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Abstract: Horizontal gene transfer which can lead to the acquisition of genes from other species is one
of the major drivers of organisms to quickly adapt to the environment. With the development of
sequencing technology horizontal gene transfer in insects has been widely reported and has become one
of the hotspots in insect researches. In this article we summarized the common processes and methods in
horizontal gene transfer research as well as the donors receptors and functions of horizontally transferred
genes in insects. We discussed the relationship between horizontal gene transfer and feeding habits of
insects and the limitation of current research methods. Finally we proposed the research prospects in
horizontal gene transfer of insects.
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Common processes and methods in research of horizontal gene transfer in Metazoa and their function
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1 HGT

Table 1 Common tools and methods for metazoan HGT searches

Tools and methods

Descriptions

References

Homology search tools

BLAST

DIAMOND

MUMmer

HGT h
HGT index h

Al
Alien index Al

Wheeler et al.
(2013)
Method developed
by Wheeler et al.
(2013)

CHS
Consensus hit

support CHS

Alienness

Alienness

web server

MEGAN

The most commonly used homology search tool which can be used to search for ~Camacho et al. 2009
protein and genome fragments
BLASTP
Buchfink et al. 2015
Homology search tool for protein sequence similar to BLASTP but faster
HGT
Search tool for genome sequences which can be used to search for candidate Marcais et al. 2018
HGT fragments in genome
Processed screening methods and tools
BLAST bitscore HGT
Boschetti et al. 2012
HGT screening based on difference between bitscore values of BLAST searches
BLAST E HGT
i Gladyshev et al. 2008
HGT screening based on logarithmic comparison of E values of BLAST searches
BLAST E E E
HGT HGT o
HGT
HGT screening based on E value of BLAST search. The sequences with E values
Wheeler et al. 2013

of searches of outgroup species smaller than that of the metazoan are considered
as the candidate HGT and the HGT fragments in the genome can be detected by
sliding window. This method is simpler and often used in the HGT search of the

genome

DIAMOND 90%

HGT

HGT screening based on the proportion of species information provided by
DIAMOND search. The sequences with more than 90% outgroup hits may

be HGT

HGT. HGT o

HGT
Calculate the Al and h-index and detect the likely HGT the possible HGT and
the likely contamination according to Al and the indentity of the outgroup hits.

Close species can be excluded and the HGT donors can be classified

Koutsovoulos et al.

Rancurel et al.

2016

2017

Visualization tools for species distribution of the hits

LCA
HGT

BLAST

Based on the LCA algorithm the species distribution and position of the hits in

BLAST search are visualized to assist manual identification of HGT

2016

Huson et al.
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( Panfilio et al. 2019) . Frankliniella Al
occidentalis ( Rotenberg er al.  2020) . 3 AT > 15
Cimex lectularius ( Benoit et al. 2016) . <70% HGT. 0 < Al < 15 <
Mayetiola destructor ( Zhao et al. 2015) . 70% HGT Al>0 >70%
Halyomorpha halys ( Sparks et al. 2020) . ( Rancurel et al. 2017) .
Stomoxys calcitrans ( Olafson et al. 2021) HGT
Diachasma alloeum ( Tvedte et al. 2019) HGT N
HGT CHS N N N
( Koutsovoulos et al. 2016) DIAMOND Stramenopiles o
AvP
90% N
HGT
HGT o AvP 0
Alienness 1.1.2
(‘http: //alienness. sophia. inra. fr) N HGT
NR h HGT ( 2)s
2 HGT
Table 2 Types of search methods for HGT
Types Descriptions Advantages Disadvantages Examples
GC N
HGT N .
HGT
Based on
Contributed to Affected by changes in parameters GC content codon
Parametric method sequence i
B exploration of within the genome and unable to usage bias structural
composition
the essence of identify the assimilated and features oligonucleotide
HGT mechanism ancient HGT composition
Shimodaira-Hasegawa
HGT Affected by other evolution events
Based on
Explicit ) Determine the such as gene replication and gene Shimodaira-Hasegawa
phylogenetic
HGT events loss and phylogenetic uncertainty. test reconciliation of
trees
The operation is cumbersome and gene and species trees
difficult to process
Phylogenetic .
method .
HGT N
Cluster methods L HGT
Preliminarily Homology search gene
Implicit  or homology Difficult to identify ancient HGT L
detect HGT and species distances
analysis without
. events orthology analysis
phylogenetic i )
clusters of polymorphic
trees

sites
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( Ravenhall et al. MEGAN ( Huson et al. 2016)
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GC . o
o DeepHGT (
( deep HGT )
residual network ) HGT HGT HGT
(Liet al. 2020) N
Arevalo et al. (2019) PopCOGenT HGT o
HGT HGT
HGT o
HGT
HGT ;
o HGT ( Ku and Martin 2016) .
Hypsibius dujardini  HGT
HGT 1/6
( Ravenhall HGT 1% ~4%
et al. 2015) ,
( Boothby et al. 2015; Arakawa 2016;
( Ravenhall et al. 2015) , Bemm et al. 2016; Delmont and Eren 2016;
Koutsovoulos et al. 2016; Yoshida et al. 2017) ,
BLAST \ Ku and Martin (2016)
N 70% .
; 70%
Shimodaira-Hasegawa ( Shimodaira and HGT o HGT
Hasegawa 1999) o
o HGT .
HGT
Leptopilina heterotoma  Lar
RRPS ( nested
HGT. N gene)
. EVidenceModeler
Chauve et al. (2018) Anopheles ( Haas et al. 2008;
o Huang e al. 2021) HGT
( Ravenhall et al. 2015) . o
HGT HGT
o HGT
1.1.3 HGT
HGT
HGT HGT o
1.2

HGT
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HGT
HGT

o

RAXML ( Stamatakis 2014) IQ-TREE ( Minh
et al. 2020) o
HGT
HGT 0
HGT
BLAST
PCR
N BLAST
PCR
HGT o
N + polyA
GC o
( Le Hir et al.
2003)
HGT
PCR o
SignalP ( Armenteros
et al. 2019)
HGT
qRT-PCR
polyA
1.3
HGT

HyPhy ( Pond et al.
2020) PAML CODEML
2007) o

. qRT-PCR

( Yang

RNA N

HGT HGT
o HGT

HGT
o Crisp et al. (2015) HGT h
Drosophila HGT
(26.5%) (46.5%)
(14.9%) . (9.9%)
(2.2%) HGT.
HGT N
HGT

HGT

HGT HGT

HGT o
HGT

( ) o
HGT Wolbachia HGT

( Correa and
Ballard 2016) , 2002 Kondo et al.

(2002)
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Callosobruchus chinensis X et al. 2019; Hazzouri et al. 2020) .
DNA Rhynchophorus ferrugineus
o 2007 GHI6 ( Hazzouri
o et al. 2020) . ( Moran and Jarvik
Hotopp et al. (2007) BLAST 2010; Novakova and Moran 2012)
PCR . Cecidomyiidae ( Cobbs et al. 2013)
o Bemisia tabact
N HGT h 142
o HGT 78 ( Chen
Monochamus alternatus et al. 2016) . HGT
(Wang et al. 2019) ( Martinson et al.
30% 10% ( Nikoh et al. 2008; 2016) o
Aikawa et al. 2009) ., Klasson et al. (2009) HGT
Aedes o Zhu et al. (2011)
o Werren et al. (2010) 13 10 HGT 1
LigB 9
Nasonia o o Lapadula et al. (2020)

2014) .

( Toannidis et al.

( McKenna et al. 2016) . Melitaea cinxia
( Ahmed et al. 2016) . ( Olafson et al.
2021) . Aleyrodidae ( Ren et al. 2020) .
Psyllidae ( Sloan et al. 2014) . Formicidae
Cercopoidea ( Dhaygude et al. 2019)
o Psudococcidae
Tremblaya Tremblaya

Moranella y- ( Husnik et al. 2013;
Husnik and McCutcheon 2016) , Bombyx
mort 22 HGT

(Lietal 2011),
Enterobacteriaceae HGT
(Sun et al. 2013; Wheeler et al. 2013) .
( Keeling et al. 2013) ( Shelomi
et al. 2016) .

HGT
GH28 ( )
GHA45 o

Sitophilus oryzae ( Shen et al. 2003) |
(McKenna et al. 2016) Apriona

2014)

Japonica ( Pauchet et al.
Phytophaga

( Kirsch et al. 2014; Busch er al. 2019; McKenna

Trialeurodes vaporariorum
2~3 HGT
RIP Xia et al. (2021)

BitPMaTl o
HGT
( Zakharov  2016;
Drezen et al. 2017) .
HGT
Spodoptera gasmin
( Gasmi et al. 2016; Di Lelio et al. 2019)
Se-BLLs ( Gasmi et al. 2018)
Spodoptera littoralis ~ gasmin
( Di Lelio et al. 2019) .
Cheng et al. (2014) Nudiviridae
32 Nilaparvata
lugens o Morozov et al. (2017)
RNA N .
RNA o
( Verster et al. 2019) ( Zhao et al.
2015) HGT.
HGT
o Locusta migratoria ( Hao
et al. 2019) . ( Crisp et al. 2015) |
( Huang et al. 2021) ( Sun et al.
2013) HGT

o
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N oskar
2.08% - 24% LOTUS OSK
GDSL ( Blondel et al.
7% 2020) .
( Peccoud et al. 2017; de Melo and 3

Wallau 2020) .

HGT o

DNA HGT
( Hotopp et al. 2007; Crisp et al. 2015) .
4. 8% DNA HGT
( Gilbert . .
et al. 2016; Reiss et al. 2019) , HGT
( 2 3) .
3 HGT

Table 3 Classic HGT cases with clear functions reported in insects in recent years

Insect receptors Donors

HGT
HGT genes

Function types

References

Hemiptera

Tremblaya ~ Moranella

.. Facultative gut microbes and
Planococcus citri o .
endosymbiotic bacteria such

as Tremblaya and Moranella

Bacteria
Trabutina .
. Bacteria
mannipara
Acyrthosiphon )
) Bacteria
pisum
Proteobateria
Fungi

22

22 genes for nutrient Nutritional synthesis

synthesis and bacterial cell and symbiosis

wall synthesis

Genes related to o
. . Symbiosis
peptidoglycan synthesis

i . . Nutritional synthesis
Genes for nutrient synthesis o
and symbiosis

LD- ldcA

ripA

) Nutritional synthesis
LD-carboxypeptidase ldcA o
and symbiosis

and rare lipoprotein rlpA

GH25

Lysozyme GH25 Antibacterial

/

Carotenoid desaturases and
) Body color and
carotenoid cyclases/ . )
nutrition synthesis
synthases

Husnik et al. 2013
Bublitz et al. 2019
Szabo et al. 2017

Nakabachi et al.  2005;
Nikoh and Nakabachi
2009;

Richards et al. 2010;
Nakabachi et al. 2014
Metcalf et al. 2014

Moran and Jarvik

2010
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1 Continued table 1

HGT
Insect receptors Donors HGT genes Function types References
Luan et al. 2015;
B7
. . . . Chen et al. 2016;
. . . . BioA. BioD. BioB Vitamin .
Bemisia tabaci  Bacteria probably Wolbachia . Xie et al.  2018;
B7 synthesis
Ren et al. 2020
BS Chen et al. 2016;
panBC o .
. Vitamin Xie et al. 2018;
Bacteria Fused gene panBC .
BS5 synthesis Ren et al. 2021
e BtPMaTl .
Viridiplantae . . o Xia et al. 2021
Phenolic glucoside Detoxication
malonyltransferase BtPMaTl
ASL
’ 5 M
Carsonella 7
Insect symbiotic bacteria such . . Nutritional synthesis ~ Sloan et al. 2014
Pachypsylla . . . Argininosuccinate lyase ASL L
as Wolbachia Rickettsia . and symbiosis
venusta genes chorismate mutase
and Carsonella
CM genes and 7 other genes
30 . .
Macrosteles . Nutritional synthesis ~ Mao et al. 2018
. Bacteria 30 genes o
quadrilineatus and symbiosis
Lepidoptera
B- GH32 Daimon et al. 2008;
.. . Liet al. 2011,
. . Nutrition absorptlon
Lepidopterons Bacteria Beta+fructofuranosidase o Zhu et al. 2011;
and detoxification
such as GH32 Sun et al. 2013
Bombyx mort
Meng et al. 2009,
. . Liet al. 2011;
Listeria grayi . Body color
Kynureninase . . Zhu et al. 2011,
nutrition absorption
o Sun et al. 2013
and detoxification
Liet al. 2011;
GH31
Enterococcus . . . Sun et al. 2013;
Glycoside hydrolase GH31 Nutrition absorption
Wheeler et al. 2013
Liet al. 2011;
. CAS . . Sun et al. 2013;
Methylobacterium . } Nutrition absorption
Cysteine synthase CAS . Wybouw et al. 2014,
and detoxification
van Ohlen et al. 2016
Spod DNA } Gasmi l. 2016
h /1 ! as t al.
p.o optera Polydnavirus gasmin Antiviral asm et a
exigua
Coleoptera
HhMANI
. ( GH5 )
Hypothenemus Bacillus L Acuna et al. 2012
. Mannanase HhMANI ( GH5  Digestion
hampei

family)
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1 Continued table 1

HGT
Insect receptors Donors HGT genes Function types References
i GH28
. . Fungi o Shen et al. 2003
Sitophilus oryzae Polygalacturonase GH28 Digestion
McKenna et al.
GH
Anoplophora . ) . ) o 2016;
. . Bacteria and fungi Glycoside hydrolase GH family Digestion
glabripennis McKenna et al. 2019
6- serB
( GH32 ) .
Dendroctonus ) . . Keeling et al. 2013
Gut microbes Sucrose-6-phosphate hydrolase Digestion
ponderosae .
serB ( GH32 family)
cwh Liet al. 2021a;
Coccinellinae Bacteria Bacterial cell wall hydrolase cwh — Antibacterial Liet al. 2021b
Hymenoptera
Leptopilina heterotoma Lar
Parasitic wasp of fruit Microbes or protozoa Lym[Thatlc apoptosis—related Toxin Huang et al. 2021
fly Leptopilina protein Lar
heterotoma
mucinbd
W
Leptopilina boulardi arr.n ) .
. . o . Mucinbd domain contained egg . Huang et al. 2021
Parasitic wasp of fruit Symbiotic bacteria . . Toxin
. . adhesion associated
fly Leptopilina boulardi .
protein Warm
. o GHI9 Martinson et al.
R . Microsporidia . .
Nasonia vitripennis Chitinase GHI9 Toxin 2016
Diptera
+
Drosophila . oskar . Blondel et al. 2020
Bacteria + insects themselves reproduction
MdesGH32 . Subramanyam et al.
. . . Nutrition
Mayetiola destructor Bacteria Glucoside hydrolase MdesGH32 . 2021
absorption
Other insects
Euphasmatode: - GH28
P flbmaf) e v ) o Shelomi et al. 2016
Walking sticks Gamma-proteobacteria Polygalacturonase GH28 Digestion
Euphasmatodea
MPKL
Mycetozoa Mycetozoa protein kinase— Photoperiod Hao et al. 2019

Locusta migratoria

like MPKL

diapause
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Nakabachi

2016; Xie et al.

£ F Archaeognathas
A H Zygentoma

I #E H Odonata

17 4% H Ephemeroptera
B H Zoraptera

H# 40 H Dermaptera
15 HPlecoptera

H3# HOrthoptera

i H Mantophasmatodea
A H Grylloblattodea
% )t H Embioptera
15 L H Phasmatodea
W 85 H Mantodea

#wk H (%@ H)Blattodea(+1soptrea)
2% H Thysanoptera
23 H Hemiptera

5 Mt H Psocodea

JIEE##8 H Hymenoptera
g% H Raphidioptera
J"## H Megaloptera
ik# H Neuroptera
$54# H Strepsiptera
f5## H Coleoptera
FEW H Trichoptera
{8 H Lenidoptera

# H Siphonaptera
K#H Mecoptera

WH H Diptera

2 HGT

Fig. 2 Donors and recipients of HGT in insects identified in the present researches

(2014) o Note: The phylogenetic relationship of insects in the figure referred to the research results of

Misof et al. (2014)

Sternorrhyncha.

Misof et al. (2014)

and extant richness referred to the data of Rainford et al. (2014) .

Rainford et al.

HGT Auchenorrhyncha Cicadellidae
v- ( Mao et al. 2018; Mao and Bennett 2020) ,
tRNA ( Van
( Nakabachi et al. 2005; Nikoh and Leuven et al. 2019)
2009; Nikoh et al. 2010; Richards o
2010; Nakabachi et al. 2014; Nicholson GH25
2015) . Tremblaya/ Moranella ( Metcalf et al. 2014)
( Husnik et al. 2013; Husnik and McCutcheon ( Moran and Jarvik 2010; Novakova
2016; Szabo et al. 2017; Bublitz et al. 2019) . and Moran 2012) RIP
Portiera ( Luan et al. 2015; Chen et al. ( Lapadula et al. 2020) . BiPMaTl ( Xia et al.
2018; Ren et al. 2020; Ren 2021) 78 ( Chen et al.
2021) Carsonella ( Sloan 2016) . ( Cheng et al. 2014) .
2014) . ( Toannidis et al. 2014; Sparks et al. 2020) .
HGT ( Ferguson et al. 2020) . ( Panfilio
et al. 2019) ( Benoit et al. 2016)
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HGT o HGT
HGT Crisp et al. (2015) . Verster et al.
(Li et al. 2011; Sun et al. 2013; (2019) . Hotopp et al. (2007) Emameh et al.
Wheeler et al. 2013; Wybouw et al. 2014; Wang (2016) o
et al. 2019) ( Di Lelio et al. 3
2019) . Spodoptera exigua ( Gasmi et al. ( Olafson et al. 2021) .
2016; Gasmi et al. 2018) . Manduca ( Lapadula et al. 2017) . ( Cobbs et al.
sexta ( Kanost et al. 2016) . Pieris rapae 2013; Zhao et al. 2015; Subramanyam et al.
( van Ohlen et al. 2016) . Pieris 2021)
canidia ( Subbarayan et al. 2016) HGT o
( Ahmed et al. 2016) o HGT HGT N N
GH31 ( Wheeler et al.  2013) . B- HGT
GH32 ( Daimon et al. 2008) . GHI19 ( Martinson
( Wybouw et al. 2014; van Ohlen et al. et al. 2016) . B- B-CA ( Emameh
2016) ( Meng et al. 2009) o et al. 2016) . RNA ( Morozov et
Phytophaga al. 2017) cwh (Liet al
( glycoside hydrolases GH) 2021b) HGT
( plant cell wall degrading enzymes o
PCWDEs) HGT o Blatella germanica
HGT GH28 ( Shelomi et al. 2014;
( Shen et al. 2003; Shelomi et al. 2016; Wu et al. 2016; Brand et al.
Pauchet et al.  2010; Acuna et al. 2012; Keeling 2018) . ( Hao et al. 2019)
et al. 2013; Pauchet and Heckel 2013; Eyun ( Rotenberg et al. 2020)
et al. 2014; Kirsch et al. 2014; Pauchet et al. HGT o
2014; Vega et al. 2015; Kirsch et al. 2016;
McKenna et al. 2016; Busch et al. 2019; Kirsch 4
et al. 2019; McKenna et al. 2019) ,
( Kondo et al. 2002; Nikoh et al. 2008) 4.1 “ 7 —_—
( Aikawa et al. 2009) N
: Coccinellinae
cwh (Li “ ”
et al. 2021b) .
HGT o HGT
Lepiopilina heterotoma~ L. boulardi ( Huang et al. .
2021) . Nasonia vitripennis ( Werren ( 3)
et al. 2010; Martinson et al. 2016) . N. giraulii C ” ( Calderon-Cortes
N. longicornis ( Werren et al. 2010) et al. 2012; Wybouw et al. 2016; Skidmore and
Diachasma alloeum ( Tvedte et al. 2019) Hansen 2017; Mason et al. 2019; Tokuda 2019) .
HGT ° GH1 GH9
DNA . ABC ( Chang and Lai 2018)
83 ( Dhaygude GH
et al. 2019) . CES8. P14
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GH28; GH32;
GH52. GH58. GH540. GH542. GHIO. GHI1
GH43. GH44. GH45. GH48 HGT
Phytophaga o
( Calderon—Cortes HGT
et al. 2012; Pauchet and Heckel 2013; McKenna ( Kirsch et al. 2016; Brand

et al. 2019) o Shen et al. (2003)

GH28; Acuna et al. (2012)
Hypothenemus hampei
GHS5 — HhMAN1
10  HGT 2 2

( Vega et al. 2015);
Phaedon cochleariae Pauchet and

Heckel (2013) GHI11

; Dendroctonus ponderosae

( Keeling et al. 2013) . Agrilus
planipennis ( Zhao et al. 2014)
Sphenophorus levis ( Pedezzi et al. 2014)
GH32 B- scrB o
HGT
( Shelomi et al. 2014; Shelomi et al. 2016) ;
GH32 MdesGH32
( Subramanyam et al. 2021) .
o Busch et al. (2019)
GH45 3

Kirsch et al. (2019) GH28

( pseudoenzymes)

o McKenna et al. (2019)

et al. 2018; Kirsch et al. 2019) .

GHI6
2020) GH31
2011; Sun et al. 2013; Wheeler et al.

( Hazzouri et al.
(Liet al
2013) o
argH. M
bioB
( Luan et al. 2015;

2016) .
Acyrthosiphon pisum

Wybouw et al.

/ ( Moran and Jarvik
2010) . Novakova and Moran ( 2012)
HGT

HGT ( Cobbs et al. 2013) ,

( Altincicek et al. 2012) ,

HGT

Planococcus citri CAS
( Husnik et al. 2013;
Wybouw et al. 2014; van Ohlen et al. 2016) .
B- GH32

2009; Li
2013) .

( Daimon et al. 2008; Meng et al.
et al. 2011; Zhu et al. 2011; Sun et al.
Xia et al. (2021)
HGT —
BitPMaTl

RNA
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o RNA

0.5 Mb.

2005; McCutcheon and

( Baumann

Moran 2012; Douglas 2016) .
HGT
( 3)e
HGT
o Nakabachi et al. (2005)
Buchnera
LD-
ldcA rlpA
Buchnera ( Nikoh and
Nakabachi 2009) . Richards et al. (2010)
12 HGT
3 ldcA 5 ripA 2
Buchnera 7
o Nakabachi et al. (2014)
ripA4
Buchnera o

Nicholson et al. (2015)

Diuraphis noxia
ldcA  ripA o

o

Husnik et al. (2013)

22 HGT 2
5 B
Tremblaya Moranella
9
Moranella
o Husnik and

McCutcheon (2016) 5

HGT .

Tremblaya v-

HGT B
HGT o
Trabutina mannipara
HGT ( Szabo et al. 2017) ,
Bublitz
et al. (2019)
HGT Moranella
Moranella
HGT MurF
Moranella o
Luan et al. (2015)
8 HGT Portiera
/ N /
2 HGT BioA. BioB
Hamiltonella
o Chen et al. (2016) Xie et al.
(2018)
HGT o Ren et al. (2020)
Hamiltonella B7
HGT BioA. BioD  BioB
Hamiltonella
BS o Ren et al.
(2021) panB  panC
panBC
Portiera o
Pachypsylla venusta
HGT
argH Carsonella
CM
B2 ribC
7  HGT ( Sloan et al. 2014) .
4.3 “« o “o

( 3) . Hotopp and Estes (2014)
BtPMaTl
(Xia et al. 2021) . “« o7
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B FEY T Nutrients
i Mealybug
b laya
A

Moranella

EFRYT Nutrients
3 HGT
Fig. 3 The main function of insect HGT
(4 - ) HGT . .
(BT i HGT
» (€) “ © o HGT . (D)

o

Note: (A) Become a monk or nun late in life insects acquired genes related to cell wall degradation nutrient absorption and
detoxification from bacteria fungi or plants through HGT thus acquiring herbivory; ( B) Inseparable symbiosis

Sternorrhyncha insects acquired part of nutrient synthesis genes from bacteria through HGT which can cooperate with genes
in symbiosis bacteria to produce the required nutrients; ( C) Turn somebody’s battery against himself insects robbed
antimicrobial genes from bacteriathrough HGT; ( D) Borrow a knife to kill a man insects borrowed toxins or defense-related

genes from microorganisms or protozoans which play an important role in parasitizing of parasitic wasps.

Li et al. (2021b) 38
cwh
Coccinellidae o
cwh
Microweiseinae o RNA
HGT cwh
o Li et al
cwhl cwh2  cwhl (2021a)

Coccinellini Cryptolaemus montrouzieri



804 Journal of Environmental Entomology 43

cwh

o cwh
(Liet al. 2021b) .
( Metcalf et al. 2014)
( Toannidis et al. 2014)
X Sodalis
HGT
( Ferguson et al. 2020) ;
HGT
( Panfilio et al. 2019) .
HGT HGT
dae
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