, 4 322
FCTAS B PR, AREHRAS [B] i P 2540 1R 20 AT RO SR 4R, 0P DY2
AATTRO AR B A ARALL, (E2 B (TGY)D dh AP R i 5 HAh ,\Dng
Flt (A1IBS. KAISX. &M FIGY) ZkE a1 4G 7 Bk 3, 0] QLY
R L5 R R 526 00 P 80 4315 A A LA e gor’
B2 55 BREH &RE i A0 B 40 B AR 43 o ] e A€ 64 _ Euryodendron
A & B, I (MXO R T (FS) B AR C: tmlAmF + ITS2 a
P N PATEEA RS 200, TR PR REAS R AT SR 321
24 RS TTS5LEE BS2
Bl VIP > 1, P < 0.05 Al FC > 1.2 Jyffii itk 4 fF, 34 ik P
H O 2 S ORI S D, I 5 81-9, WIERSF7R. D[R & 1) %Egz
LI, ZSW = AR AR, HIVE T2 AR, B L= AR b, 64 MX1
ST A 437 O 2 A 0 7R [ o 0 S 1 e = 5 X2
W ZE R, W HAT TA E RN, RN E R .6 ?g\ZM
AP AR & A B R %, Ho, B3R, RH L TGY2
BT RAE AR AR A B i A B B AR R JD%Y
ZE S, INAEER-3-O- A0 1 10 & & BAREUR, (AR 98— SX1

KHIZE 5, DR b Ak & P 7T g PCASY 28 ORI 5T #R. N
V4 07 16 LB E 2 5 36 A% U A A o 4 B Hem &1 EFtrnL-trnF, ITS2FtrnL-trnF + ITS2F 5| # 12 f4RIE .
o G L S emiix Fig. 1 Consensus tree obtained by the NJ method based on the
(Heatmap lllustrator, Version 1.0) & 2 4, &4, trnL-trnF, ITS2, and trnL-trnF + ITS2 region.
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Scores Comp[1] vs. Compl[2] colored by Condition
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Fig. 2 PCA analysis of the different Minnan oolong.
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(7 i PR o P 5 D 2 7 s PO B R TR 20 €, 5 BB R
AR AR [ kol ) 18] P 5 2% 7 il B 8k L 5 ot Ao 71 S i SR A
ik, BRWE . KIS, B, B FAUKALE O — %, AL

GEUF AWERN I PP R B TILR R B
e R, S HA A AR LE, KA R AEH RB-4REIEE R
B-2,3-O-B & TR h i & E AU,
2.5 RBXEKEDIBRE-LFEEXY

K 12 B 55 7% 7 il DNASK FE RS BT 70405 21 10 180 4% 5 2 5 1)
F SR BT 1 22 S A EAT AR OGRS 1) T 5 8
K7 AR B 5 = R AU YIRI 5 &R, CUON M B S e 7%
0 B PF AN B AT R . 32 Y G MUK €8 DR 10k 2 B 1 AT 9 S it
Fe— AL ZE AR I » K 18 g S50 55 77 it RO Rl P B AT 9 22 54X
R BHER N — DR RS, Horh RN AL B BN B
g, AT & BN TR 2 BEREON0.5, i
SORHRJEE , 38 3o S 1Bk 28 B A0 /I ff A2 1) g 5 3% b A B84 i
B AR R RHR S, 45 R W KRG HRT. MR 2™ b
ITS27 51l ) 388 A% BF 15 5 22 7t 85 35 J 2 () B AR SR PR A, 229708
F0.7; MMitrnL-trnF 3 51 i) 38 A% BR 5 5 2 55 3 25 1 20 18] A AH 5%
PR, ¥IRT0.8.

3 g

31 (@S A% RHIDNAS GRS
VP 5 J 7% LA 9 75 ORI, SR LUK L O
I EE, TS L 55 K A B, F 5000 %

%5 WS L% HPEFUPLC-ESI-QTOF-MS (fETFHR) L& HHEFRIANREY
Table 5 The differentially expressed metabolites of Minnan oolong based on the UPLC- ESI-QTOF-MS ([M-H]-)

5 77 ﬁiﬁi% #min [M-H] . j‘:‘%ﬁ—’?)#i%?

Number Molecular formula Metabolite (m/z)  Main fragment ions (m/z)

1 C,H,05 KA TILAE Epigallocatechin 4919 305 261,221,219, 179, 167, 165

2 Ca3H4002 M Bz 25-3-O-# Bl 25 75 =X Quercetin-3-0-glucosyl-rutinoside 7.365 771 609, 301

3 Ced a0 1125 3 -3-O- R 2= 1 i 1 Kaempferol-3-O-glucosyl-rhamnosyl-glucoside 8.008 755 593, 285

4 C,H,04 Z£JefZ Quinic acid 1.003 191 593, 285

5 CaoH26014 J7{£ 7 %B-4 Prodelphinidin B-4 4127 609 441,423,405

6 C7H30015 1125 3R-3-0-E & HE il Kaempferol-3-O-rutinoside 8.442 593 285

7 C21H201, #it jz %-3-0-2F- FLHE 1 Quercetin-3-O-galactoside 8.022 463 301

8 C15H140¢ JLZ# Catechin 5.354 289 245,205,204, 137

9 CiH25016 JE 67 % B-2,3-0-% 1 T #h Prodelphinidin B-2,3™-O-gallate 4962 761 609,591,423

*6 ARESEF~RITS2FFIMRIEEESSERKEHMNXEKE (R)

Table 6 The grey relational grades (R) between intraspecific genetic distance of ITS2 and different metabolites

k4 Component

B i

AL BE B

Sample 1 2 3 4 5 6 7 8 9 Genetic distance
TGY 214361.60 5115.59 17412.92 8434.22 2922.28 3990.20 2058.15 3510.32 2466.81 0.007

BS 261609.10 3495.89 5495.37 13764.70 6113.92 4891.19 1879.10 3580.81 3865.90 0.001

HD 217900.80 4916.26 23073.18 771518 2785.24 3998.17 2422.84 3634.09 2570.45 0.000

MX 242963.60 5185.70 27996.43 8739.65 2597.56 4491.05 3102.24 2601.48 2527.03 0.014
DYWL 286901.80 6534.78 45380.56 6167.86 5221.23 5635.81 4363.67 3835.55 4713.02 0.000

SX 252731.40 3425.64 11496.52 7256.26 827.52 4733.00 1946.32 5223.09 552.30 0.000

R 0.6213 0.6695 0.6907 0.6453 0.6269 0.6189 0.6399 0.6124 0.6440

RT BESEE~RtrnL-trnFFIFRIZEEESER MBI XKE (R)

Table 7 The grey relational grades (R) between intraspecific genetic distance of trnL-trnF and different metabolites

%4> Component

B b

puagiiche

Sample 1 2 3 4 5 6 7 8 9 Genetic distance
BS 261609.10 3495.89 5495.37 13764.70 6113.92 4891.19 1879.10 3580.81 3865.90 0.001

TGY 214361.60 5115.59 17412.92 8434.23 2922.28 3990.20 2058.15 3510.32 2466.81 0.000

HD 217900.80 4916.26 23073.18 771518 2785.24 3998.17 2422.84 3634.09 2570.45 0.001

MX 242963.60 5185.70 27996.43 8739.65 2597.56 4491.05 3102.24 2601.48 2527.03 0.000
DYWL 286901.80 6534.78 45380.56 6167.86 5221.23 5635.81 4363.67 3835.55 4713.02 0.000

SX 252731.40 3425.64 11496.52 7256.26 827.52 4733.00 1946.32 5223.09 552.30 0.000

R 0.8687 0.8235 0.5957 0.9050 0.9139 0.8671 0.8131 0.8646 0.8988
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Fig. 3 Difference in metabolite contents among different varieties of Minnan oolong tea.
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Fig. 4 Heatmap of changes in relative contents of different metabolites in different varieties of Minnan oolong tea.
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