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Abstract
Sathon Mason, 1981 is reported for the first time from China through providing a diagnosis, description,
and images of Sathon falcatus (Nees, 1834). The mitochondrial genome of S. falcatus was sequenced, an-

notated and analysed.
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Introduction

The genus Sathon was erected in the tribe Microgastrini by Mason (1981) based on
some species from the vitripennis- and falcatus-groups of Apanteles s.l. (Nixon, 1965).
Williams (1985) separated three species from Sazhon Mason and erected a new genus,
Lathrapanteles Williams, from the New World sooner after its determination. And later,
Williams (1988) revised Sazhon while reporting five new species from the New World.
Austin & Dangerfield (1992) added two new species and three new combinations to
this genus when reviewing species from the Australasian region. Recently, Fagan-Jef-
fries et al. (2019) reported one new species from Australia and Fernandez-Triana et al.
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(2020) transferred six species from Ethiopian Microgaster Latreille to Sathon in sorting
the world checklist of Microgastrinae parasitoid wasps.

So far, 23 species (Fernandez-Triana et al. 2020) have been described under this
genus worldwide. It was strange that none had ever been reported from China before
this study, not to speak of Sathon falcarus (Nees, 1834), typical representative of Wil-
liams’s (1988) S. falcatus-group in the Old World which is distributed in 42 countries,
including some neighboring countries of China, e.g., Japan, Korea, Mongolia, and
Russia. We luckily found this species which represents a new genus record of China in
Inner Mongolia during our ongoing revision of the Chinese Microgastrinae.

The status of the genus Sazhon has been discussed by some taxonomists since it was
established. Whitfield et al. (2002, 2009) and Arias-Penna et al. (2019) suggested that
Sathon should likely be subsumed within Glyptapanteles Ashmead because they shared
many characters. Plus, van Achterberg (2003) and Fernandez-Triana (2010) suggested
that Sathon and Glyprapanteles should be part of an expanded Protapanteles Ashmead.
It also has complicated relationships with the genera Choeras Mason and Lathrapanteles
(Fagan-Jeffries et al, 2019; Austin and Dangerfield 1992; Fernandez-Triana et al. 2020).

Microgastrine is considered as the most species-rich subfamily of animals on Earth
and has become a key group of organisms for studying parasitism, parasitoid genomics,
and mating biology (Whitfield et al. 2018). Nuclear genes (Banks et al. 2006), mito-
chondrial COI, 168, and 28S genes, along with morphological characters (Mardulyn
et al. 1999; Whitfield et al. 2002) and anchored hybrid enrichment data (Parks et al.
2020) had been applied in earlier molecular studies. Here, we present the mitochon-
drial sequence of S. falcatus, which we hope it will be useful for subsequent phylogentic
studies in the subfamily.

Material and methods

Collection, Identification and DNA extraction

This work is based on specimens in the collections of the Parasitic Hymenoptera Col-
lection of Zhejiang University, Hangzhou, China. Materials were all collected by hand
netting in Helan Mountain, Inner Mongolia (E105°49'-106°41', N38°19'-39°22").
Each dried specimen was tagged with a unique number.

Descriptions and measurements were made using a stereomicroscope (Zeiss Stereo
Discovery V8). All photographs of the wasps were taken and processed using a digi-
tal camera KEYENCE VHX-2000C. The images were further processed using Adobe
Photoshop CS6. Morphological terms for body structures and measurements follow
Nixon (1965) and Mason (1981). The veins follow the modified Comstock-Needham
system (van Achterberg 1993). The terminology of the cuticular sculpture follows Har-
ris (1979).

Genomic DNA was extracted from the legs of a single specimen (No. 201006962)
using a Ezup Column Animal Genomic DNA Purification Kit (Sangon Biotech,
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China) following the manufacturer’s protocols. Extracted genomic DNA were quali-
fied by NanoPhotometer (IMPLEN, CA, USA) and Qubit 3.0 (Invitrogen, Life Tech-
nologies, Carlsbad, CA, USA) and a Nanodrop 2000c Spectrophotometer (Thermo
Scientific, Wilmington, DE, USA). All residual DNAs are archived (-30 °C) in the
molecular laboratory of Hunan University of Arts and Science, Changde, China, and
are available for further study upon request.

Genome sequencing, assembly and annotation

The extracted genomic DNA of the specimen was sheared into fragments of approxi-
mately 350 bp in length using the Ultrasonic Processor Covaris $220 (Covaris, Inc.
MS, USA). High-throughput sequencing libraries were constructed using the Illumina
TruSeq DNA PCR-Free HT Kit and sequenced using an Illumina Novaseq6000 with
the strategy of producing 150 bp paired-ends by the Annoroad Gene Tech. (Beijing)
Co., Ltd. Quality of raw sequencing reads was checked by FastQC version 0.11.3
(Andrews 2010), and low-quality reads and sites were filtered by Trimmomatic version
3.2.57 (Bolger et al. 2014).

The target mitochondrial reads were filtered out using BLAST (BLASTn with E
value: 1 x 10°°) against a reference data set containing Braconidae mitochondrial ge-
nomes via the FastqExtract script (Crampton Platt et al. 2015). The mitochondrial ge-
nome of Sathon falcatus was assembled by IDBA_UD version 1.1.3 (Peng et al. 2012)
and SPAdes version 3.15.2 (Bankevich et al. 2012) with default parameters.

Annotation of the assembled genome was performed by using MITOS Web Server
(Bernt et al. 2013). Start and stop codons of protein-coding genes (PCGs) were manu-
ally adjusted in Geneious Prime v11 by referencing to the published mito-genomes of
Microgastrinae. Gene rearrangements were analyzed by comparing with the putative
ancestral type of Drosophila melanogaster (Diptera: Drosophilidae).

Results

Taxonomy
Genus Sathon Mason, 1981

Sathon Mason, 1981: 78. Williams 1988: 540; Austin and Dangerfield 1992: 52;
Fagan-Jeffries et al. 2019: 427. Fernandez-Triana et al. 2020: 945.

Type species. Apanteles neomexicanus Muesebeck, 1920, by original designation.
Diagnosis. Areolet of fore wing present or absent; metanotum with sublateral
lobes slightly setose, exposing postero-lateral phragma of scutellum; propodeum with
median carina present over most of length or almost completely absent, but marked by
at least a trace of rugosity; tergite I somewhat narrow, length at least 3.0x longer than
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apical width; tergite II subtriangular; hypopygium evenly sclerotized, without striae
mid-ventrally; ovipositor sheaths at least half as long as hind tibia; often with large
external genitalia in male.

Host. Bombycidae: Bombyx mori (L., 1758); Limacodidae: Cheromettia lo-
hor (Moore, 1859), C. sumatrensis (Heylaerts, 1884); Noctuidae: Actinotia polyodon
(Clerck, 1759), Apamea lateritia (Hufnagel, 1766), Apamea monoghpha (Hufnagel,
1766); Papilionidae: Papilio zelicaon Lucas, 1858; Pterophoridae: Adaina microdac-
tyla (Hiibner, 1813), Emmelina monodactyla (L., 1758); Psychidae: Hyalarcta huebneri
(Westwood, 1854); H. nigresens (Doubleday, 1845), Narycia Stephens, 1836; Sesiidae:
Synanthedon tipuliformis Clerck, 1759, Zeiraphera griseana (Hiibner, 1799); Tortrici-
dae: Rhyacionia buoliana (Denis & Schiffermiiller, 1775) (Yu et al. 2016; Fernandez-
Triana et al. 2020). This list of hosts records was compiled in a non-critical way by Yu
etal. (2016) from the literature and it is very likely that several (perhaps many) records
are inaccurate or erroneous.

Distribution. Worldwide.

Sathon falcatus (Nees, 1834)

Microgaster falcatus Nees von Esenbeck 1834: 175; type lost, Neotype designated by
Wilkinson 1945: 113, @ — Germany: Zoologisches Museum, Hamburg University.

Microgaster equestris Haliday, 1834. Synonymized by Curtis 1837: 116.

Apanteles equestris; Hincks, 1944: 20.

Apanteles priapus Gautier & Cleu, 1927. Syn. by Wilkinson 1945: 133.

Apanteles gladiator Szepligeti, 1901. Syn. by Tobias 1971: 246.

Sathon falcatus: Mason 1981: 78; Williams 1988: 560.

Diagnosis. Body length 3.3-3.5 mm, fore wing length 3.6-3.8 mm. Antenna nearly
1.1x longer than body length, preapical segment of antenna 1.3x longer than wide.
Scutellar sulcus curved, narrow with spare carinae in between. Propodeum 1.8x wider
than long, not shiny, densely longitudinally rugose medially, with punctate-rugose
aside, largely polished on anterior-medial part and posterior corners. Pterostigma 2.3x
as long as its widest part. Tergite I slightly narrowing towards posterior margin, 2.2x
longer than hind width, turned-over part as long as wide, shallowly and independently
punctate, weakly rugulose-punctate laterally. Tergite II weakly striate laterally, polished
medially, strongly curved apically. Ovipositor sheath 0.8x length of hind tibia, falcate.

Head. Transverse in dorsal view, 1.9x as wide as long, 1.1x wider than mesoscu-
tum. Eyes 1.6x longer than temple dorsally. Gena slightly dull with poorly defined,
shallow punctures, constricted behind eyes from dorsal view (Fig. 1e). Face (Fig. 1f) a
litcle shiny with fine, sparse punctures with intervals 2—4 times of a puncture diameter,
transverse, 0.8x as high as wide, sparsely pubescent. Ocelli big, posterior tangent to
anterior ocellus just touching posterior pair of ocelli, distance between fore and a hind
ocelli shorter than diameter of an hind ocellus, hind ocelli separated from one another
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lateral view ¢ fore wing d hind wing e head, dorsal view f head, frontal view g antenna h metanotum

i propodeum and terga I-III j mesosoma, dorsal view k male external genitalia | mesopleuron, lateral view.
Scale line: 0.5 mm.

by 1.5x their own diameter and from eye by 1.4x their own diameter. Antenna nearly
1.1x longer than body length, preapical segment of antenna 1.3x longer than wide
(Fig. 1g).

Mesosoma. Length:width:height = 29.0:17.5:20. Mesoscutum (Fig. 1j) shiny, no
notaulic courses, punctures fine, intervals 2-3x of a puncture diameter, a little sparser
posteriorly. Scutellar sulcus curved, narrow with spare carinae in between. Scutel-
lum shiny, with sparse punctures, intervals 2—4x of a puncture diameter. Propodeum
(Fig. 1i) 1.8x wider than long, not shiny, densely longitudinally rugose medially, with
punctate-rugose aside, largely polished on anterior-medial part and posterior corners.
Mesopleuron (Fig. 11) highly shiny, largely polished, except anterior part shallowly
punctate, intervals 2-3x of a puncture diameter.
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Legs. Hind coxa shallowly punctate dorsally. Inner spurs of hind tibia half-length
of hind basitarsus, outer spur 2/5. Basitarsus of hind leg as long as tarsomeres 2—4.

Wings. Pterostigma 2.3x as long as its widest part (Fig. 1c). Vein 1-R1 1.4x length
of pterostigma, nearly 4.0x longer than its distance from apex of marginal cell. Vein r
arising from apex of pterostigma, nearly perpendicular to and 0.8x as long as width of
latter, r 1.2x longer than 2-SR, distinctly angled at meeting, 2-M 4/5 length of 2-SR.
First discal cell of fore wing nearly 1.2x wider than high. Second submarginal cell of
hind wing 1.5x wider than high, vein cu-a of hind wing a little incurved (Fig. 1d).

Metasoma. 1.4x longer than mesosoma. Tergite I (Fig. 1i) slightly narrowing to-
wards posterior margin, 2.2x longer than hind width, basal width 1.4x longer than
apical width, basal 2/5 concave, turned-over part as long as wide, shallowly and in-
dependently punctate, weakly rugulose-punctate laterally, no longitudinal channel.
Tergite II weakly striate laterally, polished medially, 1.9x wider than long in middle,
strongly curved apically. Tergite III 1.6x longer than tergite II. Tergites posterior to
tergite II polished, shiny, and sparsely pubescent. Hypopygium a little shorter than
apex of metasoma. Ovipositor sheath 0.8x length of hind tibia, falcate.

Colour. Black (Fig. 1a). Tegula brown. Palpi blackish brown and spurs pale yellow.
Flagellum of antenna dark brown. Mandible yellowish brown. Legs mainly reddish yel-
low, except sometimes hind femur, apical fourth and all tarsi fulvous. Wing membrane
hyaline, vein and pterostigma brown.

Male. Similar to female, except preapical segment of antenna much longer, 2.5x
longer, colouration of legs lighter (Fig. 1b).

Hosts. Noctuidae: Actinotia polyodon (Clerck, 1759), Apamea lateritia (Hufnagel,
1766), Apamea monoglypha (Hufnagel, 1766); Pterophoridae: Adaina microdactyla
(Hiibner, 1813); Sesiidae: Synanthedon tipuliformis Clerck, 1759; Zeiraphera griseana
(Hiibner, 1799); Tortricidae: Rhyacionia buoliana (Denis & Schiffermiiller, 1775) (Yu
et al. 2016; Fernandez-Triana et al. 2020, see comments above).

Material examined. (ZJUH). 152258, Luanchaigou, Helan Mountain, In-
ner Mongolia, 26.VIL.2010, Jie Zeng, Nos. 201006962, 201007079, 201006956,
201006892, 201006933, 201007110, 201006901, 201006900, 201007014,
201007015, 201007019, 201007020, 201007022, 201007013, 201007113,
201006895, 201006946, 201006913, 201007100, 201006910; 108992947,
Dayanggou, Helan Mountain, Inner Mongolia, 27.VI.2010, Hongfei Chai, Nos.
201007246, 201007253, 201007262, 201007316, 201007391, 201007216,
201007397, 201007399, 201007404, 201007401, 201007396, 201007395,
201007394, 201007380, 201007388, 201007402, 201007406, 201007400,
201007389, 201007390, 201007418, 201007414, 201007332, 201007331,
201007430, 201007429, 201007431, 201007433, 201007435, 201007255,
201007282, 201007434, 201007387, 201007386, 201007385, 201007341,
201007343, 201007359, 201007357, 201007377, 201007344, 201007345,
201007333, 201007348, 201007360, 201007371, 201007378, 201007213,
201007265, 201007252, 201007312, 201007314, 201007315, 201007352,
201007330, 201007327, 201007326, 201007325, 201007324, 201007322,
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201007321, 201007318, 201007363, 201007317, 201007335, 201007307,
201007306, 201007303, 201007302, 201007301, 201007299, 201007297,
201007296, 201007293, 201007287, 201007283, 201007284, 201007278,
201007275, 201007272, 201007271, 201007270, 201007267, 201007264,
201007261, 201007257, 201007251, 201007249, 201007245, 201007244,
201007243, 201007242, 201007239, 201007235, 201007234, 201007229,
201007228, 201007227, 201007208, 201007205, 201007206, 201007209,
201007211, 201007212, 201007215, 201007392, 201007222, 201007204,
201007202, 201007201, 201007198, 201007200, 201007199, 201007196,
201007195, 201007194, 201007192, 201007191, 201007187, 201007186,
201007184, 201007185, 201007156, 201007160, 201007164, 201007162,
201007166, 201007169, 201007172, 201007176, 201007173, 201007174,
201007177, 201007179, 201007183, 201007420, 201007419; 19, Qianggangling,
Helan Mountain, Inner Mongolia, 3.VIII.2010, Dingjie Zhang, No. 201006771; 12,
Ganshuwan, Helan Mountain, Inner Mongolia, 9.VII1.2010, Yan Li, No. 201006663.

Distribution. China: Inner Mongolia; Afghanistan, Austria, Armenia, Azerbaijan,
Belarus, Bosnia and Herzegovina, Croatia, Czech Republic, Denmark, Egypt, Estonia,
Finland, France, Georgia, Germany, Hungary, Indonesia, Ireland, Italy, Japan, Ka-
zakhstan, Kyrgyzstan, Korea, Latvia, Lithuania, Luxembourg, Macedonia, Mongolia,
Montenegro, Netherlands, Poland, Romania, Russia, Serbia, Slovenia, Spain, Sweden,
Switzerland, Tajikistan, Turkey, United Kingdom and Uzbekistan.

Notes. Characters of the examined specimens from China are mostly in agreement
with the description in William (1988), except the legs are lighter (mainly reddish-yellow
in female or yellow in male) than what he described (mainly rufo-fulvous in female). Char-
acters combining large inflexible hypopygium, the length of ovipositor with its sheath and
the typical large external genitalia in males (Fig.1k, 1.5x wider than width of hind femur),
could be a useful way to distinguish S. falcatus from other related genera in China. We
treated Sathon provisionally as a valid genus for the Chinese fauna, with only one distin-
guishable representative for now, though the size of genitalia varies in other Sazhon species.

Genome characteristic analyses

A total of 5.76 Gb filtered clean data were produced. The imcomplete mitochondrial
genome of S. falcatus is 14,492 bp in length (GenBank accession OP432054), contain-
ing 11 PCGs, 17 tRNA genes. The entire A+T content in the S. falcatus mitochondrial
genome was 88%, which ranged from 75.60% (cox1) to 91.7% (atp8) with 39.7% of
A, 7.1% of G, 48.3% of T, and 4.9% of C. It is common to find such relative high
A+T proportion in the mitochondrial genome of Hymenoptera (Oliveira et al. 2008).
The sequence of CO! gene obtained closest match with a Sazhon sp. sequence (Sample
ID: CGTURK-1557, BIN ID: BOLD:ACE9685) by 99.07% and Sathon falcatus se-
quence (Sample ID: CGTURK-1532, BIN ID: BOLD:AAB3882) by 98.45% when
blasted in the BOLD (Barcode of Life Database, http://www.boldsystems.org/), which
confirmed the conspecificity of Chinese material with other S. falcatus specimens.
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Figure 2. Gene rearrangement in the mitochondrial genome of Sathon falcatus (Nees, 1834).

Gene rearrangements were evident when compared with the ancestral type of Dros-
ophila melanogaster: remote and local inversion occurred in #72H and #rnY respectively,
trnK and trnD were translocated, cox3—nad4 were shuffled (Fig. 2). The rearrange-
ments showed on mitogenomes evidenced the rapid evolution of this group compared
to other lineages of Hymenoptera.
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