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Specifications Table

Subject area Biology
More specific subject area Bioinformatics, Evolutionary biology
Type of data Table, text file, and figure

How data was acquired The phylogenetic trees were constructed by MEGA. The motifs were
analyzed from MEME. The CodonW result was produced by CodonW. The
sequences of HGT genes were sequenced by Sanger method.

Data format The organism list, PCR primers and sequences were Raw. The phyloge-
netic trees, motifs and CodonW result were analyzed.
Experimental factors 33,638 protein-coding genes from Octopus bimaculoides, Protein

sequences of 2774 bacteria, 26 protozoa, 50 fungi, 12 plants and 7 ver-
tebrates were included for analysis

Experimental features The HGT determination process was composed by three rounds of BLAST
alignment and two rounds of phylogenetic analysis.
Data source location All genomic sequences were collected from the NCBI and KEGG ftp site.

Octopus bimaculoides for gene clone was collected from Shenzhen,
Guangdong province, China.

Data accessibility All the data are contained in this data article.

Related research article Ancient Horizontally Transferred Genes in the Genome of California Two-
Spot Octopus, Octopus bimaculoides (in press)

Value of the data

® Molluscs are highly diverse and second only to arthropods in numbers, while the HGT studies are
still insufficient. We report of the existence of HGT between bacteria and mollusc.

® 12 HGT genes were sifted out in the genome of octopus by the standard of phylogenetic incon-
gruences, which were nested within bacteria homologs.

® PCR assay was performed to clone the cDNA fragments of HGT genes, validating the existence and
expression of the HGT genes.

e The motifs were similar in proteins of the horizontally acquired Zn-metalloproteinases, but differed
to endogenous proteins.

1. Data

Twelve HGT genes were validated as a result of three steps of BLAST search and two steps of phylogenetic
analysis in 33,638 proteins of O. bimaculoides, which were aligned against the protein sequences of 2774
bacteria from NCBI (Supplementary Table 1), 26 protozoa, 50 fungi, 12 plants and 7 vertebrates from KEGG
(Table 1). XP_014767445.1 (ZnMP1), XP_014774680.1 (ZnMP2), XP_014776931.1 (ZnMP3), XP_014776937.1
(ZnMP4), XP_014781458.1 (ZnMP5), XP_014782361.1 (ZnMP6), XP_014783435.1 (ZnMP7), XP_014779995.1
(ACS), XP_014783568.1 (D-AL), XP_014784751.1 (PGS), XP_014788506.1 (SRL) and XP_014790670.1 (UCP)
were sifted out by the standard of phylogenetic incongruences, which were nested within bacteria homologs
other than the vertebrate homologs. The phylogenetic trees were demonstrated in Figs. 1-5.

CodonW was employed to investigate the codon usage bias among the HGT genes, conding genes
in the genome of O. bimaculoides and donor bacteria. Supplementary Table 3 indicated the PCA details
in the CodonW analysis.

To validate the existence and expression of the HGT genes, PCR assay was performed to clone the cDNA
fragments of twelve sifted HGT genes, with the cDNA synthesised from the hepatopancreas mRNA of
octopus used as a template and primers in Table 2. The specificity of PCR results was evaluated with agarose
gel electrophoresis with ethidium bromide (EB) staining. Following this, after being extracted from agarose
gel, the PCR products were sequenced to further validate the expression of the HGT genes (Table 3).
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Eukaryote genome sequences used in this study.

fugu (50)

plant (12) vertebrate (7)

protozoa (26)

Zygosaccharomyces_rouxii

Yarrowia_lipolytica

Vitis vinifera (wine grape)
Vanderwaltozyma_polyspora
Ustilago_maydis

Uncinocarpus_reesii

Sclerotinia_sclerotiorum
Saccharomyces_cerevisiae
Saccharomyces mikatae
Saccharomyces paradoxus
Scheffersomyces stipitis
Schizosaccharomyces pombe
Postia_placenta
Podospora_anserina

Pichia guilliermondii
Phanerochaete_carnosa

Phanerochaete chrysosporium

Penicillium_rubens
Ostreococcus lucimarinus
Ostreococcus tauri
Neosartorya_fischeri
Neurospora_crassa
Lodderomyces_elongisporus
Magnaporthe_oryzae
Malassezia_globosa
Moniliophthora_perniciosa
Kluyveromyces_lactis
Kluyveromyces waltii
Komagataella pastoris GS115
Laccaria_bicolor
Lachancea_thermotolerans
Fusarium_graminearum
Dictyostelium_discoideum
Debaryomyces_hansenii
Cryptococcus_gattii
Cryptococcus_neoformans
Coccidioides_immitis
Clavispora_lusitaniae
Candida_albicans
Candida_dubliniensis
Candida_glabrata
Candida_tropicalis

Ashbya gossypii
Aspergillus_clavatus
Aspergillus_flavus
Aspergillus_fumigatus
Aspergillus_nidulans
Aspergillus_niger
Aspergillus_oryzae
Botryotinia fuckeliana

Zea mays (maize) Xenopus (Silurana)
tropicalis

Takifugu rubripes
Taeniopygia_guttata
Oryzias latipes
Gallus_gallus

Thalassiosira_pseudonana
Sorghum bicolor (sorghum)
Ricinus communis (castor bean)
Populus trichocarpa (black
cottonwood)

Physcomitrella patens subsp.
patens
Phaeodactylum_tricornutum
Oryza brachyantha (malo sina)
Oryza sativa japonica (Japanese rice)
Cyanidioschyzon merolae
Chlamydomonas reinhardtii
Arabidopsis thaliana (thale cress)

Danio rerio

Anolis carolinensis

Tetrahymena_thermophila

Theileria_annulata
Theileria_parva
Toxoplasma_gondii
Trichomonas_vaginalis

Trypanosoma_brucei

Trypanosoma_cruzi
Plasmodium_berghei
Plasmodium_chabaudi
plasmodium_falciparum_3d7
plasmodium_falciparum_dd2
plasmodium_falciparum_hb3
Plasmodium_knowlesi
Plasmodium_vivax
Plasmodium_yoelii
Paramecium_tetraurelia
Monosiga_brevicollis
Leishmania_braziliensis
Leishmania_infantum
Leishmania_major
Giardia_intestinalis
Entamoeba_dispar
Entamoeba_histolytica
Encephalitozoon_cuniculi
Cryptosporidium_hominis
Cryptosporidium_parvum
Babesia_bovis
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Pseudoalteromonas citrea 498047636

87/85/87
Pseudoalteromonas elyakovii 746455415
[100/99/100

Antarctic bacterium 8575777
100/100/100

83/79/8¢ Pseudoalteromonas tunicata 88818123

Simiduia

Kangiella koreensis 502476067
Moritella sp 492901470
100/98/100

Moritella viscosa 769995397
Moritella viscosa 195364236

100/98/100 Moritella viscosa 769996001

i 495758517
85/81/89 Marinomonas sp 86163413

Salinivibrio sp 803558872
Salinivibrio costicola 543218317
Vibrio navarrensis 746385299

100
75172/78

Vibrio winificus 782732284
Vibrio anguillarum 40557598
Vibrio ordalii 515614806
Vibrio ordalii 515611635
Vibrio ordalii 498003442
87/82/78 Vibrio tubiashii 490882631
Vibrio neptunius 800947468
Vibrio tubiashii 217040064
Vibrio coralliilyticus 494018250

95/90/97|
99/97/100

Thalassomonas actiniarum 765433468

- Bacteria
Thalassomonas actiniarum 766744681
85/80/87 Vibrio harveyi 756154070
Vibrio tubiashii 239809227
86/84/90
7 Moritella viscosa 692311003
Aplysia californica 524890927
8207685 Octopus bimaculoides XP 0147674451
e 100199/100 Octopus bimaculoides XP 014783435 1
85/80/85
Octopus bimaculoides XP 0147746801
Haliotis discus 751068323
88/84192 Octopus bimaculoides XP 014782361.1
96/94/98
Octopus bimaculoides XP 0147814581
98/94/99
T Shewanella marina 73611999
93/90/98 Octopus bimaculoides XP 014776931.1
90185092 L Octopus bimaculoides XP 014776937.1
o Legionella 762038801
[ Colwellia psy:
Legionella shakespearei 517403985
Legionella pneumophila 652970647
Legionella norriandica 737925575
_| inhei is 671595380
TS XP 011404633
Cionai is XP 009861412
Hydra wigaris XP 002154023
vectensis XP 001624467
c: elegans NP 496678
p— Helobdella robusta XP 009032081
Helobdella robusta XP 009016565 Invertebrate
Aedes aegypti XP 001652108
Trichinella spiralis XP 003377808
Strongylocentrotus purpuratus XP 001179314
TUO/SB“UO‘
006 | XP 00120098
86/81/88 Strongylocentrotus purpuratus XP 001201072
Drosophila erecta XP 001980781 _
Sus scrofa NP 001026949 ]
Rattus jcus NP 113832
Vertebrate

Bos taurus XP 010806632
Bos taurus XP 005210672

Fig. 1. Phylogenetic analysis

100/100/100
|Bos taurus XP 005210673 —

of the octopus ZnMPs and their homologues.
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Fictibacillus gelatini 651945056

95/92/97
100/98E Virgibacillus alimentarius 740386339
99/97/100
Oceanobacillus manasiensis 754863028

Caldicellulosiruptor saccharolyticus 500265610

100/99/100

100/98/100 Caldicellulosiruptor sp 748194212

83/76/85 Caldicellulosiruptor acetigenus 656283474

10071007100 Caldicellulosiruptor kristjanssonii 503198463
90/86/94 | Caldicellulosiruptor lactoaceticus 503808648
Hippea alviniae 550921033

Methanofollis liminatans 490139133

100/
86/82/85 Methanoregula formicica 505098934

73/69/7§

98/96/100 Methanosaeta concilii 503485967

Methanocella conradii 504219371

100/ 31;; Zz
94/ Methanocella paludicola 502664500

r Pirellula staleyi 283438585
100/98/10@irellula staleyi 763325649
Myroides odoratus 489078552

76/y3(78

Balneatrix alpica 653061793

971p8/99 100/100/1G0 Pseudomonas stutzeri 489381954

84/y9/86
— 100/98/99 L Pseudomonas monteilii 655289672

Octopus bimaculoides XP 014779995.1

100/p6/100

Rhodococcus erythropolis 755095529
95/! M—I:iuRhodococcus sp 497112801
100/95/100Rhodococcus opacus 669181945

r Pseudomonas fuscovaginae 518191645

100/95R8@UdOMOnas fuscovaginae 498135275
100/93/9(’; Caenorhabditis elegans NP 001023937

98/95/100 Caenorhabditis elegans NP 001023938

| Caenorhabditis elegans NP 001023939
v6/ Branchiostoma floridae XP 002598241
— Ciona intestinalis XP 002124320
Helobdella robusta XP 009018532
Mus musculus NP 722502
100/98/ 10Equus caballus XP 005597542
100/56710D £ uus caballus XP 005597543
Equus caballus XP 001502813
90/867/92— Bos taurus NP 001071580
Macaca mulatta XP 001097818
s6/9h00 Homo sapiens XP 011523596
Pan troglodytes NP 001267363

96/92/98
93/90/95 Homo sapiens NP 001275897

100/9

86/

87/84/90Homo sapiens NP 079425

—
0.1

Fig. 2. Phylogenetic analysis of the octopus D-AL (XP_014779995.1) and their homologues.
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84 Alcanivorax_hongdengersis_496215307
91/ Moritella_sp_763114634
8 i L icus_478768227
E Phytophthora_parasitica_568024125
82480/82 98/9! Phytophthora_infestans_301094918
5 Vibrio_c icus_497284978
Idiomarina_xiamenensis_495765166
1/76/88 P _ruthenica_750361471
°H=< 87 y is_75281555%
161162928

Mycobacterium_tusciae_493287484

bacterium_UASB270_6723982%3

Desulfobulbus_japonicus_737290843

Crassostrea_gigas_405966180

74 Octopus_bimaculoides_XP_014784751.1

Cupriavidus_basilensis_7596323&
87/pUSCupriavidus_basilensis_759705924

9219095 Gupriavidus_basilensis_373100186

1004190 sypriavidus_sp_73790452

Cupriavidus_sp_6560019%

Cupriavidus_necator_503724079
100/99/100

sako/se _sp_640677050

76r70/80 Pseudomonas_sp_286165

98/98/100 Burkholderia_cepacia_654270776
Burkholderia_cenocepacia_4935443%8
99/97/99 | Burkholderia_cepacia_493535223
89/84/93 | Burkholderia_cepacia_736060208
Solirubrobacter_sp_7395526(5

419176 o ¥ . 6512838%
o D:  : 70316703
Mycobacterium_sp_73848712
Streptomyces_sp_5182614&
Streptomyces_sp_697207357
Streptomyces_sp_51772078
95/94/100| Streptomyces_sp_654187773
Culex_¢ iatus_XP_001866273
Drosophila_ananassae XP_001958052
| 8&/80/&8 Drosophila_melanogaster_NP_650149.1

SEBO m‘.‘j Drosophila_erecta_XP_001980471
77/71/80- Drosophila_yakuba XP_002097325

81/p5/8]

5 y \_pisum_XP_001942763
[ is_briggsae_XP_002646025
Musca_ ica_XP_005178873

5185

Bos_taurus_XP_010806009
Sus_scrofa_XP_005670524
Sus_scrofa_XP_005670525
100/95/100! Sus_scrofa_XP_005670526

Rattus_norvegicus_NP_001099724
1001681100 X ica_XP_007489749
Musca_domestica_XP_011294068
Bombyx_mori_NP_001040415
Rattus_nonegicus_XP_006252253
ok ‘OO/fB/'ﬂﬂ Rattus_nonegicus_XP_008769018
Mus_musculus_NP_082801
is_ , XP_007499222
Ciona_i lis_XP_002130273
Sus_scrofa_XP_005666788
Omithorhynchus_anatinus_XP_007666584

g

85/31/88 98/96/100~ Homo_sapiens_NP_997290

Pan_troglodytes_XP_003310397
Rattus_nonegicus_XP_008768328
100941100

Mus_musculus_NP_848845
Mus_musculus_XP_0065349%2
0/100™ - -
Mus_musculus_XP_0065349%3

92/87/95

—
02

Fig. 3. Phylogenetic analysis of the octopus PGS (XP_014784751.1) and their homologues.
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Enterobacter_cloacae_779956071
[100/99/100

Enterobacter_sp_667746076

86/84/88
Enterobacter_cloacae_695705472
Enterobacter_sp_504698242
_sp_654093045
Geobacter_sulfurreducens_499243614
Geobacter_uraniireducens_5004739&
_dehalogenans_506414988

D

TH X 1s_410505219
Crassostrea_gigas_762091687
Aplysia_c 52487108

Octopus_Lt _XP_014788506.1
Capitella_teleta_443705152
Gemmatimonadetes_bacterium_575461228
84/ Sphingomonas_sp_662138189

Sphingomonas_wittichii_5005096%2

85/p1/90 Ensifer_: _589089231
%Lsgs— Ensifer_sp_759927077
1 t _Sp_¢
jum_opportunistum_503661304
72064(76 st H _salifodinae_491185935

Natrialba_taiwanensis_493878748

85ipniee 100/p9/100 Halorubrum_hochstenium_4958578®2
99/9910 Halorubrum_litoreum_495641761
98/94/99 | Halorubrum_arcis_490736479

74/69/78

Cl | ium_783114438
a5ihore Clostridium_litorale_649360089
Kil jium_aridum_703240508
_Ni 648669117
P icrobium_glaciei_7

Ciona_intestinalis_XP_0021242@2

_floridae_XP_00260548

Stror _purpuratus_XP_003725943
Ciona_intestinalis_XP_002128376

81/79/83 | Monodelphis_domestica_XP_007485834
Monodelphis_domestica_XP_007485820
Monodelphis_domestica_XP_007485832
100/99/100 Monodelphis_domestica_XP_001371983
Monodelphis_domestica_XP_007485831

99/98/100!

Monodelphis_domestica_XP_007485833
Monodelphis_domestica_XP_007485830
Bos_taurus_XP_010814140

82/80/86

Bos_taurus_XP_010814137
100/99/100 1g0/100/1ddBOS_taurus_XP_010814138
Bos_taurus_NP_001071433
Bos_taurus_XP_010814139
Bos_taurus_XP_01081413%

Equus_caballus_XP_001504407

Rattus_norvegicus_XP_008766237
1100/100

Rattus_noregicus_XP_00876623

100/99/100

Macaca_mulatta_XP_001087203
99/100  — - T
Macaca_mulatta_XP_001087081
— Homo_sapiens_XP_011522277
P{¥9omo_sapiens_XP_011522276
Homo_sapiens_XP_006721629
87/86/907{ 95/90/97
Homo_sapiens_XP_006721628
Homo_sapiens_NP_068766
o3/88/05 || Pan_troglodytes_XP_009429843
Pan_troglodytes_XP_001156186
Pan_troglodytes_XP_009429840
Pan_troglodytes_XP_009429842
Pan_troglodytes_XP_009429841

96/901¢

A
0.1

Fig. 4. Phylogenetic analysis of the octopus SRL (XP_014788506.1) and their homologues.
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Pseudoalteromonas_luteoviolacea 55737893
Pseudoalteromonas_rubra_800976624

00

Pseudoalteromonas_ruthenica_800951494

Shewanella_putrefaciens_319427160
100/98/100
Shewanella_sp_120558233

76/71{79

100/98/100
76/7$/80 Shewanella_sp_739571448

Idiomarina_salinarum_736772520

r_sp_7
Robiginitomaculum_antarcticum_5165425%9
Hyphomonas_adhaerens_7375981%

Hyphomonas_beringensis_736793117
Hyphomonas_atlantica_737580060
503393313
ubvibrioides_5030356(¢

Brewindimonas_diminuta_429188565

74169/}

100/p8/100
228 100/99/10¢ Brewindimonas_diminuta_48925828
Brewindimonas_naejangsanensis_647727329
R irillum_ _501561743
Octopus_bimaculoides_XP_014790670.1

Lysobacter_capsici_601089480

N

72/80

Lysobacter_concretionis 738238187
ysobacter_sp_75662232
570776 liglaciecola_lipolytica_496119161
-[— candidate_division_530551617
Acinetobacter_baumannii_746154171
Acinetobacter_baumannii_446419253
Acinetobacter_baumannii_5894164%2
Acinetobacter_baumannii_446720284
97/94/99 Acinetobacter_baumannii_588035130
93/60795 _\vectensis_XP_001626646
Nematostella_vectensis_XP_001636313
96/H2/99 72/k8/ Hydra_wilgaris_XP_002167217
_floridae_XP_(
Ixodes_s is_XP_002412605
Hydra_wigaris_XP_002168925
Hydra_wigaris_XP_0021704%0

71073

©

6/P1/98 98/96/11

_vectensis_XP_001634212
Nematostella_vectensis_XP_001637706
\ vectensis_XP_001628525

85 [1 85
Nematostella_vectensis_XP_0016356%8

6

100/98/100 | Nematostella_vectensis_XP_001620902
55/F|/97 I— Nematostella_vectensis_XP_001640308
_vectensis_XP_001640425
76166/77

Nematostella_vectensis_XP_00162570
_| Eemalostella_veclensis_)@_001625731

Hydra_wigaris_XP_002163422
73 ﬁ:—wdra_wlgans_ﬁ_oozwwﬁ
_vectensis_XP_001637679

100/99/10pNematostella_vectensis_XP_001620740
Nematostella_vectensis_XP_001632923
Nematostella_vectensis_XP_001634163
Nematostella_vectensis_XP_0016308%
Nematostella_vectensis_XP_001623512
77/ Nematostella_vectensis_XP_0016315%
Monodelphis_domestica_XP_007481517
Monodelphis_domestica_XP_007481518
is_ _XP_007481519
Monodelphis_domestica_XP_007481520
Monodelphis_domestica_XP_001376189
94/91/98 | Monodelphis_domestica_XP_007481521

98/97/100

Fig. 5. Phylogenetic analysis of the octopus UCP (XP_014790670.1) and their homologues.



1282 L. Conghui et al. / Data in Brief 19 (2018) 1274-1286

Table 2
Primers used in this study.

Gene name Product Length (bp) Primer sequence (5'-3')
XP_014767445.1 248 F: TGCCTAATGAGGAAGAACAAGTC

R: TGCCTAATGAGGAAGAACAAGTC
XP_014774680.1 544 F: ACGGATTCAGCACCAAGC

R: CATTGCGGAAATAGCAGTCT
XP_014776931.1 291 F: AACCCGTCCTTAGACAAAGTG

R: GCATGGTTTAATTCCCACAA
XP_014776937.1 316 F: ATATTGCGTGTTCATTACGGG

R: TGTCCAAGGATGGGTCTGC
XP_014779995.1 263 F: CTTGACTGTCGTCCCTTGC

R: GGATTCTGCTAAAAGCACCC
XP_014781458.1 293 F: AAACGCATTTTGGGATGG

R: CAGATTCATTGTCTAAGGAGGG
XP_014782361.1 332 F: GGTTTGGCAAGCGGTTTT

R: CCAGTGAGTAAATGGTCAGCAA
XP_014783435.1 260 F: CCAGTGAGTAAATGGTCAGCAA

R: TTCTTCAGGGACCGCACTT
XP_014783568.1 274 F: GGCTGGAACTGAGAAAACCC

R: CCAGTATGACCCCACGAACA
XP_014784751.1 489 F: CCTTGGATGTTGGTGGCA

R: GCTTGGTTGGGATCGTTCTT
XP_014788506.1 509 F: ATCATTCAAGATACGCAACGC

R: CCATACCGGAAGAAAGAGCA
XP_014790670.1 331 F: GTTCCCTTTCTACACGGCATT

R: GGCTTTCTCAGCTTTCTTTCG

Motif search was employed to compare the motif locations between the HGT and endogenous
genes. In the HGT and endogenous Zn-metalloproteinases, 7 types of motif were detected (Fig. 6). The
motifs were similar in proteins of the horizontally acquired Zn-metalloproteinases, but differed to
endogenous proteins.

2. Experimental design, materials, and methods
2.1. Determination of HGT Based on BLAST Search and Phylogenetic Analysis

0. bimaculoides genome sequences were downloaded from the National Center for Biotechnology
Information (NCBI, v2_0 version, GCA_001194135.1) and 33,638 protein-coding genes were employed
in the present study [1]. The bacteria sequences of 2,774 species were also collected from the NCBI ftp
site. Additionally, genome sequences of 26 protozoa, 50 fungi, 12 plants and 7 vertebrates were
downloaded from the Kyoto encyclopedia of genes and genomes (KEGG, www.genome.jp/kegg/)
database. It was composed by three rounds of BLAST alignment and two rounds of phylogenetic
analysis. The HGT determination process was performed according to previous reports with mod-
ifications [2]. The BLASTP search was performed to detect similar protein sequences between O.
bimaculoides and the local database constructed by bacteria with an E value <1073, coverage value
>25% and identity value > 25%. Following this, the BLASTP program with the same threshold was
employed to estimate the distribution spectrum of sifted similar genes in 26 protozoa, 50 fungi, 12
plants and 7 vertebrates. The candidate genes with similar genes from 2 or more species were
rejected. Following this, the sifted genes were adopted to BLASTP research against NCBI non-
redundant (NR) protein database with an E value < 10~3, coverage value > 30% and identity value
> 30%. Phylogenetic analysis was composed with two steps. We used MUSCLE 3.8.31 (http://www.


http://www.genome.jp/kegg/
http://www.drive5.com/muscle/

Table 3

Detailed nuclear sequences content of HGT genes validated by PCR.

ID

Sequence

XP_014767445.1

XP_014774680.1

XP_014776931.1

XP_014776937.1

XP_014779995.1

XP_014781458.1

XP_014782361.1

XP_014783435.1

XP_014783568.1

XP_014784751.1

TGCCTAATGAGGAAGAACAACTCTATCACGTCAACTGCAAAGATGGTACGAAAGATGAAGCGAACGGAGCTTATTCTCCGATAAATGATGCTCTTTTCTATGGCAACATCATCTACAGTA
TGTGCATGGAATGGCTGAAAGCTCCTCCGAAAAAGGAGTTGCCTATGGTCTTCCGTGTGCACTATAGTAACGATGTGGTGAATGCTTTTTACAATGGCAGAAACTTTACGTTTGGTGA
TGGAGACTGG

ACGGATTCGGCACCAAGCGTACAAGGAACAAACATCAAAAAGTACCACGAAACTTATCGAGGACTTCCAATGTTTGATGCCAGCCTCACTGTGGAGACGGACGCCAAAAGCCATGTGT
ACACTGGCCAGGTGACAGGTAAACTGGTTCAGAACCTTGATGATGACATCAACTCTACAATACCAAATGTGACTGAACAGGAAGCTGTACAATTGGCTCTGATGTATGGCAAATTTCCT
ATGGCAGGGGCCCGCATAGACAGCAGCAAACCTCAGTTGATAATCCATGTGAAGGACAATATCGGAATCCTGGTTTATCGAGTTCAATATTTCGCTGTGTCTGATGGAAAAAATTATCG
ATTTGGCATGATGATCAATGCAAAGAATGGAATGCTTGTAGACAAATGGAACACACTAGAAACTGCAAGAGAGAAACATCAGATGAAAGGTATAGGAGGCAACAAGTTGATAGTTAA
AAAAACGTATGGGGAATTGCTACCTTATTTGCAAGTGAGACGCACTGGAGAAGACTGCTATTTCCGCAATG

AACCCGTCCTTAGACAAAGTGTCTATAAGTCGTGTAGATAAATTCAATCAAGAAATGGATCCTCATCATGGAAGTGGGATTTATAATTTTATTTTTTACTACATTGTACACAATTTAAAA
ATGGATATCAAGGAGGCTTACCAAGTTTTCCTTATTGCCAATAAAATATATTGGCATCCTCATTCAGATTTCACTTCTGGGGCTTGTGATGTGTTGAAGGTTGCCTACGATCTTGGGAAAG
ATCTAGCCCCCTTTATTAAATCCTATGGGCTTGTGGGAATTAAACCATGC

ATATTGCGTGTTCATTACGAGGAAAATTATGAAGATTCATACTGGAATGGGAAATATTGTACATTTGGTGATGGCCATACACGCTTTTATCCTTCAACAGACGCTGATGTTGTTGCACATG
AATTTGCCCATGGTTTCACAGAACAACACTCTGGATTGATTTACTTTAACCAGTCTGGATCTATGAATGAAGCTTTTTCTGATATAACAGGGGAAGTCACTGAAGCTTACATAGATAAAA
ATGACTGGCTAATTGGCTTCTATATTGTGAAAGATAAGAAATCATACAGATTTATGACAGACCCATCCTTGGACA

CTTGACTGTCGTCCCTTGCCCTGCTTCGTAGCTTACTTTTCCTTTCATATTTTTTGACCAAAAATAGTTAATGAAAAAGAATTGATAAAAATGTAAAAAAAAATATAACAATTTAAGTTG
CTGGATTGACAAAACAGCAAAACTACAGACAGTATTCGTTCCGGCTTATTATTCTGAGTTCGAATCCCGCTGTCCTACTTGGCTACCAGACTTCACCTGTCTACCGGCTTAATACTATCA
CCGTGGGTGCTTTTAGCAGAATCC

ATGAAAATTTTGGGATGGGGAATATTGCTCATTTGGTGATGGCGATACAAACGTTTATCCTCTTGTAGTTGCAGATGCAATTGGACATGAACTTGCTCATGGCTTCACAGAACAAC
ACTCTGGATTGCTTTACAAAGACCAGTTTGGATCCATAAATGAGGCGTTTTCTGATATAACAGGAGAAGTCACTGAAGCTTATATGAGTGAGATTGACTGGTTTGTTGGCTTGGATGTC
ATTAAAGAAGAGGGTGCATTGAGATACATGGCAAACCCCTCCTTAGACAATGAATCTG

GGTTTGGCAAGCGGTTTTGCTATCCACGGACTGAGTATCTATCATCACTGGGATATATTATTATCGGCGACATTAACCAAGGAAGAGGCTTTCGACATTACAATCATCTCGGCTGGGCAC
GGTCAGTTTAAAAAGTACATTTACAACTATAATTCGCACAGAAATGTTTACGTCGATGATTTCGGTGATGTAAGTTTGATCTACGAAATTGATTACCTAATATATACTGATGAAGT
GGTTAAACGACCGGCGTTTCTTATAAGCGCTCATACCGGAGATATTTTGTTACAGTGGTCGAAGCTTGATACTTTTGCTGACCATTTACTCACTGG

TAAGCAGACGGAAAGGATGGGGTACGAAAAAGGTTTTGAAGACTGCAGCTCATTCCAATCGTTTCTACTGGCATCCGTCAACTACTTTCGTTGAGGCCGCTTGTGACTTCATGAAG
TCCGCTTATGACTCTGGATATGACACTAAACCTGTAGAGAGAGTTTTTAGAAAGGTTGGTATAGAAGTATGTCATCTGTCTTCATACATCCGAACAGTACACCAGAACTCGAAAA
TCGAGGGATTAAGTGCGGTCCCTGAAGAA

GGCTGGAACTGAGAAAACCCCAAACTTTCCAAGGATGGACCCTTCCACATTCGAGTCTTGTACAAATGGATGGAGCGGAATCGTATGGAGGGTGGGTCGCCAACGCCAGTGAC
GTCCTCCAAATATTTGATTGTTTGTCTGAGAATCAGTGCAAATTGCTAGAAGGGGAGACCGTTCAGATGATGCTCAGCCGTCCTGAATATGAGAATGGTGACGAATGGTATGGATTT
GGTTTAGAGGTAGATAATGGCTGTTCGTGGGGTCATACTGG

CCTTGGATGTTGGTGGCAACTTGAACCGGGAATGACTTGGCAATGGCAGTTGACTAGTCCGCTGGATCTTACCTATGAAGTAGAGATGTATGATGTAGATCTATACGACA
CGTATGAACCGCAGTTCGACTACCTTAAAAAGTCACACATTCTGGTAGTCTGCTACATATCAGTCGGAACTTGGGAAAATTGGCGTCCAGATGCTCACAGTTTTCCAAA
CTCTACTCTAGGTAAACCTCTCTCTAAATGGCCAGGTGAGAGATGGCTAGATATTCGTAGTCCAGATGTAAAACGGATTATTTCGCAGGGAATCGAATTAGCTAGACGA
CGTGGTTGTGATGGTATTGAACCAGATAACATTTATGCATACGAAAATGACAACGGTTTGGGATTAACCGCTAATGACCAGCTCCAGTACAACATTTGGCTTTCTGTTGAGGCACATT
CCCGTAATCTATCCATTGGTCTAAAGAACGATCCCAACCAAGC
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Table 3 (continued )

ID

Sequence

XP_014788506.1

XP_014790670.1

ATCATTCAAGATACGCAACGCTTTTTGTAGCTTCAAAAACCTTCCTCCGAATACCAAAGCTGTGTACACTGTAAGCACGGGTAACTTTGCTCGTGCCGTCGCATGGTTCGGCAGAAG
AAACAACATCAAATGTACAATCCTAGTTCCAGATCATGCACCAAAATGCAAAACAGCCGCTGTTGAAAAGTTAGGTGCTGGCATAGTAAGGATTGAACATAAAGAATGGTTTGAAATCAT
AGCTGGTCGCAAGACTTAAGAGAAAGGAGAAAACCTTGGTGTTTACTTACATCCAGAATTTGATAGGAATGTTCTCGCAGGTATTTCCAC
ATATCCTCTTTGTTGTTATTGTGGCTGCTGCTGTTGTTGTTGCTACTGTCACACTTATGTAATATCTTCTGCTTTCTTTTGTAAAGGAAACGGCACAGTTGCTTTGGAGATATTGC
AAGAGTGACCGGACGTGGACACAATAATAATACCATATGGAGGAGGTGCTCTTTCTTCCGGTATGG

GTTCCCTTTCTACACGGCATTTGTTGAGGGTTGGGGCCTATACTCGGAGTTCCTTGGAGAAGAAATGGGGATGTACAAAACCGATTATGACCGGATCGGTTCGTTTTGCATTTGAGCTTTT
GCGAGCTCATCGTCTGTTCATTGATACAGGAATCCATGCAAAACAAATGACTCGGCAGCATGGAATCGATCTCCTGACCAACTTCACAGGCCTCAGTGAGAAACAAGCATCAATTGAGGTT
GACCGCTACATTACCATCCCGGGTCAGGCCTGTGCTTATAAATTCGGAGAACTGAGGATTCTAGAACTGCGAAAGAAAGCTGAGAAAGCC
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Fig. 6. Detailed motif introduction of HGT ZnMPs.

drive5.com/muscle/) and FastTree (http://www.microbesonline.org/fasttree/) in the first step to
construct a Maximum likelihood (ML) tree. After this, CLUSTALX 2.0 (http://www.clustal.org) and
MEGA 7.0 (http://www.mega.co.nz) were used based on genes selected in the first step for the NJ and
ML trees reconstruction. The phylogenetic trees were select based on the phylogenetic topology
patterns reported by Stanhope [3]. After the second tree construction analysis, octopus genes with
explicit topologies of HGT type were considered as the candidate sequences.

2.2. Detection of codon usage bias

The correspondence analysis of codon usage bias was carried out to measure the degree of
adaptation in the octopus HGT genes and the predicted bacteria donors. Codon usage analysis was
performed using CodonW (http://codonw.sourceforge.net), and a primary orthogonal axis
representing the greatest variation within the data was employed in the correspondence analysis.

2.3. PCR validation of HGT genes

Adult octopuses were collected from a local market in Shenzhen, Guangdong Province, China, and
maintained in aerated fresh seawater at 20 + 2 °C for a week before processing. Before sampling, the
octopuses were washed by the sterile sea water and incubated in 75% alcohol for 1 min. Total RNA was
isolated from octopus hepatopancreas using Trizol reagent (TaKaRa) following its protocol. The first
strand cDNA synthesis was carried out based on Promega M -MLV RT Usage information using the
DNase I (Promega)-treated total RNA as a template and oligo (dT)-adaptor as the primer. The reaction
was performed at 42 °C for 1h, terminated by heating at 95 °C for 5 min. The cDNA sequence frag-
ments of HGT genes were cloned by PCR with primers. Following this, after detection by agarose gel
electrophoresis, the PCR products were sequenced.

2.4. Zn-metalloproteinase family analysis

By Multiple EM for the Motif Elicitation (MEME) suite, the conserved motifs of the gene family
were analyzed [4].
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