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HMERMELXYASTUHRES

g, e AR, AN REAET, BAT

Yo RITE R 2R A B 2B, 2R 246133; W INTE K k2 5 A d Rl 22 2Bk, & 321004

WE FF 5 (Camellia sinensis cv. ‘shuchazao’) & it i pg 7= X —Fh A i fh . AT AT IR 5 - AW KW RE
BURHIE, 18 A RS- B B BOR, bR T RS R T A (0 R A R & . SRR, EEREREERY
TR (16F0)FAER B b, M A M R PR (24 B v+ E BAEX & 81K 3 B B3 W2 R N R YR 24T
TR R T, SE AR, (AR AT RN R B A A B R BRHE . T ER B RWE T /D
VIR 5T (PLS-DAYBTY . 29200 00, AR TR FT 547 X 43 fie E AT EF 55 75 B (R®X=0.903, R®Y=0.875). it it A i
TR, GEREW, a- IR KITIE-(V4). R, R-2-H 5E-2- TIRIRIA N IS 3- O . XA A 28 X 7 F 2 T4 R
VIR AR AR A R B R S i S B EEAEH . AV R T RN E SRR & B RRE, 7Tk

il 7 7% W6 7 42 S s B QAT O BV AR AR
K

RWHERNY), A -FOER I EOR, PLS-DA, ZREF, R0 Hr

INES, HEE, BOR, T, BERF, BFF (2021). HEIRERYH S AR, B 56, 422-432.

Z B (Camellia sinensis)/& [® P 5 2 ) 2 5 1k
o k2R 2 BHEE RS I T A, A E R R A Ay (PR
KA, 2015), HEFHH S B2 2 PR H BvE . &
If (Toxoptera aurantii)/e —Fh = ZEHA W E d, Hk
AN R R BB T R T, &y R s e 8 R
o ZRMFAE[E P R X LE A, X250 ik
fE#(Han and Han, 2007). FUF7EH. KSR
P PR G, Gk 2 R A el 5 SRAEAE AR it
TS b, a0 A B s A AR R
) AT 5 8 R R T AR, B I R R B 1
Y& 1EH(Han and Chen, 2002a). {# fHAL24R5 V6 77
DG AR R Zi 5k B bR, R AN 2 B 2
BT Tk, — SRR R R A A
EiF G I YE K Y (herbivore-induced plant vola-
tiles, HIPVs) (JRFRHFIZR) 5175 R M S A= B
18, RS A R A E A R T R — R
R EALH (D’ Alessandro et al., 2009; Gish et al.,
2015; Sobhy et al., 2015; Aartsma et al., 2019;

Wik H 391: 2021-02-07; #2532 H 11: 2021-04-19

Sanou et al., 2019). HIPVs5t 2 H B 4 ¥ 9 5 fie 5 L
F Turlings %5 (1990) Xf & X - #lf 2% % i Spodoptera
exigua Al %7 2E #% Cotesia marginiventris f) = 2% &5 7%
KEZMF. HIPVsINAE G B ER, TR RS
Wy 1) (o JE L f R AE MR ) 15 2 A% 1 (Baldwin et al.,
2002; Jing et al., 2021; Ye et al., 2021). — 5, J&
Bl A 32 8 A ) 8 BT HIPYs 75 5 3 & 7 4R
7740 S5, b e 917 ) e D] ) 2 2K R 7 A 97 A AH SAR
#i¥)(Kost and Heil, 2006; 7= [&IT4%, 2009; Zeng et
al., 2017; Wang et al., 2019; Zhao et al., 2020). %
— 7T, G B g R A Bk AN A R R RO
M ALE S BN FE RN P2 A RSN N, FR 2 9B
i % % (defense priming) (Heil and Silva Bueno,
2007; Ye et al., 2019),

HIPVs ) H ZRHE 2 — 2 H A S 7 1 (Huffaker
etal., 2013). 52 A A & 1 Bt 9 5 B T £t
TR MR, T RHIPVsERE L, EHIPVS
R s P =R AE AT B AR N 1 EE R G A (Turlings

FEWH: ERARFIH4:(No.31971185, No.31800316). A w55 4 A4 S ##i1-%ll (No.gxyqZD2020031, No.gxyq2018034)

AR BE T H KR 4:(No.KJ2017A359)
t LEE—EH
* EWAEE . E-mail: ryc@zjnu.cn; mudansmile@126.com



and Erb, 2018). HIPVs[{IZH ] 52 i 1 B Uit A5
BRI (PR EE, 2016). HIPVSZL 2 fil & B i 7
PEAR AL IR AT B B 57 AR A IR A A & ) A
KB M B (Takabayashi et al., 1995; de Moraes et
al., 1998). WKW, £ K(Zea mays)fIHIPVsiidE
6 8 LB 520 K Bt (Mythimna separata) i %2 [7] 474
(Shiojiri et al., 2006; Joo et al., 2018); Z{i@ il
FR A ) 1 HIPV's 1 RE 50 AT 42 e Jo) AR ) 1) i 568 128
(Zhao et al., 2020). {EFEE R, VTR A
Sy B 2R AT LA 5 — S84 R M) 42 ii(Heil and Land,
2014), {HRIEE REREC T, BIE due 1 B
(herbivore-associated molecular patterns, HAMPs)
3 I HIPVS 83 5#1iE (Schmelz, 2015). HIPVs
FRY2H 73 FH & BEARRAE AT Jn) B HUOR B e iR A
BIMAREEE . B, HAHIPVSHR: 7 H
YR HEAT R ERR B R EE,

HHT, AR FRE SRR ¢ R0 3 2
5 75 HE R W) 45 A B 0] i B IR 51 A (Han et
al., 2012) Z 84 R Pons 2t SR A il B A B B
fEH(Han and Han, 2007) L sz A [ 550 R A5 4%
iF fih £ HL 437 (electroantennography, EAG) % M [ 5
Wil (4 2 3 AT FE RS, 2004). WL X R if A% S
(RFE A AH 53 R 55 B AR AN B LR e R 11 51 5 4
F E.4 #ii& (Han and Chen, 2002a, 2002b, 2002c¢).
TEDHE R 53 F0 B 52 LI 8 . 3R e A R
2t W R 52 (Ninkovic et al., 2021), ZEH4% %
W 4yt B A b PR b R XK S (T B S,
2010; EE &, 2010). AHFFEH AR 3% - 5T i
(gas chromatography-mass spectrometry, GC-MS)
P AR It 1 B2 U B 2% DX B il A 45 A W R RFAE,
WISE T 2l MU Al 5 2 WHE R I il & &, g H
Z UG M U5 kAR R R R AR AT IR 1 R R
AR, AT HE— 5 ] AR AR VBRSNS LT Y
B AR o

1 MR57HE

1.1 HmLE

ZKiif(Toxoptera aurantii (Boyer)) R4 T 2 #4 %2 IR
WHEFEX I 2 Rk, EN TR AT
75, AN A2/ G I /A2/N i R, AR X R R

INEL S WF TR R A A R 423

60%—70%, i 9 (24+2)°C, %7 %% il (Cameliia si-
nensis (L.) O. Kuntze cv. ‘shuchazao’) 73 4% 1A 57
Z 2020 FKFET A 2 = MR O R K
PRI AFAE, FR MO 7R, &R
PR AR RS FH TS50, WREESN60 m. /BRI A
W (TG BUF ) Fh T1RR SR 1 2R 4 e i 2 |, $oiE
BHITERRR200 R, MY EE. 24805,
BRI Fe o mE S FLE e E R, RERE R S
1ZF 4N 3L1140 g, HUBEIE RS F 28108 /K 000 i Ak 22,
SR G AR B IR ARNE, B RS R B — R
W BEREARY, B N1 2E4n3R40 g, HIBLRE
WEEAT B ORI, AR R W) (HE AR5, 2015). K H
T BURE V4 AR 558 AH R 54N B L, R0 3R15 54
T B2 WS RIS ZH F 5 2 R AE il o AE AR O 5 1B (s
R4, 6—10 9 T A5 4.

1.2 FEERYKE

i FHTR 2 Zh S 25 B (Mu et al., 2012), Kife i 4¢
AN 0 N 3 R 0 ) BN B [ AR (L4228 com,
ERA2 L)H AR5y, Beas AL AR DLBERb 11355 P . i
ot AR AR — i 3 NSRRI IR AR R, RN
180 mL-min™"; 1< M Super Q (50 mg)W AL
AR ET. WE10/ME 5, FH300 pLtaitkal —
S BE ke B A, P E N2 000 pLE RN,
MR pLig10™ g mLT" S8/ 2.8, 74 iRAT. A
EREFEAR I uLiE T GC-MSHE i 7 Hr o

1.3 ZREEAMETE

I FH B 74 B R MR B R 5 R 0 1 2 R GC
(7890A)-MS(5975C) it 1T ¥ K M % & . B ik FE R
30.0 mx250 pmx0.25 pym id HP-5MS 7 3 B4 & AT,
PR E 91.0 mL-min™"; IEFIGER J9350 80 HERE T
I JE I GC-MS 2 11 & 43 79 1 € 9 250°CH1280°C;
T THE: ARG ¥ H50°C, FEEi54h, R)E
PAAE S B 3°CHITE 2R 2 190°C, T190°CIRFF5%
Bi(Mu et al., 2012), EIETIH, HERENTO0 eV, 4
PRI A TFFP2IR . A N99.999% A <. K
W% R B B INISTO8. L. AR AL 2 T A% ki (22 4
A8 ) IR bm 74 P19 285 5 R 4 R DR DR SR, X ik 0
FEXOS = BESE AT 7M. S5 US43 R W) AR B ) B) AN AR
HE SRR IR SE 7 30, X U T ARR 5 R W1k 2 45
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FAFN AR T AN o THERANH 0 I TR S N brig
AR LE ], 45 &3 R YA 7 BIA X & &= (Mu et
al., 2012).

1.4 Hitsth

FIHMann-Whitney UFKFIAS G 77 1L G 1T IR0 4% K
VIl & 2 5 . FIMATLABYK#F2018bki 17147 Fii i
HLAR 35 i A (t-distributed stochastic neighbor em-
bedding, t-SNE) (van der Maaten and Hinton,
2008). ZJr#r(clustering analysis, CA)FI T 85
43 #7 (principal component analysis, PCA) (Jolliffe
and Cadima, 2016). FISIMCA-PH A HEAT e /)N —
e 2 #5143 ¥t (partial least squares discrimination

analysis, PLS-DA). f# FiMATLAB#F 4t iR .

2 #XR5ie

21 BEESFHEXYHD THIFHE

FATT 5 S0 At B 25 Y AR 5 S A 9 R 0 v s s
6T AT 245 %2y (£ 1). 8RS HIGC-MS i &
FUWMBEFR . BFFE AR R & o B8 AR
T W #x(internal standard, 1S)% & 411.2422.60 (°F-
BIEEFREZE), TR R4 R Ay 5 A
T HFRH2.4120.41, RHRLFNE G RMEERY
)R TS 2 5 14 i (P=0.007 9, Mann-Whitney U#k
HIKLT) o

el {EHERIFH RS HE R WLE 55 (VOCS) RIS & & (P (H AR 22)

Table 1 The relative content of volatile organic compounds (VOCs) from healthy and infested tea shoots by Toxoptera aurantii

(meanstSE)
Retention time . . Relative content
No. : Volatile organic compounds
(min) Healthy Infested
C1 4.842 3-hexenal 0 1.3204+0.3300**
Cc2 6.984 Ethylbenzene 0.3174+0.0895 0.8110+0.2546
C3 7.391 Benzene,1,3-dimethy- 0.7028+0.0881 1.5338+0.5370
C4 8.261 p-xylene 0.1596+0.0382 0.5888+0.1525
C5 8.572 2-heptanone 0 0.6570+0.2495**
C6 10.057 a-pinene 0 0.3518+0.0670**
c7 11.485 Benaldehyde 0 0.5694+0.1158**
C8 13.402 Decane 0 0.1562+0.0716**
C9 13.658 Octanal 0.0350+0.0080 0.3076+0.1001
C10 14.796 2-ethyl-1-hexanol 0.4416+0.1631 1.1204+0.2834
C11 16.637 Acetophenone 0.0990+0.0240 0.4676+0.1435
C12 18.471 Undecane 0.0756+0.0166 0.1842+0.0535
C13 18.700 Nonanal 0.1240+0.0379 0.5608+0.2060*
C14 19.071 E-2-butenoic acid, 2-(methylencyclo- 0 0.0336+0.0123**
propyl)prop-2-ylester

C15 20.682 Camphor 0.1174+0.0318 0.5498+0.1094**
C16 21.912 E-2-nonen-1-ol 0 0.1422+0.0804**
C17 22.387 Naphthalene 0.0552+0.0174 0.2874+0.0868*
C18 23.367 Dodecane 0.0334+0.0092 0.1366+0.0350*
C19 23.666 Decanal 0.1188+0.0332 0.6450+0.3569*
C20 28.033 Tridecane 0.0160+0.0036 0.0384+0.0142
C21 32.427 Tetradecane 0.0358+0.0094 0.1904+0.0688*
C22 32.612 Longifolene-(V4) 0 0.0648+0.0141**
C23 34.363 E-5,9-undecadien-2-one,6,10-dimethyl- 0.0470+0.0118 0.2866+0.1340*
C24 40.538 Hexadecane 0.0408+0.0126 0.2320+0.1007*

* P<0.05, ** P<0.01
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Figure 1 The total ion chromatograms of the volatile org-
anic compounds from healthy (A) and infested (B) tea shoots
by Toxoptera aurantii

C1-C24 are the same as Table 1. IS: Internal standard.

R 5 1 AT 5 2R A 4% R D I 3545 4 93 9 167,
e IR R UF A 45 N 3-C M % (3-hexenal) . 2-FEff
(2-heptanone). a-JE/i(a-pinene). Z H & (benal-
dehyde). %ki(decane). Jx-2-H 5E-2- T IG IR A I
fig (E-2-butenoic acid, 2-(methylencyclopropyl)
prop-2-ylester). Jx-2-F /&% (E-2-nonen-1-ol ) F14 i
J#i-(V4) (longifolene-(V4)) (1) ¥E R YIW] 43 A5 FE
By, BPSRH-35 & W) (green leaf volatiles, GLVS).
75 B IEA A ) (aromatics). G R A ) (terpenes)
feJd KA A W) (alkanes) Fl H & 1k & ¥ (other vola-
tiles) (%2). i FE AW HE R ) AR W3- I e, T 55
F 3= U T 28 AL B S HRDRE I (1) o A LT R 4%
RV O5 A SR & B R B, TR
JoT 1) B B AR I T 2R B T R e S B R

CHE R & s B RN (E2A) . IS FRER )
PR & G HORE, AR SRR

RIS L 2, Gele M & ARt A
WY, T 57 A A5 L e (&12B) .l e
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R2 EMIERM Y
Table 2 Classification of volatile organic compounds from
tea plants

Vo.'?t”e. Volatile compounds
classification
GLVs 3-hexenal and 2-ethyl-1-hexanol

Aromatics Ethylbenzene, benzene,1,3-dimethy-, p-xylene,
benaldehyde, acetophenone and naphthalene

Terpenes a-pinene, E-5,9-undecadien-2-one,6,10-dime-
thyl-, E-2-butenoic acid, 2-(methylen-cyclopr-
opyl)prop-2-ylester and longifolene-(V4)

Alkanes Decane, undecane, dodecane, tridecane, te-
tradecane and hexadecane
Other 2-heptanone, octanal, nonanal, camphor, E-2-

nonen-1-ol and decanal
GLVs: @MH42%%) GLVs: Green leaf volatiles

A B
6 .. W Healthy 18.3%, 16.4%
2 = Infested 8.3%
08 o 1.9%
2 €
S 83y ¥ 55.1%
EQ Healthy
= =]
02 w7 aGLVs 21.7%
= = Aromatics 25.5%
0 15 (P < Terpenes
¥ & Qeﬂ‘e' ,boeo\\e’ = Alkanes 8.4%
\>$° Xe® = Other 37 gop 6.5%

Volatile class Infested

B2 il AR Aok 25 2 RS 45 K b 2R A LL 451
(A) 8 5% 255 A R IeF 38 25 A S04 ) I AR R B & (P <0.01);
(B) fi AR A RSP IE R L. GLVs[RIZR2.

Figure 2 The categories and proportions of volatile organic
compounds in healthy and infested tea shoots

(A) The relative contents of five kinds of volatiles in healthy
and infested tea shoots (**P<0.01); (B) The proportion of five
volatile compounds in healthy and infested tea shoots. GLVs
is the same as given in Table 2.

R, AS[FHE AL 5 T A e 2 RS R 35 Z R4 R
H T REAAERNE, EH16MERYERERE
#(*P<0.05, **P<0.01) (£1). EHFX16MEEAGE
S 10 2 RS 38 R HAE 2 gt gtk 4y i (Park et al,
2020). 16F KW F 5 FRid LR .

22 FHEZEEZYBERSE

t53 A7 B AL AT 3R (t-SNE) & — P 8 211 [ 4k v Ak
J7¥(van der Maaten and Hinton, 2008), i T
WA bR e = 4. JET-SNE K100
FEAR(1-5 {8 FELH, 610 /e 3 20 ) dm idk AT — 4k v]
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AL, 45 R B e B AL A 5 2 B R AT ) SRR AR
(EI3A). 32 FI R KT INEX 10 REAR AT 2 754301,
GURETR, R EE BT R TR (i R 4L AT 5 4Ly
B2 (KI3B). MIRKAFIEKTE, SALME A IE LY
JR MR 22 R Gy A _E BB ORI, T AL R A
AL A RO (EIB) . FIREE R, fERE
2R AT 05 3 28 A B R R o3 AL RCRL AT O W S R
[A] SRS

23 BEFSEHEXWARTUMTN

ER T (PCA)RE — R ZE [ 2 ey ik, 1%
P Bl e o 32 o o i o — b e B 107 38R
WA E Ry, AT 3o A R AL ARl BAT B e
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Figure 3 Two-dimensional embedding and clustering for
volatiles from tea shoots

(A) The t-distributed stochastic neighbor embedding (t-SNE)
for volatile organic compounds (VOCs) from 5 healthy (No.
1-5) and 5 infested (No.6-10) groups; (B) Clustering analy-
sis for VOCs from 10 groups above

A 77 % Jolliffe and Cadima, 2016). 270 Hr 4
R, F1ERST (pe) Al i 1l X 4 i i 4 A 4
(El4A). 51RO T fRRR8T . 76% M 1 &, RO DTk
HIK87.76%, 1252+ K5 (pc2) itk %A 495.95% .
R ERASHS (A (0 s, FE S0 R T o) e 3 50 m (
8 203 R WK EB A F2 B0 T BT BT R i o 2%
B(E4A). T2 s #itr B oR, 5513 o5t
OV JF IR AR BB B B2 O LA, HAR N IEAE,
WU T R & AR IR TR AR, SR 238 o A

A * Healthy
. 0.84 © Infested
N
[8]
£
N 0.4 o7
S °
c [ ]
8. 1 1 '9 1 1
E 4 -2 2 4
- '8
-0.4-
§ °10
£ 6
& -0.8

Principal component 1 (pc1)

B C24 4
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Loading

B4 FHHERMAK(VOCS)E KT/

(A) SLEAERZSA (A i, B EE M5 A T BoR) 54
U5 Y (405 610, 85 €8 ) R4 1 3 R 2 o BT AR 4
Bl; (B) #5132 B2 (40t )R85 23 2 (M €0 ) 3 A7 IR (38 R 0 9
FEZR1)

Figure 4 Principal component analysis for volatile organic
compounds (VOCs) of tea plants

(A) The principal component scores for VOCs from 5 healthy
(red points, owing to the partial overlap among points in
healthy group, the number was not marked) and 5 infested
(No.6-10, blue points) groups; (B) Loading plot for the first
(red) and second (blue) principal components (the number of
volatiles is the same as Table 1)



sUEE, RYILAEAE IR S (&4B). i
IPMTEREE R, i R E A R A R
A W8 SR AL .

24 FHEEZMERRRNZFEHHIEE

HARERMRZ, ¥ FE 5 758 otk 2 KR/ HE
Fe, fJa 3R 23 5 o9 1.97%107%, 6.09%107° Al
2.42x107°, #ILIET0, B F LG RBRIER
PRI IIE LR R M T2 &, BEEF
EZ BEAK AFEAR BRI, G K /)
LT 0T (Lee et al., 2018). i/ —FeiE s>

A
1.0+ MR2X (cum)
M R2Y (cum)
c
ie]
‘g 0.5 1
i
0
LV1 Lv2
B
Scores
@ Healthy
3 @ Infested
8 @6
S 10‘.N
- 10 ® 1
o/
-3
LV1

B5 R R 1 i fie /D 3R B ) B

(A) RT2ANFRAZE(LVS) R RRE B R F o Li( oy A AR, W
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Praerh 7 280 2 00 i T Be(n ey a0 Hr . S AH
KA TR PERNA), AT AP AL 5 g =4 & v 115 2
F HIPLS-DAXHHE K P o AT M, Geitah R o
A2/ fa4s & (latent variable, LV)#] 43 HIf##£90.3%
4 [ A B AR 53 (RPX) F187.5% I [K 48 848 7 (RY),
HEE A BRAR LV A KT B 7R B AR 5 AT AR R Bl g B
80.0% (80.2%, KEI5A). MEFEATELVAFILV2HI1S 5>
THI KRG, MR RD) A T B3R BR(LVA,
LV2<0, [AME2s & (dummy variable)HBU{& y=(0,0,
0,0,0,1,1,1,1,1)7, HrF 1R RIFELL), i AR
FERYSMREAR DA T I E R, BLVAS A& &

* Healthy
® Infested

Infested

0 02 04 06 08 10 12
VIP

TBONRASE); (B) ft B ME T AL HT 2B A & 45 0 B (i [

JydEFHotelling T2+ H 1195% B {5450); (C) /> — sl 5 4 b7 X0k [l (S 4R 1 42 41,0, BEZR 12142 40.5); (D) #4E R

(%7 [FIZR 1) A2 B B BRSO (VIP) B (RE 2 9 HUE 1.05] 2:4k)

Figure 5 The partial least square discriminant analysis for volatile contents of tea plants

(A) The fraction of cumulative explained variations for the first two latent variables (LVs) (red: predictor, blue: response); (B)
Scores for the healthy and infested groups with respect to the LV1 and LV2 (the eclipse denotes the 95% confidence interval
based on Hotelling T); (C) The biplot in partial least squares discrimination analysis (the radius for solid and dashed circle is
1.0 and 0.5, respectively); (D) Variable importance for the projection (VIPs) for each volatile (the number is the same as Table
1) organic compound (the dashed line is a guideline for 1.0)
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TR RERE IR, AU (FEAR6-941 )i 3 4 4% R W1
LV EBA IS5y, A 10 LV 5145 55 40 fE 1
BAR(E5B). BARMFEMHFEA ST EREARSES
BOR R B, (H10FE R 3 AL T-95% B 15 X (8]
(Hotelling T*HAIF) P, & WIAAEAE BB (outlier) (B
5B).

ik — 2 25 i B Aar A1 A5 53 U 1] (biplot), T T
WS A 2 1) B AR B A 22 S R IR« i EISC R
™, LIS 25 BERRES R IEAX; @A
R R ELVA . LV2EUE Y 2 G, Tdg 4
TR R DIAS B 4% LR . AR BRI B AR LV, LV2)
T A 5 AR B 2P 5 (variable importance for
the projection, VIP), VIP{E K F1&R /R A &
TR HHRE . 45BN, a-TRIE(1.304 62). K-
(V4) (1.168 62). HEHIEE(1.127 76). Jx-2-HFE-2-T
IR IR 76 (1.082 84). 3-CUJA&4(1.029 08). Tk
(1.018 17)FIZEM5(1.009 45)%F 1 45 7Y B A7 5 i
fR iR RE /1 (&I5D).

2.5 itig

251 ZFW-FF-KB=EHEFXRERFIFBHIZREK
— &I 5, HIPVSIEZRW-F H-RE =R EFKRF
R HEE H (Turlings and Erb, 2018). 7Ei# =% ik
FG, AR ik B AL G B EREHIPY s, @ it
HIPVs /- S8R {5 EA% 1% (Zeng et al., 2017; Wang
et al., 2019); HIPVs7Rn] ik E ol 5] % BREL,
S BB Bk (R B B 4E (Schroder et al., 2005; Mu et
al., 2012; Jing et al., 2021). 151155 FEHEHLH]—
RAETHFEHRREER RN, QEmRHRE. mAaEE
TGS EMAE ST, BRSNS Y R M (Bustos-
Segura and Foley, 2018).

e A5 R E R X T2 A, R I4-5 1
9—10 3 J¥ i 24 H I vy g (4 = i AL s, 2004). LA
FERGH R 2P THEEME ZHR T (Han et al.,
2012; Bian et al., 2014), X #k 2 50 I A 0
VER VIR AE H A HRIE o AHIF TR 2R B R0 oy
FERMIE R VIR R AEREAT 700, SRk 2R U3 [ s
F &= E R EA — N SIEM, A8 TRIE
SKAEF AT o AHE TR i B E g P R X, T
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Clustering Analysis of Volatile Components from the Tea Plants
Infested by Tea Aphid (Toxoptera aurantii)

Tingzhe Sun'’, Zehua Qi'", Kexin Liang1, Qin Li" 2, Yuchun Rao®, Dan Mu"

'School of Life Sciences, Anging Normal University, Anging 246133, China
?School of Chemistry and Life Sciences, Zhejiang Normal University, Jinhua 321004, China

Abstract Shuchazao tea (Camellia sinensis cv. ‘shuchazao’) is a newly cultivated tea species in southwest Anhui,
China. To investigate the volatile release profiles of tea aphid (Toxoptera aurantii) infested tea shoots, gas chromatog-
raphy-mass spectrometry (GC-MS) analysis was used to compare the volatile compositions and relative contents in
healthy and infested tea shoots. 16 volatile organic compounds (VOCs) were detected in healthy tea shoots with fewer
relative contents, whereas more volatiles (24 VOCs) were released with increasing relative contents in tea plants induced
by tea aphid feeding. Unsupervised clustering analysis based on the significantly different volatiles indicated that the
volatile profiles in healthy and tea aphid infested tea shoots apparently showed clustering characteristics. A model was
created by supervised partial least square discrimination analysis (PLS-DA) for volatiles with statistical significance. By
experimental verification, the model could clearly discriminate healthy tea shoots from aphid infested ones (R2X=0.903,
R2Y=O.875). By calculating the variable importance for the projection (VIP), seven important volatiles (a-pinene,
longifolene-(V4), benaldehyde, E-5,9-undecadien-2-one,6,10-dimethyl-, 3-hexenal, camphor and decanal) were identified
which collectively contribute to discrimination between healthy and infested tea shoots. The current work has preliminarily
demonstrated the changing patterns in tea plant volatiles after tea aphid infestation to provide novel theoretical guidance
for tea aphid management.

Key words tea plant volatiles, GC-MS, PLS-DA, tea aphid, clustering analysis
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