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TSWYV infection increases the free amino acid content of host plants
and promotes the reproduction of Frankliniella occidentalis
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Abstract [Objectives] To determine the influence of tomato spotted wilt orthotospovirus (TSWV) on the parthenogenetic
reproduction of Frankliniella occidentalis, and investigate how TSWV modulates host plant nutrition to regulate the
development and reproductive capacity of these thrips. [Methods] The parthenogenetic fecundity of F. occidentalis that fed
on either TSWV-infected, or uninfected, Datura stramonium leaves, were compared. The nutrient content of infected D.
stramonium Was determined using biochemical methods and the effects of adding amino acids to the growth and fecundity of F.
occidentalis were determined. [Results] The parthenogenetic fecundity of F. occidentalis that fed on infected leaves was
significantly (1.5 times) higher than that of the control group. The total free amino acid and soluble protein content of infected
D. stramonium plants were 1.3 and 3.0 times higher, respectively, than those of uninfected plants. The nymphal development
of F occidentalis fed on leaf disks supplemented with amino acids was significantly accelerated by 0.3 d, and offspring
numbers produced by sexual and parthenogenetic reproduction were 50% (P<0.01) and 60% (P<0.01) higher, respectively,
than those of the control group. [Conclusion] TSWYV infection increases the total free amino acid content of D. stramonium,
which appears to benefit the development and reproduction of F. occidentalis.
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A B R AERE Z R RE , AP AR
L A P R T B R EU (Eigenbrode et al.,
2018; Mauck e al., 2019; ¥4, 2020).
BitE IR AR A . NG S S ARl A 7 )
o, B R YR B IR B Y K

( Blanc and Michalakis, 2016; Zhou et al., 2018 ).
Hrp, B AR 10 KRMEPERE YR EEZ — 1Y
o B #E N 7 ( Tomato spotted  wilt
orthotospovirus, TSWV ) A %5 fi FEAL RS
eI ETAEYELEN R 84 B 1000 ZFMAEY)
A PR R WA M ( Oliver and
Whitfield, 2016 ). ZAiBEZ0e 75 10 K IR A A= |
&1 FRAT 5 HAZ R A B UIAH G ( Whitfield
etal., 2005; Rotenberg et al., 2015; Eigenbrode
etal., 2018 ). Hrf, VWAL B] D Frankliniella
occidentalis (Pergande) 1 kit FPE 2L 40l
FH, R TSWV S E R A RS A IR

(Mound, 2005; Mauck et al., 2019), PHfEs]
5 DL A IG5 0 )7 4446 TSWV (Ullman
etal., 2002), MMZZBBAZELHE. HA
JE ARG . B Dy IS N SR AN R A P2 A
S, IR T TSWV P EL S Bk (Stafford
etal., 2011),

TERI P [k ALt B, P B i) 5 -TSWV-
YA TR EAER R, S n HE ARG R
Sl — E2 T AR ( Blanc and Michalakis,
2016; Zhou et al., 2018 ). ARZMIFFTHEH T4
AEBT E 0 TSWV AAREURM LR F2( Ullman et al.
1995; Nagataet al., 2004 ), DI} TSWV 1E#] 5
N RIEARFIIEFEHLE (de Assis Filho er al.,
2004 ; Moritz et al., 2004 ; Whitefield et al., 2008 ).
AR, ORI G TSWV X P4 46 i)
SN Y B (B S8R5 5 A B AR AR A ek
AR ) FRIEEAE R (TSWV 3 i 520w 27 3 A8 9 2F 1fi
o5 ) ( Stafford et al., 2011; Zhou et al.,
2018; Eil#4%, 2020), FEMR KM, Tt
JE AR S MR, TSWV #2330 16
i) b P BB B R R NP | i e K R
T1R =% Mariset al., 2004; Belliure et al., 2005;
Stafford et al., 2011, 2014; Wu et al., 2019;

Wan et al., 2020 ),

£ L MR s 4 ORE ) SR ) I D A R
H B A ariG sl , IR SRk oo 5 B R
AR EE 5SS HEEAY R ( Awmack
and Leather, 2002 ), o, ZEERRENE AR
G B R YR N SRR SR T, X
BKFFRBAERKRAFTSEMEEYFiHRERXE
£ ( Awmack and Leather, 2002; Nachappaet al.,
2020 ). MR, eEEE IR A FHE Y
R R R BUE Y E TR o A AR s, DA ] 4
LR R AEYIEAE (Eigenbrode et al.,
2018; Zhou et al., 2018; Nachappaet al., 2020 ).
AT LB, FaidE e ( Tomato yellow
leaf curl virus, TYLCV ) & A RIS 75 Papaya
ringspot virus, PRSV ) fEfE 8L EAY &
SR T i 0 2 T, RN 5 LA B B A EL
Bemisia tabaci T8 W Aphis gossypii T FEFELIK
LAY A R SERAE O (SU et al., 2015;
Gadhave et al., 2019), &Y TSWV J&5, H
I R P AE ) S S 2 R e 25 ( Nachappa
et al., 2020), [N, H§7REAENE BULAH Y R IR
IRk T 5 ) AR B A B A= e . AR
KT TSWV ISR Y 2 5L R O f Tt i 2 A itk
— AR VU AR ] E 1 A ) s R I A A i TS
RS, FRATHTME ST 8L, #5447 TSWV I 4E
wi R B R g, AR BE RS
(Wan et al., 2020), {HHANMEA:SE )2 EWAZ
TSWV HRZN AR . ASCHESE T TSWV XF
VUL ] S IR A B B RZ I, A8 TR TSWV
12 BE 8 SR B w28k, ME T AMERES N
A HETR I R XS T AR ] B A B A B 52 e o AT
45 FRG G VY AE & S -TSWV-HH ) =35 BAE
KRN, IHPIIEHE TS TSWV Z54 Bhts
BRI A R LA AR

1 #R5HFE

11 KRR

PYAER T 2003 4F% H OB B g
AT TR, RHPUZRETL Phaseolus vulgaris
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FTHEN[RE: (25+1) °C, MHXHBE.: 70%,
JEH. L : D=16 : 8]1i# (Wanetal., 2020 ),

12 TSWV HRELEES

TSWV [{RAF 51537 2% Wan %5 (2020)
WAk, B, BEHENEEY Daura
stramonium FHFE, FF 2 PEP A K 2 AR, SR
FHEE I8 1) 7 Ul 2P B MR TSWV ; 88
G, BTENIITESR, RN (22+1) °C, M
X 70%, YCHRFEW 16 L : 8D, RrEfE P g
PRI BLEGIE | RER | ZE iR (A0S0, BUHE, 248 ELISA
KRG TSWV J, B fEk bk

1.3 FENESMRF

SANYO MLR-351 #¥55##4, HA SANYO
/AT DASELISATSWV iRl &, %S4y
HoR (dtst) AFRZAF]; LEICA DMC 4500
i, TEE Leica ZAn]; 20 FhRIR IR IR IE
an (L-H2R . LA . L-Rsiadi . LA
MR, L-2% R . L-7hadiR . L-RAW ., L-A2
MR . L-bBtEm . LAERR . L-NER . L5
AR . L-FEEm . -, L-AER . L-AA
MR, L-SRAMR . L-RNZER . L-BEE R L- K4
AR ), b EEEFHIARATR; SpectraMax
M2 bR, S5 4 FAUAR 2 H ;. S1000TM/
C1000TM PCR 1%, 3 [# Bio-Rad /A #] ; Centrifuge
5417R .01, fE[E Eppendorf A F]

1.4 TSWV X3 E1EE] S ANk 4 7E B9 55

2% Wan %5 (2020) WJ5EE, WCEE PG AE%]
ChHIE 1 IR (<6 h), H5 HFe RS s TSWV
s e it i LA IR A, LU 2 pe
R R RRAS S, RIS RS 2 1.5 mL
ELODAE T RO, RO, AR PR 42k
TG TSWV A2 e i, X IR AR IR {d
FE S FE R I R (L IIME AR 58, 4 2 d UL fE e A
R IERLVe A kL N VY 32 i
BN, MERAETO)R, WCAREMREGE TSWV it
AR RASME R A RT-PCR LK R 53K,
RIRFEMEANTT AL BAHALDT 60 3k
WAL

15 RBETSWV HSRTEFR S HIE

B 40 PR L K/ — B fil R 2 b
PHK, B 20 BRI —dl. HH AR A
T JEE R4 B 1)y A 2 B B BRI TSWV, Xt
R R AN % 990 3 1) BP0 22 o k7 7 EE S Ah 24
FrA AR E TR N (2241) °C, SERREWYI N
16 L : 8 D AT T HFR. — 1 HE, XK
Hl DAS-ELISA 7] &4 2 fp % fE bk 2 5 3R
B o o WSO f BRI B YL e BEAEAR I, R
FESILAE 500 g M, ARAL S IRER, e FEAE
MR 9 2 FRUE SR B Horh, R AR
SRERRERE B S0 R B R L a1 (5K &
A, 1977); ATEPETE R & R E SR B 6575
(TREANS, 1998); AIEPERMR, TR B FE
T 5 0 2 SR FH R be e gk (RS
2013); nIEEMEE A S ENE R % S i D
Ok (E422E, 2006 ); S e 2 AR & 5l E
K e =l & yk ( E3CF, 1998 ),

1.6 SMNERMEEBRNALINIEKEZERYE
T B RN

W 20 Fha FERR AR AR R i 5| LA 7%
17K . 1 mol/L HCl. 0.5 mol/L HCI Fi1 1 mol/L
NaOH Fi Bl 10 mg/mL Y 4 Fh ek . & BRI
1 mLIBEEMA 96 mL Z&E/KFF N 10 mg/
100 mL A TAEW, [IEH39HE 1 mL 1 mol/L
HCI, 1 mL 0.5 mol/L HCI #1 1 mL 1 mol/L NaOH
RAIE A 97 mL &1 /K AE Jy o B T AR Wi e
R 2D M, AHTASTRERES 1 cm
(R IERSE, R RSE B T E SRR R PR 10 min,
WO S EURAR b A SR BT o 1 PO AR S A o
2y 200 =k # TR ARG, (FHAE R T G
U 24 h, FEERALAL, Bib DR p) e 2 o —F%
M, 3 dIEUIMFEL, BEPLPRERIIER 1 B
(<6h), HLGET 1.5 mL B4, ik
PR REAE A BB, FG R TAERAL BLAY 2 g &
B R AL PR 150 Skt , AR E T
TR (25£1) °C, FHXRRE 70%, HJEH L -
D=16 : 8 Wt REEFAE T, RGN A R
SAEWE IS0 R PG, Bl AL IE 45 0 e
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30 kAT A MEATE LSS, e H 30 Sk AT
PIHE A5 S, 43 3 DL SE R A BRI A B
RSEEATARINES o B3R R RS B R A TR I 1O, ()
BFEent -, JfRgeit 2 g L inE, HE
P BB
17 Sitah

A EE SR IBM SPSS 19.0 ( SPSS
Inc., Chicago, IL, USA) #{4itf150#7. A

FIAEIE 5k R 77938 ( Chi-square tests) #47
Feds, 2578 E K EAE ¢=0.05 1 ¢=0.01,

2 HREHH

21 ¥EHETSWV HAEEEDRIMEEE D

BB Y TSWV (12 FE 8 X P A6 i)
PICHE A 58 A4 A B ) S 5 A B2 I A L R o 5
1 TSWV [ PG A8 Hy e e (%) 75w 16.3d X & 1:

RPN AR T T . R e B Ty, 2R A), WEETX4M (14.4d) (P=0.03), H
BREARE TR S R SR LA ¢ KR MER =R (E 1. B) MR =IEY (K 1.
( Independent sample r-test ), A [F]Zb 3T 4% 5 11 C) WEETX AR (P<0.01),
A B C —oRH#ETE Without TSWV
20 ~ * - 15 - *k . 151 —— #E7 With TSWV o1
z —— /1?15 @ il 2 ;'3? 12+ 108 108109 I B
=2 w510 S35,
€2 L &2 - HEs Tl
£ B 2T O mMeE g '
3 s¢ o] £25 30
7 S B ES
0 | 1 0 | | @) 0 & | | | | | | | | | |
A A 1 3 5 7 911131517 19212325
%ﬁ%@ %&%@ %%%254 %‘a@@ A (d) Age (d)
S &
& &
AbFH Treatments A3 Treatments

B 1 % TSWV RALE DA sEE R SR EE N

Fig.1 Femalelongevity and fecundity of Frankliniella occidentalis under parthenogenesis after carrying TSWV

A, HEHTRAE

B. FMELT I Co HMERBT IR, B R R PR AR LR 5

* RREFRE (P<0.05, 1 ), ** FREFWMEE (P<0.01, 155 ), K 2[HE,
A. Female longevity; B. Total number of eggslaid per female; C. Cumulative number of eggs laid per female.
Datain the figures are mean+SE; * indicates significant differences (P<0.05, ¢-test), ** indicates extremely
significant differences (P<0.01, ¢-test). The same as Fig. 2.

22 RBETSWVHESBRFEFHRSHEL

SRR TSWV J5, HiFd 9 fh

BRI AR AR LR 1o R A AR R SRR
TSWV (AR 7o i SR i 2 12 TG i 5 1 25 7
(P=0.09), S{@#FEMMMAALL, B TSWV 1
TR RIS . . R PIVETETER . AT
PRSI S IR & 1 W 3 T R 18.4%. 17.2%.,
52.9%. 37.5%. 59.1%F1 30.6%; G\iif 2 LR
AT E R A SRR ET L3 5 3.0 fi%,

23 BRFMSEBRHEREEISEKELE
REEH

MR 2 WA, BRI LR i i i

i, PUAEH] S A B R 4.8 d, B FTIY 8.3 d,
T HCE IR N L RR A B, PE A8 S HU &
AT ) 3 4 = 4.4 d (P=0.03) 18.0d
(P=0.04), {HA& A7 2 5% FRALAH L TG
BEER . RINEIER B oE K T A M AR &R
W2 R ME A A, 43S e 16.2.d R 15.6 d SE K
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1 ERMBLETWY HERTHAFPFEIEEYEFHINEE
Tablel Contentsof the main plant nutrition in healthy and TSWV-infected Datura stramonium leaves

e B TSWV RS @R 2RY PHE
Nutritional ingredient TSWV-infected datura Healthy datura  P-value

#i%ik¥¥% (mglg) Glucose (mg/g) 17.7+0.58 21.7+0.81* <0.01
BB (mglg) Fructose (mg/g) 2.4+0.10 2.9+0.13* 0.02
HERE (mg/g) Sucrose (mg/g) 0.8+0.09 1.7+0.09** <0.01
AT TEVERS (mgl/g) Soluble starch (mg/g) 9.9+0.44 16.0+0.71** <0.01
Al AR (mglg) Soluble pectin (mg/g) 0.9+0.04 2.240.13** <0.01
BRI (mg/g) Total pectin (mg/g) 3.4+0.11 4.9+0.17* 0.03
JFRE (mg/g) Protopectin (mg/g) 2.5+0.10 2.7+0.06 0.09
MFB R AR (mg/100 g) Total free amino acid (mg/100 g) 17.8+0.36** 13.2+0.19 <0.01
ATPEE M (mg/g) Soluble protein (mglg) 0.3+£0.02** 0.1+0.01 0.03

RPN P EAR R * RoREFEHE (P<0.05, 154 ), ** FRERWEE (P<0.01, 15K ), TRF.
Data in the tables are mean+SE; * indicates significant differences (P<0.05, -test), ** indicates extremely significant
differences (P<0.01, ¢-test). The same below.

*2 DEFAMEEBRMHEEERADILENE. FEENMBRES
Table2 Developmental duration, survival rate and adult longevity of Frankliniella occidentalis after
feeding on leaf dishes supplemented with amino acids

BN e WU oo URHTM oo ROHER ROXHER REUAHED

pas s Pass
Treatments Nymph survival survival Pre-adult Survival Coupled-  Coupled-  Uncoupled-
duration rate (%) duration rate (%) duration rate (%) female male female
(d) () ° (d) °) longevity (d) longevity (d) longevity (d)
RIS He iz 4.8£0.06* 97.0 3.5+0.06 825 8.3+0.08* 80.0 16.2+0.70 12.6+0.35 15.6+0.67
No added amino acids
IIE= BRI 4.4+0.06 97.0 3.6£0.06 87.6 8.0+0.08 85.0 18.6x0.87** 12.3+0.29 16.3+0.59*

Added amino acids

% 18.6d 1 16.3d, {H Xk 4y G i 50 Whox g AR, PHAEs] i TSWV 5 H

TBUE S a2 ik R 1) I B i G A 6 T T A
B AR (15.0 KM ) BEETERE KRR
TN LR AR X HRZH (10.4 Ri/E ) (P<0.01)
(El2: A), ZRy=oiE (K 2: B). A5
F =R (& 2: C) MZEAB = 0i&E (K 2: D)
QURTE S E7N

3 itig

YR RERE S S AR R R E KRR .
I LA A R T A & R4 TSWV i
T AL A PO AL S ICE TN (Stafford
et al., 2014 ) A & B FEFE( Wan et al., 2020 ),
HEMRE TOWV AL 2 — BRI )5, A

A B P P T K L R 2
PR LY TSWV 2 FE B SR & 2
RN LTRSS, 7R T H TSWV 24 5] 5k
()2 B P B A SR 5 i B i B0
A8 T A K R B N R B e i R A

VAL 8 T e HLAG 1 A - IO A 5 R AR
PR, ABFSE KB, PUAEH] T TSWV ),
I A= 4% =T M HR ) 7 i o 3 A K O L
J1HEE . Maris 28 (2004) W4 R0, 764k
] CH7E IR TSWV Y BfUR I BOE oA A 5 %
7 P 6.0 15, FEEYL TSWV &% I
HA HA R AR i T i e 3.3 4%, LALF
FEULI , TSWV IR eI i PO A6 8 2 A7 P A=
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_A B .
20 ™ ©xd - 20 - FFHMN No added oxg
g s —— ¥5/I Added 150 151
—~ 0 . 5.1 15.1
#f= ;gé
~ & &
w2F 252
sog 10r —— i EZl0f I
,H_,\g = :‘: ] g 1!_", 10.3 103 10.3
g E % 28 &9
£z £33 80
gz OT glré 5
3
= O
0 L . | 0 B
AREIM i 1 3 5 7 9 11 13 15 17 19
e ;fggqfreanntj?sed ﬁiﬁf} (d) Age (d)
10 C ol Q 10- D Q
5 ) ---- ¥ No added
£ st 1 = gl =+ #in Added 71 6 77
TN = —~~ ?0 - .
/S /o
-5E -5 g
s © ] r i 6
=% % I =38 ?
o8 - L5%
BE E Tod 4
g2 Bk > o
B3 £33
5 2r i é 2
QO
0 L l 0 ,
fogggd E&Jgd 1 3 5 7 9 11 13 15 17
AbFH Treatments it (d) Age(d)

B2 BEfimsBEROMREAEEEDHEEEBEMIMEEENEREFGEEN
Fig. 2 Femalelongevity and fecundity of Frankliniella occidentalisin sexual reproduction and
parthenogenesis after feeding on leaf dishes added of amino acid

A, AYEATE MR ; B, A YA M R R
C. IRMEA-FH A ME R = B0 D. HIOMEAE 7B By B = 0P,
A. Total number of eggs laid per female under sexual reproduction;
B. Cumulative number of eggs laid per female under sexual reproduction;

C. Total number of eggs laid per female under parthenogenesis;
D. Cumulative number of eggs laid per female under parthenogenesis.

A E T, T HL R v PICHE A 5 Y B ) . (A
15— Y 2 VU AL D AT ™ e IO £ 5 0 I
13K BE 515 B8R = T HEHL (Mound, 2005;
Stafford et al., 2011), ik, B TSWV S
VU A6 i S PICHE £ 78 S8 7 1 4 e S R T R
4%

AN R B B YL RR A 5 BUAF A W A SR 1)
e B A N, N Su %F (2015) WFITA R,
TYLCV JERYL 152 8 i 1 rh 28 R 1 i 3R

KRIBEGLRREA R T 0T E T 92.0%; Gadhave
25 (2019) WFFERM, PRSV e S35 mg I A
rh 3 P FE R Uk B I 25 TR  Nachappa 45 2020 )
R, ThEYE TSWV Ja Hmt Fh & LR & &
WE T AR, Y TSWV & g8t
F P R B A TR 5 A SR Y M R 8 2 1 o
34.9%. THYRIEIRAE N 2 FE B HUA A T sl 1 3
T35 SR o, L Bl A Aok s g B P 1 2
KEBHEMESEEAmidfE ( Awmack and
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Leather, 2002 ). ASHHF5EIE 8 %8 N2 3 1R 55 5
RBLVG AL 5 1 A R B | i A S L
P 1, UL LR A T S AR R T P AL
DK AT MEGE . LR, 2 R
TSWV FECLE IR &= T, Itk T &
(VG AL 80 h o BT A K S T M B B A T HL
T A S, R T TSWV BEHRE .

AT KB, TSWV X5 P4 46 i) 5 JICHE A= 5 1
HARIEA, Y TSWV 122 iR g g
Ui B S BE TR 1 o i R0, AMIR S I L R e !
EHEEVIIEE A5 ), A TSWV {2545]
AL 1) 2 B 2 i B A R 1 Y T e e R B
TSWV g PG 46 i 2 A 4 & B V58 1 i
R — X —WFFe 455  BH PG AL 8] - TSWV-
FEY) =35 W HAESC R AL T B BliE, [FEF, M
FIRE P AEH -TSWYV IR SER ML, N
il % B A S s B LR 4R
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