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FIFH RAPD &1 Jufl (Haliotisdiversicolor) PeAF i {di5s B 2 54k
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MR « RFEHE » FZC - 520K

H s - MR
A /KRB K A B A A

[T

JufL (Haliotis diversicolor) k22t BRsth, BIAYIFE - ARWF9ELL RAPD (random amplified
polymorphic DNA) #%ffif » $1%f P3 FLIKIEERRAE » FLERRRAE (2008-2021) FREEZ ILFLAYEE LML, -
FEREUR - AR A NUFLEAS 8 - 12 R AT » FERE 0.1 - 1.0 kb (2] > EFE L
FLZ ZAPEHERGTFRILL 1.0 ~ 0.8 52 0.65 kb Fy 3 » HESMEARHEIGTT < G REGEIIRY - #R
BRI N Rl - BN B S BRI R R - RSB TAEREMEZ M
PESE TG | A AR EE 2 Al A TIORE - 35 BRI A R AR R - fEEE BRI L
FYISEIEIN R B ERET )] 5 RIS FTERER Z LA LBEA SR R R AR MR - 2 BE
R REE 2N - RIEATTSUERSR R - A EEHEE e L FLE AR - s

2 B R A TR R OGS - (HEEEENE B8R
Ih o RS B AR (R ~ € ~ JT3L

REERET : NL3L ~ Haliotis diversicolor ~ B{HE R ~ [EHEiEILZ

=

IS #4% 452 19 26 RE 1 DNA (random amplified
polymorphic DNA, RAPD) 32| Ity 10 {1
ERRY R s [ 1T A VI HE BEIXIHE <« PCR $i
B DUEAEANEIR/ N B2 DNA 57 - 1Ry
VR ~ PO~ HRCREAEE D - RAPD &
TR HEdihR TR N &R YH
ks (B ~ VIR (CEESEERR R
RERSHEO AT ~ EEIREE - SR - DUREEE
[EFESE - IR RER AR « 33 - Vi
BE - R E AL AIBE G YR S B A I
(Ray etal., 2022)-fE/k FEEEFH A ME AR RS Mugil
cephalus - Liza ramad F1 Valamugil sehdli SR}
(Mugilidae) FEEMYEE I LELR K EE H B 3T
(Hassanien et al., 2020) BRI LEEZEENE &
B  REETAL - W HIBRRESAHRA TS (Al
Khafaji et al., 2019; Mahboob et al., 2019; Megbowon,
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e A R H A ORI - 5
) AMATHER SRR R B TR BRI -

FEI4 DNA

2019; Omer et al., 2020; Parvez et al., 2021) o T4 >

Malina et al. (2021) L RAPD #5RELIR 7 HUF it
TTERFERRAE HE (Latescalcarifer) FEAEEMT 45
SRR] AR A <5 ) i 2 R R P B R ORGSR
g o 55 % K K B K i (Macrobrachium
rosenbergii) ZSEFEMEERMICT - EMARE L
RAPD £l /A AR R AL R AT R MR E
{385 (Patra et al., 2015) - #EPR RAPD HifliiE b
{EEE - EHETT AT L BT REE A 2 RO IRF R i
EE G (8, 2010) 5 E5E (2008) (ZHFFEIR
RHH - AR R 5 7 B RR S A B A
FTIERE ZHTEE § > RAPD Ji]ERIR AT ~ B HEE
I R BB B E SRR T - DR ERCR
MR OEREME Z FRE T H. -

FE DRI S i R L TR 26 B M B e B ST

Nei 7 70 FARBIEHRRIE RS MES © " H—IGRRE
HRERGE I RIE A ZEA] (alleles) FoAHERAIHE
3R (the probability that two alleles taken at random
within a population are different) ; (Nei, 1973) ; J&Ef
HRE R (BEXIES) (AN AR E s A v e
BAARFERIHEAR - Geterh A AR Re AL R & R
Ty LbIGHE < FEINEE (gene pool) & LIRS H



2 s

B AR R A - AHAATEE
RIS RE AR » TR IRISEERRE 3T - R [
PR A BRI - ks Ol LR R BRI
TETTER - WIAE A BB S T B
Kzt ~ BN EHA G O R R R R (BN,
2009) -

T Uk B B R R R — - TR
Tl BEEUKIR R 22 - 26 °C s Ky 30 - 34 psu>
RISy 3 - 10m> FHEGF AR E 2 - 3 8k
FRAFEE R ~ BT 2,500 mt ~ FraE i 20 50T -
I LFLERTER 1960 FRERERMBA TEH K&
FIH (F6,2013) > HERFAESRSRAN T © (1)1970 4
R AEEE R IR R E 2t - MR
BRI TLFLEEAE - AR 38 mt » 1983 £ - BURF
W PR AT 2R - MR TR
S LT IECER s /) PTHERERE A - (2)1986 - 2001
A 11986 4F  EERR R s T R R AR
JiE) 5 1996 4 » 'ELHANG b BRI L PR K L
FLIb B FARE R - FHEAEE 150ha 72745
FEESEAERER 5 (3) 1995 - 2002 4 - AN
FERY 1995 SERF TN > 2001 5 AR
& 2002 5 > BHESILEEREARERC - AR
K (4) 2004 4 RERREMRILFLSELIRYE - #0H
Finknzess - HRE 2R kOBt EE
(VEBE, 2003; 215,2013) 5 (5)2009 4 - B e
TAEHAE SRR ISR BER AN B
5 TR UALERIEY ) EERE UL - PRI
FEFHSEEERRFE T LLAESE 5 (6) 2010 525 &
H s H AR Ry - Al ~ Sl -

AR A e E YRR - SR EIPE
WA THCES - FEARAVERIEERG - 5B AGEHR
HRRRBCHREF SRR - AT ig > 2
SR SERGE R MR BRI AR RFAELE -
FERERRE AT ER RV BSRRA - BEEMERD > 2L
BAESTAGRALAY AT REME AT - TSGR ATRE
AERERA TR RAR & LSRR EE S ] ~ 58
BUE IR - B RIER R S IR &
(PREZZL, 2013; #55, 2015) ¢ AR LALAVERFEERE
> FTHAVS)IR T2 H SR SRR ~ 4
TR T LA - KRS S P 2 34
BAPORRN - EUEEIE LA LAE A LR R -
iEthIERE 2000 L - EE I BIRSHK)5E

AENFLGEAET R - T 13 - 185 LA RY)
mPEEA TR TR SALBRE IR BR IR TR
W HEEEEEAEL - BAFLERER (ME,
2008,2013; [, 2013; #:5,2015) - HEG/KEZAY)
FERVTEREPRER - PR T R AR EE T2 T AH BBl B ok
R4 BIRED SR BUR b S - i
FAHEA Bl ks B il B AR E
% (Youetal.,2009; Xu et al., 2009; Luo et al., 2010;
Zhang etal.,2012) - HrE b= DS BRI I
FEE R b itge i mdErT - BRiE AP R
thfffEREERS (F155, 2000; ££55, 2006) ~ FFHER]
EPEEEREAS (5, 2005; You et al., 2009) ~ #fE
#EH (You et al., 2010a) H15> v FEEEHEBh & 1#
(Zhan et al., 2009) <4t E U RAHBIRYIRSE ©

AR IS (2008) Frfidd HAR S4B
25T e RAPD £iBHe TR T
FLEERRR » DERARAIFLETE ~ BIEFRHLE
F 2 4 -

FORHEL S 5

— ~ JUfLBA

(—) 2008 4 Z FCERRYET AR AL 11 38 ~ BPAE AL
ANLEIEC 12 1~ R aias il 12 9
HE LB BT 14 55 - BIERE
A A H 1S B A RECE AR
HerR 125 -

(7) 2017 FEHEERY 5 BFILAL - fRFES 10 5 Hp
strain 1 - 4 B AEGSRILFL » 524} strain 5 HI
R EFRECEH -

(=) 2018 FFAL A SR 2 TLfL 30 FH -

(V9) 2020 45 H HRIRIE IS5 T LF L% 10 FE - &2
SOLFLERTEY 16 FERIEF A UL 6 8 -

(1) 2021 FFUCEE EIFA 108 % Fi 15 BERCRAL A
VS IE  JLFL 15 B -

FI A AR Ry s TR S 1% - DIBEEL TR
[EIE = - RORPE ~ BRI TSRS
b - FERETTHE R AIH < 25 JUFURACRIRE
AIBRAT » Tl EReR -

T R AR
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Table 1 Nucleotide sequences of target random primers and the number of amplified bands, as shown in the RAPD

analysis of Haliotis diversicolor

Sequences of primer Total

Primer (5—3") bands Molecular weight (kb)
P3 GACCGCTTGT 12 1.0, 0.9, 0.85, 0.8, 0.7, 0.65, 0.59, 0.53, 0.4, 0.37, 0.3, 0.26
P5 CAAACGTCGG 10 1.1,0.93, 0.85, 0.8, 0.73, 0.68, 0.6, 0.31, 0.28, 0.2
P7 AGACGTCCAC 7 0.95, 0.81, 0.71, 0.6, 0.5, 0.45, 0.3
P8 TGTAGCTGGG 11 1.35,1.2,0.92, 0.8, 0.76, 0.64, 0.6, 0.5, 0.44, 0.35, 0.3
P9 AATGGCGCAG 11 1.3,1.1,0.9,0.85, 0.7, 0.6, 0.55, 0.5, 0.4, 0.35, 0.3
P12 CCGCCTAGTC 13 1.1,0.92,0.84,0.72,0.66, 0.58, 0.55, 0.51, 0.47, 0.4, 0.36, 0.28, 0.22

YIHGKT 0.1 g FIILAAHASREZ B 1% > F31 500 pl
lysis buffer (500 pg/mL proteinase K ~ 50 mM Tris-
HCI [pH 7.5] ~ 10 mM EDTA - 0.5% SDS) &
2] 0 ER S5°CNES kYR 2 hr 2% 0 A SERSRERY
phenol/chloroform =R A Y 4°CLA 12,000xg
BiELs 10 min > B EIEWIIA 6 S aERE i /Kimes -
FFELR-70°CR 1 hr 2 » DL 12,000xg & 4°CHfE.Ly
30 min fRZE RIEWR - FLL 70% JEEEECIE BEDL
B IR TR [BRZR I AGE B TE buffer
VSR AEHIE OD260 fz OD280 % » FiFeiE &
JBCE TR -25°CORFEIRAE R (R4, 2008) -

= ~RAPD 5|+

ARWFEI SR (2008) fhisE HACZ 45
7L P3~P5~P7~ P8~ P9 K P12 55 6 Ml [iHEH]
wik HFFEBME B R BRA AT LSR5 [ 5
THE B BN 2 BUVEHESTT AL Table 1 FoRe 53
M P3 GITASL 12 PR R PR
(1.0~0.9+0.85~0.8+0.7~0.65~0.59 ~ 0.53 ~ 0.4 »
0.37~ 0.3~ 0.26 kb) » EFRAEIEE 2 JLFL P3 FEKIEE
LT LB T -

HUE & JUFLIS BRI DNA A&l 1.0 pl (30
ng/ul)~ 2.0 pl 2[F (10 uM) ~ 0.5 ul dNTP (10 mM) ~
1.0 ul MgCl, (30 mM) ~ 0.5 pl polymerase (100 U/ul)
FIMEERIZK 15.0 pl » 2 A Bt Ry 20.0 pl < B4
T8 84 5 € (polymerase chain reaction » PCR) JZ
JEWRRI: © FEHEA 94°C » 15 min % - $AIT 30 fETEER -
RG34 (denature) 94°C » 45 sec ;

JR4 (annealing) 42 °C » 45 sec ; #EF: (elongation)
72°C > 30 sec ; FfRHR 72°C ZEfH 10 min fEFERHSE
o PENEYIN 4°C A -

h -~ BB EKBEE

PCR EYILL 0.5 {5 Tris-acetate (TAE) SRS
Mk > IO 1l 6 £ loading dye » JEARAY 10 ul 5
TTREVKSIAT » #8120 R%FEEVK 30 min - FEYKIRIEHS
SIAE 0.5 pg/ml AL Z4E (ethidium bromide,
EtBr) &4t 1 min - FRLLIZKER/KGRLY 10 min -
RPN EEIME TR - HHRGSITRM (Bio
Imaging System, SYNGENE, UK) #IZHIHE (%
% 2008) -

ANE- Vil

PR e o AT - BT 2020 4
K 2021 £ H 2 fEEBIEEYS (F9E Hain T % 1-
lain 1T » BRI R 10) ~ 1 HEZREHE (R
TT » BEARRE 16) ~ IEARER 108 iR JLfL Fi(fU
5% ntou3 - ARAREE 30) Rl (FR5% ph o AR
i 6) SR 7T AL T -

LLRAPD ;2 P3 ~ P5 J P9 1T PCR fifii¥t%
Ll Bio Imaging System 2% 438728+ GENE
TOOLS 3 #ik G FIRE P3 ~ PS 2 PO 5|7t fints
BEIRI B 2 RV b L vk IR RS IR - RIS HE
b2 B - 4K Nei and Li (1979) ZEFKTHEHE
EARAGREL - 9 — 22 3AM B E R S BB DL
OUT (operational taxonomic unit) &/ ° P3 ~ P5 k%
PO 1 [ $iE 54 i 1 A5k (R B2 26 UM b o ' i SR A
Table 1 Fit31] - jREFECEICER < il P PBer ity
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Amplification products of RAPD P3 primer (GACCGCTTGT) from farmed abalone and wild abalone for

comparison with genetic polymorphism. (A) Strain W (wild abalone); (B) Strain TT (inbred from wild of Taitung). M is

the DNA ladder of molecular weight standards.
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Fig. 2 Amplification products of RAPD P3 primer (GACCGCTTGT) for different farmed abalone compared to genetic
polymorphism. (A) Inbred from farms in Tainan; (B) Inbred from farms in I-lian. All individuals were sampled before

2008. M is the DNA ladder of molecular weight standards.

0711 8 - [FlrTEAE BN R 1

RHBERC R 0 DUBMT AT HUERCY AT 2K
filiat 7oA Hd sk - F=2Nxy/(Nx +Ny) > Hrfr F:
FoEEAPUE S HE - Nxy  FoR1E x vy Z{HfE
] - [FIRFBIEE R - Nx © {8 x m]ACSRAVIERTY
B Ny © i8S y PIRCERAPREL - i Bty
EEARDUERE - DL PAST Sk IR IIAE R RO 2214
(unweight pair-grouping method with arithmetic mean,
UPGMA) HEFTEEE/HT (cluster analysis) » SKHIE
mnlFI S ERAE - AN FHEIRIE (dendrogram)
(F%E, 2008; HELE, 2013) -

Mook

A FEE B HIAEFSERELLE R IR ZTL
L > ERESF (2008) Frgsk P3 5[ yEifmS A&
KIS 2 BUPEfAat R - INEF AE SufL R BRI AL
AW 25 HNVEFEEERS RIS BIR
L BT IS [ - EFT A RISRERIRF R T L AL

ARG TS B IR 2 U 1 S BT I LB BE L -

Figs. 1 - 3 J 0 (2008 4E 2 /) FREZILFLHT
Zkl > Fig. 1A B354 JUfL - Fig. 1B BEFAJLALA
TEIE Tz P3 BEKIEEARRE - FTiE(S 2 PCR 22U
Vs EHE A 0.1 - 1.0 kb 2[Ry - HrpEFAE S
FURIER 6 by 8 - 12 18 BPAE AL T8 T
X (strain TT) Hlfy 4 - 12 f§ - FEZEBBR
0.4 - 0.8kb ERAMENT - IEAEA 2 F - 1 flRHIER
NE R BETE (3 H B %, copy number
variation, CNV) » 55—FBHI Ry < 1 - SIRIH]
REBCEE AR R & 2 JUFL > PR B B AL
strain TN 7 P3 EL[RIFERERELL 1.0 ~ 0.8 K 0.65 kb
Ry » HAPENTERDEEIRE (Fig. 2A) » BEHEH
TS B ASREEZ JLFLAN strain Y > HEMEA
HUPHES (1.0 kb ~ 0.8 kb) ZHIIH CNV 23 F R
PR EIRAAADL - TEAREE 40%EEAZ 0.8kb f6
THEN (Fig. 2B) o DUBPA: BIER I NLFLIETTHER -

HrR T R E O AR N BR T R SETS 1.040.8 K
0.65 kb ZH5hess » [{iid 0.4 - 0.8 kb IR M
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Fig. 3 Genetic polymorphisms of RAPD P3 primer (GACCGCTTGT) amplification products for different hybrid
abalone. (A) from a hybrid farmed female crossing with a wild male; (B) individuals from a hybrid farmed male crossing
with a wild female. M is the DNA ladder of molecular weight standards.
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Fig. 4 Genetic polymorphisms of RAPD P3 primer (GACCGCTTGT) amplification products from five strains of small
abalone in 2017. Strain 1 to strain 4 are samples from different farms; strain 5 are samples from the farmed abalone.
M is the DNA ladder of molecular weight standards.
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Fig. 5 Genetic polymorphisms of RAPD primer amplification products of abalone from abalone intertidal pool
farming in the northeast corner in 2018; (A) RAPD P3 primer (GACCGCTTGT) amplification products; (B) RAPD P7
primer (AGACGTCCAC) amplification products. M is the DNA ladder of molecular weight standards.

ARRZ 225 (Fig. 3A) - SR Ry B~ J T 2017 FfREEZ S BELALP > strain 1 -4 T3¢
WA FEUEG 1008065 f 0.59 28 BN FRCEHH G ZILIL - strain 5 Ry B FEEREE
WA o MY 02 - 0.55kb WL (Fig. 3B) LZEH o AE P3 ERREE RG] 5 R UFLAR IR 2 R 4
WAflErE A HCE i A AR 22 5 - B LL AT AN Fig. 4 AEREUR > HAm e iy
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Fig. 6 Genetic polymorphisms of RAPD P3 primer (GACCGCTTGT) amplification products of abalone from different
farms in 2020; (A) samples from I-lain farm A; (B) samples from I-lain farm B; (C) samples from Taitung farm; (D)
samples from Penghu farm. M is the DNA ladder of molecular weight standards.

4-6 Rzl - FELIADF&E 04-1kb Zff -
WA B A BT B IRAIARD > H A L (R
BrE (1.0 ~ 0.8 B 0.65 kb) 23R » i F&
#] 0.42 kb HHAEHESE CNV 25 JREHHE
BRI - FEfgiley 5 40 0 10 - 30% A A HIER
ZHIMEIENTT CNV (25 HERT ERaAR M -
FHAFE 5 #H > TR 40%A kA KL KR 5
Ey 7N

M 2018 FE AR AL LR At PR S
Z 30 AR n B SR R ey TE R e RS R 26 U
R L AR - AR AR BERRHE
ERBRFET PCR - AR - SR EKAITE
EAE o PRI AR ME St T 6 - PHEER— LR
PERTS 2 BV ¢ P3 BRI E A 50%EEAH
HARER 2 R M g b 2 A2 52 R Rl R R 52
ERREBIR (Fig. SA) - REidte e & A iRfFE
B FIRAHR BRI R - 530 PT BRI Ry
I (RAPD 2|77 : AGACGTCCAC » FfffS-E: Kz
S UM BERT 0,95 ~ 0.81 ~ 0.71 ~ 0.6 ~ 0.5 ~ 0.45
Bl 0.3kb 7 f68) > AEHREREL 30 {E RIS HE Y5
W0 AIHERD P3 BEKI i R IFE R AT -

M 2020 £REESRH 3 EILFLEES KBNS
ENALZEAFR » 15 -lain 110 fEfFEAH - P3 KL
DRIEE 25 RUPE BT Fy 3 - 7 R[] - 5 30%A9EEA
Z 1.0 kb $EREFE R AARDL (Fig. 6A) » M

I-lain 11 35 10 fEERA - AIELS 6 - 8 fRAHERGTS
(Fig. 6B) - [AfE 2R LALEB G T IREZEA
(TT) > Ji~ P3 BE[KIEE TP H 5 - 7 ety - 222
(9 1.0 ~ 0.8 B 0.65kb HEHe#174E (Fig. 6C) ; ifii
TR Z AL (ph) » RITEEEH Y R 1248
ZBokE - BUERERR SRR S A TR
By o {8 6 JH > nHENGHY 6 - 8 feRbEYTY
SREL P3 HC[RIEE 2 B R IE ] 22 B AR AR AR
Yl FIEFEERY 1.0 0.8 BL 0.65kb $EHTY > 591
H 0.53 J& 2.0kb kg » HHINTT 2 CNV thiE
Bl b —8EH 52 (Fig. 6D) -

MR 108 i (fR5R ntou 3) (RIKIEREZETR
K IER F R B AR LALERER R 2 AL
AR - RERE S - 755 F AU HRI -
FIHEFTHAR T « Bk HIRy 2021 48 > AR5
5 - 9 RERIZ IR (Fig. 7TA) - [FIFEEREEH
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Fig. 8 UPGMA dendrogram with RAPD P3, P5, and P9 primer amplification products showing the relationships
among abalones obtained from five domestic hatcheries and two wild samples in 2020 and 2021.
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Using Random Amplified Polymorphic DNA to Study
Historical Genetic Variation in the Abalone (Haliotis diversicolor)

Jin-Lien Du”, Huei-Jen Ju, Zi-Wen Wang, Yi-Hsuan Huang, Chen Yu and Fu-Sheng Tseng

Aquaculture Division, Fisheries Research Institute

ABSTRACT

The small abalone (Haliotis diversicolor) is an extremely distinctive cultured species in Taiwan. The present
study used the random amplified polymorphic DNA (RAPD) technique with the P3 locus pattern, to compare the
genetic variation of small abalone collected from 2008 to 2021. Early results showed that small wild abalone had
8-12 polyphenotypic amplification bands, primarily between 0.1 kb and 1.0 kb, whereas the polyphenotypic
amplification bands of cultured small abalone were mostly 1.0 kb, 0.8 kb, and 0.65 kb. In addition, some cultured
small abalone samples presented differences in band depth (e.g., copy number variation, CNV) and also showed
band omission, indicating that the genetic variation and survival rate of cultured small abalone have declined as
the result of constant artificial selection.

The industry has improved the survival rate of cultured seedlings by introducing abalones from other
geographic populations, which demonstrates that it is feasible to enhance the genetic variation of species through
hybridization and to subsequently strengthen the ability of organisms to adapt to a changing environment. However,
the samples collected in recent years have begun to show a reduction in genetic diversity and a trend in
homogeneity of genetic variation.

In summary, this study demonstrated that genetic variation can be improved by selecting breeds with higher
genetic variation for crossbreeding; however, the preservation, selection, and management of breeds with a higher
degree of genetic variation are key factors for the success of this industry. Moreover, it is equally important to
maintain and sustain the benefits of crossbreeding, in order to promote excellent breeding performance in the

cultured organisms, including growth, cold tolerance, and heat resistance, among other factors.

Key words: small abalone, Haliotis diversicolor, genetic variation, random amplified polymorphic DNA

(RAPD)
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1995; Hseu et al., 2000; Sampaio €t al., 2016; 5EZE,
2021) = 1% FEERE - X3 R iani o wl ~ i ~ 25
7~ e i h DUSGHE RS (Pakhiraetal.,
2015; Refaey and Li, 2018) » {fij il Ea@EiEng Ak
PR e A G —E R EESE - THEE
1« IR R KBTS (Harmon, 2009;

“@EEE / EEMTCRE=RESE 4 5% ; TEL: (06)
788-0461 & 219; FAX: (06) 788-1597; E-mail:
pschiu@mail.tfrin.gov.tw

Santurtun et al., 2018; Lima et al., 2020) » Kt > BT
WREAR F B ACRR IR I P R TR A R TR
DRI RIAGE R L H Y (FFSF, 1995; Hseu et al.,
2000; 3ESE 2021) -

V945 B fili  (Eleutheronema tetradactylum) &
e R it B (Polynemidae) ~ VY §5 & fll &
(Eleutheronema) [YFARE » Ry 528 B SRS MR /K
IV - HRHBRESCAMHE 2 UL
BEETEA Y (Pember etal., 2005; Nesarul et al.,
2014; &5, 2017; Cheng et al., 2017) &EHEAE
EE (&S, 2017, BRSE, 2022) - 45 BAEH BoE T
SECHHAT (2020) BHAPAMUMESS (152+29 g
9.7 £ 0.6 cm) 7EFHBRMEH R 3 R e T T
WSE - 2RI - AR/ N P SRS E R b T AR R
Z o KA DB — R TERET -

Va5 R fisa ae T A e e AL - 25
ST G R B - Bl - ST - HfAaE
AEAUECR ~ SECRils  FrLASEE 28 el 6 43
(18- 19 mm) %873 (24 - 25 mm) FA5HyfH
1T 2R TR HMSEERAIE 73R - AR » I



14 BRiliagsE

FUERARGEEREE - ZPRRIEREREA
BHVEEETIE - Sampaio et al. (2016) F8%y - ffH
yRe T EEER R D B S AR - K A R A
s BRI~ RrhoKE FGEEIR R (Harmon,
2009; Crosby etal., 2014) - [b4h » B 7 A ERKE
A » TR B A E R SR - BRI A
& o SR - EE S E s A AT RER R A -
MR - R R K (Carneiro
and Urbinati, 2002; Urbinati et al., 2004) - (Kl » T
FOBRARA LSS HE I A R ~ BORRREE MR EA ~ I
IS fa 62 B0 R AR TG AF SR R b B ER
(Carneiro and Urbinati, 2002; Sampaio €t al., 2016) -

SREGH AR /K E By MLt E R T B A
FIBASEINIEE - AFEVAS (DO) ~ pH ~ I ~ BRI K
BABYEZYMEE L EAENTEFR
(Belema et al., 2017; Metar et al., 2018; Espinoza-
Ramos etal., 2022) - Hrr » [ERFFHITEAI/KER T2
pH K& %8 - {EEEE R rEIK pH @R
IRRAR - 35 Bl f S A A A R R AR A A
{LiRERE (Watson etal.,2010) - [E4h - AV
UM SR R SRR (Watson e al., 2010;
Barbieri and Bondioli, 2015) - Lim et al. (2003)Z% ks
B REYIR RS e SRR  SEERIRF R -
SR BRVYE S S A e AR TP E @ ARy pH e
BRBYEMUEM AR ARG -

ot bRt Ry R g B A V7 DU R M SR
RSB AR L R  AIFSERARET (DESE G
R § () [A) 2 R SRS E I A TG
TR fokKEgMb » DAl BRI RUEEH

XEELEYIRER

— ~ HEREY)

At EnERHYREREIEZES
eI TR B B R (R2ERRSR 110-IACUC-
02) - HLEAE FHSERIAEY) -

=~ BRI E R SO IR T
P (Hh—)

H Bk H R RS B 2R I H
TR MBS B HIRB IS (2022)- 1T =4t

RE wIE PR =TI T E R - 4
BIE 6 437 (16.86 £ 1.39 mm > S B&IHI) « 7 43¢
(21.37+3.07mm> M §#8580) K~} 2 # (36.50+4.03
mm - L §84) - REERIA AT 1% - RIEIaa
3RS EEBAEHE 3 mX4 mX4 m) NEE -
fEFEHEE 22 1,000 2 > 254 20 F2/m’ > FR#EHE DL
A9 (3#H X3 EHE) 9 [HFEHEEELE— 3,000
WE 7K - i 3 RS HEENIRETE ) - B
Bani 24 hr 255 > EEEBALARE DA HETE 3 /08
TEREIFERE A ET 300 BAE I ES—
FHIAVER RSTHIAERE A BHAGERSE - NAE 24 hr 28152
AEIREI A REAR » Ah -

it 24 hr 3E1ER (%) = CRIERFE R +
FIRG R BER) X 100

=~ BRI A AR R e T
KpoKEE (EE)

RIBER SR RER R - AR
R EI T AT - FEICERET AR B E I S
SEERTRIKERME - BB 71EZ2 8 Hong e al.
(2019) SEAEMEE - EEER T %R 24 hr
#HDL 25 L BB fa iR BEAERZFR/K 6.25 1 (33
psu) > FELSEABIHUA 1,000~ 2,000 K%z 3,000 s
TR PR R AT DU R i B AR T (AR B
K REFE L =31 1> 228 Estudillo and Duray (2003)-
Tt = E A - RS - B A LA
PRRAVEEE= R BRREEHER 24 - 25°C - B/ NRF
FHEFEEEI—K - T 5 hr PURREEEE - R
RS IR LG T RS R A=

il 5 hr RIGFER (%)= CGEERE TR
R SEER TR TR A B X 100

KB 53 HTER 43 » 25 Estudillo and Duray (2003)
(Y53 » R A LR R R (AR R DATRE
XL 2HUKEHIER (XT-131M, JAQUA, Taiwan)
E TR KR ~ BERE R pH © £REE 500 mL 1Y
Wrpk o DIt BRI 2 EUKE R (HIS3300, Hanna
Instruments, USA) 4347 NH3-N Jz NO»™-N JEJF -

Vg ~ et s b

FTE BB DP9 + FEHEZE (mean + SD)
o DIBA T3 54T (one-way ANOVA) K
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Tukey’s honestly significant difference test [LiEAN[E]
R REUEERE R N REETER KK
B2 I 2= LA M - DL paired sample t-test
telCER AR/ E 2B REEN - GRAKE
22 Y B R BE 3 P R CR DA B AR S BR (simple
regression) ¢ FZEARFHREA (Pearson correlation) 3t
175347 © BIEIHT L HE/KIE a=0.05 - HfETHEE
#R e By GraphPad Prism 9.0.0 (GraphPad Software) °

Mo R

— « R S (R R L

AR (S~ M J L) RUfaEie - 168
24 hr TETERS3 1y 69.00 +2.64%~98.33 + 1.47%
J2 99.62+0.64% - FHr#EEl M K L lUF IS 7R
HEE E AL S U (p<0.05) - [deZY Mz L
NG FRRA R 2R (Fig. 1) -

b b
100 —
80—
. a
B
= 60—
o
g
w 40—
20 =
0 1 1
S M L
Fish size

Fig. 1 The survival of Eleutheronema tetradactylum
juveniles of different sizes at 24 hr after handling. S =
small (16.86 = 1.39 mm); M = medium (21.37 + 3.07
mm); L = large (36.50 + 4.03 mm). The different letter
above the bar indicates significant difference (p < 0.05,
df = 8).

T AV S R ) AR S TE R
KB b

DAL bt M 8RR Nz i T AN R Y
R gt CUSETE i 5 hr 2 %% 0 1,000 B/28A9HH AT B
FEHIETER (99.53 £0.20%) » B (p<0.05) /&
JREARTRE - 170 2,000 EARAHHAREFER (48.18+
7.85%) WHEEE (p < 0.05) =L 3,000 /AR
A (6.99 = 1.18%) (Fig. 2) < s#Hi@H(T - FEANFIRH A -
1,000 & ~ 2,000 B 3,000 FB/ASHIAKIEL B
24.57 £0.25°C ~ 24.47 £ 0.20°C Jz 24.6 £ 0.15°C »
EE T35 By 33.23 £ 0.15 psu ~ 33.20 £ 0.10 psu k¢
33.00 = 0.10 psu - % fH 2 [ B 8 i % 19 1R S
(24.13 - 24.67°C) K:BEE (33.17 - 33.30 psu)
WHEEER -

100 =

Survival (%)

1000 3000

2000
Transport density (fish/bag)

Fig. 2 The survival of Eleutheronema tetradactylum
juveniles at different packing-densities and 5 hr after
simulated transportation. The different letter above the
bar indicates significant difference (p < 0.05, df = 8).

/KBS0 3T - 3E# T 1,000 & ~ 2,000 R
3,000 E/454H:2 pH 43311k 8.06 + 0.01 ~ 8.03 +0.03
J%2 8.05 + 0.04 > #&5#8 5 hr 5#fi % 0 &40 pH {EHS
Bk 6.58+0.06 ~ 6.48+0.03 K 6.36+0.02 » itk
(9 pH BEEEFEK (p<0.05) » H 3,000 F/48f4 pH 58
Z (p < 0.05) K 1,000 E R 2,000 F/ASHIHHA
(Fig. 3A) ° 3EIHT 1,000 & ~ 2,000 R 3,000 /48
HHH NH3-N SRRy 0 » 35 5 hr $253 715y 0.09 +
0.00 mg/L ~ 0.25 + 0.02 mg/L K% 0.36 + 0.04 mg/L >
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A B
10— * 0.5 *
— —
8- 0.4
a p
L o
6- > 0.3
3 :
4- = 0.2
=z
2- 0.1 a
0- 0.0
BT AT BT

0.15 *
== 1,000 fish/bag

* c . 2,000 fishbag
I 010 I 1 = 3,000 fish/bag
g b
z
2 0.054
a
0.00 -
BT AT

Fig. 3 Variations of pH, NH3-N, and NO,™-N during the simulated transport experiment under different packing-

density conditions. BT = before transportation; AT = after transportation. The asterisks represent significant differences

(p < 0.05, paired sample t-test) after transportation compared to before transportation. The different letter above the

bar indicates significant difference (p < 0.05, df = 8).

FRHAEE R Y NH-N JREIEHE TS (p <
0.05) » LA 3,000 /4319 NH3-N 2 im » HX
& 2,000 /4% MIHIFEEE (p < 0.05) &t 1,000
F/A8A%HA (Fig. 3B) - iR 1,000 & ~ 2,000 &
23,000 /A4 HHNO,™-N JEEE 4RIk 0.013 £ 0.006
mg/L ~ 0.012+0.002 mg/L }z 0.011 +0.002 mg/L »
S 2,000 BB 3,000 FB/4SHT NO,-N JE s Bl
RIS AR (p<0.05) Fh& © 1,000 B ~
2,000 & J% 3,000 FE/ARAEE R HT NO-N JRE 53
Ak 0.029 = 0.005 mg/L ~ 0.071 £ 0.014 mg/L J%
0.107 + 0.007 mg/L » 3,000 BB/4S85H (p<0.05) =
JAHAREA - IR AR (p<0.05) #ky 1,000 /42
(Fig. 3C) -
## pH ~ NH3-N Jz NO,™-N JR Bl e g D
i LA Sl i b R B AR A BRAET T 40T~ IR B
FIEEEEEL pH A3 720 Y=-0.00011X+
6.698 » R2=0.860 » tHRI{REL r=-0.927 » 2SI
(p<0.05) EAHR - AFEEFEEBS - Eiakk
HhpH K (Fig. 4A) - RSEEATEL NH3-N JREEHY
SRS R Y=0.000137X—0.036 » R2=0.950 »
HHRATRES r=0.974 - 2B (p < 0.05) EAHR -
RFUEEE R SHiRe /K NH-N JRE s
(Fig. 4B) - FAE2EHL NO,-N JREHE 2=
B Y=0.000039X—0.008 > R2=0.937 > fHEI(REL r
=0.968 - RIEEE (p<0.05) EAHER - AEREEEE
JE ey sEia R Kk Hh NO,-N R EE il (Fig. 4C)-

Y = -0.00011X+6.698
. R2= 0.860

A 6.7

Y = 0.000137X-0.036
R2= 0.950

=]
'S
1

NH,-N (mg/L)

Y = 0.000039X-0.008
R2=0.937

0.10

NO,"N (mg/L)
o
(=]
(4]
1

D.Do LA e LR NN frrrrrrrTrT frroerei
1000 2000 3000

Transport density (fish/bag)

Fig. 4 Simple regression and Pearson correlation
analysis between transport packing density and water
quality. A: pH; B: NH3-N; C: NO,™-N. Dashed lines
represent the 95% confidence intervals.
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SUI

SRFITREIRN » e i T A A Y B
(Acerete et al., 2004; Barcellos et al., 2006) » &EX
JEIRE R R A B P SR A s R & e
(Urbinati et al., 2003) « 855 (2020) ReBPU$E E fi;
RHUfaE (15229 g 9.7 0.6 cm) etk
IR R ESHIM A BER? (plasma cortisol) JREE
FHUBR SR - (HI A HR R A ERTEER -
A TS KR AT AN [ S Y DY 45 1 /N Y fa
(16 - 36 mm) fE¥FHRANEFIEE - MR T
ITIR 20 - 40 mm Y FAEEEBHHTR 24 hr 5 EE
90%IHIEFESR » Ti/INFY 20 mm A HIAE 95 i 1%
AR 30%MYSEIR - Al S S S PERR Y
6 53 % 8 43 (18 - 25 mm) FYFA T HEf THF YA -
RS R AT YR AR R R 20 mm
DAE GHATM R L) - SR Bampe A g2
Tt > ARAATHE— DML SR B RIZRER A g KK
firFig st - Barcellos etal. (2012) f5Hi > A
FEI A G RBUIH R RIR PR E B A S E
PRI - BIEIESE A BB E 2R B (AN fa s
FHELHIRIRY) HROER, - KR SRR - Bk
AN Rt ERR s FEth & 72 52 - A Y » Hemre and
Krogdahl (1996) RIZERFIEEE (0.5 & 3 ke) K
RPEFEES (Samo salar) FEfHiEE R MR AR
b2 R B2 - G rTRE 2 R R R =
R B ZM RSB IBAE - RIBE
Ba—aR - HI M R L (EBHi RIS e R A
7258 H AR ALK R TR f P e A N m g
HCHEIMA RIS BT S EER LARERRS -
IR M Ry f e TE R -

H B 2 A 31 2 B IR 1 7K Fa i S8 i /Y iff 52
(Table 1) - SHEEARESARE - HOEETEA AR - 7]
53 Table 1 Fry ERAERBE MR 1.47-9.70cm>
HEESTHY 0.12- 152 g e th B AsERAY
FE - AERFRIBITEHR - SEiR A R RoR T AP
A5 BIANDLEAL KSRy A 8RR
(Pavlidis et al., 2003; Treasurer, 2010; FRZE, 2014;
Hong et al., 2019; $&%E, 2020; Espinoza-Ramos et al.,
2022) ERELARZE K » LRI A SRR
Ze/~ (Ayson et al., 1990; Estudillo and Duray, 2003;
Xavier etal., 2018) » 38 & 5aia ) % & B WA S

AR SR FEARIEA (R FE 40 e T B B RR T - B
SeRiFI B EES TVYHE S MOER NI ZE (GESE, 2020)
FEEE - ARWTZE6E BT S i R N > HLBE FZER R
RS TR EEE - BURESE (2020) AYBFZEEEHIZE
BAaCE gy TR E o HATR A E R 2
FE S 5L 5K ARG I /N Y fR e B Y 7 =K
(Loka and Philipose, 2012) » ZKWf5215 AV E B 28
AR TN Z2 S - AR JTTH - AR
HEHE S hr o {CEEFEILAR AT 5 hr 5
o fESERTAIISE T - BEAF A BT (Epinephelus
coioides) fatEHEERELH 6 hr (Xavier et al.,
2018) » BUARRFZERERIIRF AT - HE 2 E &,
/K EFEAIABE (Epinephelus sp.) (Estudillo and
Duray, 2003) ~ 2 5f R it 4 (Sganus guttatus)
(Ayson et al., 1990) FEfEfe (Trachinotus ovatus)
(Hong et al., 2019) SHEERIKFEERAE 8 hr - RPEHEMR
(Gadus morhua) (Treasurer, 2010) ~ Ffi§ (Pagrus
pagrus) (Pavlidis et al., 2003) J 5 fi
(Rachycentron canadum) (Stieglitz et al., 2012) HiJifx
£ Ry 24 - 48 hr > SEERFFRI AL A YRR
P~ SEEIEL K

B FT R B S R R S VU R R Bl R
HETER B AR B S E RIS AR -
FE R PRI (Ayson et a., 1990) K B fa
(Estudillo and Duray, 2003) Jz A= fa (Larimichthys
crocea) (1R5F, 2014) HURSEEHin BRI E[A
BRIVBLS: » HER » BT OB S AR ™R
FERAAARERT » (HEEOHR A L2 BB
MR (Xavier et al., 2018) » MEfE
FEAEA R RE R T A T B I 9 B B e A A Y
SYOGHRE 25 KRB ERR R A
AR (Hong et al., 2019) » A& @A
EIGTF - bR T DR R E R tEts Bl & HARE LB
73T JE R BRABAR AR & FI T - SRS HERYE
HH BB A E R Y R —E B2 - R AR
—HHET -

T L /KE R T2 20 FUERIR I R E R
ECERAETE - Blan— S bE ~ & (NHs » NH3-N ¢
NHs" ~ %54 K pH (Pavlidis et al., 2003; Harmon,
2009; Portz et al., 2006; Treasurer, 2010; g &&,
2021) - fEfaSE5HigsEE R - ke pH &FEE I
IHERS B IR > TR R &SN (Buietal,
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Table 1 Comparison of commercial marine fish transport parameters and optimum transport conditions
Optimum
Species Fish size Experimental density Transport Tempt)erature transport Reference
time (hr) (°C) o
conditions
. 21.18 £ 4.38, 31.77 3 .
?Cr;lszsge;zus ggg i 84713 M 657, and 42.36 = 8-12 16.87-17.67 31.77 §_$05r7] kg/m Ezpzl;oza-Ramos etal.,
P 22 EUI2E 876 kgm?
Epinephelus 6.0+0.2cm 20, 30, 40, and 50 ' .
coivides 30502 fish/L 6 28.5-34.5 < 50 fish/L Xavier et al., 2018
. 50, 100, and 200 50 larvae/L Estudillo and Duray,
Epinephelus sp. 1.47-2.81 cm larvae/l 8 23,28 281 cm 2003
Eleutheronema 9.7 £ 0.6 cm PB .
tetradactylum 152+29¢g 50, 70, and 90 g/L 1 27.9 50 and 90 g/L Lai et al., 2020
160, 320, and 480 21.37 mm
E. tetradactylum 1.68-3.65 cm fish/L 5 24-25 160 fish/L The present study
3T
Gadus morhua 12x1g 10, 20, and 30 kg/m* 24 11-11.4 30 kg/m Treasurer, 2010
Pagrus pagrus 522 +1.09 g llg/nio 30, and 40 48 14,19, 24 20-25 kg/m*€  Pavlidis et al., 2003
Rachycentron 7.33+1.01cm 5,10, 15, and 20 3 L
canadum 165+0.7 g kg/m’ 24 19.28 £ 0.72 20 kg/m Stieglitz et al., 2012
100 fish/L 8 h
Siganus guttatus 2.1 £ 0.11 cm lgg/flzs?\(/)li 300, and 8 28 300 fish/L 2 h Ayson et al., 1990
200 fish/L 4 h
Trachinotus 5.86 = 0.51 cm 3 5
ovatus 3.38+0.36 g 27,54, and 81 kg/m 8 26 81 kg/m Hong et al., 2019
Larimichthys
0.12+0.03g 2,4,and 8 g/L 10 16.5 <8glL Zhang et al., 2014

crocea

PB: plastic buckets; T: tanks; C: containers

2013; Zeppenfeld et al., 2014; Salbego et al., 2015) -
A ST B AN AR Ry fr - £RHR7k g pH &R AE
e E R 5 hr 2R - T NH3-N JRET S - Bl
Hong et al. (2019) H#E1T 58 BB R0 S Him B RS
SABMLL - SERERAY NH3-N JR R S AE AT -
HEEEAEF RN » NH-N JRESHZWG 0 -
4 » 4F Espinoza-Ramos et al. (2022) #1TBEREEFL
Tifi& (Anisotremus scapularis) [/ 2sEim B Es -
ANGmE R Ry 8 ~ 10 B¢ 12 hr - EEEEHIVERR
J& (NH;-N ~ NH; jz NHy) #REAEE SR REHH -
e 8 - 10 hr &= R AEH pH FIRIZLHMEEE
FERH o FA i@ AR o R 8 m] REIK R BE S
WS R - EMAEAE S CO &k pH FHE
(Paterson et al., 2003; Singh et al., 2004) » [F]FRFtH,
et e A o R R QR S i Bk i 3E 2 HO
#, (un-ionized ammonia) (Dan and Yong, 2012;
Hong et al., 2019) - i& W R AR Feha il E] pH 2%

1B B NH3-N SR FHER R AL - 17 NHa-N JREETHE
R 5 {7 B FE{E (Loka and Philipose,
2012) » &t RAE AR SERE R H o thSh - NO2™-N
TR INRT I ZAEL NH3-N FH[F > 2A1H - AR
FERHEREOK fAHLL - ek NO-N B R#
21 (Brownell, 1980) » ReLbyigrk fii ERES
TAZE 30 ppm IR (Atwood etal., 2004) > A
W Fetsil B i = 25 EEAHAY NO2™-N JREE (A il
0.5 ppm (mg/L) > BIHEETEFHAPUFE SRR P 2
AEANIAEE - 38 T2 Ryt TERER 73 M7k f B s iy 235
EEBEE R RAERE - Mk NO-N
(Pavlidis et al., 2003; Treasurer, 2010; Hong €t al.,
2019; Espinoza-Ramos €t al., 2022) »

75 3 fE] BRIl b B 1 B AR AHIRR 20 - A
S50 pH 2 NH3-N JRE BRI M - 512
I S AR B I AHR - 38 B Espinoza-Ramos et al.
(2022) RYEESRSIARML - Timmons etal. (2002) 2
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Rtk ¥t NHe-N JREE 2 MERE - N E
0.05 mg/L - #Rfi] » ANHFFEAE AR B RIS (1,000
FE/%%) 2 NH3-N JREARTE 0.1 mg/L - Z5Hig R
M R T RES A A i A AR - MESRAE LR
T fEINEERESE 99.53 £ 0.20%  (HHE&Y
SR RANREE ~ IR 5 7 R R B A
B AT RHEIR] NH3-N JREE SR A 2 A
AR - SROAIIZERE R - DAE R E B GRARE
B HETTVUFE RSkt e B Ry - ey
EATE 20 mm - GEEEELy 1,000 /48 - EHiR
RFFE DA 5 hr By'H -

W

% 3k

ORvfiRe, AOKAR, HRETER, ZE(EF] (2022) PUERSERAY
fPHEF T MR R A S AR TR
% KEEWEE, 30(1): 45-57.

B SCH, B, Fmi, |, MR, Fae
(2017) Jig SR E RS DU HE S BSOS AT K 2
R BB BT, /KRR, 13: 97—
104.

R, BIELR, JUSEE, BUAD, SRECGE, B, SR
I, MORCHA, B (2021) FEUHE RIS SR RN L
BREEEMT B FE. B RgrE R, 41(5): 137-
144.

wefE, TEE, FEY, BRAE (2014) 7 A
JES AR A ECERT ~ BT R AR S B2
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AFEAR, EEF, KK, TEHE (1995 #Hin2-
phenoxyethanol 7 2 i i D¢ @R 13K SR . /K E T
gg, 3(1): 11-18.
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Live-bag Ttransportation of Juvenile Fourfinger Threadfin
(Eleutheronema tetradactylum): an Investigation of Handling Size,
Packing Density, and Water-quality Variation

Pei-Sheng Chiu®, Yeong-Torng Chu, Ting-Jeng Chang, Jian-Wei Huang, Che-Cheng Chang,
and Jinn-Rong Hseu

Mariculture Research Center, Fisheries Research Institute

ABSTRACT

Live-fish transportation is an essential feature of aquaculture. However, during the transportation process,
factors such as fish size, packing density, and variations in water quality can impact fish survival. The fourfinger
threadfin (Eleutheronema tetradactylum) is an important economic marine fish in Taiwan. To date, adequate
information about optimal practices for the transportation of fourfinger threadfin is still limited. To establish the
appropriate conditions for live transportation of juvenile fish, the present study investigated (1) the suitable
handling size of juveniles, and (2) the survival of juveniles and the variation of water quality at different packing-
densities. The results showed that the survival of juveniles of different sizes (S = 16.86 + 1.39, M = 21.37 £ 3.07,
and L = 36.50 £ 4.03 mm) was significantly higher in M and L sizes than that in S size at 24 hr after handling. We
subsequently investigated the survival rate and water qualities of M size fish in 3 packing densities (1,000, 2,000,
and 3,000 fish/bag; water volume per bag = 6.25 L) after 5 hr of simulated transportation. The highest survival
rate (99.53 £ 0.20%) was observed with a density of 1000 fish/bag. The analysis of water quality parameters
showed that pH decreased with density; in contrast, NH3-N and NO,™-N increased with density, and the
deterioration of water quality was significantly higher in the 3,000 fish/bag per bag than that in the other two
groups. To summarize, we recommend that juveniles should be at least 20 mm in size, transported in a packing

density of 1,000 fish/bag, and with transport time no longer than 5 hr.

Key words: Eleutheronema tetradactylum, live-fish transportation, handling size, packing density
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=2 SNz IR S e T L e RN
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JEG I FERE T TR R A I 5 M P e Dl EL HERE b 5 A T R O - REBR
(Nannochloropsis sp.) EidigkEkiEe (Chlorella sp.) fESME LR AL - BERERANGE 252 - ks
B HRTUMER (cicosapentaenoic acid, EPA) » #EBREEHIE - EPA B/KEY A MR EE >
{50 PR R B AR E IR P BRI W RESEEECH BRI K - M F S MBRR EE rTRE S AR )
DUEAREIEERSR ~ TRV R BEKE P2 e Tl s 2-5 KA HEARS - AR seiis
HERRELIGEREE 18S £XEHE RNA (18S ribosomal RNA, 188 rRNA) JEKIFFHI F-Ry 72 RaE Vg —
P51 (species-specific primer) » G REURF| FAVIFEE — P57 NSCS 1 1T & B 4 FE
(polymerase chain reaction, PCR) » REARIER{ENY B A/ NN - 48 3 /NRF RIS H il Bl ek ok s
Fe HAZ SRR » FEGRIAIRSE FH S 1 S2  F JE R, » G B AR A IR B 2 DL s /K EE R RS

SELEFE -

REEST | HOIKOR  RIK0R  WIEE—MSIF - RIEETE - 18S EEE RNA 2R

B 3

R AP AR Vb I B B A AN R R
A] SR A: e i 2 mn A (B (< ARV o AR
FHEARYIRGESS - FIAN : ATEETE - B
DU ~ A G5 ~ HEUTBE ~ AR ~ AFREE
R ~ BEFIAEAIY 5 SN SRAE B ) S 2 Hh PRk
W PO Z R R BT AE R AR
AR B ~ B B P AR e U E 1T BA 28 S
(Boyd et al., 2020; El-Sheekh et al., 2020; Fabris et
al., 2020) - RGP by B3 I S et IE R
#1T (Qiao etal., 2019) o

Fal g SR K o Ry AJEIE R BRI
(Huaetal.,2019) » FZE R ffifs S 220 T2
RIEELE  RERESEEIER WG - K ER
VE Pt B 2 JE YR E i PR R 1 e
(FAO, 2016) - Fufife (R ESTH A= AR E AR A HE g
18 - TP S O R — R BERE - KRR E

“EEES / RESIBIEEZ AT 67 5% TEL: (08)8324-
121 8 285; FAX: (08)8320-234; E-mail: zyxu
@mail.tfrin.gov.tw

EENER] - BR T RUEERESN - BRI IaER
QS —TE MR RSRIRIER - 5 a0 AR )
IO NIRRT S B A TR HUE
RSN ETRHE VI E Ry R YIARIE - AR BRI A )
FAERRE - AR S AR R AR B S B
{E > WA AU (R, 1999) - DUFHERETR
B> R E R B IR E TR T B Rym A
HEll% (highly unsaturated fatty acids, HUFAs) ~ #f
A:3& (vitamin) ~ BHIEE (phospholipid) < o AHEIR
POKFAT S » HE N aErIiEhg s — iR
% (eicosapentaenoic acid, EPA) Bl — -+ "I GG
(docosahexaenoic acid, DHA) ¥ /K fa i 5 B

(poly-unsaturated fatty acids, PUFAs) 4 ¥ ## L,
(biotransformation) }y EPA Ed DHA - F5 54 p5R
RIS - i EPA B2 DHA Fyif/K B2 TR
fE il (essential fatty acid, EFA) (Tocher, 2003;
Turchini et al., 2009) - HEijig/kA B E LEFHE
& DHA HySF#fii:% (Isochrysis sp.) DUKE &
EPA f#tEk3: (Nannochloropsissp.) (Renaud et al.,
1991) - fEBkeEe /K A A Ba P RS Z I b 72 U Lo
SEANERN 1987 SR 5 HARS 1% - FI i w22 i
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Brnall - FItUK SR » Rk R E
FEE i — -

#EREE (Chlorellasp.) SR/ NEREE  fRikEERT
(Chlorophyta) ~ LER#EHH (Trebouxiophyceae) ~ /|
k3% H (Chlorellales) ~ /NBR#EER} (Chlorellaceae) »
Pyt NERES » ELARHEIEIECK » ¥ AE 2-10 pm i -
HEBRIE 7 8 F Ry (Chrysophycophyta) ~ H
R 2L #d  (Eustigmatophyceae) ~ H IR & % H
(Eustigmatales) ~ BEERER] (Monodopsidaceae)’ JR
Ttk U/ NERES > EASAE 2 - 4 pum [ - SMEELREER
FAGORREL - R R Bt () BRI - RRBREE LR
B TE R 20U o> LB BEER o o AR
(Maruyama et al., 1986) - fF ¥ fi& ZE #% £
(chlorophyll) #HREEJTTHI » #kERERFRIBREEEDT B
R S5 R a KEERRR b BRI E IR
ESREA (A ¥R 2 a (Hoek et al., 1996; Lubidn et al.,
2000) - /EEE R NE AR AR 43 - #EERIEA & EPA »
BBk HI'E & EPA (Boussiba et al., 1987; Otles and
Pire, 2001)  AIFRFIA & EPA MUSKERESAER K o
B ik 02 PR R A R T R L
nn B A —ERR R o KB A TR HE R
TP Ry U EE 5 -

RIZPRA RS B A BB E - g
TERTABIGE TR, - B E R AR
PTG B BEATE At EE ok
HASri i ERE= A S - HAlHE ARy
MR AR DU N IO © — ~ I st ssbant © thik
BEIRTRSE TG - (E R SN PRSI H L0 e 44
BB g Ty N BT TIRAE - A RFIZFTRE
T~ PRASTERR SRR ¢ I R R P EE R SRR
FESGEIT TP S RE £ DIV R 2 - B
FE 5 EERE R B H B ek A A - SRR
T 2K BRI AME (55,2010) 5 = - EHEHE
WIBRRH AT © LR e e MR A B R i 72 22
TP A EE R 2GS - AR
HHIETEEFER{L (methyl esterification) 2 A
RAHE TR T L 0T - PR KRBy 3 K>
PRUPEEBRERE I (RF5, 2014) 5 Y ~ FIFESRDE
Fip ik 53 e ¢ (e i Ry LR YEREE - {ELIRIRE RS i R
il - S A R R ATE e A Rl T AT KRB
3-5 R AR RETER ) o DA ietE
B3 AR IEDL T » B2 EE LA - [RIEBH

B PURAERENI G E TR A -

BRI RN A RS -
FEIRE M R EE 2 REM (restriction fragment
length polymorphism, RFLP) ~ $&i Fr Er S EE Z RE M
(amplified fragment length polymorphism, AFLP) ~ &
BEHEIMZ BEME DNA (random amplified polymorphic
DNA, RAPD) ~ BE g i 2 L RE 4 (single-strand
conformation polymorphism, SSCP) ~ DNA F#314534T
FYpfEE—: 5| PCR (species-specific primer)
2773 (Wu et al., 2014; Fahmy et al., 2015;
Murphy et al., 2015; Varadinova et al., 2015) - 1F
B LR PR — g [ 2 — A PCR iR
o H AT YR 8 E AR G RIS R
RO ~ SRR 1 T B — e S P RO PR
JE B i (Aguirre et al., 2015) > 140 i
(Matsuki et al., 1999) ~ B2 (Muiretal., 2011) ~
#% #% (AL-Banna et al.,, 2004) - % 2 5
(Curculionidae) (Aguirre €t al., 2015) ~ & H E&
(Psocoptera) (Zhao etal., 2016) ~ JA[X (Takifuguspp.)
(Dong etal., 2019) % - FFZSCRCFIRT 18S #%HEHS
RNA (18S ribosomal RNA, 18S rRNA) MR F51]
AEHELTIREAY YRS E  (Rasoul-Amini et al., 2009;
Zhang et al., 2014) - il i 5k BR i FE8E 1 A
(Wan et al.,, 2011; Tear et al., 2013; Khaw et al.,
2020) » {H H Al e SR R s — 5 [ 5
Tk 7 H R B R B T8 T e

FEAHSEH - S E A R BE S - ARIEY)
T [ FRYSBRRUE - RETERRERIER S HREBk e
HYELKIFH DNA (genomic DNA, gDNA) thiEig
R/ PCREY) AT REST R MERE S 8571
HERRER i B BB EIRE -

A RLEL 5 ik
— AR L HEPRRL DNA 3

ABFFE R0 R BEERSE =1k ~ #kBREE 11 1R
HY H 7K ZE 3B P B s R A T T s - el EUS 1%
43 AILA 500 ml $EJEHUHEET TR - R ERER
FE I Fy 26 - 28°C - SRR R 20 - READE
SRR 280 - 400 uB/m?/s » E#EW E Walne fii 5
(Walne, 1974) - JEfEAR T ERERIRHK PP HET TAR i
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Table 1 Primers used in this study

Name of 5 3 Size Temperature Product
primer (mer) (°C) (bp)
CS 18S F1 GCTAATACGTGCGTAAATCCCGACTTC 27 60 1503
CS 18S R1 ACACCCAATCGGTAGGAGCGACG 23 61
NS 18S F1 CTCTGAATCTGCGAATGGCTCATTATATC 29 59 1661
NS 18S R1 GATGAGGTTTAGATAACTTCTCACGCTG 28 58
CSF1 GCATGTCTAAGTATAAACTGCTTTATACTGTG 32 58 344
NS F1 TACATGCATCAACTCCCAACTGCTTGTC 28 60 229
NSCS R1 AGGCTCCCTCTCCGGAATCGAAC 23 61
NSCS F2 AGCCGCGGTAATTCCAGCTCCAATAG 26 61
CSR2 ACAGCAAGATAGGCGCCGTCAGTGC 25 63 139
NS R2 GCGTGCAAACCAACAAAATAGACCACC 27 60 290
NSCS F3 AAGGAATTGACGGAAGGGCACCACCAG 27 63
CSR3 TGTTATTGCCTCATGCTTCCATTGGCTAG 29 60 293
NS R3 GTTCGTTAACGGAATTAACCAGACAAATCACT 32 59 180

9%~ ANEIFARECER - BE O IREREE RS REEY 99%1
FEATRH » 2-20°C fR17 » DURRAEE SR - Fb
BUP RE QAR 8 BE 0N B 8 b 55 P RE B2 R 1 173
5 ° FEKIRH DNA UG A2 R E YR Rt =R
(taco™ Plant DNA/RNA Extraction Kit) JE{THHEY »
FEAZHER T DNA BEiLR-80°C UKFRIRTE » LUH#
A E B -

.~ 18S rRNA JERF5453 4t

A B 5 4R 18 S8 B B 5 AR ) B il A ER G
(National Center for Biotechnology Information,
NCBI) EKZE#HE (Madden et al., 1996) _FRrEEfit
Z 11 ek E 18S rRNA EL[KIF%1 (accession
number: MG920501.1, KC594687.1, GU220364.1,
KU900229.1, U38902.1, AF045045.1, AF045044.1,
KJ756827.1, KJ756833.1, KU342038.1, HQ710566.1)
B 12 f6e#%ERkEE 18S rRNA EL[KIFF%1 (accession
number: AF514413.1, LC385651.1, MT992791.1,
KF879600.1, Y12816.1, LC535350.1, KF879591.1,
KF879601.1, KF879597.1, KF879594.1, KF879592.1,
KF879587.1) » FIIHEGMAE P& FRWFERT (European
Bioinformatics Institute, EBI) BN 4925 E:
% (European Molecular Biology Laboratory, EMBL)
8k 1Y 2% B Fr 51 B ¥ Bk #E (multiple sequence
alignment, MSA) (Kanz et al., 2005) » $%HEEKF51]
FRYEER -

= ~ 18S rRNA HH5 | 73543

18S rRNA EKIFP3 I HAF Rt e il - H
5|+ EE R AR RV R 51 Y s R R R e i 3
at > EFEYEE GRS S - R Bk
18S rRNA [543 B LAZ B e 5| LBk g et T L3
% B ALK P31 EARURE m A PR e - £53%
T —#H5[ 7 (FEERKFE © NSI8S F1 primer: 5°-
CTCTGAATCTGCGAATGGCTCATTATATC-3” B
NS18S RI1 primer: 5-GATGAGGTTTAGATAA
CTTCTCACGCTG-3’ ; #%Ek# © CS18S F1 primer:
5’-GCTAATACGTGCGTAAATCCCGACTTC-3 Eil
CS18S Rl primer: 5-ACACCCAATCGGTAGG
AGCGACG-3’) (Table 1) - HtERERELRREREE 18S
rRNA 5[ FZH AR AR R i G IR A
FIEFTERK -

Py ~ PR [ rasE

FIIF] DNASTAR i ke 2 HiFP 51| L e
ERRBE LR BT 18S IRNA JRAIETTEEAS » R
HNFS LR ER - 3G 7 =yE 511
575 H B NSCS 1~ NSCS 2 Jz NSCS 3 (Table 1) »
B TS — e R B P Y IPE R 3t
G157 LUK RS 55 AN [F) W R ] S X P 31 22 B
AT — M5 [ > FEFR RN PCR EY)
WK/ > SEETTT B 5 38 - NSCS 1 575
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Fig. 1 Chlorella sp. (A) and Nannochloropsis sp. (B) are very similar in appearance and shape. The scale bars for (A)

and (B) = 13um.

CS F1 primer : 5’-GCATGTCTAAGTATAAACTGC
TTTATACTGTG-3’ ~ NS F1 primer : 5’-TACATGC
ATCAACTCCCAACTGCTTGTC-3” B1 NSCS RI
primer : 5’-AGGCTCCCTCTCCGGAATCGAAC-3’ ;
NSCS2 5[FA& NSCS F2 primer:5’-AGCCGC GG
TAATTCCAGCTCCAATAG-3’ ~ NS R2 primer : 5’-
GCGTGCAAACCAACAAAATAGACCACC-3® i
CS R2 primer5’-ACAGCAAGATAGGCGCCGTCAG
TGC-3’ 5 NSCS 3 5[|FA& : NSCS F3 primer : 5’-
AAGGAATTGACGGAAGGGCACCACCAG-3’ ~NS
R3 primer : 5-GTTCGTAACGGAATTAACCAGAC
AAATCACT-3” ~ CS R3 primer : 5’-TGTTATTGCC
TCATGCTTCCATTGGCTAG-3’ (Table 1) > 5| FF&

FESRER U T AR 0 B IR A A T A K -

.~ PCRfG{ BB RE vk

kEKEE 18S rRNA fy PCR Ry 43 AL 10 pl
HYJ Master Mix (KAPA KK1024 KAPA Taq Ready
Mix, Merck) 10 pl EBEF7K » JoA CS18S 5|12
1 pl (10 pM) » EARANA 1 ul F#KEREE DNA B
£ PCR BEELEN (K9 23 pl) - #EEREE 18S rRNA
[ PCR feef-Bi B HU R fREERTE DNA BEA K NS18S
G172 Tl HARPGBLREERE: 18S rRNA Y PCR
RAAEIA - 5 BB OB B PCR RS HEETT
BRI - PCR PEEREIEAE 94°C NINEA 5 74
HIRIaaA B - Bt 35 fEfEER - Bl 95°C hn#A 30
>~ 58°C L 30 £ ~ 72°C ik 1 43 30 ¥ - it
£ 72°C NIIEN 7 3§ -

NSCS PHsE—1%5[-F# PCR iy 53 51THL

10 Wl #J Master Mix (KAPA KK1024 KAPA Taq
Ready Mix, Merck) Jz 10 ul EBET-7K » DA
NSCS 573 1 pl (10 uM) > FRERAMA 1 ul #J DNA
AR PCR BELEN (7 24 W) - HERE 2
PRI - R BiEE O ETE PCR s HEETT
BERELFF © PCR JBRERELFEAE 94°C TNINEN S5 535
IRIaE B - BRI 35 fEfiEER - Bl 95°C ik 30
>~ 63°C JEL 30 5 ~ 72°C Nk 30 ¥ EARAE
72°C NHNEN T 53§ -

AU 1.5%RERIEIKIER - % PCR EYIEE
RGN0 DNA 447 (DNA VIEW TT-DNAO1, [EE
BAER) EABIKIERESLAES - L1 100 bp DNA
ladder (DMO001-R500, GeneDireX™) F¥tiE » L
TERE 100 V HETTEEYK 15 08 - FHRHIBHGICE R
AR - DUAHBSHI#E DNA 55 -

N~ BENTER KA

S3 A T iERSg PCR EYI{E B Ik IBHE Y] H
% ZHARAH] GEEEKk ) #ITER - $RH
Chromas BK#E# 75 Fr 5 I T S mie » FRE IR E Fe
5 BRI F NCBI BLAST (Basic Local Alignment
Search Tool, BLAST) [h¥f#kfiaEd NCBI AKX &R
JEEAETT PRI LRSS -

i S B

A BERR R B B AR S e A R R B - HLAb
BPHE MR (Fig 1) BEMERAIERTE
B BEREES/KESNEBTLTER EPA - 1
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ARBREE R > (R ILG I AP AR S A /K 7 L e 28
BRAFERE R EE - H ST X PRSI
BUDAEE - R A i BRI 5 ) i '
RN BT UrERALZATEE 2 HTsEfe s
kAR AERE R ~ MR R e B R R E PP 5 05
% NMERERNR HFEERAERAR iR A
A A E & - R SRR A R A
TSGR TEDL T EINEEL A BT - KRR — P B a%
HIHEE T3k -

18S rRNA 5 [-F-3%7 R # NCBI B K&
ZNBHEY 11 fERfBRIEE 18S rRNA FERIFFHIEL 12 fi%
#kER#EE 18S rRNA E K% - FF] EMBL-EBI #d
uhZ B PYI LEAR BT TELE (Fig. 2) - ARIRHERK
PEELFREREL 18S rRNA FRHIRym B R R W i a
—#H5 [ (Table 1) » Z3HH#EFT PCR S - fEidit
FBREE 18S rRNA EE[KIFrE% 1,503 bp - #ebREE 18S
rRNA E[KFB 1,661 bp (Fig. 3) -

MG920581.1 GACAATAATTAACAATGCCGGGCTTT - - -AACTCTGGCAATTCGAATGAGAACAATTTAA
KC594687.1 GACAACAAATAACAATGCCGCGETTT - - -AACTCTGGCAATTGGAATGAGAACAATTTAA
GU220364.1 GACAATAAATAACAATGCCGGGETTT - - -AACTCTGGCAATTGGAATGAGAACAATTTAA
KU9008229.1 GACAATAAATAACAATGCCGGGETTT - - -AACTCTGGCAATTGGAATGAGAACAATTTAA

U38902.1 GACAATAAATAACAATGCCGGGETTT - - -AACTCTGGCAATTGGAATGAGAACAATTTAA

AF@45845.1 GACAATAAATAACAATGCCGGGETTT - - -AACTCTGGCAATTGGAATGAGAACAATTTAA
AF@asedd .1 GACAATAAATAACAATGCCGGGGTTT - - -AACTCTGGCAATTGGAATGAGAACAATTTAA
K1756827.1 GACAATAAATAACAATGCCGGGETTT- - -AACTCTGGCAATTGGAATGAGAACAATTTAA
K1756833.1 GACAATAAATAACAATGCCGGGETTT- - -AACTCTGGCAATTGGAATGAGAACAATTTAA
KU342038.1 GACAATAAATAACAATGCCGGGETTT- - -AACTCTGGCAATTGGAATGAGAACAATTTAA
HQ71@566.1 GACAATAAATAACAATGCCGGGGTTT - - -AACTCTGGCAATTGGAATGAGAACAATTTAA
AF514413.1 GACAATAAATAACAATACCGGG-CTTTTCAAGTCTGGTAATTGGAATGAGTACAATCTAA
LC385651.1 GACAATAAATAACAATACTGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCTAA
MT992791.1 GACAATAAATAACAATACTGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCTAA
KF879600.1 GACAATAAATAACAATACTGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCTAA

¥12816.1 GACAATAAATAACAATACTGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCTAA

LC535350.1 GACAATAAATAACAATACTGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCTAA
KF879591.1 GACAATAAATAACAATACTGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCTAA
KF879601.1 GACAATAAATAACAATACTGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCTAA
KF879597.1 GACAATAAATAACAATACTGGGCCTTYTCAGGTCTGGTAATTGGAATGAGTACAATCTAA
KF879594.1 GACAATAAATAACAATACTGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCTAA
KF879592.1 GACAATAAATAACAATACTGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCTAA
KF879587.1 GACAATAAATAACAATACTGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCTAA

WEmER EE EEEEEER B K B KR K REEEE SEEE REEEREE FEESE Eed
MG92@501.1 ATCCTTTATCGAGGATCATTTGGAGGGCAAGTTTGGTGGCAGCAGGCGCGGTAATTCCAG
KC594687.1 ATCCCTTATCGAGGATCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAG
GU220364.1 ATCCCTTATCGAGGATCAATTGGAGGGCAAGTCTGETGCCAGCAGCCGCGGTAATTCCAG
KU988229.1 ATCCCTTATCGAGGATCAATTGGAGGGCAAGTCTGETGCCAGCAGCCGCGGTAATTCCAG

U38202.1 ATCCCTTATCGAGGATCAATTGGAGGECAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAG

AF@45045.1 ATCCCTTATCGAGGATCAATTGGAGGECAAGTCTGETGCCAGCAGCCGCGGTAATTCCAG
AF@45044.1 ATCCCTTATCGAGGATCAATTGGAGGECAAGTCTGETGCCAGCAGCCGCGGTAATTCCAG
K1756827.1 ATCCCTTATCGAGGATCAATTGGAGGECAAGTCTGETGCCAGCAGCCGCGETAATTCCAG
K1756833.1 ATCCCTTATCGAGGATCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAG
KU342838.1 ATCCCTTATCGAGGATCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAG
HQ718566.1 ATCCCTTATCGAGGATCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGLTAATTCCAG
AF514413.1 ATCCCTTAACGAGRACCAATTGGAGEGCCASTCTGETGCCAGCAGCCGCGETAATTCCAG
LC385651.1 ACCCCTTAACGAGRATCAATTGGAGGGCAAGTCTGETGCCAGCAGCCGCGETAATTCCAG
MT992791.1 ACCCCTTAACGAGGATCAATTGGAGGGCAAGTCTGETGCCAGCAGCCGCGGTAATTCCAG
KF879600.1 ACCCCTTAACGAGGATCAATTGGAGGGCAAGTCTGETGCCAGCAGCCGCGGTAATTCCAG

¥12816.1 ACCCCTTAACGAGGATCAATTGGAGGGCAAGTCTGETGCCAGCAGCCGCGGTAATTCCAG
LC535350.1 ACCCCTTAACGAGGATCAATTGGAGGECAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAG

KF879591.1 ACCCCTTAACGAGGATCAATTGEAGGECAAGTCTGETGCCAGCAGCCGCGETAATTCCAG
KF8796@1.1 ACCCCTTAACGAGGATCAATTGGAGGGCAAGTCTGATGCCAGCAGCCGCGETAATTCCAG
KF879597.1 ACCCCTTAACGAGGATCAATTGGAGGECAAGTCTGATGCCAGCAGCCGCGETAATTCCAG
KF879594.1 ACCCCTTAACGAGGATCAATTGGAGGECAAGTCTGATGCCAGCAGCCGCGETAATTCCAG
KF§79592.1 ACCCCTTAACGAGGATCAATTGGAGGGCAAGTCTGATGCCAGCAGCCGCGETAATTCCAG
KF879587.1 ACCCCTTAACGAGGATCAATTGGAGGGCAAGTCTGATGCCAGCAGCCGCGETAATTCCAG
Fig. 2 Multiple sequence alignment results for

Nannochloropsis sp. and Chlorella sp. genomic DNA
18S rRNA genes. *Indicates that the sequence is
consistent.

M 1 2

Fig. 3 PCR results of Chlorella sp. and
Nannochloropsis sp. genomic DNA with CS 18S and NS
18S primer. Lane M: 100 bp DNA ladder > Lane 1:
Chlorella sp. (1,503 bp) » Lane 2: Nannochloropsis sp.
(1,661 bp).

B 7 Al NS18S il CS18S 5 [ty PCR 7
VIR B INERTFFESD » S0 PiEbgny PCR &
YIHEATRARE e S LB - #5%BREE CS18S 2 PCR &
Y5 Ed NCBI A& RHEAEITEEE (Fig. 4A) - #f
SRR E Fr il SR BLRRER T 18S rRNA EL[XI 251
(accession number: MN879272.1) #F& » —EEE
99% (Fig. 4B)- #¢Eke: NS18S 5 [ F-ArfEid, 2 PCR
VIRCE 1% » AR5 18 NCBI B KR T
LE¥t (Fig. SA) » SEFPASSRELEEEREE 18S rRNA EL[A]
%1 (accession number: MN160639.1) & » —2(
452 99% (Fig. SB) » HIE Fe il RAEZd A e iy
PAERRNL I 1 R PR ER S B BRORE -

YfEE 5 [ F(RFF] DNASTAR #k#g 5%
H Y e TREEOSE B BRI 18S rRNA
FeolEES - MRS HERREEELRREREE 18S rRNA DNA f¥
HI) bRy AL s ST ERET (Fig. 6) » LERET T
NSCS 1 ~ NSCS 2 J NSCS 3 » =#H¥fasE—45 |
¥ (Table 1) 5 [FH 9 E—REERE TS
YERIE IS [ > DU OREH AN R R LK 3]
PR YRR — G [ RS i A A
[A]fY PCR ZEY) - SIS BEBR B B AR BREE -
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(A)
Max Total Cue E Per. Aec.
Dcsclmlon MION“E i) Score  Score Cnv:‘rI value Ident Len  Accession
- - - - - -
Chigrella sp UMT-B813 small subunit ribosomal RMA gene,_partial sequence Chiorella sp. UM 2713 2713 98% 00 9966% 1607 MNETIZT2 4
Parachlorela kesslen MKGO21201 gene for 125 nbesomal BNA, partial sequence Parachlorella kes,.. 2713 2713 98% 00  9088% 173 LCS0S5531
Chiorefla sp UPME-ADDTS small subund ribosomal RNA gene, partial sequencs Chiorglla sp UP... 2713 2713 58% 00 9966% 1679 MHIGGIIZ 1
Dicloster acuatus strain Xmm25SW2 185 ribosomal RNA gene. partial sequence Dicloster scuatus 2713 2713 98% 00 9966% 1T16 KY(54950.
Dicloster acuatus slrain Xmm31W2 188 rbesomal BNA gene, partial sequencs Dicloster acuatus 2713 2713 98% 0.0  9068% 1707 KY(DS4949.1
Dictyosphanmum shrenbargianum solate Xmm3Isss 185 nhosomal RMNA gene, paial Sequencs Dictyosphaenum ... 2713 2713 98% 00 9966% 1M3
3 Masaia oloidia isolate Xmm3654 185 ribosomal RNA gene, partial sequence Masaia oloidia 2713 2713 98% DO 9966% 1713 KUSGI13
Parachlorella kimitsuensis MIES-3827 gene for 185 rbosomal BMA, partial sequence Parachlorella kim... 2713 2713 98% 00  9966% 1660
Chiorefla sp. TNBR1 188 rbosomal BNA geng. parlial sequence Chilorella sp. TN 2713 2713 98% 00 9068% 1792 KEEGITZ01
Parachiorella sp NSDIO1C NSODIC gene for 185 rRMNA_partial sequencs Parachlorellasp, .. 2713 27113 98% 00 9966% 1751 LCEIE3AR 1
(B)

Chlorella sp. UMT-B13 small subunit ribosomal RNA gene, partial sequence
Sequence ID: MN879272.1 Length: 1697 Number of Matches: 1

Range 1: 114 to 1598 GenBank Graphics

Score Expect Identities Gaps Strand
2713 bits(1469) 0.0 1480/1485(99%) 1/1485(0%) Plus/Plus
e N L T T AT T
Sbjct 114  TAATACGTGCGTAAACCCCGACTCCTGGAAGGGGCGTATTTATTAGATTTAAGGCCGACC 173
Query 66 CGGCTCTGCCGGTCTCGCGGTGAATCATGATAACTTCACGAATCGCATGGCCTTGTGCCG 125
CECERCEEEEREE T e e e e e e e e e iy
Sbjct 174  CGGCTCTGCCGGTCTCGCGGTGAATCATGATAACTTCACGAATCGCATGGLCTTGTGLCG 233
.
Sbjct 234 ATGTTTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACCA 293
Query 186 GTAACGGGTGACGGAGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGG 245
_ |I||I\IIIIIHII|I||I|I||I|IHIIIIIHIIIIIIIII|II|I|II|I|II|I
Sbjct 294 AACGGGTGACGGAGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGG 353
Query 246 CTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACAGGGAGGTA 305
_ |I||I\IIIIIHII|I||I|I||I|IHIIIIIHIIIIIIIII|II|I|II|I|II|I
Shjct 354 CCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACAGGGAGGTA 413
e T AT T
Sbjct 414  GTGACAATAAATAACAATACCGGGCCTTTTCAGGTCTGGTAATTGGAATGAGTACAATCT 473
Query 366 AAACCCCTTAACGAGGATCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCC 425
|I||I\IIIIIHII|I||I|I||I|IHIIIIIHIIIIIIIII|II|I|II|I|II|I
Sbjct 474 CCCCTTAACGAGGATCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGLCGGTAATTCC 533
ittt it
Sbjct 534 AATAGCGTATATTTAAGTTGCTGCAGTTAAAAAGCTCGTAGTTGGATTTCGGGC 593

Fig. 4

(A) Alignment results of PCR products amplified by CS 18S primer with Chlorella sp. genomic DNA. (B) The

results show 99.66% identity with Chlorella sp. genomic DNA 18S rRNA gene (accession number: MN879272.1).

HIFYIREE 557 NSCS 1 frfiEhgiy PCR
FEVIRIE - HRBREE Ry 344 bp - T HERREE Ry 229 bp »

FEEE VK& AT EIR/ T SIS e - B eSS
HRHEAUSE PCR ZEPIENY - G HERR S Bk PR L A

,‘fﬂ DNA JR&%HETT PCR S - I SR {5
UKAGRAE YIRS k5 [ NSCS 1 RERAHELE:

or BERRRBLRREREE  ELREREHH REARG IR A H kR
SETALTHE (Fig. 7) - YEH—E5 7 NSCS 2
FiTHEb4E) PCR EEWMIRIE - #RBREE Ry 139 bp - T fié
BREERy 290 bp > (HFEIKERFHS [ H A
HATEE—TEEY#Y (Fig. 8) > #i NSCS 2 i
G R B E LA -
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(A)

Dosalptlon Scmnhff MName Sh;::o S]:;TL (I::::r v:un I::;t N::c'Lcn Accession

- - - - -

Mannochloropsis oceanica strain IPPAS D-734 small subunit ribesomal RNA geng,_ partial seque. .. Nannochloropsis oceanica 2074 2974 96% 00 9969% 1678 MN1G0G301
Nannochloropsis oceanica strain LAMB2011 chromosome 14 HNannochloropsis oceanica 2074 5042 O6% 00 9969% 961370 381111
Nannochloropsis oceanica strain IMP-BG-006 185 ribosomal RNA gene, parial sequence Mannochloropsis ocoanica 2074 2974 96% 0.0 9969% 1677 MG224777.1
Mannochloropsis oceamica 185 nbosomal RMNA gene, partial sequence Mannochioropsis oceanica 2874 2974 9T% 00 9963% 1647 KY3I997roa
Manngchloropss oceanica 1835 nbosomal BMNA gene, partial sequence NannoChioropsis oCaanics 2874 2974 96% 0o 99.60% 1645  KY38077r
Nannochloropses oceanica gene for 185 nbosomal BNA_ parhal sequence, stran. CCNM 1081 Nannochloropsis eceanica 2874 2974 B6% 00 98968% 1687 LCI1G69504.1
Nannochloropses oceanica strain IMET-1 185 ¢ BMA gene, partial sequence Nannochlorogsis oceanica 2074 2974 06% 00 9969% 1666 KEO04A905 1
MNannochlorog: CS-179 185 ribosomal RNA gene, partial sequence Hannochlonsss cceanica 2974 2974 96% 00 9969% 1713 KI0319951
Mannochloropsis oceanica NIES: 2146 gene for 185 rRNA,_parfial sequence Hannochloronsis oceanica 2074 2974 96% 00 9960% 1751 730857 1
MNannochloropsis oceanica NIES: 2145 gene for 185 rRNA, parfial sequence Mannochloropsis ooeanica 2074 2974 96% 00 9969% 1751 LCT308561
(B)

Nannochloropsis oceanica strain IPPAS D-734 small subunit ribosomal RNA gene, partial sequence
Sequence ID: MN160639.1 Length: 1678 Number of Matches: 1

Range 1: 25 to 1651 GenBank Graphics

Score Expect Identities Gaps Strand
2974 bits(1610) 0.0 1622/1627(99%) 4/1627(0%) Plus/Plus

e T T T >

Sbjct 25 GCTCATTATATCAGTTATAGTTTATTTGATAGTCCTTTACTACTTGGATAACCGTAGTAA B84
Query 88 TTCTAGAGCTAATACATGCATCAACTCCCAACTGC-TGTCGGACGGGATGTATTTATTAG 146

Sbjct 85 TTCTAGAGCTAATACATGCATCAACTCCCAACTGCTTGTCGGACGGGATGTATTTATTAG 144

Query 147 ATAGAAACCAATGCGGGGCAACCCGGTATTGTGGTGAATCATGATAACTTTGCGGATCGC 206

_ ||HIIH\I||||||||||\IIIH|||||||||||||||||\IIIHIIIIIIIIIII
Sbjct 145  ATAGAAACCAATGCGGGGCAACCCGGTATTGTGGTGAATCATGATAACTTTGCGGATCGC 204

Query 2087 CGGCTTTTGCCAGCGACGAATCATTCAAGTTTCTGCCCTATCAGCTTTGGATGGTAGGGT 266

Sbjct 285 CGGCTTTTGCCAGCGACGAATCATTCAAGTTTCTGCCCTATCAGCTTTGGATGGTAGGGT 264

Query 267 ATTGGCCTACCATGGCTCTAACGGGTAACGGAGAATTGGGGTTCGATTCCGGAGAGGGAG 326

CLLLERLCELEE e e e e e e e e ey
Sbjct 265  ATTGGCCTACCATGGCTCTAACGGGTAACGGAGAATTGGGGTTCGATTCCGGAGAGGGAG 324

Query 327 CCTGAGAGACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGTAAATTACCCAATCCTGA 386

Shjct 325 CCTGAGAGACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGTAAATTACCCAATCCTGA 384

Query 387 CACAGGGAGGTAGTGACAATAAATAACAATGCCGGGGTTTAACTCTGGCAATTGGAATGA 446

CLLEERLCELTREE e e e e e e L ety y
Sbjct 385  CACAGGGAGGTAGTGACAATAAATAACAATGCCGEEGTTTAACTCTGGCAATTGGAATGA 444

Query 447 GAACAATTTAAATCCCTTATCGAGGATCAATTGGAGGGCAAGTCTGGTGCCAGCAGCLGL 586

. CELCEE DL e e e e e e L e ey
Shjct 445  GAACAATTTAAATCCCTTATCGAGGATCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGC 504
Fig. 5 (A) Alignment results of PCR products amplified by NS 18S primer with Nannochloropsis sp. genomic DNA.
(B) The results show 99.69% identity with Nannochloropsis sp. genomic DNA 18S rRNA gene (accession number:
MN160639.1).

CS F primer CS 18S rRNA SEQUENCE
cs — S NS 185 rRNA sequence =—
NS o Mismatch sequence - -

l:>_ —_ CS F primer =)
NS F primer NSCS R primer NS F primer >
==

NSCS R primer

Fig. 6 Schematic of NSCS species-specific primer design.



300 bp )

Fig. 7 PCR results of NSCS 1 species-specific primer.
Lane M: 100 bp DNA ladder, Lane 1: Chlorella sp. (344
bp), Lane 2: Nannochloropsis sp. (229 bp), Lane 3:
negative control, Lane 4: Chlorella sp. and
Nannochloropsis sp. genomic DNA mixed sample;
according to the PCR product size, NSCS 1 species-
specific primer can identify Chlorella sp. and

Nannochloropsis sp.

M 1 2 3 4

300 bp m=—)

Fig. 8 PCR results of NSCS 2 species-specific primer.
Lane M: 100 bp DNA ladder, Lane 1: Chlorella sp. (139
bp), Lane 2: Nannochloropsis sp. (290 bp), Lane 3:
negative control, Lane 4: Chlorella sp. and
Nannochloropsis sp. genomic DNA mixed sample;
according to PCR product size, NSCS 2 species-specific
primer can not identify Chlorella sp. and

Nannochloropsis sp.

HIFHPIEE 155 7~ NSCS 3 Fristfy PCR
FEVIRIE > Mgl 293 bp - TTHERREESy 180 bp >
BRI IS PCR EEJHRNY - R RERRBE LR ER

FAEAFH DNA REREST PCR [ » A3 EIR
8K/ INRF SRR FEBRTY - FH PR VoS R SR R
B 517 NSCS 3 REWIfEL > Febias BBk B
HRERE HH A VRS SR AR AR AR B 75 2 ST
(Fig. 9) - R FEIRYEE — 5[5 NSCS 1 K
NSCS 3 EHEIR R /0 FRERBE S RERREE

Fig. 9 PCR results of NSCS 3 species-specific primer.
Lane M: 100 bp DNA ladder, Lane 1: Chlorella sp. (293
bp), Lane 2: Nannochloropsis sp. (180 bp), Lane 3:

negative control, Lane 4: Chlorella sp. and

Nannochloropsis sp. genomic DNA mixed sample;
according to PCR product size, NSCS 3 species-specific
primer can identify Chlorella sp. and Nannochloropsis sp.

FREREEAE NSCS 1 5 [FHEkg 21y PCR EYINE
TEIKBIRYIHR - ZHERER AR TER B
NCBI A& REAETTELE (Fig. 10A) » #REUR
Bl #% ER 3 18S rRNA (accession number:
MNB879266.2) E:KIFFFIFFE » —EiE 99% (Fig.
10B) - HEERERAE NSCS 1 5 [FH#Ehg#2HY) PCR EY)
TEEFP% o 1T NCBI KB RHEFFYILE (Fig.
11A) » FEREURBLEEEREE 18S rRNA B K 51
(accession number: CP044589.1) & » — 2=
100% (Fig. 11B) «

FRER R B AREER RS NSCS 3 5| F-EfTHahg 1%
] PCR ZEWASELIR E Fr- 4 Bil NCBI ALK i
TTEESE » R REURRREREAR LB R 18S rRNA
FKIFF (accession number: MN879266.2) f5& °
— I 43E 100% (data not shown) o EEERTEAE SLEH
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(A)
|JHH[!!lp|llH| s(:mnnrf Mame S’::’:e ;D:L ?:::T vaTue I:s:“ "’l\‘:‘ Accaceion
- - - - - -

Chiorelia si small subunil nbosomal BMA gene_parhal Sequence Chioredla sp UM BE28 628 99% 2e-175 0871% 1748 MMETOZEG 2
Chiorella sp_isolate Pozzillo small subunil bosomal RNA gene,_parlial Sequence Chilorella sp. B28 628 09% 2e-175 9971% 556 MI2591881
Chiorella sp_isolate Barcarello small subunil rbosomal BNA gene, partial sequence Chilorella sp. 628 628 99% 2e-175 9971% 494 MT259187 1
Chiorella sp UMT-B13 small subunit ribosomal RNA gene, partial sequence Chiorellasp UM... 628 628 99% 2e-175 99.71% 1697 MMNETO2721
Parachlorella kesslen MKG0Z1201 geng for 185 dbosomal BNA, padial Sequence Parachlorgllake... 628 628 99% 2175 99.71% 1731 LCS055531
Dictyosphaerium ibertatis strain Xmm7S1 183 nbosomal BNA gene, partial sequence Dictyosphagrum... 628 628 99% 2175 99.71% 1714 KY0540511
Dicloster acuatus strain Xmm2SW2 183 rbosomal RNA gene, partial sequence Dicloster acuatus 628 628 99% 2e-175 99.71% 1716 KY0549501
Dicloster acuatus strain Xmm31W2 185 ribosomal RNA gene, partial sequence Dicloster gcuafus 628 628 99%  2e-175 99.71% 1707 KY0549491
Dicloster acuatus stran Xmm20W1 185 nbosomal BNA gene._partial sequence Dicloster acualus B28 628 09% 2e175 0971% 116 KY(S40481
Chiorella spHNOS 188 rbosomal RMA gene,_narial sequence Chiorella sp. HMNDS 628 628 929% 2e-175 99.71% 1716 pO(043500 1

=

Chlorella sp. UMT-B8 small subunit ribosomal RNA gene, partial sequence
Sequence ID: MN879266.2 Length: 1746 Number of Matches: 1

Range 1: 25 to 368 GenBank

Graphics

Score

628 bits(340)

Identities Strand

343/344(99%)

Expect
2e-175

Gaps
1/344(0%)

Plus/Plus

Query
Shict
Query
Sbjct
Query
Shict
Query
Sbijct
Query
Shict
Query
Sbijct

2
25
61
85
121
145
181
205
241
265
301

325

TGCATGTCTAA-TATAAACTGCT TTATACTGTGAAACTGCGAATGGCTCATTAAATCAGT

TGCATGTCTAAGTATAAACTGCTTTATACTGTGAAACTGCGAATGGCTCATTAAATCAGT

TATAGTTTATTTGATGGTACCTTACTACCGGATAACCGTAGTAATTCTAGAGCTAATACG
CLLRLLLEEEEECE R LR e LRt EEE LT L E L L

TATAGTTTATTTGATGGTACCTTACTACCGGATAACCGTAGTAATTCTAGAGCTAATACG

TGCGTAAACCCCGACTCCTOGAAGGGGCGTATTTATTAGATTTAAGGCCGACCCGGCTCT

CELERCCEEEREEEERRE PR e e e eee et ee ity
TGCGTAAACCCCGACTCCTGEAAGGGGCGTATTTATTAGATTTAAGGCCGACCCGGCTCT

GCCGGTCTCGCGGTGAATCATGATAACTTCACGAATCGCATGGCCTTGTGCCGGCGATGT

CEEEEREEEEREEEEE e et e e e e e e e e e e e
GCCGGTCTCGCGGTGAATCATGATAACTTCACGAATCGCATGGCCTTGTGCCGGCGATGT

TTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACCATGGTGGT

CLLLLLLEEE L RE LR L ERL L L LL L EE L
TTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACCATGGTGGT

AACGGGTGACGGAGGATTAGGGTTCGATTCCGGAGAGGGAGCCT 344

CEPRECLEEERCEEEE e e e e e reerrrr
AACGGGTGACGGAGEATTAGEGT TCGATTCCGGAGAGGGAGCCT 368

60

84

128
144
180
204
248
264
300
324

Fig. 10

(A) Alignment results of PCR products amplified by NSCS 1 primer with Chlorella sp. genomic DNA. (B) The

results show 99% identity with Chlorella sp. genomic DNA 18S rRNA gene (accession number: MN879266.2).

ERk# 18S rRNA E: [KIFF%I (accession number:
AB025533.1) fF& > —E(ME#E 99% (data not
shown) - {H[K NSCS 3 FriEienyziRkie 18S rRNA
FKFHIATE (180 bp) » NCBI F A e Lt
RE VAT (datanot shown) - FRHIFEREERK -
ORI Z el YR — 15 [+ NSCS 1 JER]
TR EEER i B ER e DU A S E
ArTeaE P E — M5 [~ NSCS 1 5[+

HiZE PCR [ e H ARSI P - DUBHEETK
R HAREE IR P BRI AV NN > w]HE =/ NRFA)
RS HE T FAY i 7 HE SR P B BR 38 S LA S5
BRI - R AT REARIRE ] B2 AN A B2 - A R
FIROBEFISN > WA PERLIAE Fr_ERBREs - B0
RRAES T 2 BRI RR - AN B 22 0H
FESE R E W B 28 E P DU HE R /K EE R P O AR
TELEFE -



32 #EETE

(A)
[k-].‘i(;:f)h[)ll S(:mnlll‘ENHmH :::T:-' ;D::L ?:S: vaTue I:srr\.l A[:[LJH]I Accession
Nannochlorops:s cceanica stran BR2 chromosome 14 MNannochlorops:s oceanica 427 427 099%  5e-115 100.00% 914843 CPO445891
Nannochlorops:s oceanica stran KB1 chromosoms 14 Nanno 1515 CEANICH 427 427 99%  5e-115  100.00%
Nannochloropsis oceanica strain IPPAS D-734 small subunil ribosomeal RNA gene_partial seque. . Nannochloropss oceanica 427 427 99%  Se-115 100.00%
Nannochloropsis oceanica strain LAMB2011 chramosome & Nanno IS5 QCERNIcs 427 427 9%  Se-115 100.00% 1340162 CPO381321
Mannochloronsis ooeanica strain LAMB2011 chromasome 2 Nannochloronsis oceanica 427 427 99%  Se-115 100.00% 1586162 CPO381171
Nannochlorepsis eceanica strain LAMB2011 chromosome 14 Nannochlorepsis oceanica 427 855 99% Se-115 100.00% 961379 CPO381111
Mannochlorgpsis eceanica isolale KSPA3S small subunit ibosomal BNA gene, partial sequence  Nannochloropsis oceanica 427 427 99% S5e-115 100.00% 840  MK1583121
Mannochloropsis sp. isolate PJ2 small subunit ibosomal RMA gene, parial sequence Nannochloropsis sp. 427 427 99%  Se-115 100.00% 1748  MH444206.1
Nannochloropss cceanica stram IMP-BG-006 185 nbosomal RNA gens. partial Sequence Nannochioropsis coeanica 427 427 89% Se-115 10000% 1677 MGZ2407T 1
Mannochloronps:s oceanica 185 nbosomal RNA gene_parhal Sequence Nannochloronss oceanica 427 427 889%  5e-115 100.00% 1647 Ky3garian
(B)
Nannochloropsis oceanica strain BR2 chromosome 14
Sequence ID: CP044589.1 Length: 914843 Number of Matches: 1
Range 1: 433825 to 434055 GenBank Graphics
Score Expect Identities Gaps Strand
427 bits(231) S5e-115 231/231(100%) 0/231(0%) Plus/Plus
Query 2 TACATGCATCAACTCCCAACTGCTTGTCGGACGGGATGTATTTATTAGATAGAAACCAAT 61
LCLLEUEEEREEEEEEEE L LR e Eer e e e e et L eee |
Sbjct 433825 TACATGCATCAACTCCCAACTGCTTGTCGGACGGGATGTATTTATTAGATAGAAACCAAT 433884
Query 62 GCGGGGCAACCCGGTATTGTGGTGAATCATGATAACTTTGCGGATCGCCGGCTTTTGCCA 121
LCLEELEEEREEET e Eer et e e e e e e e ey |
Sbjct 433885 GCGGGGCAACCCGGTATTGTGGTGAATCATGATAACTTTGCGGATCGCCGGCTTTTGCCA 433944
Query 122 GCGACGAATCATTCAAGTTTCTGCCCTATCAGCTTTGGATGGTAGGGTATTGGCCTACCA 181
LCLLEEEEEREEE PR CEEE e e e e e e e rr |
Sbjct 433945 GCGACGAATCATTCAAGTTTCTGCCCTATCAGCTTTGGATGGTAGGGTATTGGCCTACCA 434004
Query 182 TGGCTCTAACGGGTAACGGAGAATTGGGGTTCGATTCCGGAGAGGGAGCCT 232
LCLLELEEEEDEELELEE L EEEEE L LT LT LT
Sbjct 434005 TGGCTCTAACGGGTAACGGAGAATTGGGGTTCGATTCCGGAGAGGGAGCCT 434055

Fig. 11

Alignment results of PCR products amplified by NSCS 1 primer with Nannochloropsis sp. genomic DNA (A).

The results show 100% identity with Nannochloropsis sp. genomic DNA 18S rRNA gene (accession number:

CP044589.1) (B).
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Rapid Identification Technology for Nannochloropsis sp. and Chlorella sp.
with Species-specific Primer

Yi-Che Su, Zi-Yan Xu", Shu-Ju Li, Sui-Sin Wang, Yang-De Chen and Feng-cheng Wu

Tungkang Aquaculture Research Center, Fisheries Research Institute

ABSTRACT

A rapid and accurate detection method is required for variety identification in basic research, germplasm
preservation, and field applications. The microalgae Nannochloropsis sp. and Chlorella sp. exhibit striking
similarities in appearance, yet differ in nutritional composition. Nannochloropsis sp. is rich in eicosapentaenoic
acid (EPA), while Chlorella sp. is not. EPA is very important to the breeding rate of aquatic seedlings. Using the
wrong algae to nourish the bait organisms and feed the seedlings may lead to a decrease in the breeding rate. Visual
identification of algae may result in misjudgments, and traditional methods such as chlorophyll, fatty acids, and
gene sequencing take 2-5 days and are cost-intensive. In this study, a species-specific primer was designed based
on the differences in the 18S ribosomal RNA (18S rRNA) gene sequences between Nannochloropsis sp. and
Chlorella sp. The results indicate that using the species-specific primer NSCS 1 in polymerase chain reaction
(PCR) enables the identification of Nannochloropsis sp. and Chlorella sp., as well as cross-contaminated samples,
within 3 hours based on the different sizes of the amplified fragments. This helps avoid the negative impact on
aquaculture outcomes due to the inadvertent use of the wrong algal species, contributing to the development of

bait organisms in the aquaculture industry and the stable production of aquatic seedlings.

Key words: Nannochloropsis sp., Chlorella sp., species-specific primers, variety identification,
18S ribosomal RNA gene
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Fig. 1 Gel electrophoresis of Aeromonas hydrophila
collected from dying or dead eels.

M1 2 3

500 bp : 100 bp DNA ladder

: Sample - E. tarda (290
290 bp | bo)
100 bp P

: Positive control — E.
tarda (290 bp)

: Negative control —
Aeromonas hydrophila
(685 bp)

Fig. 2  Gel electrophoresis of Edwardsiella tarda
collected from dying or dead eels.
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Table 1 Survival rate and relative percent survival (RPS) of Anguilla marmorata after receiving oral bacterial vaccines,

followed by intraperitoneal injection challenge with Aeromonas hydrophila (2.0 x 107 CFU/g fish body weight) at

different timepoints (in weeks)

Time (Weeks) Group Mortality Survival rate (%) RPS (%)
Control 9/10 10 -
Alginate 2/10 80 78
AS 2/10 80 78
AB 3/10 70 67
4 ASB 2/10 80 78
CAP 4/10 60 56
CS 4/10 60 56
CB 4/10 60 56
CSB 3/10 70 67
Control 10/10 0 -
Alginate 2/10 80 80
AS 1/10 90 90
AB 0/10 100 100
8 ASB 0/10 100 100
CAP 3/10 70 70
Cs 3/10 70 70
CB 2/10 80 80
CSB 1/10 90 90
Control 10/10 0 -
Alginate 3/10 70 70
AS 2/10 80 80
AB 1/10 90 90
12 ASB 0/10 100 100
CAP 4/10 60 60
CS 3/10 70 70
CB 2/10 80 80
CSB 2/10 80 80
Control 9/10 10 -
Alginate 3/10 70 67
AS 2/10 80 78
AB 2/10 80 78
16 ASB 1/10 90 89
CAP 3/10 70 67
CS 2/10 80 78
CB 2/10 80 78
CSB 2/10 80 78
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Table 2 Survival rate and relative percent survival (RPS) of Anguilla marmorata after vaccination with oral bacterial
vaccines followed by intraperitoneal injection challenge with Edwardsiella tarda (1.8 x 10° CFU/g fish body weight) at
different timepoints (in weeks)

Time (Weeks) Group Mortality Survival rate (%) RPS (%)
Control 10/10 0 -
Alginate 5/10 50 50
AS 3/10 70 70
AB 4/10 60 60
4 ASB 3/10 70 70
CAP 7/10 30 30
CS 6/10 40 40
CB 6/10 40 40
CSB 6/10 40 40
Control 10/10 0 -
Alginate 3/10 70 70
AS 2/10 80 80
AB 0/10 100 100
8 ASB 0/10 100 100
CAP 3/10 70 70
CS 3/10 70 70
CB 2/10 80 80
CSB 2/10 80 80
Control 10/10 0 -
Alginate 3/10 70 70
AS 2/10 80 80
AB 1/10 90 90
12 ASB 0/10 100 100
CAP 4/10 60 60
CS 3/10 70 70
CB 2/10 80 80
CSB 2/10 80 80
Control 10/10 0 -
Alginate 5/10 50 50
AS 3/10 70 70
AB 2/10 80 80
16 ASB 0/10 100 100
CAP 5/10 50 50
CS 4/10 60 60
CB 3/10 70 70
CSB 3/10 70 70
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Table 3 Serum antibody titer against Aeromonas hydrophila from Anguilla marmorata after oral vaccination

8 10 12 14 16

0 2 4 6
Control ~ 0.89+0.20™  0.91+0.07°"  0.95:0.05"*  0.87+0.02""
Alginate  0.89+0.20"% 1.31x0.05°* 1.35+0.20%“ 1.4320.03"

AS 0.89+0.20%  1.42%0.13*  1.50+0.07*"  1.53£0.06""
AB 0.89+0.20™  1.35+0.09%¢  1.36+0.05“¢ 1.62+0.05%¢
ASB 0.89+0.20™  1.40+0.03M  1.49+0.03"¢  1.67+0.04™
CAP 0.89+0.20M  1.27+0.04°<% 1,31£0.10°"¢ 1.40£0.04%"
CS 0.89£0.20"  1.31x0.04°°  1.42+0.03%* 1.46+0.05""
CB 0.89+0.20%  1.35+0.07°¢  1.3520.02°° 1.5520.045®

CSB 0.89+0.20™  1.31£0.11%°  1.41+0.08*" 1.54+0.02°"

0.9220.03%"  0.95£0.05™  0.90+0.01" 0.91+0.10%" 0.89+0.12°"
1.49+0.04°"  1.41+0.08”" 1.36+0.17°° 1.29%0.14°¢ 1.21x0.20%
1.60+0.31°%°  1.62+0.12°"  1.59+0.13%* 1.5120.09°" 1.43+0.23%¢
1.69+0.04"  1.73x0.09"  1.74x0.07* 1.70%0.13%" 1.68+0.14""
1.69+0.04M4  1.73+0.14™°  1.79£0.16™  1.79+0.15" 1.76x0.25"
1.42+0.06%"  1.33£0.16%™ 1.23+0.44%% 1.25+0.29°* 1,16+0.56°*
1.5120.06°"  1.48+0.35" 1.47£0.26" 1.30%£0.33°¢ 1.22+0.12%
1.59+0.07°" 1.61£0.09°*  1.62+0.18"" 1.5120.22°° 1.46+0.19%

1.63+0.06°"  1.63+0.17%  1.64+0.04 1.53+0.25 1.48+0.16°¢

Different letters (A, B, C, D, E, F, G, and H) in the same column indicate a significant difference (p<0.05) was observed.

Different letters (a, b, ¢, d, e, f, g) in the same row indicate a significant difference (p<0.05) was observed.

Table 4 Serum antibody titer against Edwardsiella tarda from Anguilla marmorata after oral vaccination

0 2 4 6

8 10 12 14 16

Control ~ 1.12£0.10*  1.15+0.02“*  1.08+0.07°"  1.00+0.07"

Alginate  1.12+0.10™  1.43+0.28"°  1.56+0.32 1.63x0.13<°*
AS 1.12+0.10M  1.3320.42"%¢  1.55+0.47* 1.59+0.04°%<
AB 1.12+0.10%  1.36+0.43"™0 1.48+0.35"°C¢ 1.7320.43"%"
ASB  1.12+0.10™  1.41£0.16™ 1.53+0.37"%¢ 1.78+0.08*¢
CAP  1.12+0.10™  1.28+0.22°¢ 1.44+0.09°“" 1.53+0.22""

CS 1.12+0.10™  1.40+0.37™  1.40+0.08“¢  1.50+0.36"

CB 1.120.10M  1.32£0.20"%¢ 1.44£0.21%¢¢ 1.68+0.17°¢

CSB 1.12+0.10M  1.40+0.18™ 1.49+0.23"% 1.72+0.15"¢

0.95+0.30%"  0.97+0.07%"  1.00+0.01"

1.72+0.29%*  1.78+0.05

1.83+0.41%  1.85+0.10%"

1.6420.11°°

1.69+0.12*

0.89+0.12""  0.97+0.07"*

1.7120.25"  1.64£0.42° 1.54+0.17°% 1.47+0.14°%% 1,30£0.05%

1.75+0.13%*  1.73+0.19" 1.65+0.17°

1.87+0.07%"  1.80£0.06*" 1.73x0.10°"

1.96+0.27*"  2.12+0.40"  2.10£0.41*  2.19+0.31*  2.20+0.06™"

1.52+0.39%"  1.47+0.51% 1.41x0.25%¢ 1.36x0.11"%

1.68+0.17°*  1.60+0.12°  1.51x0.04°¢  1.52+0.06"¢

1.76+0.10%"  1.80+0.10%* 1.77+0.06“® 1.75+0.15°" 1.69+0.10"¢

1.83+0.15%"  1.87+0.04%" 1.89+0.01%" 1.76+0.18°° 1.74+0.22°¢

Different letters (A, B, C, D, E, F, G, and H) in the same column indicate a significant difference (p<0.05) was observed.
Different letters (a, b, ¢, d, e, f, g) in the same row indicate a significant difference (p<0.05) was observed.

W

% 2019 FBREA 26 M EHEEEY - =
%A1 R ERE B R H A @ /K s i anfie: ~ e fa e
(Maetal.,2019) - figfh Ry 228 B 2 2 BHH/K A fn H.
Dl HA R RS » (B REEVIR R < B A
55 0 BOHARB A IEA B TS 81T 5 Ry i
HIBEY R bl T =0 o RIS e v B T B
R ERIKERBERRERNEEESEZ — GE,
2009; Gudding and Van Muiswinkel, 2013) - 1R J7
G TR R Tk - ARSI EE
/N (Mutoloki et al., 2015) » {HEEEHRIG & BN
PEBRIEAIREE - (R s = TR

BIE A J70 83 (Johnson and Amend, 1983;
Adams etal., 2006) - "X 0 HORGE &
AEXRETE (Joosten et al., 1997; Tobar et al.,
2014) - tHEFRIR—Z0E HAKERHE B R —
T S SRR - e A o 3 P DA e U
JERF B RIZIHEE (Yang and Jones, 2009) » A7)
ERBFZEH RS E K n H5R e y%EE )] (Huang et al.,
2021) A ARATSAN B W E DAAN A Bek B3
REMEYEOE - DRI IRBERNR T
(Pumchan et al., 2022) - fR{EEE (2012) ~ £5 (2014)
Bt (2015) FE NIZIEHIITSE » ANHIFFE 55 R
o A A B 38 St e S T
BN 2Rk 2016) DIATR LTS - F9E



44 DBfesE - ZEEGES - BRE

R B AET TR - PRETBR BT MR BB A -
PURRIFF I L2 S ROR s % -

ARFEAE R - B R AR L, A,
hydrophila J; E. tarda EfSE - Hixfd: RPS A
55 8 A 80% ~ 70% ;5 AR IR LR SRR
A5 8 A 70% ~ 70% - FHEGE L BFRAGER - TE
(2012) DI & me 4N FE V. alginolyticus . V.
carchariae #& ARG DEAEIT 10 15
LDso MRiakli » it RPS 3 AIZEBURES 8 3 75%
B 4 30 88.89% - £k (2015) DUREseesry Sofas —
IS £ et 3278 A hydrophila Jz E. tarda &
DA AR 5 AR G 8 i 128217 10 15 LDso Bik
B 1RSSR A RPS fASE 12 385 80%90%;
HBIE R Z A SRR S 8 I 90% J 80%
ABHFE RPS BB ANEE AR T » HEWIH (X
R ARFFEHE A 20 £5:2 LDso M T BOREFTEL -
EZE A R R R B ES 8 G - R TR
R - EHRURERL » HIERES 12
TR - R EERT RS 16 BB IR
GEEE 25 - J* Choietal. (2011) DLUFR#AE fe
B2 A TRIIAREERE 10 B2 10° CFU/fish 2 E.
tarda fAFfF (Paralichthys olivaceus) 7 #f 5 2%
B A 3 EEITRGEREER - BRXER 10
CFU/fish J% 5:#2%# 10° CFU/fish P4 #E 10°
CFU/fish E. tarda %55 100% RPS » RS HER S
AR A 3 BT - YR A R EE
FHEHAY P b S EE ORI B T R B PR
ISR - LURSRELAR (2016) AHRT » kR
HE PR EARFFTE > HASHREL Anuradha et al.
(2010) 43BILL A. hydrophila 10° & 10% CFU/g of
feed CIIREEMELEN - EIRE NEBIFHIIRGESR
BUSRAERT o HRBEIE SR 1B R AR — FIR LR AR
HERHEHICRIRIT R S 1 SR R BT S R AR

RIBIE IR T ERS RV - ROk
P IRAEERCRIN G 8 3 » AT RNA
[FIRF TR 758 — R » SO v L B RS
— %% 2 JEL L B K R BT AR IR K R 2 v ELR
TE i T A R TR P B R S A E BT B
PRE R BREE A1 0 HL A8 f G S I8 B8 B 5y 3%
FRGY - UM o R A T A A e T I
A - DU 8 S GSEINI R A BT R A - e
R BR  firE

225 30k

WSEE (2021) rhaE KB 1045 R R SRR R .
fTEbe R B Enfice®, 21t 2.

FRigRE (2016) LIAYSb Bl e B AN TG AL R i
WIS R S BMG NG TF Fy T IR S I A B2
RAESCR. B ETER SR E B B R RE 13
3, 85 pp.

tREy (2015) fif e vy Bl 8 B 16 S Ml B MR PR I3 T B
g, BN EERE AR KERE S R LS, 51
pPp-

k) (2014) AR A Bl E B B R
BB A A SE. BL R RS
TKEEFRFAELRE RS, 56 pp.

TEffA (2012) GG (B RT S ke g T IR m e
A B, Bl SRR E R
BLRREAERSL 119 pp.

TR (2009) Ef8dE R Mg /KM E R B INEIR A%
B A AR ORI WO TE. B = ARk
FEETHERL RAE LML, 89 pp.

Abdelmonem, A. A.,, M. M. Mohamed and S. H.
Metwally (2009) Pathological studies on some
parasitic diseases of eel (Anguilla anguilla). Egypt.
J. Comp. Pathol. Clin. Pathol., 22 (3): 96-113.

Adams, A. and K. D. Thompson (2006) Biotechnology
offers revolution to fish health management. Trends
Biotechnol., 24(5): 201-205.

Alcaide, E., S. Herraiz and C. Esteve (2006) Occurrence
of Edwardsiella tarda in wild European eels
Anguilla anguilla from Mediterranean Spain. Dis.
Aquat. Org., 73: 77-81.

Anuradha, K., H. L. Foo, N. S. Mariana, T. C. Loh, K.
Yusoff, M. D. Hassan, H. Sasan and A. R. Raha
(2010) Live recombinant Lactococcus lactis
vaccine expressing aerolysin genes D1 and D4 for
protection against Aeromonas hydrophila in tilapia
(Oreochromis niloticus). ). Appl. Microbiol.,
109(5): 1632-1642.

Choi, S. H., M. S. Kim, and K. H. Kim (2011) Protection
of olive flounder (Paralichthys olivaceus) against
Edwardsiella tarda infection by oral administration
of auxotrophic mutant E. tarda (Aalr Aasd E. tarda).
Aquaculture, 317(1-4): 48-52.

Chu, W. H. and C. P. Lu (2005) Multiplex PCR assay for
the detection of pathogenic
hydrophila. ). Fish. Dis., 28: 437-441.

Davidse, A., O. L. M. Haenen, S. G. Dijkstra, A. P. van
Nieuwstadt, T. J. K. van der Vorst, F. Wagenaar and
G. J. Wellenberg (1999) First isolation of

Aeromonas



S 1 0 B 1 1 IR P B B T 9 45

herpesvirus of eel (Herpesvirus anguillae) in
diseased European eel (Anguilla anguilla L.) in
Europe. Bull. Eur. Ass. Fish. Pathol., 19(4): 137.

Denmark, F. C. (1987) Pseudodactylogyrus infections in
eel: a review. Dis. Aquat. Org., 3: 51-57.

Dung, T. V., V. C. Cong, T. V. Dung and A. B. Glenn
(2014) Parasites of wild glass eels and cultured
elvers of the giant mottled eel (Anguilla marmorata
Quoy and Gaimard, 1824) in Vietnam. J. Aquacul.
Sci., 5 (2): 145-153.

Gudding, R. and W. B. Van Muiswinkel (2013) A history
of fish vaccination: science-based disease
prevention in aquaculture. Fish Shellfish Immunol.,
35(6): 1683-1688.

Guo, S. L., ). J. Feng, Q. H. Yang, R. Z. Guan, Y. Wang
and P. P. Lu (2014) Immune effects of bathing
European eels in live pathogenic bacteria,
Aeromonas hydrophila. Aquacul. Res., 45: 913-
921.

Hangalapura, B. N., R. Zwart, M. Y. Engelsma and O. L.
Haenen (2007) Pathogenesis of Herpesvirus
anguillae (HVA) in juvenile European eel Anguilla
anguilla after infection by bath immersion. Dis.
Aquacul. Org., 78 (1): 13-22.

Horzinek, M. C., V. E. C. J. Schijna, M. Denis, P.
Desmettre and L. A. Babiuk (1997) General
description of vaccines. In Veterinary Vaccinology
(P. P. Pastoret, J. Blancou and C. Vannier eds.),
Elsevier Press, Amsterdam, The Netherlands, 132-
152.

Huang, J., J. Huang, Y. Li, Y. Wang, F. Wang, X. Qiu, X.
Liu and H. Li (2021) Sodium alginate modulates
immunity, intestinal mucosal barrier function, and
gut microbiota in cyclophosphamide-induced
immunosuppressed BALB/c mice. ]. Agricul. Food
Chem., 69(25): 7064-7073.

Jacoby, D. and M. Gollock (2014) Anguilla bicolor,
Anguilla celebesensis, Anguilla japonica, Anguilla
luzonensis and Anguilla marmorata. The IUCN Red
List of Threatened Species. Version 2014/10
(www.iucnredlist.org).

Jacoby, D., ). Casselman, M. Delucia, G. A.
Hammerson and M. Gollock (2014) Anguilla
rostrata. The IUCN Red List of Threatened Species.
Version 2014/10 (www.iucnredlist.org).

Joh, S. )., Y. K. Kwon, M. C. Kim, M. J. Kim, H. M. Kwon,
J. W. Park, ). H. Kwon and J. H. Kim (2007)
Heterosporis anguillarum infections in farm
cultured eels (Anguilla japonica) in Korea. J. Vet.
Sci., 8 (2): 147-149.

Johnson, K. A. and D. F. Amend (1983) Efficacy of
Vibrio anguillarum and Yersinia ruckeri bacterins
applied by oral and anal intubation of salmonids. J.
Fish Dis., 6(5): 473-476.

Joosten, P. H. M., E. Tiemersma, A. Threels, C.
Caumartin-Dhieux and J. H. W. M. Ronibout
(1997) Oral vaccination of fish against Vibrio
anguillarum using alginate microparticles. Fish
Shellfish Immunol., 7: 471-485.

Knopf, K., K. Naser, M. H. van der Heijden and H.
Taraschewski (2000) Humoral immune response of
European eel Anguilla anguilla experimentally
infected with Anguillicola crassus. Dis. Aquacul.
Org., 42 (1): 61-69.

Lee, N. S., Y. Nomura and T. Miyazaki (1999) Gill
lamellar pillar cell necrosis, a new birnavirus disease
in Japanese eels. Dis. Aquacul. Org., 37(1): 13-21.

Ma, J., T. J. Bruce, E. M. Jones and K. D. Cain (2019) A
review of fish vaccine development strategies:
Conventional methods and modern
biotechnological approaches. Microorganisms,
Z(11): 569.

Mutoloki, S., H. M. Munang’andu and @. Evensen
(2015)  Oral

preparations, uptake, and immune induction.

vaccination  of  fish-antigen
Front. Immunol., 6: 519.

Pumchan, A., U. Sae-Ueng, C. Prasittichai, S. Sirisuay,
N. Areechon and S. Unajak (2022) A novel efficient
piscine oral nano-vaccine delivery system:
Modified halloysite nanotubes (HNTs) preventing
streptococcosis disease in tilapia (Oreochromis
sp.). Vaccines, 10(8): 1180.

Radhakrishnan, A., B. Vaseeharan, P. Ramasamy and S.

(2022)  Oral

sustainable disease prevention in aquaculture: an

Jeyachandran vaccination  for
encapsulation approach. Aquacul. Int., 1-25.

Rodger, H. D. (2016). Fish Disease Causing Economic
Impact in Global Aquaculture. In Fish Vaccines,
Birkhduser Advances in Infectious Diseases (A.
Adams  eds),  Springer,  Basel,  pp.1-34
https://doi.org/10.1007/978-3-0348-0980-1_1.

Savan, R., A. Igarashi, S. Matsuoka and M. Sakai (2004)
Sensitive and rapid detection of edwardsiellosis in
fish by a loop: mediated isothermal amplification
method. Appl. Environ. Microbiol., 70: 621-624.

Shiraishi, H., and V. Crook (2015). Eel market dynamics:
An analysis of Anguilla production. TRAFFIC,
Tokyo, Japan.

Silfvergrip, A. M. C. (2009) CITES dentification Guide to
the Freshwater Eels (Anguillidae) with Focus on the



46 DBfRsE - ZEE(ES - FRE

European Eel Anguilla anguilla. Report 5943,
Version 1.1, The Rep. Swed. Environ. Prot. Agency,
Stockholm.

Snieszko, S. F. and S. B. Friddle (1949) Prophylaxis of
furunculosis in brook trout (Salvelinus Fontinalis)
by oral immunization and sulfamerazine. Prog.
Fish. Cult.,, 11: 161-168.

Sures, B. and K. Knopf (2004) Individual and combined

3,3 ,4,4',5-

pentachlorobiphenyl (PCB 126) on the humoral

effects of cadmium and

immune response in European eel (Anguilla
anguilla) experimentally infected with larvae of

Anguillicola crassus (Nematoda). Parasitology, 128
(4): 445-454.

Tobar, 1., S. Arancibia, C. Torres, V. Vera, P. Soto, C.
Carrasco, M. Alvarado, E. Neira, S. Arcos and J. A.
Tobar (2015) Successive oral immunizations
against Piscirickettsia salmonis and infectious
salmon anemia virus are required to maintain a
long-term protection in farmed salmonids. Front.
immunol., 6: 244.

Yang, D. and K. S. Jones (2009) Effect of alginate on
innate immune activation of macrophages. J.
Biomed. Mater. Res., 90A: 411-418.



S 1 0 B 1 1 IR P B B T 9 47

The Development of Oral Bacterial Vaccines for
Juvenile Marbled Eels (Anguilla marmorata)

Jung-Hau Chiou!”, Kuo-Kau Lee? and Ping-Chung Liu?

!Eastern Fishery Research Center, Fisheries Research Institute

2Department of Aquaculture, National Taiwan Ocean University

ABSTRACT

The present study aimed to address bacterial disease and improve the survival rate of juvenile marbled eels
(Anguilla marmorata) with the development of oral bacterial vaccines against Aeromonas hydrophila and
Edwardsiella tarda. The vaccines were developed using bacterial cells treated with formalin and encapsulated
with 3% sodium alginate or 6% cellulose acetate phthalate (CAP) and formalin-treated bacterial cells which were
sonicated for 1.5 hours and encapsulated with 5% of sodium alginate or 9% CAP. The eels’ serum antibody titer
significantly increased after oral vaccination, and results from eels intraperitoneally (i.p.) challenged with A.
hydrophila and E. tarda, respectively, showed that the highest relative percent survival was obtained at week 8 in
the one-time orally vaccinated groups. Eels administered with boosters of the same oral vaccine exhibited a higher
antibody titer that was maintained to the 12" week. Due to the higher quantity of antigen in the encapsulated
vaccine, the sonicated-antigen vaccine groups demonstrated increased vaccine efficacy compared to the untreated
groups. The results show that oral administration with encapsulated vaccine may protect bacterial antigens from

stomach acid, thereby enabling antigen-induced immune responses in the eels’ intestine.

Key words: Anguilla marmorata, Aeromonas hydrophila, Edwardsiella tarda, oral vaccine, immune system
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