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Abstract To study the relationships between biotypes and resistance of Bemisia tabaci and its endosymbionts, we
compared the microbiota among different strains of B and Q biotypes that are susceptible or resistant to neonicoti-
noids orpypriproxyfen by using 16S rRNA amplicon sequencing technology. Candidatus Nitrososphaera, Bacillus
and Sphingobsium were found in Q biotype strain only, whereas Candidatus Hamiltonella , Lactobacillus and He-
licobacter were detected only in the B biotype strains. This suggested that these endosymbionts might be related to
the differentiation of B/Q biotypes. Rickettsia , Candidatus Portiera, Candidatus Hamiltonella, S24-7 and Prevo-
tella were significantly enriched in the imidacloprid resistant strains than in the susceptible strain, suggesting that
these endosymbionts might contribute to B. tabaci’s resistance to imidacloprid. Furthermore. the pyriproxyfen-re-
sistant strain carried significantly more Candidatus Hamiltonella-OTU7, Candidatus Portiera-OTUS, Candidatus
Portiera-OTU190, Rickettsia-OTU4 and Rickettsia-OTU2 than the susceptible strain, implicating that these endo-
symbionts might be involved in B. tabaci’s resistance to pyriproxyfen. Taken together. the data obtained support
the involvements of endosymbionts in B/Q differentiation and their resistance to insecticides.
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Table 1 The information of the six tested laboratory strains of Bemisia tabaci
i R AR RAEH RAELEy e 24570 K vk e
Strain name Place of collection Year of collection Insecticide and concentration used for selection
Yuma-04-B-S Yuma, Arizona 2004 of b H Pk AR
12-10-Gadsen-B-S Gadsen, Arizona 2012 oMb P ik A J
Composite 11-B-R Yuma, Arizona 2011 PLA sk (100 mg/L)
QC-02-B-R Queen Creek, Arizona 2002 HUik k(1 mg/L)
08-52-Q-R Tucson, Arizona 2008 PrO k(100 mg/L)
11-50-WFP-Q-R Tucson, Arizona 2011 PLO Mk (100 mg/1)

D R ARARELB=B . Q= QR S=HUEM R .R=HilEMm &R,

Abbreviations in strain names: B=B biotype; Q=Q biotype; S=susceptible strain, and R=resistant strain.
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Table 2 Sensitivity of the adults of six laboratory strains of Bemisia tabaci to selected insecticides

Bl LHEN R ESE LCso/mg « L1 N a4
Insecticide Strain name Slope==SE (95% CD Resistance ratio

A Mk imidacloprid Yuma-04-B-S 0.491+0. 417 0. 001 —
ik bk imidacloprid Composite 11-B-R 1. 34840. 085 15. 6 15 600
ik A Mk imidacloprid 08-52-Q-R 2.003=%0. 162 144.5 144 500
N Mk imidacloprid 11-50-WFP-Q-R 1. 88440. 150 133. 8 133 800
M % pyriproxyfen 12-10-Gadsen-B-S 0. 589-0. 080 0. 025 —
kR pyriproxyfen QC-02-B-R 1. 55940. 105 3. 56 142. 4
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Table 3 OTU rank statistics in the 6 Bemisia tabaci strains

R AT OTU %% OTU rank OTU &%
Strain name 1 2~19 20~49 =50 fo numker

of OTUs
Yuma-04-BS 0 60 36 47 141
12-10-Gadsen-B-S 11 69 24 38 141
Composite 11-B-R 8 70 33 41 150
QC-02BR 20 109 30 30 188
08-52-QR 12 119 35 37 201
11-50-WFP-QR 11 128 38 30 206
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datus Portiera £ 6 &P S EBLE 45 %L F
JEHIETE M Z QC-02-B-R W A] ik 83. 1005 Rick-
ettsia 16 Q BUMRY B A & B2 M T B BL R
Bl 7R Q BUMEKY B P I AR AL 3] Candidatus Ham-
iltonella, M7E 4 4~ B BRM A, 3 M RESH
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MK R T Rickertsia , X W] fg & T AEDUHE S R
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G, X R S A OTU #4790 0m He ]
PIE S FE R Yuma-04-B-S H1, Candidatus Porti-
era \Candidatus Hamiltonella 1 Rickettsia ] OTU 4k
G iz F S OTU £ 65. 190,12, 696.,0, =4
ez i R AR TR BB 770 (B D, FER R
12-10-Gadsen-B-S #1, Candidatus Portiera ,Candida-
tus Hamiltonella 1 Rickettsia W) G145 5128 63. 8%,
5.2%0.0, = F 4 G N A BB 6920, TEM R

Composite 11-B-R H, Candidatus Portiera ., Candida-
tus Hamiltonella 1 Rickettsia B L4350 62. 3% .
6. 420.0, =7 3L Y IL A B 68. 700, FE
% QC-02-B-R 1, Candidatus Portiera.Candidatus
Hamiltonella F Rickettsia B A 4510 83. 1%
0.4. 3%, = F 35 AR T BB 87. 400, T
£ 08-52-Q-R t}1, Candidatus Portiera. Candidatus
Hamiltonella F Rickettsia W43 58 47, 4%
0.32. 206, =3 N ILAE RS EY 79. 600, TN
£ 11-50-WFP-Q-R H1, Candidatus Portiera.Candi-
datus Hamiltonella F1 Rickettsia W H 5 53 B K
467,037, 620, = 3 (5 Py A T B 83. 6%
(E D,
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Fig. 1 Relative abundances of Candidatus Portiera, Candidatus

Hamiltonella and Rickettsia in the 6 Bemisia tabaci strains
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08-52-Q-R X M~ R P15 /Y OTU ¥ 515 B 5
XFHe AT KA 30 AN EHAE 50 BL R OTU U7
TETF Q B & 08-52-Q-R. MMifE B Y & Composite
11-B-R R il 2] (£ 4, X8 OTU @£~
Candidatus Nitrososphaera (a3 668) . 11 #/F & /&
Arthrobacter(489) ZEMIFTH & Bacillus(262) JKIREL
oK JE Wolbachia (154) | i 2% B 5 B 18 J&  Pseudo-
monas(113) B A AN E & Sphingobium(73) (£1£4,
@ Rubrobacter(72) B FR @ Janthinobacterium
(53) FIEEAS T Sphingobium(53) (1),

Xt Composite 11-B-R #1 11-50-WFP-Q-R X
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MR E ) OTU Jp 81 3647 [ R %t o3 A
KA 104~ OTU £ HTE 50 Dh_E, M HAFEET Q
Al & 11-50-WFP-Q-R (1) OTU, RIH7E VLT 4 4>
J&: WA E J& Arthrobacter (325) . Candidatus Ni-
trososphaera(281) \ZF AT & J& Bacillus(189) FlHH
feF® Sphingobium(50) (F5), MWL NFFE 4.5
MIZEE 81, &3 Candidatus Nitrososphaera ., Ba-
cillus F1 Sphingobium Fj 2 1~ Q BIHK Ay B F 3L
A A .

[FRERY OTU FEgxt He o3 bk & B B H A 50 DA
Ry OTU L4 29 4>, HAUFAET B A & Compos-
ite 11-B-R A7, i 7E 08-52-Q-R #i 11-50-WFP-Q-R
A QB R P HIRAN R (L 6) . EfE T Candi-
datus Hamiltonella(10 320) .HL.BR & Lactobacil-
Lus(576) HAT JWEAF i J8 Helicobacter(531) | iR IR
W& Desul fovibrio(162) \Akkermansia(159) | Pre-
votella(117) 5K @ Prevotella(57) Fl Turici-
bacter(54)E W& (G 6) .

#& 4 Composite 11-B-R F0 08-52-Q-R B A 4 E 2 (OTUs) FnE = EL B;
Table 4 Comparison of the OTUs and their amounts between Composite 11-B-R and 08-52-Q-R
08-52-Q-R HFizJ@ T OTU i) B4kt

8;8 ﬁi ()I_U A AmOUflT of t‘}Te oTo Gen}i/ﬁ:ame Total amount of all the OTUs in this
08-52-Q-R Composite 11-B-R genus in 08-52-Q-R

OTU-32 65 0

OTU-37 108 0

OTU-43 132 0 o

OTU-48 124 0 Candidatus 668

Nitrososphaera

OTU-82 81 0

OTU-94 57 0

OTU-98 101 0

OTU-20 298 0 o

OTU-30 61 0 FATER 489

Arthrobacter

OTU-146 130 0

OTU-=27 91 0 o

OTU-42 115 0 FIRFTER 262

Bacillus

OTU-168 56 0

OTU-44 69 0 IR 7 R .
OTU-57 85 0 Wolbachia

OTU-38 73 0 TR BEA M E B Sphingobium 73
OTU-61 53 0 BSNE R B Sphingobium 53
OTU-84 53 0 ERE B (BE) Janthinobacterium 53
OTU-93 113 0 RGP J& Pseudomonas 113
OTU-119 72 0 21k % )& Rubrobacter 72

#*& 5 Composite 11-B-R 1 11-50-WFP-Q-R Hj A &£ F # 3 (OTUs) FnE = Lb 8
Table S Comparison of the OTUs and their amounts between Composite 11-B-R and 11-50-WFP-Q-R
11-50-WFP-QR iz iy OTU [ Kk

OTU 418 OTU %5 Amount of the OTU 4
w5 " R Total amount of all the OTUs

OTU code  11-50-WFP-Q R Composite 11-B-R Genus name in this genus in 11-50-WFP-Q-R
OTU-20 169 0 E—

OTU-30 99 0 kil 325

Arthrobacter

OTU-68 7 0

OTU-32 84 0

OTU-37 50 0 o ,

Candidatus Nitrososphaera 281

OTU-43 65 0

OTU-94 82 0

OTU-27 93 0 S IO kT R "

OTU-42 96 0 Bacillus

OTU-61 50 0 NS E & Sphingobium 50
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% 6  Composite 11-B-R,08-52-Q-R # 11-50-WFP-Q-R By R & B #13E (OTUs) Fn# = Lb ¢
Table 6 Comparison of the OTUs and their amounts among Composite 11-B-R,08-52-Q-R and 11-50-WFP-Q-R

OTU %t Amount of the OTU

Composite 11-B-R H1 A5 OTU [ S%k &

é =
328 ﬁf c o LR 08-52-Q-R/ G R Total amount of all the OTUs in this
coce omposite 11-b- 11-50-WFP-Q-R TERUS name genus in composite 11-B-R
OTU-7 4 400 0
OTU-9 4 581 0 L )
Candidatus Hamiltonella 10 320
OTU-12 904 0
OTU-324 435 0
OTU-14 188 0
OTU-18 67 0 AR
. 576
OTU-26 223 0 Lactobacillus
OTU-36 98 0
OTU-15 191 0 ST
OTU-17 282 0 MBITER 531
Helicobacter
OTU-174 58 0
OTU-49 112 0 ik N
S 162
OTU-53 50 0 Desul fovibrio
OTU-16 71 0
Akkermansia 159
OTU-33 88 0
OTU-34 66 0
Prevotella 117
OTU-70 51 0
OTU-90 57 0 WE IR B Prevotella 57
OTU-66 54 0 Turicibacter 54

2.4 MEEFEXEHEIERN R

/e B AU Y EE AU &R 12-10-Gadsen-B-S

LA AE B AL sk U A R Yuma-04-B-S il
Ptk it & Composite 11-B-R &l 2]y OTU ¥4,
KIHAERT SO OTU ZEBibE i RAOECH B 3% =
T S &R A5 EE 7 B K BN/NG 0« Rickettsia-
OTU10(17. 36 %) Candidatus Portiera-OTUS5 (15
%) .Candidatus Hamiltonella-OTU324(3. 51 f5).S24
- 7-OTU297(3. 25 &) . Prevotella-OTUT0(3. 18 &) F1l
Candidatus Portiera-OTU190(3. 0 %) (& 2),

201
2% 1sf 17.36
o S n o 161
XD L 14r
o= 1 12r
4523 10-
ez s 8
KE 5> 41
=0 2F
v~ 0
& Q N\ ) & Q
T &P Fr Fo &
S S F& & S S
1o O& @\\x\ w’ I O& O
& o W W @
) & S Q W 4\(}
A\ Q\ 0\\ %
R »
N\
V\o‘
SAPOTUS 5 R B 4
Code and genus name of symbionts
2 6 MHAR OTU 7EX ML kTt f &

Composite 11-B-R &M FR Yuma-04-B-S FHEE LR
Fig. 2 Quantitative comparison of 6 endosymbiont OTUs
between the neonicotinoids-resistant Composite 11-B-R
and-susceptible Yuma 04-B-S

MyLrEm &R QC02-B-R &M EH OTU 74, & HHE
TERTZSALH) OTU ZEHUMEM R A H W35 5 T U
Z A5 B2 55t K3/ 9 R - Candidatus Hamil-
tonella-OTU7(1 215 %) . Candidatus Portiera- OTUSS
(86. 67 f%) .Candidatus Portiera-OTU5(28 £%) ,Candi-
datus Portiera-OTU190(20. 8 4%) . Rickettsia-OTU4 ({5

10. 95) Fll Rickettsia-OTU2(10. 03 15 (& 3) .

@1300
A 1200

e
)
=

T

< 1000
900

800
100

AR
Symbiont amount ratio

1215.00

T

86.67

T T 1T

26.80  28.00

-10.03  10.95

(QC-02-B-R/12-10-Gadsen

SAEWOTUS 5 R IL)E 4

Code and genus name of symbionts

B3 6 AR OTU EX M AEFTIEM R QC-02-B-R
FNEE S R 12-10-Gadsen-B-S FH I #1 8 Lb 3

Fig. 3 Quantitative comparison of 6 endosymbiont OTUs
between the pyriproxyfen-resistant QC-02-B-R

and susceptible Gadsen-12-10-B-S
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6 i R E RN Z  Rickettsia JETE Q BUAH K
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{RETE B R R mUh g I 2, X — 45 SRR WL 9
e N2 T Candidatus Portiera 1EAR¥ &R N 252
TEAEAER X 5 FLRR A8 28 75 15 35 A 58 40 i )™ 4% i 47
e L AEREAT 0, WA N AR B — B Ao A s
TR D RFLT A SRR M ME E B E
TR T = SO AL P AR TR I A R B
NI Carsonell DL M %F AR N i) Buchnera aphidi-
cola ZEH AT WL, B Huk AR AR R R
KEEZEUAA DR,

Brown 55 & B, BR T HIBERES V25 Btk A
RATHAER R Z A0, Py AR TR 14 i 288 R 2
Ky EAE YRR 1 — A E AR DL X e R
[FIFE 42 5 Ta) 422 Hh 52 e DRy B0 A 4 B89 1 4
U AT L Ak e B AR BTG 3 A AR
mlin &, 5 B RUE L Composite 11-B-R #7 It ,
NI A B Candidatus Nitrososphaera . 2 JJi T H &
Bacillus S8 H J& Sphingobium 28 HAE Q By
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