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ABSTRACT “Candidatus Serratia symbiotica” is a facultative bacterial symbiont of
aphids that affects various ecological traits of the host insects. Here, we report the
complete genome sequence of “Candidatus Serratia symbiotica” strain IS, consisting
of a 2,736,352-bp chromosome and an 82,605-bp plasmid, from the pea aphid
Acyrthosiphon pisum.

The candidate species “Candidatus Serratia symbiotica” represents a bacterial clade
of facultative symbionts associated with the pea aphid Acyrthosiphon pisum and

other aphid species, and it belongs to the Enterobacteriaceae family of the Gammapro-
teobacteria (1). The symbiont exhibits localization to secondary bacteriocytes, sheath
cells, and the hemolymph of the host aphids (2–4), and it has been detected in
populations of A. pisum across the world (5–8). Previous studies revealed that infection
by the symbiont entails various context-dependent fitness benefits on the host aphid,
such as tolerance to heat stress (9, 10), resistance to parasitoid wasps (11), partial
complementation for loss of the essential symbiont Buchnera aphidicola (3, 12), and
others.

Here, we analyzed the genome of “Ca. Serratia symbiotica” strain IS, a facultative
symbiont of A. pisum that was reported to be capable of partially rescuing the absence
of Buchnera aphidicola (3, 12). We collected body fluid from A. pisum strain AISTIS, which
was generated by artificial infection of the symbiont from its original host aphid strain,
because the transfected aphid strain exhibited higher bacterial density than did the
original aphid strain (2, 3). Surface-sterilized adult aphids were dissected and washed in
phosphate-buffered saline, the fluid was collected and filtered through 100-�m, 50-�m,
10-�m, and 5-�m nylon meshes, and the filtrate was subjected to DNA preparation.
Genomic DNA was extracted by a standard phenol-chloroform method. The DNA
sample (about 10 �g) was sheared to generate DNA fragments of 2 to 4 kb, ligated to
the pUC18 vector for shotgun library construction, and subjected to Sanger sequencing
using a fluorescent dye terminator method (13). Of the 30,801 sequence reads deter-
mined, 741 reads were assigned to aphid genes (14), whereas 74 reads were attributed
to B. aphidicola genes (15). The remaining 29,986 reads were subjected to assembly
using the Phred (v0.020425.c)-Phrap (v1.080812)-Consed (v20.0) package (16) and gap
filling, as described previously (13), which finally yielded a circular bacterial chromo-
some (2,736,352-bp genome, 52.1% GC content) and a circular plasmid (82,605 bp,
44.8% GC content). We assessed the quality of the finished sequence by the Phred score
(�40). Putative protein-coding sequences (CDSs), tRNAs, and other noncoding RNAs
were identified using GLIMMER 3.0 (17), tRNAscan-SE2.0 (18), and Rfam (19), respec-
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tively. The annotation of CDSs was based on BLASTP searches against UniProt (20).
Default parameters were used in these analyses. The chromosome contained 2,001
putative protein-coding genes (of which 133 were located within repetitive sequences
as transposases, etc.), 21 rRNA genes, 60 tRNA genes, and 651 pseudogenes. The
plasmid carried 93 protein-coding genes, of which 38 were related to conjugation or
DNA/protein transport to the host cell.

Genome sequences of “Ca. Serratia symbiotica” have been analyzed for another A.
pisum-associated strain, Tucson, involved in the host’s tolerance to heat stress (21),
strain CWBI-2.3T, isolated from the black bean aphid Aphis fabae (22), strain SCt-VLC
from the cypress pine aphid Cinara tujafilina (23), the genome-reduced strain SCc from
the cedar aphid Cinara cedri (24), another genome-reduced strain, SCifornacula, from
the green spruce aphid Cinara fornacula (25), and a highly genome-reduced strain, STs,
from the giant willow aphid Tuberolachnus salignus (26). Our new genome sequence
will provide further insight into the biology, evolution, and diversification of the
symbiont clade “Ca. Serratia symbiotica.”

Data availability. The genome sequence data for “Ca. Serratia symbiotica” strain IS
have been deposited in the DNA Data Bank of Japan under accession no. AP019531
(chromosome), AP019532 (plasmid), and DRA008151 (raw sequence reads).

ACKNOWLEDGMENTS
We thank Junko Makino and Kaoru Nikoh for technical assistance.
This study was supported by the Program for Promotion of Basic and Applied

Researches for Innovations in Bio-Oriented Industry, Japan, and also by the Japan
Society of the Promotion of Science KAKENHI grant no. JP17H06388.

REFERENCES
1. Moran NA, Russell JA, Koga R, Fukatsu T. 2005. Evolutionary relationships

of three new species of Enterobacteriaceae living as symbionts of aphids
and other insects. Appl Environ Microbiol 71:3302–3310. https://doi.org/
10.1128/AEM.71.6.3302-3310.2005.

2. Fukatsu T, Nikoh N, Kawai R, Koga R. 2000. The secondary endosymbiotic
bacterium of the pea aphid Acyrthosiphon pisum (Insecta: Homoptera).
Appl Environ Microbiol 66:2748 –2758. https://doi.org/10.1128/AEM.66.7
.2748-2758.2000.

3. Koga R, Tsuchida T, Fukatsu T. 2003. Changing partners in an obligate
symbiosis: a facultative endosymbiont can compensate for loss of the
essential endosymbiont Buchnera in an aphid. Proc Biol Sci 270:
2543–2550. https://doi.org/10.1098/rspb.2003.2537.

4. Koga R, Meng XY, Tsuchida T, Fukatsu T. 2012. Cellular mechanism
for selective vertical transmission of an obligate insect symbiont at
the bacteriocyte-embryo interface. Proc Natl Acad Sci U S A 109:
E1230 –E1237. https://doi.org/10.1073/pnas.1119212109.

5. Tsuchida T, Koga R, Shibao H, Matsumoto T, Fukatsu T. 2002. Diversity
and geographic distribution of secondary symbiotic bacteria in natural
populations of the pea aphid Acyrthosiphon pisum. Mol Ecol 11:
2123–2135. https://doi.org/10.1046/j.1365-294X.2002.01606.x.

6. Simon JC, Carré S, Boutin M, Prunier-Leterme N, Sabater-Muñoz B,
Latorre A, Bournoville R. 2003. Host-based divergence in populations of
the pea aphid: insights from nuclear markers and the prevalence of
facultative symbionts. Proc R Soc Lond B Biol Sci 270:1703–1712. https://
doi.org/10.1098/rspb.2003.2430.

7. Haynes S, Darby AC, Daniell TJ, Webster G, van Veen FJF, Godfray HCJ,
Prosser JI, Douglas AE. 2003. Diversity of bacteria associated with natural
aphid populations. Appl Environ Microbiol 69:7216 –7223. https://doi
.org/10.1128/AEM.69.12.7216-7223.2003.

8. Russell JA, Latorre A, Sabater-Muñoz B, Moya A, Moran NA. 2003. Side-
stepping secondary symbionts: widespread horizontal transfer across
and beyond the Aphidoidea. Mol Ecol 12:1061–1075. https://doi.org/10
.1046/j.1365-294X.2003.01780.x.

9. Montllor CB, Maxmen A, Purcell AH. 2002. Facultative bacterial endosymbi-
onts benefit pea aphids Acyrthosiphon pisum under heat stress. Ecol Ento-
mol 27:189–195. https://doi.org/10.1046/j.1365-2311.2002.00393.x.

10. Russell JA, Moran NA. 2006. Costs and benefits of symbiont infection in

aphids: variation among symbionts and across temperatures. Proc Biol
Sci 273:603– 610. https://doi.org/10.1098/rspb.2005.3348.

11. Oliver KM, Russell JA, Moran NA, Hunter MS. 2003. Facultative bacterial
symbionts in aphids confer resistance to parasitic wasps. Proc Natl Acad
Sci U S A 100:1803–1807. https://doi.org/10.1073/pnas.0335320100.

12. Koga R, Tsuchida T, Sakurai M, Fukatsu T. 2007. Selective elimination of
aphid endosymbionts: effects of antibiotic dose and host genotype, and
fitness consequences. FEMS Microbiol Ecol 60:229 –239. https://doi.org/
10.1111/j.1574-6941.2007.00284.x.

13. Nikoh N, Hosokawa T, Oshima K, Hattori M, Fukatsu T. 2011. Reductive
evolution of bacterial genome in insect gut environment. Genome Biol
Evol 3:702–714. https://doi.org/10.1093/gbe/evr064.

14. International Aphid Genomics Consortium. 2010. Genome sequence of
the pea aphid Acyrthosiphon pisum. PLoS Biol 8:e1000313. https://doi
.org/10.1371/journal.pbio.1000313.

15. Shigenobu S, Watanabe H, Hattori M, Sakaki Y, Ishikawa H. 2000. Ge-
nome sequence of the endocellular bacterial symbiont of aphids Buch-
nera sp. APS. Nature 407:81– 86. https://doi.org/10.1038/35024074.

16. Gordon D, Desmarais C, Green P. 2001. Automated finishing with au-
tofinish. Genome Res 11:614 – 625. https://doi.org/10.1101/gr.171401.

17. Delcher AL, Harmon D, Kasif S, White O, Salzberg SL. 1999. Improved
microbial gene identification with GLIMMER. Nucleic Acids Res 27:
4636 – 4641. https://doi.org/10.1093/nar/27.23.4636.

18. Lowe TM, Eddy SR. 1997. tRNAscan-SE: a program for improved detec-
tion of transfer RNA genes in genomic sequence. Nucleic Acids Res
25:955–964. https://doi.org/10.1093/nar/25.5.955.

19. Griffiths-Jones S, Bateman A, Marshall M, Khanna A, Eddy SR. 2003. Rfam:
an RNA family database. Nucleic Acids Res 31:439 – 441. https://doi.org/
10.1093/nar/gkg006.

20. The UniProt Consortium. 2017. UniProt: the universal protein knowl-
edgebase. Nucleic Acids Res 45:D158 –D169. https://doi.org/10.1093/
nar/gkw1099.

21. Burke GR, Moran NA. 2011. Massive genomic decay in Serratia symbi-
otica, a recently evolved symbiont of aphids. Genome Biol Evol
3:195–208. https://doi.org/10.1093/gbe/evr002.

22. Foray V, Grigorescu AS, Sabri A, Haubruge E, Lognay G, Francis F, Fauconnier
ML, Hance T, Thonart P. 2014. Whole-genome sequence of Serratia
symbiotica strain CWBI-2.3T, a free-living symbiont of the black bean

Nikoh et al.

Volume 8 Issue 19 e00272-19 mra.asm.org 2

http://getentry.ddbj.nig.ac.jp/getentry/na/AP019531
http://getentry.ddbj.nig.ac.jp/getentry/na/AP019532
https://ddbj.nig.ac.jp/DRASearch/submission?acc=DRA008151
https://doi.org/10.1128/AEM.71.6.3302-3310.2005
https://doi.org/10.1128/AEM.71.6.3302-3310.2005
https://doi.org/10.1128/AEM.66.7.2748-2758.2000
https://doi.org/10.1128/AEM.66.7.2748-2758.2000
https://doi.org/10.1098/rspb.2003.2537
https://doi.org/10.1073/pnas.1119212109
https://doi.org/10.1046/j.1365-294X.2002.01606.x
https://doi.org/10.1098/rspb.2003.2430
https://doi.org/10.1098/rspb.2003.2430
https://doi.org/10.1128/AEM.69.12.7216-7223.2003
https://doi.org/10.1128/AEM.69.12.7216-7223.2003
https://doi.org/10.1046/j.1365-294X.2003.01780.x
https://doi.org/10.1046/j.1365-294X.2003.01780.x
https://doi.org/10.1046/j.1365-2311.2002.00393.x
https://doi.org/10.1098/rspb.2005.3348
https://doi.org/10.1073/pnas.0335320100
https://doi.org/10.1111/j.1574-6941.2007.00284.x
https://doi.org/10.1111/j.1574-6941.2007.00284.x
https://doi.org/10.1093/gbe/evr064
https://doi.org/10.1371/journal.pbio.1000313
https://doi.org/10.1371/journal.pbio.1000313
https://doi.org/10.1038/35024074
https://doi.org/10.1101/gr.171401
https://doi.org/10.1093/nar/27.23.4636
https://doi.org/10.1093/nar/25.5.955
https://doi.org/10.1093/nar/gkg006
https://doi.org/10.1093/nar/gkg006
https://doi.org/10.1093/nar/gkw1099
https://doi.org/10.1093/nar/gkw1099
https://doi.org/10.1093/gbe/evr002
https://mra.asm.org


aphid Aphis fabae. Genome Announc 2:e00767-14. https://doi.org/10
.1128/genomeA.00767-14.

23. Manzano-Marín A, Latorre A. 2014. Settling down: the genome of Ser-
ratia symbiotica from the aphid Cinara tujafilina zooms in on the process
of accommodation to a cooperative intracellular life. Genome Biol Evol
6:1683–1698. https://doi.org/10.1093/gbe/evu133.

24. Lamelas A, Gosalbes MJ, Manzano-Marín A, Peretó J, Moya A, Latorre A.
2011. Serratia symbiotica from the aphid Cinara cedri: a missing link from
facultative to obligate insect endosymbiont. PLoS Genet 7:e1002357.
https://doi.org/10.1371/journal.pgen.1002357.

25. Meseguer AS, Manzano-Marín A, Coeur d’Acier A, Clamens AL, Godefroid
M, Jousselin E. 2017. Buchnera has changed flatmate but the repeated
replacement of co-obligate symbionts is not associated with the eco-
logical expansions of their aphid hosts. Mol Ecol 26:2363–2378. https://
doi.org/10.1111/mec.13910.

26. Manzano-Marín A, Simon JC, Latorre A. 2016. Reinventing the wheel and
making it round again: evolutionary convergence in Buchnera-Serratia
symbiotic consortia between the distantly related Lachninae aphids
Tuberolachnus salignus and Cinara cedri. Genome Biol Evol 8:1440 –1458.
https://doi.org/10.1093/gbe/evw085.

Microbiology Resource Announcements

Volume 8 Issue 19 e00272-19 mra.asm.org 3

https://doi.org/10.1128/genomeA.00767-14
https://doi.org/10.1128/genomeA.00767-14
https://doi.org/10.1093/gbe/evu133
https://doi.org/10.1371/journal.pgen.1002357
https://doi.org/10.1111/mec.13910
https://doi.org/10.1111/mec.13910
https://doi.org/10.1093/gbe/evw085
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

