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Nuclear mitochondrial pseudogenes (NUMTs) detected in the Aesop slipper lobster
Scyllarides haanii (Crustacea: Decapoda: Scyllaridae)
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Abstract

The PCR-amplified partial mtDNA cytochrome c oxidase subunit I (COI) gene of the Aesop slipper lobster
(Scyllarides haanii) was subjected to direct nucleotide sequencing and clone library-based nucleotide
sequencing analyses. A total of 35 clones were sequenced, of which 16 were determined to be the authentic
mtDNA COI sequence (763 bp) of this individual. Nucleotide sequences of 10 clones that differed by one to
three nucleotides from the authentic sequence were designated as variant artifacts by PCR-cloning. Seven
haplotypes were obtained from the remaining nine clones, which differed by 70 to 112 nucleotides from the
authentic COI sequence and were determined to be nuclear mitochondrial pseudogenes (NUMTs). Double
peaks were observed in the electropherogram obtained by direct nucleotide sequencing, and the resulting
nucleotide sequence was substantially different from both the authentic mtDNA COI and NUMT sequences.
It was shown that the electropherogram obtained by direct nucleotide sequencing appeared to be a mixture
of signals from the authentic mtDNA COI and NUMT sequences.

Key words: NUMTs; COI; slipper lobster; Scyllarides; direct nucleotide sequencing; electropherogram;

double peaks; cloning
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B 2z b= KUY 7 DNA (mtDNA)
FARIE SN DMFAET D Z & 1% 1960 FRITTRE S
TUW/=728 (duBuyand Riley 1967), FEFESN7=D
1L 1980 FRUIZA->THHTH D (Lewin 1983;
Fukudaetal. 1985), % %%, nuclear mitochondrial
pseudogenes (NUMTs) & EFE SNIZENI b=
R U T B FIZIREHIC DT 5 B AW Tk
B, RO TEL OWFEHREEINH 5 (Lopez
et al. 1994; Sorenson and Quinn 1998; Bensasson et al.
2001; Antunes and Ramos 2005; Pamilo et al. 2007;

il

Song et al. 2008; Hazkani-Covo et al. 2010; Wei et al.
2022), #£57 H~D mtDNA OFRBATIZE &k
BN Z > TVHHRTH L EEZHN T
5 7% (Mourier et al. 2001; Gaziev and Shaikhaev
2010; Weietal. 2022), =D A = A L|ZDONTD
W AR TV (Xue et al. 2023), D&
F @ NUMTs 753#e L, FFICiE mtDNA 4373
NUMTs & LTHASNTWDL Z R DHZ &n
B, BATICBI L CTRNA BAMTEL TV D L iEE %

Z< W,
MtDNA DO 4yfEl % PCR (ETHIEL XA L
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7 hv— 7 T AT K o TR E 1T 9
Y. NUMTs O EIdRE 2 2eE 2 72 57,
NUMTs (26 7T A ~—RBls & &< —Ed 58850
N5 DHEEITIE, PCR OFEIZEIE (authentic)
mtDNA & & $12 NUMTs b iiE S5, @I
2 B —H03E D IO ELIE mtDNA B8lH 5 0
TN ELRIKE TS LD BEIEK (=L 2
a7 x=w7J5)OE—7 % EERNCSET 5
25, [ CAZEIZHI DRV E— 7 8 i 6 1 5 556 53
HY ., BELUINUMTs oD T F N eE %
b5, NUMTs O = B —ENEWHAIZIZZED
E— 27 NEIEmMDNA DL DL HFET5H 50T
BAHZLHHLTHS I, SHIC, NUMTs (2
AREN S HHACIIE—7 BT RD7H, =
L7 a7 xn 77 ARRETERNED LR
Do ZOD XD RRELSMI, NUMTs DR ATFE
ZARMECBAR I ZARNE O 18 KEHMIZ B3 5,
Buhay (2009) (X7 —# X—R|ZHEFEIN T
2 WD COl BT BUZ R HUR S
5 LA L, "COllike” L EFE LIZENH D
% < 75 NUMTs (B4 % LHERI L T, 454
SITME IR R A B 53 HRE IS OV T mtDNA O &
AV b= 2 AL o TE L, £OHT,
AELVOHBRICBW R RV tr >
TR 7T AP N EERER L TE 72, Bl x
X, EH=JE (Pugettia) TIIHEILEH| % fiftHi C &
LTl hmaTZ =0l 7 ARNHEDITHARN
DR ERR LI ERNHY v VXA
v (Pennalla spp.) TlIZEFEKIZONWTI r—=
VT HEAT O WE & o 72 (Suyama etal. 2019, 2020,
2021), =DM, A4 I 2 (Daphnia magna)
(Kowai et al. 2020), 77 7 ¥4 (Copepoda)
(Bucklin et al. 1999; Machida and Tsuda 2010;
Halbertetal. 2013), == tE#H (Caridea) (Williams
and Knowlton 2001; Williams et al. 2001; Robe et al.
2012; Baeza and Fuentes 2013; Iketani et al. 2021) .
H U =% (Astacidae) (Nguyen et al. 2002;
Munasinghe et al. 2003; Song et al. 2008; Tan et al.
2020) . # =¥ (Brachyura) (Kim et al. 2013;
Schneider-Broussard and Neigel 1997), 4 &~ &
(Panulirus japonicus) (Chow et al. 2021, 2024a)

IZBWT NUMTs B#fiE ST b,

T, EHLITEZ IR (Scyllaridae) D=
T I = v (Scyllarides haanii) FEARIZENTH
COl ™ NUMTs & #EE DB 2 f i L 72

(Chow etal. 2024b) , = DFEA D COI fEle (= %4
HEAL VI N — T U RAE T ZAXT
NE—Z PR SN2, 7 a—= 7 Th
Wiz, ZOREFR, RES R 2oNTmZ A
7 (SH746-C1, SH746-C2) »3f5 H i1, SH746-C1 1%
Z OfE{K D EIE mtDNA 2%, SH746-C2 1
NUMTs & #EE Si7= (Chow et al. 2024b), AHF
RTIHIOa7TEIEFERIZONTHHZ 7
— AR L, NUMTs &HEE S DS & &
A VT hy—7 = ATHRI-E RS &K OE E
mtDNA B3 & O Lbiiat 247 - 72,

e L OHE

ARFZE TR L= 2 7 2 = EI3m4s) 1 R S7
0B - HERKTE 28 O I EE AR (KPM-
NHO0140746) T 0 | 1962 FE|ZFnafk (LR THE X
Nt DTS (Chowetal. 2024b), NS D
DNA fifift}, COI fE!% > PCR #ilg & 7 v —=> 7",
Y REBCFIAEAT IZ DWW CUERTRIZ R L= (Chow et
al. 2021,2024a,b)  filflitH DNA % $#%|Z L 72 PCR
HiE I Wiz 7 7 A4~ — 1% SCOIFl (5-
AAYCATAAAGACATTGGTAC-3) & SCOIRI
(5’-CTAATATRGCRTARATTATTCC-3’) , 7 1
— > @ PCR HMEICHWEZ 77 4 ~—1% MI3
Forward (-20) (5’-GTAAAACGACGGCCAG-3") &
M13 Reverse Primer (5’-CAGGAAACAGCTATG
AC-3’) Thd, PCRIEMD Y — 7 = AZIFXZ
NHDTIFA4 v —% T NEHW, B TIEZ
DOIEARD COl IR T 24 ALV by —r =
VAEATOTE AT A= N R I
7=, Ja—=r U n{Tbhbiiz (Chow et al
2024b), ZDORER, RE B D 2D T 1w 4
A 7 (SH746-C1, SH746-C2) 73 1% 541, SH746-Cl
X Z OEKOETE mtDNA 25, SH746-C2 1%
NUMTs & 7 S 472 (Chow et al. 2024b) , ASHF
BTIFZDaT eI EERICONWT, o7 1
— AR TE LIS LY =T
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Table 1. Summary of clone sequences obtained from an individual slipper
lobster (Scyllarides haanii). The number of nucleotide differences between
the authentic haplotype and other clone sequences is given in the square
brackets. Number of clones obtained in the previous study (Chow et al.

2024b) is shown in parentheses.

St No. of No. of length nonsense
clone  haplotype (bp) codon

authentic COI 16 (3) 1 763 no
variant COI [1] 9 (4) 9 762,763  8no, 1 yes
variant COI [3] 1 1 763 no
NUMTs? [71] 1 1 763 no
NUMTs? [74] 1 1 764 no
NUMTs? [102] 2 1 764 yes
NUMTs? [103] 2 2 763, 764 yes
NUMTs? [111] 2 1 769 yes
NUMTs? [113] 1 (D 1 762 no

AL > THE LN RS & e iEt LT,
GENETYX ver. 12 (GENETYX Co., Tokyo) % I\
T ClustalW (2 X AHEEESN DT T A A2 N &AT
W, v= a2 TV CRE Lz, BRI O K2P fl
(Kimura two parameter distance) D Ft% & R st
OERIZIE MEGA6 (Tamura et al. 2013) %
72o NUMTs (231 DAL EHIT = B AL &1
MRARICE Z A Z N PRINHSZ NG, BHIE
mtDNA B8 & DT T A AL MIESHTHE L
7% RUEMIIC R T DA E s A R LT,
Fa RO CTPRINDEAESRER (1:1:
1) 76 DOHERTEREZBRFTT 5729012 Gtest &
AW, AFZE T T — L HEE SN D RS L&
DR DEINIE AT R A T LERT D,

&R

AHFFE CHEIEEL S 2 PR L7z 27 7 v — 2 LRl
# (Chow et al. 2024b) D8 7/ T —2 DT —4 |
i35 7 o — O RSN HTz, 16 71—
> CH—ES (763bp) BfFHAL, T b EHEIE
mtDNA B & EHR LTz, o7 m— 2o T
HIE mtDNA 4] & O EHRERNCEF L
(Table 1), E.1FE mtDNA B&7 5 1 HEER2 5 9
TR Tl 3R D 1 T aZ A TN
BFH0, ZA 51X Chow et al. (2024a) 237K L7T-
PCR-cloning O T2 THA U 5= T — DOHiPHIZIL F
b, I 10T aZf 1 NT X AT

TR AI RUOBRONT 8D 9 7 n—)
LI T T e AR SN, 2 b T AT
0 X A 7 O HFELS & B IE mtDNA BF [ o 75 5
FREL, 71 20b 113 EOFEEER (T
EETe) BELNT-Z LD NUMTs EHEE L,
T A= 2T L7 (LC829464-1.C829470)
I T Tas A 7ITx9 %5 BLAST by 7'k
v MIETa7eIzeThy, 7T "TaHxAT
LENENO by T ey MEFIKO—EFE T
90.8 "5 933 % Thotz, £l T T adA7
LI U RMAEM E DO —BRIT3 1D 89%T
Hole, 2N INTadALTDIbF A
a Rxanramr A4 7 TRLNT,

UED 18T adATOEIEZLA LT N
— 7 = ATHELNT-ES] (SH746-direct) K& OV
EETICHEINTHDEEIZEEO COI K4l
EHWCHRFEMEZER L Fig. ), X7V Y
U = ¥ (Parribacus antarcticus) OECH|ZHEEL L
THWW =, EIE mtDNA fl%| (SH746-C1) & %D
TT—EHIEBEZ LD 10T aX AT, H
A, BE. TEHEOaTEITEL L BIZTHOD
7 L— R&EFR LTz, NUMTs LHEE LT 7 N7
0% A 734 70— (A-D) I/t b, BIE
mtDNA FEHBNET 527 L— R eI kE<sbL
T\, ZROSD T NA—F1F, FEs (~NTUA) &
W (A —RAF—) KPEFEOa7kEIxzr s
v REEFTH D S. tridacnophaga 138 £ 5 K&
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Fig. 1. Neighbor-joining phylogenetic (NJ) tree
showing relationships among 19 different haplotypes
of mitochondrial cytochrome oxidase subunit I (COI)
and NUMT-like sequences obtained from an individual
of the Aesop slipper lobster (Scyllarides haanii), and
COI sequences of nine congeneric species derived from
the database. Parribacus antarcticus sequence was
used as an outgroup. Authentic mtDNA COI sequence
is shown in red and NUMT-like sequences are shown
in green. Haplotypes carrying asterisk possess
nonsense codons. The bootstrap values greater than
50 % (out of 1050 replicates) are shown at the nodes.
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I L—RIZELT, JVv—7 A NANT kg
TR O IEEAENT 2. K2P (£ 026 %, 7 —7
D W7o ¥ A 7O EENT 1-4, K2P (X
0.13-0.53% CTh -7z, 215 DOEIZT T — OHiH
(ZIE 228, [A] Ul AnF B DXL AR+ D FRE

S. elisabethae (KX275387)

Parribacus antarcticus (JN701666)

HbdHsd, F—7A LT N—7 B-D D K2P
1% 11.44-12.30 %, 7' /L — 7 B-D [} K2P % 2.34—
337% THY ., ZNED T I—TF 13RI 5851
JEIZR IS LTWA o EEZHND, BHIE
mtDNA Fi¥ & 7 /L—7 A-D [#® K2P 1% 10.28—
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1643 % Th o7, Flc, Tnb I T d A7
&L TEEREEREEa 72 S = B O K2P 1% 9.90—
15.84 %, &8 — HERARERED 21 7 X = U]
D K2P X 7.02-9.02% ChH o7z, ZihbH TR
ZAT L ZOMOE I T EEREHR D K2P 1£9.61-
23.87 % Th o7z,

80 — = M M

60

40

20

Nucleotide substitution (%)

MR RN

C2-C16  C2-C25 (C2-Cl4 SH746-C2 C2-C5  (C2-C7T (C2-C31
(70) (72) (105) (110)  (100) (100)  (101)

Fig. 2. Percentage of nucleotide substitutions at first
(shaded bar), second (closed bar), and third (open bar)
codons of NUMT-like sequences (see Fig. 1 for
haplotypes) against the authentic COI sequence in the
Aesop slipper lobster (Scyllarides haanii). Total
number of nucleotide substitutions is shown in
parenthesis.

NUMTs CHEE L 7 ~NTuX A7 LHEIE
mtDNA BB ZT A4 A L, T AT rEZAT
TR SN A KRG ILD 5 B if A5 % HI bR
U CHEER Y 1 M2 at Uiz, 2o,
B E E mtDNA B DO 3 2 RAZHINT 5
HALICIRIE L TV D Z @i aniz (Fig 2).
Fa RUEMI TS A EERE S (1:1:
1) MOOREEIT 7T AT aE A TETITBWTEH
BHTho7o (G-test,p<0.005), F7=, fMAHILE
PRt KRR B o721 T a & A 7 (C2-C5)
DHRIZTF By Aa RUBRA LT, NUMTs &
HEXIND 77 %A 7L BIE mtDNA BF[H
DFEFET I BREHIITT NS 2L Th -7,

AL L7 hy—rx o 2ATEHLNATES
(SH746-direct) |3-RHM £ CHIE mtDNA Bl
(SH746-C1) OB RESHENTHET DL &
2. 2V S EHI R o L E AT 90, K2P I
1438 % & 772 ) REVWMEZA R L7z, — . SH746-

direct & NUMTs EHEE L7oNT X AL 7D 1D
(SH746-C2) fHI D ELEHEIL 44, K2P 13 6.6 %
ThoT=, £7-. SH746-direct DIHFET I/ BRAL
Waa Lzt ATt 2a RUATE)N-
7273, EIE mtDNA BEFOERET X BRELS & 1T
5 mEE o> TUWW=, & Z T, SH746-direct.
SH746-C2 3 X N SH746-C1 D=L 7 hr 7 =1
7T hO—E i L (Fig.3) (to= L7 b
07877 MEZZ LY ATFA]), SH746-direct
ODTL7 ha7zal T AMIUIF T —T (¥)
NEARENDLODHRKE— 7 XA TH Y fif
AR LV EE X bl (Fig.3A) . & 24
N, TIHDOHX TN E— 7 FHALTIX NUMTs & H#E
iE L7-fl 8 (Fig. 3B) & HIE mtDNA fid%] (Fig.
3C) DEENPHA L NITE L > TV, 2O &I
SH746-ditect DT L7 b0 7 v/ T AW,
NUMTs & #EE L 72fd%l] & EIE mtDNA E51 756
DY TFNAREFA TRIZRELTE DD TH D
ZEEIRT,

B

MIDNA & & 2 5305 ELHIAS B — B AR ) 5 15k
BT 258121, AAREMDIRAN, ~T a7
FAI—PCRR/ B —=VFTRTHOT T —,
NUMTs DIBANARENEE LTEZBND, ABF
LTI SIUNUMTs EHEE LTz T T XA
OFEFNE, EI @D COI AN &N
ERFOZ EDDASRAEMBR LITE IV, '
ST BRI 14 FEAFHE S 4L (Holthuis 1991,
1993) . RFCHIED AREVEDN @V 2 FEA FealT
SN7- (Chowetal 2022,2024b), £ D H 5 10 F
D COI FLHI R BRFR SN TND B T T AT
OEHEFE—HT 2T r-72 (Fig. 1), £
7. BARBUICIEF=a Iz tkIar
(Scyllarides squammosus) @ 2 FEIZF B34 3 %
EENTHEY (Holthuis 1991) | @ Z7 5 HAEIT W
725 F THAENNEST A o 2 - HERTEMEEIL 2
S52FOEAR LMK L T e, ~T e T A
I IKEROFEREEX LN BEITBITLT
MHARVNUMTs &7 177 A —[FXBILIC
W2 ENER SN TV 3D (Parakatselaki and
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Fig. 3. A part of electropherogram obtained by direct nucleotide sequencing (A) for COI region of the Aesop
slipper lobster Scyllarides haanii, and corresponding parts obtained in clones of a NUMT-like haplotype
(SH746-C2) (B) and authentic mtDNA haplotype (SH746-C1) (C). Double peaks are indicated by asterisks.

Ladoukakis 2021), T 7ch HFENZE RO L)L,
FliZmfb LB NEA~T R 7T A I —TlE 0
TEEEWLU AR CTHRIELIE T T e a2 A
IEENICEY T D PCRIEME 7 0 —= 7 LT
AICERY) AT =8O T —N K0 BEELT

DI EMMBNTWS N (Padbo and Wilson 1988) .

7 oNTa K A7 L EIE mtDNA B TR G
REBRERNKRY AT —EDOZT—IZL>THE
RSND EIFE R BNV, NUMTs &HERE L7z
FANZ W THUAERAE 3 a2 FUICRIET S
AUZ DUV T, Bensassonetal. (2000) <° Caietal.
(2011) 2EH T, Chowetal. (2024a) 231 &=
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ETCREEOBRRZBIZ L TWS, 22O T,

53 At (molecular fossil) & FEIEAL 2D NUMTs @
ZESRAE B )MEI9 % — )7 (Perna and Kocher 1996;
Bensasson etal. 2001) . EIE mtDNA 33 % 7T
SERERAEE 3 a FACEBL CE MR L
EZoND, LEDOZ LA TR L2 7
NT a7 % NUMTs &ER LankaEd 5,
BRI NUMTs (ZEFINERIC L > T e —%#
D Z TP EEZXLNTWD (Lopez et al.
1994), 75 5~BATLTRIB W Gl
NUMTs /%, EiE mtDNA & X < HET 50T
o THabt —HDIEF DLW AR T
AW FETRETAZETHELNLDEE X
bhd, —F., R L & HI2 NUMTs O =2 &
—HUTHINT D08 IR 2 TR 20D & &b I
EHEDOFEFEIZ X - THEIE mtDNA Bl & ORI
PMETF LT 72 (Pamilo et al. 2007; Hlaing et
al. 2009) . V) NUMTs O b#EL < 725, &
bbb, KfgE THWEFRFETHRE I
NUMTs (= B =83 2 < | B~DOB T
R IZ R 238808 L TR b3 7 74 ~—m D
BB 8 DFEERAF S VT W e b D & 72 D, A
ETHOLNTZa 7 I ZEDONUMTs DS/ A
~BAT LTZAE R % Liet al. (1981) (2> CRME
L7z 2A 3500565 B IR EHEE ST,
Z OfEIX Chow etal. (2024a) 731 &= £ NUMTs
THEE LT (27005 8 HITARRT) OHIFHIZUL
£5, TN EHWNUMTs (377 A ~—H45r b
& THERSNARE S EL TWD 72D
SHUTLK KD DTHAHH, Chow etal. (2024a)
RO FEERH T, FREOT A T
( Capitulum mitella) ., 7 v~ T ¥ (Penaeus
Jjaponicus) . &2 X7 = (Eriocheir japonica) & L
THMEEI O X (Anguilla japonica) . XX 7
% (Eptatretus burger), 7 v~ 27 v (Thunnus
orientalis) % 73HT L7273, NUMTs EHEE S D
FLAI TR S A28 7=, BVRER C NUMTs @
SIERNDH DO LINRWD, HTI
2T IA~—DFBIRSEZOND, LirL,
Azt btad eI TIIRRDLI T T ~—
PEHINTWB728 (Chow et al. 2021, 2024a,

b). A=t HH (Achelata) (Z}Z NUMTs 28%
WV B D WIERE STV REED NUMTs 3%
WD E LIV, —J, RFSRFICH K508,
mtDNA OZ %38 DNA K< e b B2 5
T3 (Higginsetal. 2015), =4 /—/VHTCE
HIRMRES N CE At EHEA (25 4£[H)
(Chow etal. 2021;2024a) & =2 7 2 = EHEA (60
R]) (Chow et al. 2024b; AHFFE) TIiELH L D
NUMTs B S Tw5b, —J5. Chow et al.
(2024a) D33 HT LI 7e A £ = EREARDN B 1T
NUMTs 23 &N h-7-, £7-. Chow et al.
(2024b) o L7iza 73D 7 0y —
~IEAR (LCT763120) (I3HTE TIZ 8 =¥ /
— VP TCHREFEEN TV LD THIN, XA L7
fNo—rxz R XoTHbonED L7 |k
07l T AIE TN =T NIFEALER
bW (DL b7l I hIZ
WAFHR), ZOXLHIZ, BEROEFHHD
NUMTs OFHIZ B L TW D ATRetEldd 5.,
AETETEZ7ue—rI4 77 VETRGS
<BHEns /7 r % A7 ThDHEIE mDNA K
e XAV hv—0 o ATHE LRSI
—# LTz (Chowetal.2021), —J7, AH D=
TEITZETHEHAA VY b —F U ATHD
A7z HiR % (SH746-direct) & E.IE mtDNA %l
(SH746-C1) X R&< ®e > TV, SH746-
direct D=L 7 bra 7 a2/ J AFIEIE mtDNA
ENUMTs oDV ZFANRELTZHDTHD
Z e Eniz (Fig. 3), 3725 SH746-direct
WIBEET RIS THAIN, AL ZAZD
T/ harvzul T NIEEATETHY  (Fig
3A), Frir AT RUSARKNENZ O X
o e BRSNS E B A 0 P15 5, Buhay
(2009) 1%, Tk & B 2 BN D MOELFIH B R
B oAb 2 BB S Rt o TR VWV & RO Bl
FNCITFFICEBRNLETH DL Z & 7 2/ BRI
LRFMEHC 25 Z 2RI L T D, £ Z TR
WIECTHWeE I = RO COl BN bAFT-
TR BRES AR LI A aT I
DAL CITEANEERB TO T 2 BREBRITIER IS
chy, T 03FEDETHST-, Zh

Aquatic Animals 2024 | September 4 | Chow et al. AA2024-24



LT IR 2 7 R = B O EIE mtDNA B4 &
SH746-direct [A] D 5 FRILEITBDO TREVWVEE F
A 2o TERARCE & — R D a7 I
EEMBEICIERE RBEHTERH D Z LR
WX CWVW5 2 (Hidaka et al. 2022; Chow et al.
2024b) | PHELAREE & h— AR Ea 7B I
EHEEARMTIET I VBT 2-3 REOENRHHZ
LB, NUMTs D% 521 T D a[REMED &
D, SBOREENLETH D,

UEDOXIIENUMTSIZF A LY hor—o =
RN R KT T2 T (o I RICE
S AIBEMEDS & 5 7o O A FHHELE 72 DNA 1FH & 772
SNNRHTHD2, & MFEA NUMTs 1Lk R
FOMFEIZISH STV % (Lang et al. 2012;
Dayama et al. 2014; Popadin et al. 2022), L7>L72
WO BUR TR ) AEBRPNEERET VAT
DAHAMMPINTEY , —fKIZ NUMTs Bdslid 7 A
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