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Characterization of the complete
mitochondrial genome of Mauritian
sardinella, Sardinella jussieu (Lacepéde,
1803), collected in the Banten Bay,
Indonesia
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Albetract

Fishess in genius Sondioedd ane sral peiagic spedies, which plys an impooetan | ol in imaring eCosyaien & e it
codmunes, Those species are alss compnencialy imgeetant, whioss 10130 canth reaches ITA600 ot in 201) in
noonesa, but their identdication has heen diffoult for therr monphcingicad simdarity, in this study, we reporied
Sardinalin jussew for tha St me ndonesan coastal aea (Banten Bay, indonesig, 670 50007 5-106° 10° 21007 E).
We wene able o conder The species by barh 15 morphelogical chaacrersnos induding he Black spet ar dossal fin
ceigin, the dusey pigmanaion ai candat fin, 31 e soute numiars, and DS sequence deniity i the Gandank
datanide by the ol anahas I el mitochondial gendres was detarined by the omination of nes
generation saquencr@land tpical PCR srategy, The tofal mitochondrial genomie of Sardnell usiew (1655 Dol
ancoded 13 proneing, 2 ribosomal RNAs, 22 transfer RNAs, and mie putative cortrol region. All protein-coding genes
started with ATG @i typicat stog Codon and erded with TAA af TAG et for ROd & which AGA B ussd
Ahdagenetic dnalyses of beah OO regien and Tl mitochordial geaome shomed That 5. usseo B st dosey
refatad to Sandineila albela and Sardinelo aibbaso

Keywerds: Foeooae, Mitoonondsia QENCE, STl INaonecd, hMexT-genaralion seguencing

Background

Sardimeln & a penus of fish in the family Clupeidae
found mn the Atlantic, Indian, and the Paobc Ocen. The
paddle-shaped supramaxilb bones are najor cluacacters-
ticx, which help disticguish Serabinele from atber genera.
Maphakgial choractow dictisgush Sar froum all
cther clupenid gerer with the presence of two fleshy out-
gmwdu; on the hind margin of the gi]l opening, ("Whitehead
5], According to FlehBasa Chtpe S fishbase, one'),
there are carvently X2 vecagniped speces in the gemus

Cormegredio e bavdivaspdiinds b

terd scipry Frogiam of Blomedcal, (fE) il s pegict
Lnginssne. 1'ubyong Kational Unkemiy, Busan 48513, Repuﬁ:f Korea
“Copsrtimeanl of kaire Bedieis Pubhoing Matestdl Lyiraidty. Busan 48513,
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Sevdiveatar, Sl 5 bnportant et only ln markae food
webs as o base consumer supporting tum. seabinds, and
miarine mammals (Willette et al. 2011) but als in indwstry
as the protein source with a low cost usdng as a bait for
large fsh or o teed in agquinculure

Svan cpeciay 0t genug Sordimedle are eurrently
known in Indonesian waters including  Sardiocila
Suweliviara, Swedinefla gibhose, Seealinetla lemu, Saedi-
setl aliella, Sareinella aivicnda. savdivella bedoely-
sornie, kel Sesainetla erelesara, whose total catch i
Indonesia reaches 27860 toms in 2011 {(MMAF X313
Mlocphological identiScation in Serdizells is maindy
characterized by thelr gl raker, pelvic scute, scales,
and atalith {Homayuni o al 2013%; Brager and Morikr
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Myld Degpg ared Waldman 1998 Howewer species
identificatiom in the genus Sardimellr is often hard
tor its broad geographical ranpes. evedapping distri-
butiops  {Willette et al, 20111 and mocpholopleal
amibirities  [Svakamaran et al 1987) especally in
larval stages (Dity et al. 1%94), which nakes it diffi
cult to manage the fandiveila resources in Indonesia

I addition o the aditional movphological identifica-
than, the genetk nformation 1s now altematlvely wed
fior the speaes identiGoation for its fast and exact results.
The mast wideh used g markems are partial mito
chardria] A sequences such as cytochrome C oxidase
I (COI} ar cytochrome B (CytBi1 {Paluinbi et al. 19%1;
Ward et al. 0005; Vrigenboek 195%8). However, full mito
chardrial genome sequences pravide mone micomation
abowt ity bogeoprphical or evolutbonal micomation
than these fragmental seqeerces. Therefore, maore than
SN mitochordial genomes hove been deposited i
GenBank databases (wyww nchinlmondh g} Enom 35500
spechs deniled sed on mocplogical cluacacterisios
{www fishbazeargl.

I this swmdy, we repart the Mouritian saedinella,
Srrdivelle fessien, for the firgt time in Indonesian
coasial waters, which was collected from the Banten
Hay. & jrusviewr was previowly reparted ooly in the
Weetoms  Indlan {cean, Talwan, Horg Kong and
Vietnarn (www fishbase.arg), Mophologcal character-
istics . of Sardfieella fussien are distinguished within
ciher Sardiedin cpecies with the presende of Hack
spol at dorsml fin orgin and dusky pgmentation at
cavdal fin. total ecute measurament which s 21, and
vertical strine on 2 smle not meeting at center and
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no pechration an hind pan {Whitehead [983) After
conficmation of the species by the mokecuar CO0
markers, #x total mitcchondrial genome  ssquence
wig determined by the conbination of the traditonal
FCRE methods and next-generaton s=quencing (NG5
techinlgues

Mathods

Sample collection and momabalegical measuremsent

Five individuals of & frssten wene colkscied in the Benten
Bioy, Indonesia {6° 07 500075 1067 10" 2LAT K} in
lamuary 2016 @ the part af the regular Gsh survey (B 11
Collected flaly were divectly stored In 9%6% ethanol apd
kept at = 10 °C wmidl the further analysis (Knehelgwrger
and Steger A012). Morphologeal tdentifiction was made
by their body shape, type of scale, fin featmre, morphomel
ric e, sandad fength, body widih, and head lepgthi.
and mersie chaacteristie {totl number of soutes)
| Whitehead 1985; Strauss end Bond L5500

Genomic extraction and mexb-geEnerabon sequencing
Gefamie A was extracted us'mg an AccuPrep’
Genomic DNA Extraction Kit (Bioneer) according to the
manufacturer’s instraction. A small partion of toil fin
was dissected, which was further homopgenized by the
Timelyser 1 {Diagen). Puefled gonomse DMA woe
quantified with pamolnop  (Themofishe  Sclentific
[iedd), aliguoted, and stored at the - 70 °C bor further
analysis

Twa universal primer sets targeting optochrome ©
oxidase | (O0H) reglon. Figh Fioand Fish BT (Ward ol
. 2k and @igeting ovtochrome b (ot-Bl region.

1 - n 2l i

Figs 1 Samabing bcatian in Baoan Bay, Inchonia i sopsied

A

15 dumy
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Tabde 1 Primers wed for ihe meochordns genome of
Ervrimea fis re

MarTa Secpence {5 m A7 Froohor s Ibpi
Feh F1 T AMCCARLCATAAL AT TTGCAL B
I'eh A TALd CTT TGP AR GRS TS

EUDGEL TERCTTCGAARAKFTCTTG 451
GHIH CCCTCAGRATEATATITGTEOTCS

CrTe-T COCTRCG AR AN COACC RO 81k
L01-F (PR [LN P o [ T [

Crin-A AR A ALEAS T GOTTLIGATS 1.7 K
TF L I [ T T

EARDF TR DT OO Gl 0 BER
SARDH TTAGL AL AT LT AARTED

GLUDG-L and CE2-H (Palumbl et al, 19611 ), were wsed
to obtain the partial ssquences of each gene, respects
el (Talale 13 The IH}r of all the primers vsed in
thiz experiment was analyzed by the OligoAnalyzer 3.1
(http://sg.idtdna.com/calc/analyzer] and ecinmercially
wynthesized by Bionesr Coo (Kore). Each PCR misture
(20 pL) contiped L28 pl vltmpune water, | pl primer
(0.5 bl fooward and revesel, 0.2 ple Ex Tag DA poly-
ok [Takale, Japam), 2 @l 1 Buffee 2 gl dWNTP:
(1 g, TakoRa, lapsan), and 100 fg gesomic DMA o8 ten-
plate. MR was carmied out aﬁ:r the {ollowing conditon:
Initial denian@tion step at 95 °C for 3 min, followed by
35 cycles of denaturation at 95 “C for 30 s, annealing at
50 °C for 30 3, and extension at 72 °C for 45 & (0010 target
sequence] ar M s ‘B @mrget squencel. The prooess
was coimpleted with a extension at 72 °C for 10 min.
Tiwer PCR peowfliacte tarpgeting partkl sequences of CO1 and
Oyt Bowore then poifled swith AccuProp Gol pudficatian
kit (Bioneer, Korea) and ligeted inte 2 cloning vector
[Promege. USAL sequenced in both diredtions.

in order to obfai two lavge PCR producs {- 8 k),
two pains of sequence-specitic primer sets (CYT-F and
OB and COn-F and OYT B-R} were desigred hasod
on the ohtained paria] sequences of each region
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{Table 1). Cach PCE reaction (30 pl) contained 1 il
ultrapure waten, 1 pl of each primer (005 piv], B3 Ex
Taq Hot Start Version DNA polymerase (TAKARA,
lapand, 3 pL 10 Buffer, 3 gl d&TPs (1 mdd. Tabara.
lapan), and LA ng genomic DNA ax demplate. PCE was
prpricd out with twostep POR protocal for long PCR
under the following mnditicn: initial denaturation step
at 94 *iZ for 3 min. followsd by 30 cycles of depaturation
at o8 o0 for 105, and annealing and extensaon at 68 °C
for 10 min. The process was completed with a final ex-
tenson at 72 °C for 10 mine Twe hege PCRE producis
were poaled together in egual comesraration and frag-
meited to — 360 bp b length by Covarls M0 {Covars
Inc)l Trufeq® sample preparabon kit W2 (Ilumina,
L5A} was used for the constructon of a libary from
[rapmented sequence and quality and ity of the con-
structed library was memsured using 2100 Bioanalyzer
(Agilent Texlnologies, Santa Clara, CA, USA). Sequencing,
wis performed by Hllumira bliseq phtdorm (2 = 35 bp
pali grids) {0 luming, LSA)

Assembly af mitachondsial gencme by the bainformatic
analysis

Kaw reads fram Miseq seguencer, with under O 20 and
muome than ambiguow nucleotides, were remeored from
reaw Foad uicling CLC Genomie Warkbsneh v 75 (CLC BIO
Aarhis Denmiarkh Mathie software wae used to palring
{orward and reverse sequence with more than 7 bp owver-
lapped and witlaud any mismatch, Peired sequence then
assembled using encious BE with minimum 20 bp of
overlapping sequence ard 1005 overlap identity, Ambigy-
nus seguerces of the [eloop region were reconfirmied by
the typical end-paint PCR and wih sequence-specifc
primers {Sad_F ored Sord R} and DMA seyuenciog of s
AR preducts by Sainger sequencling methad {Tabls 1)

Results and discussion

Marphological and molequdar ideniificaton of Sardinelk
LR T

A the pesult of marphomedric measuremente, we de-
termined that the collected five fsh were & feoden

Tabls 2 Gererd momphomeinc and menshc (tal sons of § canes

ample  Mesuremert
Sanckid lnadwil  Boacky depe B0 Head kvodiHL @diameterfED BLwSL (%) HLASL (%) EDR e HLED fé0  Tord e
mm imml i (s

! E'H (FE] P, 12 ] 14 G 33 i3

2 a7 BE] 1 i 1A ) 254 4 20 ]

] L 135 I i E] A i ‘i 1]

i 41 1i5 I i 280 253 LK | 2 3l

5 52 145 I= 15 FRe] 250 E7 EF ]

dyias 7 115 I's ) AIE a3 [3:] & 3l
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Elan T Fbauribor sadicwd b 05 et ool lected roees Banten Eoy, incloresia i), Tre foky sgade of &
e s ROy rearning & cantey (B goocirke ro Whsilesd (19250 0, Black ool e = | o

C

Jnsien preventy ro pefdoations ord seicel

Apigng the norphalogically aimilar Beb Sardinedla ape:
cles Including 5 sfbelle, 5 ateiceeda, & Jebeiitd, S
rmmrgnesenss, & sindensis, and £ grhbosa, the. scale and
PlEmen@Euon patterns are uselul chamnctestes W ben-
tify species (Brager and Morite 2016 Strauss and Band
tdt, The average rotio of hody depth (B o etand-
ard Iength (SL} of the oollected samples was 27 5%, and
total scute numbers were 31 (Table 2. Vertical striae
on stakes did Bt meet ol oeater with no perforatons
ot hidd pait of the soale, and the pignetted doreal and
catsdal fine were also (dentfied (Fg. 2k These marpho-
legical characteristics suggested that the collected sam.
ples were &, Jussien. The most closely related Sarainedla
wpecies, K oatbrlfa and 5 pitsbooss, are distinguished
froms 5 fuesedine i the presence of seale porfaratins

[Table 3. Molecular Meptification of five Serdimella
samples confirmed the maorpbalogleal identiflcation.
The CM region of Bve indwiduals {652 bp) exhibated
1Ers sequence identify to-Sendinelia 5p. (GenBank aooes-
siom pumiber; BIRG7E0) collected from the constal water
im Thaltand and ¥ ta £ bastben Gen Pank accesion no:
HO231558) collected from the Philippines {Quilang et.al.
2011). Based an the mocphological chomcterstios and
DA sequence identdry, we concluded that (e Surdirand
sanipled eallectad in the Banten Bay, [ndoncs, weee
Momritian sardinella, Seedineds fesicn,

Complete mitochondral gencane of the Sorcieello Jussles
In prder o have additional information of £ raeeviens
the comphie mitechondeb] gename @quenes  waw

Table 3 Corrpan of mombological chaacensts of seven Serdnals spaces

ke Sl
Sripe correrred ol ppond Ferin s Q spot at dorsal fin origin Dark spot at ra.adal fin

E fmivean L) L W

L gibdena v ¥ J

v il ¥ ¥ [

S otremurin ¥ ¥ J

5 Bt i} ] d o

5. Ak i ¢ J

5 e |
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determined by the MGS and bioinformatic sequence

embly. Its mitochondrial genome was L6695 bp
Elength consisting of 13 protein-coding genes, 22
tRNA genes, 2 ribosomal RNA genes, and the puta-
tive contial regian (Fig. 3). The bage composition
wis $415 A (26%) 4132 T (25%), 4900 C {29%%). and
1248 G (1%} The purines and pyrimadines are A+ T
content (51%) slightly higher thin GO content
[#9%), The hiphest &+T content wae abserved in the
pitative canteal ragioe (AR which jo cimllar to the
opther previous studies. The H strands encode 28
genes while the L strande encode 9 genes (Table 4).
Amatg the protein-coding penes. three ceerlap nu-
clentides wp 1o 10 bp. ATE-ATRA, NIML-NDG,
and NG-NI, were detected  The transfer KNA
gene pair (RNA " tEMA " and ¢ BNA TV-tEMA
T pwprlaps 1 bp s well A total of 1292 bp of
einending puaclentides are apparent in the 5 Jessitn
with 102% bp st putative control feglon. ond 263 e
mains spread over 1) intergenic nucleotides 68.3%
[11.357 bpl of total mitcchondrial genome sequence
epccded 13 protelne ond the sipe of each genc
rangsd from 1685 bp (ATPH) bo 1836 bp [NOG).
Except for WNDB, all protwin-coding  genes  were

enceded by H etrand (Fig. 31 Although all 13 e
begin with tvpical star codone ATE, there wens
several stop codons induding typical ones such as
TAA (001, COIL ATES, ATPS, CORl, ND4L, ND5.
CYTR), TAG {MND2, NDI, ND& WNDL) ond exeep-
tonal AGA n W4 gene (Table 4] Cwerlapping
nucdleatides  were identified in  three pairs  of
proteln-coding genes {10 pucleotides for ATPE and
AT, aeven for MOGL and NI, and four for MD5E
and MDA).

The mitochondrial genome of 5 pesien contained
21 tRMA genes (Fig. 4), which showed the difference
it thedr sles froim 68 bp (IRNA-Fhel to 7T (tRMA-
Gl Fourtesn tRMA genes encode fn Hostrand and 4
geoes encoded In |Loetrand (Fig 33 The 125 N4
gene (951 bp) of 5 jusden was located between the
tRNA-Phe and tRMA-Val, whiress LGRS bp of 165
IRMA  wias between [ENA-Val and (RMA-Leu
Twenty-one tRNA structures were predicted o hove
typecal three arms except for tEMA .. which showed
two arms. That result was also identified in the other
Sardiiella specles (Lovoud ot al 2007), Tlhe putative
oontrol region of ¥ Juecsden (1029 bp) was longest
amang three other Sardimelfa cpeciss Including S
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Talde -I?:ganization of the full-length mitochondrial genome of Sodkveka wissh

T vt e Position Size Cirpmed InEngenic Cadan Ao nd poasiors

i ikl rackede . P

g\l he: 1-68 68 H - - - GaA -5

I_ﬁ%ﬂ\ 65-1018 951 H - - -

tRNA-Val 1020-1091 72 H - - THLAGE1ES

155 iFhid 1E¥2- 2T 1ERE. H 1] -

TR AL AT-351 m H | - - TEATB1E-ZE1h

K L0 Bl | PR H 1] A1 T&i

HEEERT Mh-Fae H H = ~ IR s T

PMA-Gin - T # L -1 L} - TTGH 34§48

tRMA-Met Ll o 6% H -1 - = CATAHOOR-4T1
2 - I 107 H il 5 ] TAG

tRNA-Trp 5092-5163 72 H -3 - - TCRIS | B3
Fa T SleA-niH e | | TG a5

mA—Asn 5236-5308 73 L ] - - [ ) e S

O oAl o L H GUASIB-S00H

THHA-TYI =114 S84 Tl L ] GTAMHEI-T

ol o B ke 1353 H 153 LA Tolely -

T A= E-FIH Tl L [ LNTT B g

1A= dap 11T s H 4 2 - GTT 1 42=T T4

Cini G B fiia) H 12 #T; T -

4 L - (L} H 1A - = T A -G

TP R = A124 ) H [ TG TA% -

AP B117-8800 B84 H [+ ATG TAA -

ol 88009585 786 H 1 ATG TAA -

tRNA-Gly 08585-9656 72 H [ - - TEE i 18 -5e00

KIS Qedl- 10047 e H 37 AT T

i g L] | e 10475 1] H i - - ety [ o Ty

K= 1C{?e-10472 =T H ] WG T&E

RCet 13311751 13EE H TG AR -

HA-HE 1 rE=1181% o H 5 - GTRH T M= TN

[P Ay TTRIE-T1AH o H i - = G =11 e

tiA-LEn 11 1155 ) H i - TALA I Ela=11518

K D= 1591 o5 H L Al L] =

L E-] 14786 - 144 dd L - 4 Wl T8 -

TFNi&-~Eik 14510-14104 i L i TTCA 18 St 1436

CrTH 1428 -1548] HLH H [ HlE Tha

IR The 159536 15597 ¢ H E Ty Te] Basd . 15 EAD

TAA-FIn 1507 1566 Lk 1 1 - - T} B 1561]

Caraal ramon 155716505 102 H [ -

fwrgiceps (958 bp) (GenBank accession  number: Tatal rmitochondrial DWA sequence of 5 fussien

NCOA3407), & wlbella (986 bp) {GenBank accession
number: NCOLGTIH), and £ soederensis (986 bp)

(GenBank aocession number: NOISHRT]

ahowied B4-53% Idendlty with these of curvently known
three other Sardivelly species among which & albeils
ie the most ooy rebited to & jusded (Fig. 5a) In




SobTiana er of Ssheded oo Aguatke Soence [T 2028

Page 7 ol &

-
HiE 1Ak valL <Tec LEil ITAR] 11L& ISATS L IERT
rp Tk Rhir §07C) Lym | TET) 1y T Aarn TEds
Ela |&TG] = B o | Lmuy  |TAR) Thr |TGT. FT [irih]
Sl ITIC] Sar {Tak| Tyr - |ETH] Cya  HaCA) Axn ISTTI
Bla ©Tat) <In {TRGH
E-I:;Ik:l::.ll;if.l_':ﬂﬂlm-:m ature tERS o in mEochoningsl geronic, roposed shiuchore ab & A geres prcocked 10 He mischoraind ol

cider b0 know the better evolutional relatonsbip of X
Faszira, its OO sequence wos compared with thios: of
the ather 12 Serdimells epecloe (Fig. 5h Ag shaows in
the analysis by the full mitocondrial genomes, 5. fs-
steur shawed the maost closely related to £ athella with
Setk mequence kentity, In fact, DA seqoeice dentity
of two species & aleils and Serdinefla gitbasa was too
Pigh to be diatinet wil each other in the COI reglon
[Figs Sh). Although morphalogical keys 1o discrimin
ate twio epecies were propoied, the posi-pelvic ventral
eeales and gl rakers nambser on o lower limb {Scern
at al H016), & albella and & pildoss froguently mis
identified as shown in the COI barcodes. From the
reason, it is required b0 compare  dfull-ength
nltochondital sequences of two species far the better
classification. As the lowest ssquence dentity to
other Sardimella egpecies, contro vegion of 5 fidsicn

miliochandrial genome would be the good condidate
to discriminate them,

I this study, we identified that &5 fiecden inhabits in
lava island. Endomesia, as well as the two previously
known fardinale species, 5. alfefla and £ Al
though & tessen i ongnally distefuted (i the western
Indian Ocean from the western coast of sautherin livds
fram Bombay South o Sri Lanks alio Madagascar ard
Mlmaritius, the recenl informabon is also m@ught in
Taiwan {Hu et al 20150 Hong Bonp (Leung 1997 ard
the Fhilippines (aikang et al 2011k The pesult strmngly
auppartod thot £ sl B more widoly distribsted than
we have thought and the large-scale survey should be
made fo know the spatotemporal distribution of four
Sariella specles o Indonesia We hete peported the
full kength mitochondnal genome sequence of S jrscier
calkcted Gom Java Bland, which would provide the
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Flge 5 a Pvdecaratic e of mitocamdlal goraime of fou spedan banang oSl il The pleleganatic mee Wi consiuoed ugng
mia g evaliibomry genstc matyi s verfd IWESA & MEGA Inc Enplewssod, L progian wth the minmum eduon algimithin the
puobhfinran dhearcm sove computed g oo 3-Paameterrartton snd b Praylcgmeis e of £ sqience nd 18 yecie rmlonmng
peris Sl Th phy IG0an e T v Cansinicieng uEnd moleous snktionay genenc andbsel wiss (WEGA b MESS Inc. Indlewond,

| HIl. preaem wth the mimrsamEvolition signithm, the evpl ik iorary distarces were compsaied uirg Bmues M marete; method

Iopportant information for the sclentiflc management of
Sardinele spocks In [ndonesn, We expect that moare
Furoinelly speces may exist in Java island and more n-
forrnitlon about the mitochondrls] genome of the other
unreponed Sardingls cpecies auch a8 5 gitdesg would
b o wisefinl iedarmantion for the molecalar biologieal wals
to discriminate different Sordimello species in lndonesia.

Conclusion
This stady determined the complete mitochondrial
DNA {mtI¥A] sequence of S. jusicii in kiva lalamd,

for the frst feee. The miDWA sequence (s
ThEI5 length and compiises the typical et af 2
rBMAs, 22 tRNA genes, 13 protein-coding genes, and
putative control region, Mitechondrial genoime strue-
tre of 5 fesfel was ketitleal o those 6 other
Sarfinala gorus. Plylogenetic analyes wing full mito-
chandrial gennme exhibits that £ jusien were most
closely related to & albelfa. Howsver, comparisan in
the COL region showed that relatonship between §
altelle and & pibbosr was ambigoeoos and determin-
ation of the complete mEachandrial DMA sequence of




Sobtiana & ol Sshede omd Aduatk Soences [A017)2026

A pibbewa = peguired for the better understanding of
evolutional Telationship betwesn 5 Geesien and those
species. Those information would provide the basic in-
fopmstion for the soentifc management of Sarafmedils

species 1 Indonesie
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NDS: MADH dehydrogenase subunit 5; ND&: NADH dehydrogenase subunit
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