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Table 1. Researches on obligate endosymbionts of insects and their genomes

insect type insect specie

obligate endosymbiont

polyphagous insects ants Blochmannia spp. 0
cockroachs Blattabacterium spp. (13l
sap feeding insects aphids Buchnera aphidicola ™

mealy bugs
whiteflies
psyllids
scales
sharpshooters
cicadas
spittlebugs

stinkbugs

Tremblaya princeps b3l

Portiera aleyrodidarum Liel

Carsonella ruddii "™

Uzinura diaspidicola sl

Sulcia muelleri, Baumannia cicadellinicola ™

Sulcia muelleri, Hodgkinia cicadicola L20]

. .. Lo . 21
Sulcia muelleri, Zinderia insecticola "

Ishikawaella capsulate 22

blood sucking insects tsetse flies

lices

Wigglesworthia glossinidia (23

Riesia pediculicola, Rickettsia felis 4,

i ot 92 %6 IR A7 2% AT 4> B (fluorescence in situ
hybridization, FISH) FIJ %% 1 1 5% W 48 K I iX 26 &
PN LA AR B & 2 0 K 2 B8 BRE sAS JE 0 Bk
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A F AN B ER . Buchnera 5345 7 47 (1) 5 B 41
WA 2 Fi L R 36 A 40 3L ) A7 AR, 2 A i
Diceroprocta semicincta 1] 5 A4 3L /1 4l Sulcia Fl
Hodgkinia, 3L % & 75 & A & W4 i B+ A 2
A7 BB AT T A IR I 2 A e P S
L N LA A BR an HE Ky B\ Bemisia tabaci Fi K
LI 3 PE W 3L 2E 91 B Hemipteriphilus asiaticus 23
L Py JE A 0 Portiera 7 I 45 5 4 8 41 10 Y
B 1) 5 T R R IR (R » — 265 1 Py 3 26 40 1 4 i
S M PE N S AR ) A, TR W Pseudococcus
calceolariae KIRF NS HAMME A S 8 —10 DNERE Y
LN A gl B Tremblaya, 1 4 A~ Tremblaya 41 il
W SCE A 10 =20 AN FFIR Rk o Sk R A =



730

Qiong Rao et al. /Acta Microbiologica Sinica (2014) 54 (7)

1. RHEEMEERG R RE B KRA S E RG22 B (R B oAb F R

Figure 1. Fluorescent in situ hybridization (FISH) of B. tabaci egg and nymph using Portiera— (ved) and Hemipteriphilus—(green) specific probes

(From Xiao-Li Bing) . A: Portiera channel of egg; B: Hemipteriphilus channel of egg; C: Portiera and Hemipteriphilus channels of egg on bright

field channel, combined optical sections; D: Portiera channel of nymph; E: Hemipteriphilus channel of nymph; F: Portiera and Hemipteriphilus

channels of nymph on bright field channel, combined optical sections.
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Table 2. Characteristics of sequenced genomes of insect obligate endosymbionts
obligate endosymbiont Nasuia Tremblaya Hodgkinia Carsonella Zinderia Uzinura Sulcia
Macrosteles Draecula—
Diceroprocta | Pachypsylla |Heteropsylla |Diaphorina | Clastoptera  |Aspidiotus Homalodisca Diceroprocta
host insect quadrilinea— |Planococcus citri cephala —
semicincta venusta cubana citri arizonana Nerii ) vitripennis semicincta
tus minerva
chromosome, bp 112091 138931 138927 143795 159662 166163 174014 208564 263431 243933 245530 276511 276984
GC content, % 17.1 58.8 58.8 58.4 16. 6 14.2 17.6 13.5 30.2 22.5 22.4 21.1 22.6
total gene number 169 155 160 189 213 223 238 232 272 261 264 288 279
CDS 137 116 121 169 182 192 207 202 227 226 227 246 242
coding regions, % 91.9 64.7 66. 1 91.3 94. 1 95.1 95.7 89.7 86.5 94.3 92.1 90.0 90.3
average length CDS, bp |752 775 759 777 826 823 805 926 1004 1018 996 1022 1033
tRNAs 29 13 12 16 28 28 28 25 30 31 31 29 28
GenBank accession No. |CP006059 |CP002918 |CP002244 |CP001226 |AP009180 |CP003543 |CP003467 |CP002161 |CP003263 |CP001981 |CP000770 |CP002163 |CP001605
k2
obligate endosymbiont Portiera Buchnera Riesia
Trialeurodes Cinara Ci. Baizongia Uroleucon A. Schizaphis  |A. Pediculus
host insect B. tabaci
vaporariorum cedri tujafilina pistaciae ambrosiae  |pisum graminum  |kondoi humanus
chromosome, bp 280663 350928 351658 357472 358242 416380 444925 615980 615380 640681 641454 641794 574390
GC content, % 24.7 26.2 26.2 26. 1 26.2 20. 1 23.0 25.3 24.1 26.3 25.3 25.7 28.5
total gene number 307 314 307 292 296 402 405 553 591 618 619 625 598
CDS 269 280 273 246 256 357 367 504 529 564 546 559 544
coding regions, % 94.3 68.5 67.1 67.7 67.6 85.1 77.9 81.2 85.8 87.0 83.5 85.9 80.9
average length CDS, bp |984 858 865 984 945 992 945 992 999 988 981 986 855
tRNAs 34 31 31 33 33 31 31 32 32 32 32 32 33
GenBank accession No. |CP004358 |CP003867 |CP003868 |CP003835 |CP003708 |CP000263 |CP001817 |AE016826 |CP002648 [BA000003 |AE013218 |CP002645 |CP001085
B2
obligate endosymbiont Blattabacterium Baumannia Wigglesworthia Blochmannia
) Mastotermes |Cryptocercus |Panesthia  |Blaberus Blatta Blattella Homalodisca |Glossina Gl. Camponotus |Ca. Ca. Ca.
host inscet darwiniensis |Punctulatus |angustipennis|giganteus orientalis germanica  |coagulata brevipalpis  |morsitans \floridanus ~ |vafer chromaiodes pennsylvanicus
chromosome, bp 587248 605745 632490 629165 634449 636850 686194 697724 719535 705557 722585 791219 791654
GC content, % 27.5 23.8 26. 4 25.7 28.2 27.1 33.2 22.0 25.2 27.38 27.5 29.5 9.6
total gene number 590 589 624 614 627 631 651 657 679 631 631 658 658
CDS 537 545 575 572 572 586 595 611 618 583 587 609 610
coding regions, % 94.0 92.2 93.6 94.9 93.3 95.2 85.5 87.0 84.4 83.2 81.7 76.7 6.7
average length CDS, bp (1028 1025 1029 1044 1034 1035 986 993 983 1007 1006 996 995
tRNAs 34 32 34 33 33 34 39 34 35 37 37 40 4o
GenBank accession No. |CP003000 |CP003015 |AP012548 |CP003535 |CP003605 |CP001487 |CP000238 |BA000021 |CP003315 |BX248583 |CP002189 |CP003903 |CPO00016
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Figure 2. Phylogenetic tree based on 16S ribosomal DNA sequences of obligate endosymbionts (1249 sites) using MEGAS.0. ‘* 7 refers to

Non-symbiont ‘% %’

refers to facultative endosymbionts in insects. Numbers at each branch points represent bootstrap values (1000

resampling) . Numbers in parenthese represent the sequences’ accession number in GenBank. Bar represents 2% sequence divergence.
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Advances in insect obligate endosymbionts and their genomes —
A review

Qiong Rao , Huiming Wu
School of Agriculture and Food Science, Zhejiang A & F University, Lin’an 311300, Zhejiang Province, China

Abstract : In nature, many insects, especially sapHfeeding insects, harbor nutritional bacterial symbionts, which are called
obligate endosymbionts. These bacteria co-evolved with their hosts for millions of years. Obligate endosymbionts are
commonly found in specialized organs, named bacteriomes or mycetomes that consist of a number of insect’ s cells
(bacteriocytes or mycetocytes) . Obligate endosymbionts strictly maternally inherited, providing essential amino acids to
the hosts, and relating to survival, reproduction and evolution of the insects. Because of enriched nutritional environment,
compared to those freeiving bacteria, the genomes of obligate endosymbionts have different characteristics, such as
genome size, GC content, and gene deletion. Although the genomes of many insect endosymbionts have been carefully
analysis, the gene functions of endosymbionts and the interactions between endosymbionts/hosts and endosymbionts remain
unknown. Thus, to provide an insight into the co-evolution of endosymbionts and their hosts, further studies of
endosymbionts at genetic level are required.
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