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Introduction

Rel/NF B transcription factors are widely conserved in the animal kingdom. These proteins are
defined by the presence of a Rel Homology Domain (RHD), which includes a DNA binding
domain and a protein dimerization domain. In insects, Rel proteins play important roles in both
development and immunity. Drosophila melanogaster, where these genes have been best
studied, has three Rel genes: dorsal (dl), Dorsal-related immunity factor (Dif) and Relish
(Ganesan et al., 2011). Dorsal and DIF both respond to Toll signaling (Belvin and Anderson,
1996; Meng et al., 1999), while Relish responds to IMD signaling (Hedengren et al., 1999; Khush
et al., 2001). Relish also differs in that it contains ankyrin repeats (Dushay et al., 1996).

Methods

Rel genes from other insects were used to query the predicted D. citri protein sets (Diacit_
International_psyllid_consortium_proteins_v1 and Diacit_RefSeq_proteins_Release_100) at
iSk@NAL. The locus encoding the matching protein was identified and manually annotated in
Web Apollo using RNA-Seq data to deduce the structure of transcripts. Multiple alignments of
the predicted D. citri isoforms and their homologs were performed in Muscle
(http://www.ebi.ac.uk/Tools/msa/muscle/). A phylogenetic tree was constructed using the
neighbor-joining method in MEGA?7. All sequences for multiple alignment and phylogenetic
analysis were obtained from NCBI, FlyBase, ImmunoDB and the Bordenstein Lab (NSF DEB-
1046149).

Results and Discussion

T. castaneum Dorsal 1

T. castaneum Dorsal 2

D. melanogaster Dorsal
A aegypti REL 1A

A. gambiae REL 1
A aegypti REL 1B Dorsalike Homologs

A mellifera Dorsal

A. pisum Dorsal
LA, pisum Dorsal B
@ D citri Dorsal

D. melanogaster Dif |

D. melanogaster Relish

A. gambiae REL 2

A. aegypti REL 2 Relish-ike Homologs
A. mellifera Relish
T. castaneum Relish

02

54



Figure 1: Phylogenetic tree depicting clustering of insect Rel proteins

In D. citri, BLASTp searches with known Rel proteins identified only one locus encoding a
predicted Rel family member. The predicted RHD is much more similar to Dorsal than to either
DIF or Relish. Moreover, the locus does not seem to encode the ankyrin repeats that are found
in Relish orthologs. Consistent with these observations, phylogenetic analysis shows that the D.
citri protein clusters with Dorsal proteins from other insects. Note that dorsal and Dif seem to
be the result of a duplication in the Drosophila lineage (Meng et al., 1999; Christophides et al.,
2004). Dif has diverged more rapidly (hence its position as an outgroup), so homologs in other
insects have generally been named dorsal (Chen et al., 2000; Ursic-Bedoya et al., 2009; Gerardo
et al., 2010). Following this convention, we will refer to this gene as D. citri dorsal (dorsal).

55



D. citri Dorsal isoform A|D. citri Dorsal isoform B

D. melanogaster Dorsal isoform A |Bit score 254 244
QC (Identity) 58% (45%) 45%( 44%)

E value 1.00E-76 3.00E-71

D. melanogaster Dorsal isoform B |Bit score 249 258
QC (ldentity) 58% (44%) 73% (45%)

E value 1.00E-72 4.00E-74

D. melanogaster Dif Bit score 184 180
QC (Identity) 59% (38%) 42% (40%)

E value 2.00E-50 5.00E-48

D. melanogaster Relish Bit score 127 126
QC (ldentity) 59% (33%) 42% (34%)

E value 1.00E-30 1.00E-29

A. gambiae REL1 Bit score 171 171
QC (ldentity) 37% (46%) 29% (46%)

E value 9.00E-51 1.00E-49

A. gambiae REL 2 Bit score 55.5 54.7
QC (Identity) 14% (38%) 11% (38%)

E value 1.00E-08 1.00E-08

A. aegypti REL 1A Bit score 287 281
QC (Identity) 57% (50%) 43% (50%)

E value 3.00E-90 1.00E-86

A. aegypti REL 1B Bit score 282 262
QC (Identity) 55% (51%) 45% (48%)

E value 4.00E-86 5.00E-80

A. aegypti REL 2 Bit score 102 105
QC (ldentity) 59% (31%) 49% (31%)

E value 5.00E-23 2.00E-23

A. mellifera Dorsal Isoform A Bit score 290 274
QC (ldentity) 97% (36%) 44% (49%)

E value 7.00E-91 3.00E-83

A. mellifera Dorsal Isoform B Bit score 271 287
QC (Identity) 56% (49%) 74% (50%)

E value 7.00E-82 3.00E-86

A. mellifera Relish Bit score 48.1 45.1
QC (Identity) 12% (42%) 7% (45%)

E value 1.00E-05 1.00E-04

T. castaneum Dorsal 1 Bit score 270 256
QC (ldentity) 98% (37%) 45% (46%)

E value 1.00E-83 7.00E-77

T. castaneum Dorsal 2 Bit score 194 191
QC (Identity) 56% (39%) 44% (39%)

E value 6.00E-57 1.00E-54

T. castaneum Relish Bit score 99.8 99.8
QC (ldentity) 54% (30%) 42% (30%)

E value 8.00E-22 2.00E-21

A. pisum Dorsal Bit score 279 274
QcC (Identity) 56% (51%) 46% (49%)

E value 3.00E-88 1.00E-84

A. pisum Dorsal B Bit score 282 275
QcC (Identity) 97% (39%) 50% (47%)

E value 2.00E-88 8.00E-84

Table 1: Bit score, query coverage, identity and e-value results from blast analysis of predicted
dorsal_RA and dorsal_RB proteins



In several insect species, dorsal genes produce alternative transcripts that generate different
protein isoforms (Gross et al., 1999; Shin et al., 2005; Zou et al., 2007). Therefore, it was not
surprising that RNA-Seq data suggests that dorsal produces at least two alternative transcripts
(dorsal_RA and dorsal_RB) that are very similar in structure to those seen in other insects.

Species # Dorsal-like genes |# Relish-like genes
Drosophila melanogaster
Anopheles gambiae
Aedes aegypti

Apis mellifera

Tribolium castaeum
Acyrthosiphon pisum
Diaphorina citri 1
Table 2: Rel/NFkB transcription factors in D. citri and related organisms
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No ortholog of Relish was found in the D. citri genome. While it is possible that we were unable
to find Relish due to gaps in the D. citri genome, the fact that Relish is missing in the pea aphid
genome (Gerardo et al., 2010) suggests that it could be absent in D. citri as well. It is interesting
to note that both the pea aphid and the Asian citrus psyllid, two organisms known for their
ability to host a variety of bacterial symbionts, appear to be lacking multiple members of the
IMD pathway (including Relish) (Gerardo et al., 2010). The IMD pathway is known to be
involved in the detection and elimination of Gram negative bacteria (Hedengren et al., 1999).
Several Gram negative bacteria have been identified as D. citri symbionts, including the bacteria
Wolbachia, Candidatus Carsonella, Candidatus Profftella armature, an as yet unidentified
enteric bacteria closely related to Klebsiella variicola and Salmonella enterica, and Candidatus
Liberibacter asiaticus, which causes citrus greening disease (Jagoueix et al., 1994; Nakabachi et
al., 2006; Hilgenboecker et al., 2008; Saha et al., 2012; Sloan and Moran, 2012; Nakabachi et al.,
2013). Given this information it is tempting to speculate that a reduction in IMD pathway genes
may in fact aid in D. citri’s ability to acquire and harbor these Gram negative symbionts.
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