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Aphid endosymbiont Buchnera assists the aphid in inhibiting plant defenses

Lu Yingxi Yang Qinglan Kang Hanwei Feng Jingjing Ning Ganxi Wang Yongmo’
(College of Plant Science & Technology, Huazhong Agricultural University, Wuhan 430070, Hubei Province, China)

Abstract: To investigate whether the aphid endosymbiont Buchnera assists aphids in inhibiting plant
defenses, a mixture of antibiotics was used to remove Buchnera of cucurbit-specialized biotype of Aphis
gossypii, assessed the fitness of antibiotic-treated aphids on cucumbers, as well as the defensive sub-
stances and susceptibility of cucumbers infested by these antibiotic-treated aphids. The results revealed
a 71.15% decrease in body weight and a 95.60% decrease in fecundity in the antibiotic-treated aphids
compared to normal aphids, but their lifespan increased by 2.34 folds. The electrical penetration graph
showed that the antibiotic-treated aphids produced nearly no E1 and E2 waveforms, reflecting phloem
salivation and phloem sap ingestion, respectively. Furthermore, the antibiotic-treated aphids stimulated
higher levels of H,O, compared to untreated aphids. Over a 14-d infestation, the antibiotic-treated
aphids exhibited a continuous increase in total jasmonic acid and a continuous decrease in total salicylic
acid, while untreated aphids showed an initial rise in total jasmonic acid followed by a decrease and an
initial decrease in total salicylic acid followed by an increase. The duration from contacting to stable
feeding significantly prolonged, and fecundity in the first three days significantly decreased for aphids
on cucumbers that were previously infested by antibiotic-treated aphids. These results indicate that, in
addition to providing necessary nutrients for aphids, Buchnera also play a role in assisting aphids in sup-
pressing host plant defenses.
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UF R — 28 DA A W 1) B A R A Y B
i, HATE £ 5% E I 0F HUA 4 400 20, Hrh 29
250 Ffoxt e Mol i pf ™ B 5 % (Blackman & Eastop,
2000) . W5 AP AL S IR B AR R LA T, )
2 S TR A Buchnera aphidicola , 1 1E T 46 K £ %
et i fih 25 i (Baumann, 2005) , Buchnera 35 JE1E 4 B
TR S R AR b, AR W o 0 SR Y
10% 7 45 (Douglas, 1998) ; ¥K 2% 3 4= & 47 Serratic
symbiotica . Hamiltonella defensa # Regiella insectic-
ola 55 , FA AR 27 A= 6 14 TR FARE ) F0 5028 15 H
PRSI RE (XIHELT 45, 20195 K TR %, 2022) . Bu-
chnera W3 R ACHE BLAL B 45 5 A, 8 15 Buch-
nera TEARIM PRI HEAL T FR P T R i34 5C
% (Hansen & Moran,2011) , Buchnera AW 45 5
BEERIT R R R = 0 SR T, A0 — SRR AN A A
R, W N Buchnera 32 Bt A2 17 3 T FEE AR Bk 15
(ZE45,2016) o 4K, B R 2A A Buchnera 3
PR R RAR /N AR B T — 285 b 5 2 BE 1R 1 Bk
(Chong et al.,2019) . T1fii H. Buchnera 7+ 1% H -8
Yy E A AT RE PG AR (0 (251055, 2016) , Bu-
chnera >R I A AT LABHILE MM 73 WA 2E A A4 20
ZUN AEI I S R G oI R L, TS A A
Yy 1) A 92 SO ke SR AH 55 B U (Chaudhary et al.,
2014). Y, Buchnera 5% T AWF B SR HLUFF 0 57
Hh, nlREIE A HAL T REAR WA B

JNWF Aphis gossypii J2 ¥ JN AT K4 NS VEDY)
A E R W ARG O R A A A,
HAEFR FEAL BRI 200 AR b A ™ (T
FHPFAE 20185 5K P45, 2021) o IR BEI AL TRSAE
YIRsB B BRI, At e is A0 AR IRE &AL,
[Fi] s} & 38 R A% 22 Pl 5 5, 3 Bl 7™ ) ] 42
PR (BHELLA,2018) o JRIF 5 HEIF 2 [F]— A=)
SRR BN IRZF LAY, RVE PR R 2R
H R EH P ORMEY) M5 3 2R (X))
AR5 ,2004; Al et al., 2021) , BRI Z SMAFEAEH AL 77
FAERACAY, 55 R R HUR] S E B A R A A
ZAEY) (Blackman & Eastop, 2000) , #% 51 4 t: 5 -+
KFERZ—(Willis, 2017).,
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£ 6 H R R TS B0 1 RIS Al L, 2 5 A
Uiy LA AR A 2Rk 3 it S0 v TR i 1 g R
o i M A AR S A 11, 0 e ki A T
PREYSE 2 L B B AR SRR F S S AR .
Syt G S SR T L A I A 4 B B
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M
1.3 HEST

o TR 5 1F 55 JWF 2 [8] B Buchnera #H% =
JE AN /IN A KA 5% B T 5 1 TR 4= e A ]
By [i) B I |7 1,0, AN [RDE X B SR F TR Ak 12
() 5 AR M ST AR AR ¢ I 35 vk A 7 22 5 Wb S
5o K F Mann-Whitney UK 56 X B o I35 11 1
BN EPG Z4GHH1T 22 57 1 2 A 50 5 1V FH Man-
tel-cox R Gy %o 54 TR TR AR 1 TS () 73 it 2k ik
11255 W R ; F1FH Bootstrap I E 17 A4 fin 6 =
B 2= 5 R . T A B ST AT BsR
SPSS 19.0 M 5¢ o

2 ERESH

2.1 REFBRBERHES RIRITAMESE
2.1.1 RS ENLRBICRBNEINYH AT

P 155 NS Buchnera W)AR X 3 FE 50 1.00, i
R A P Z A H A TR B9 Buchnera MIXF 3 Ry
0.30, BRI 5 Buchnera W)= FE#% i 2 T [ (P<0.001 ;
KI1-A) o 6 B IEH PR A6, R aast
E ] i P 835 TR TR AR R4 /0N | AR R 78 5 P (i
(E1-B) o AHXT T 1E 5 I, R TR A {4 E A 2%
TRET 71.15%(P<0.001; & 1-C) , R K bk B E T
F% T 58.45%(P<0.001; & 1-D) , KRR A PTAEFE L
% Buchnera RUCRAR T, B A A& & B/INRAMA
2.1.2 RN & R BAT A T

PR I L AT I 5 I | B BRI )
np I S BB K (P<0.001) , C I A8 YO8k i 35 4
2 (P=0.002) , C B HS i 25 1E K (P=0.012) ; R IA
JIVEA 1 pd I A B I 5 4E K (P=0.032) s E1 FITE2
JEMOF i 459) Bz BRI ) S BT | R A T 1 v
E1 F1E2 J% B 1] 435124 208.69 min F1432.57 min,
5 S S T IR R N B U B E L RN E2 U 9 B[]
140.06 min #1231.49 min(E1 %, P=0.005; E2 )i , P=
0.012) 5 [ TR JIVIEF A1 IE 7 JINIF B 8 s 4 4053
1.81 min £ 40.46 min, B ¥ 2 0] 22 5t g 3 (P<
0.001) , o TR JICIEF 1 1E 7 JINIF B2 9 8 14 40931 A
0.18 min 1 185.14 min, P # 2 [A] 22 o i . 3 (P<
0.001) ; G I F R AR /K 73 T |, B 1A T
AR 1 I 2 v H B G i B4 B 1) G (g 35 22 5

(P=0.381) ,{H G I Bt g 3 PR (P=0.041) (£
1), 22 W R TR TCA 22 2 Ak T il PR 5 R 8 2 ik T T
TRAT AR AR b FAsE B rpeR A BRI L
PIA B2 %, Fn HOR A FE A5 B o, i
T — Y G, FoR AR FE AT 7K
S FNTCAILER o

é: 159 A s B \

Q

2 . E#

= 1.0 - ‘.EE— | AN-

2 ‘

mﬂ () 54 mm

=4 A

Ty - R

® 00 . . AN+

= E¥% BE
AN- AN+

w 207 C - g 089D __ =

£ e g °

2154 e < 0.6 ==

5 & ®

1.0+ 2 04

23] n aa)

0.5 - 0.2
g ® i
0.0 . L . .

E¥ 7353 E® %33
AN- AN+ AN- AN+

1 BREREFF0IE & NEF R Buchnera &= (A)
RARFAHE(B~-D)

Fig. 1 Buchnera quantification (A) and aphid morphology
(B-D) of antibiotic-treated (AN+) and untreated (AN-)
cucurbit-specialized biotype of Aphis gossypii
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Table 1 Piercing and sucking activities of antibiotic-treated (AN+) and untreated (AN-) cucurbit-specialized biotypes of
Aphis gossypii on healthy and pre-infested cucumbers
- FEREHER I EBERELLE
On healthy cucumber On pre-infested cucumber by aphids
EPG parameter ERTAN-  BELMANG  ERAN- R AN
np B KL Times of np 17.3343.25a 14.27+3.07 a 22.73+4.61 a 20.1142.41 a
np P ELATK Duration of np/min 41.99+£14.30 b 136.38+41.69 a 50.31+£17.64 a 42.11£2.79 a
C I B EL Times of C 156.73+£13.14 b 363.274+26.47 a 234.78+3.34 a 251.77+5.61 a
C B A Duration of C/min 322.73+£35.52 b 506.88+25.80 a 277.36+28.83 a 249.43+11.16 a
pd I BV EL Times of pd 279.8+19.33 a 230.73£13.27 a 318.60+34.37 a 294.79+21.69 a
pd I K Duration of pd/min 31.30£8.23 b 61.70+5.83 a 24.22+0.74 a 31.98+3.17 a
K E1 )% B8] Time to first E1/min 140.06+£32.03 b 208.69+25.61 a 150.77+11.90 b 269.23+16.18 a
E1 )% BB} Duration of E1/min 40.46+6.45 a 1.81+£0.01 b 48.64+12.76 a 30.43£2.06 b
B YK E2 )% B} 18] Time to first E2/min 231.49+26.61 b 432.57+33.21 a 186.57+24.79 b 337.99+19.56 a
E2 I S K Duration of E2/min 185.14+60.59 a 0.18+0.11 b 189.47+£26.51 a 194.18+12.33 a
B R Gt E] Time to first G/min 60.34+14.20 a 72.96+34.24 a 80.67+0.55 a 93.66+5.99 a
G I S Duration of G/min 81.02+25.58 a 35.32£13.56 b 64.74+7.26 a 37.37+4.35b

F PRI N R REARELR o TR AN ) 7R 2 BRI ALIE T 2 [3] 22 Mann-Whitney U AR 3674 16 30 22 57 i 3% (P<

0.05). Data in the table are mean+SE. Different letters in the same row indicate significant difference between antibiotic-treated and

untreated cucurbit-specialized biotypes of Aphis gossypii by Mann-Whitney U test (P<0.05).

100 T—---mrmmmmmmeeen — IEH¥AN-
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g 751
B i x=95.13, P<0.001
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B2 BRERFMERRFERRER ENFEHL
Fig. 2 Survival curves of antibiotic-treated (AN+) and untreated
(AN-) cucurbit-specialized biotypes of Aphis gossypii

on healthy cucumbers
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Table 2 Fitness of antibiotic-treated (AN+) and untreated (AN-) Aphis gossypii on healthy and pre-infested cucumbers

P FEREHERT I CEMRRILL

. On healthy cucumber On pre-infested cucumbers by aphids

Life table parameter T T AN= G 1 T ANT T AN= B 1 TS AN
YrHE5E K Net growth rate 72.58+5.92 aA 3.19+1.17 bB 92.89+3.12 aA 83.45+5.92 aA
SEIHEAR JE ] Average generation time/(d) 9.68+0.14 bB 19.25+0.22 aA 9.77+0.17 aA 9.91+0.10 aA
P BL18 K 3R Intrinsic growth rate 0.43+0.01 aA 0.03+0.01 bB 0.47+0.01 aA 0.45+0.01 aA
JEI P2 3# K- % Finite rate of increase 1.56+0.07 aA 0.02+0.01 bB 1.594+0.01 aA 1.474+0.08 aA

F PR - SRR LR . S [R)/INE RIS SRR 73 31 7R AR TR TS AR IE 5 JVAE =2 18] 28 Bootstrap Y246 96 22 5 1 25 R
{23 (P<0.05 Fl1 P<0.01) . Data in the table are mean+SE. Different lowercase or uppercase letters in the same row indicate signifi-
cant difference between antibiotic-treated and untreated cucurbit-specialized biotype of Aphis gossypii by bootstrap test (P<0.05 or
P<0.01).
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Fig. 3 Defense substances in cucumbers induced by antibiotic-treated (AN+) and untreated (AN-)
cucurbit-specialized biotypes of Aphis gossypii
Pl B DA T S B b o R S 1) 2 7S I T TR0 R LTI 2 ) 2 2 ST AR 300 6 7 A 6 22 S W 385 AN W 35 (P<

0.05 #1 P<0.01) . Data in the figure are mean+SE. * or ** indicates significant difference between antibiotic-treated and untreated

cucurbit-specialized biotypes of Aphis gossypii by independent sample # test (P<0.05 or P<0.01).
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