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Four microalgal isolates from Korean oyster farming areas were evaluated for their culture characteristics and suit-
ability for Pacific oyster Crassostrea gigas larvae. Molecular analyses identified the isolates as Dunaliella bioculata
(SA; Sinan-gun, Jeollanam-do), Picochlorum aff. costavermella (WD; Wando-gun, Jeollanam-do), Porphyridium
aff. purpureum (GH; Goheung-gun, Jeollanam-do), and Tetraselmis chuii (TY; Tongyeong-si, Gyeongsangnam-do).
Responses to salinity (0—40 psu) and temperature (10-30°C) were assessed after 8 days of cultivation. All isolates
grew in 2 m® paddlewheel-driven raceway tanks, reaching day 7 cell densities of 31.7+2.1x10%, 2,173.3+30.6x10%,
60.0+£1.0x10%, and 47.0+2.0x10* cells/mL for SA, WD, GH, and TY, respectively. The specific growth rates dur-
ing exponential growth were 0.412, 0.838, 0.908, and 0.545 d!, respectively. Larval ingestion was evaluated 2 h
post-feeding across four developmental stages: D-shaped, early umbo, middle umbo, and late umbo. WD showed
ingestion rates above 90% across all stages. SA was ingested from the D-shaped stage onward, whereas GH and TY
showed limited ingestion during the early stages, but were ingested by all late umbo larvae. These results demon-
strated isolate-specific culture characteristics and stage-dependent ingestion. However, long-term feeding trials are
required to evaluate larval growth, survival, metamorphosis, and settlement and to confirm the suitability of these
isolates for hatchery applications.
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(Brown et al,, 1997), 72 440] 41318 4= Qli= WA mRe
A7)0 T WA ol weh gebIth(Hur et al., 2011). =
T8 HolHEE o] &E= nA|RFe} str et 3 fAYell
ek A A5 W2 A3 H7HE Zeot ik mlA|
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A Z2F ARG o= AAsto] el-Adstar, A Ee
O] 7oA QA)¢t d i d ko) i HjeF S-S A
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do, WD) ¢1¢t9] 323 sli<moll Al AR sHlet. 2+ 2259 A4
A} A A Table 13 2ok AR A9 2, A& A
pHE oFaHe =224 7](YSI 650 MDS with 600XLM probe;
YSI Incorporated, Yellow Springs, OH, USA)E ©]-&-3}o] &
oA SA sk AT sl HE 10 um o] SF=E |
EE o]&5to] F53}30tt

AR R AR F3Hn|%(CX31; Olympus Cor-
poration, Tokyo, Japan)S.2 t]A|Fo] &3] o] Fe} )
A EAS wEsilth nAzRE 2Eshr] Hsf F2 A
(G0154; Sigma-Aldrich Corp., St. Louis, MO, USA)%} F/2-Si
| 21(G9903; Sigma-Aldrich)oll Z+2} 0.8% (w/v)2] S 7
7¥sto] A= AALskiTt 55 Al RS iAo HE
sto] ot AskA =g £ 20°C, ¥ 50 pmol m™2s™! ¥ F=7]
12:12 h (light:dark) 71| 4] 2-427F vl eFs}GiTt.

Hief = A ek A, =27], S 9 1 FEl R st
o] Ausiolch. Aa Reke Aekiv|dom Axe) 3]0}
Hehs P, thE uA| R0 £ o] 28 Shelshict. of
E AR A b wi7hA] 2 ke A 22 g
Aol yreA oz Asuslel tholaf eAlS s,
Shugh BolEE OHE B2 E5 F2-Si A 5 mLt
@71 6-well plate® A g8t Al2E S-4]o] 2HlH Hl
A= 10 mLe}F 100 mL= A4 © = S}tk A At
2 s oFat 54 20°C, F = 50 pmol m™2 57! B
7] 12:12 h (light:dark) Z710]| 4] 2=s8a}3ch. Aok 7474
o4 A42jel 24| BolE 47 BelFg 2% Aue
= Hgact
SRS 5 55

St A 2R 2oTe AR ET 2402 F 545t
St B4 of] A% genomic deoxyribonucleic acid (DNA)+=
ZF 2] A7) w10 mLE 4+8sto] 8,000 % g
oflA] 3 min7t LM 5, AFHS A|ATEAL B3k Al
H3] © 2 2 ¥ DNeasy PowerSoil Pro Kit (QTAGEN GmbH,

Table 1. Sampling locations and environmental conditions at four Korean coastal sites used for microalgal isolation

Isolate Location CGO?,girﬁgg : Collection date Water t((aoné;))erature S(e;'sr:;y pH
SA Joyangun, o Feb 14, 2024 6.50 3152 8.42
WD sando-gun, eI N May 18, 2024 15.31 33.81 7.87
GH Gohaung gun. ek May 18,2024 16.12 33.70 7.81
TY Tongyeong-si, 34°5230.6" N, Feb 27, 2024 10.00 33.43 7.84

Gyeongsangnam-do 128°22'21.4"E

SA, WD, GH, and TY denote isolates collected from Sinan-gun in Jeollanam-do, Wando-gun in Jeollanam-do, Goheung-gun in Jeollanam-

do, and Tongyeong-si in Gyeongsangnam-do, respectively.
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Hilden, Germany)E AR8-5}o] A|2ARS] 2|30 wha} &3}
et

Z 542 Y8l =3 genomic DNAE 3% 2.2 large sub-
unit (LSU) D2/D3, internal transcribed spacer (ITS)-LSU D1
4 18S ribosomal DNA (rDNA) % 98- polymerase chain re-
action (PCR)Z 5-&35}%1 2.0, Hk-3-91-2 AccuPower PCR Pre-
Mix (Bioneer Corporation, Daejeon, Republic of Korea)E ©]
B5to] Al zAke] W ol whe 2A8HAAL, 2t F 9 o] Sl A
43} primere} PCR 2712 Table 29} .

Z2Z% PCR AH=-2 1.0% agarose gel 217|958 53 &<l
3lglom, ZZo] oy PCR AH=-S Macrogen Inc. (Seoul,
Republic of Korea)of] 2]=]8}] Sanger sequencing©. = &7|
Ade 24519 S A7) A EL National Center for
Biotechnology Information (NCBI)2] GenBank databaseE&
AS.2 basic local alignment search tool (BLAST) HA1-2

3515 .21, query coverage, sequence identity 7} 7} 52

5% NG9S 71F0E BeFo BRA 2o Blsky
=
28l% g 9 2 XY WY EX

E2)3 SA (Dunaliella bioculata), WD (Picochlorum aff.
costavermella), GH (Porphyridium aff. purpureum) 2 TY
(Tetraselmis chuii)s /302 FEI}F 2rLof T vjef E4
& ARSIt A AF2 0, 10,20, 30 2 40 psui 453
o, Hj 2] o] P2 32} FF2 HEtEH(NaCl; Duksan
Pure Chemicals Co., Ltd., Ansan, Republic of Korea)= ©]-&
stol 2asloict. @i APl ok 20°C2 A,
2% AFL PE-S 30 psuz 1G5, Y2 EE 10, 15, 20,
259 30°C2 A A5G,

500 mL AFzEeksstof] v 200 mLE #5-6kal Q)
7oA 121°CE 15 mingt B3t &, 27| AlZdert
1 x10° cells/mL7} E|=E ZEsFSTh w2 = 50 umol
m™2s7!, 3357] 12:12 h (light:dark) ¥ ¥k 120 rppm 24

of

i
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ofl 4 827k HheFslaich, BE AIRL 3o Saystel
o} Al == vl eF 01k} 8U Aol ot w| E o AL
IHDHC-NO1; INCYTO Co., Ltd., Cheonan, Republic of Ko-
rea) o] §5te] It

Sal% ey Bt

47 el 9T A A
e BB 18l A A% 584
1,100 X H 800 mm)2] 3] 44=314] &
% AP 45Tk Fig. 1)

jof4 | um 7HES]A) We|2 olatet , ol aaite
F(7585-1400; Daejung Chemicals & Metals Co., Ltd., Si-
heung, Republic of Korea)S 300 mL/m? 52 7|50 24
h & A5kt o] %, ¥ L AN EF 2 =314=(000S3851;
Samchun Pure Chemical Co., Ltd., Pyeongtaek, Republic of
Korea)& 80 gm® S22 Aelste] A5eias Fothaict
(Lavens and Sorgeloos, 1996; Helm et al., 2004). 53} & %+
F el ¥4 =4 7](H197701; Hanna Instruments Inc., Woon-
socket, RI, USA)E |83} 274 &4 o 15 &Rolst &
ol ARE-SHEE Bl 58 531 & (Eco-sol High
N, 25-9-18+EDTA-chelated; FarmHannong Co., Ltd., Seoul,
Republic of Korea) 60 g/m*2} H]EM 8- 100 mL/m*E 3
7FsliTt. e 8082 thiamine HCI 100 mg/L, biotin 0.5
mg/L 4 cyanocobalamin 0.5 mg/L2 Z/J5}% tHGuillard,
1975; Creswell, 2010).

27| A& 20 L T 870 A vt 2 #2520 v
2 2% 1k 41519] 2% (vhy7h El 5 7kshalet. sope -
2 20°C, ¥+ 32-34 psu ¥ F= 80-150 umol m™2 7! 271
ofl ] 45100, QLBRE 24 h 15 2SI 7] 3
A4 6 pmOR §A51.0m, T3 HjoFsl ek, HopA
2124 h 714 02 AR, FerAv st BPAN L
ol g5to] AlE S Zgshich iU E S 38] WY,

a3 U7Fu|AdAE(specific growth rate, p)2 A|=Ad%k

2 m® 2L 3,000 x W
SECER

os =
3 TEE

AN HFT 7
2

= TToo

Table 2. Primers and PCR conditions used for molecular identification of the microalgal isolates

Marker region Primers and sequences (5'-3) Initial denaturation Cycling conditions Cycles  Final extension
X:\/(IS/!\\IAGTACCRYGAGGGAAAG 94°C, 30s; 72°C
LSU D2/D3 o 94°C, 5 min 50°C. 30 s. 38 s
SCWCTAATCATTCGCTTTACC 72°C, 1 min
TS . .
GAAGTCGTAACAAGGTTTCCGTA 95°C, 30s; 72°C
ITS-LSU D1 95°C. 3 min 58°C. 30 5. 34 %
LSU D1 72°C. 30 s 10 min
GTATCGCATTTCGCTGCGTTC ’
NS1
95°C, 20 s; .
18S rDNA ﬁg@GTCATATGCTTGTCTC 95°C. 5 min 55°C. 20 5. 35 gzm%
TCCGCAGGTTCACCTACGGA 72°C, 2 min

ITS, internal transcribed spacer; LSU, large subunit; PCR, polymerase chain reaction; IDNA, ribosomal DNA.
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Fig. 1. Paddlewheel-driven raceway tanks used for 2 m? cultivation of four microalgal isolates. (A), empty raceway tank before inoculation;

(B), raceway tanks during cultivation.

7) 249 AEAES o] §5to] the 40 2 shgich

u=In(N,)-In(N )JA(t,-t) (N1, Noi= 22 o, to A Al U
t1, tor= W OF A Zl')

S21F &2 24 2042 084 It

Ao daaA o w2 47) Eele] HHES Brtet
et Adoll= D3 §48(62+6 um), 2174 27| 48125+ 15
um), 214 571 F44(190 20 um) = 2H4 571 #7-74(280+25
umy ARESFATE A g e Akehe s el at A
of| Al FAYAL A E S el AAbksto] ] F2l AWAE e
A E AEste] ARGl A A 48] Ashto] Hol 9l
= Hol& AAH] flafl =2 28 £1°C (1 um o 2}afj4=)ol| 4]
24 h -5t A48t

A 58 AR 50 mL conical tubeo] = 74
= 107§A/mLe] Y& 4=8-5}0] 3Y5qlet. 2t el o
A Yol o g2 Fastiieh T Ee A8 EwAE
o] QRS sl DY -G8 1 X 10° cells/mL, 214 27| %
A4 2x10° cells/mL, 2+ 7] 528 3 x 10° cells/mL ¥ 214 5
7] 748 4 X 10° cells/mLE AA5H3Ict AR 7|7 et 22
28+ 1°CE §-#|3}% ).

/d#&(ingestion rate, IR)> Ho| 5 2 h & 5] Ay v
Al 257 24 f5-5 Fatan| 4 o = 39HE 2¢lsgl o, of
2o Al 0 & Ak=EsHelTt

TR(%)=N/N, X 100 (Ni, ) vl 41257 BH1 ) 948 45 N,

TS AR G4 4

SAXz]
AR 2 Rod A4S Bt 7 A4 (analysis of vari-

ance, ANOVA)S AARE & f9)4d¢] 214E uf Duncan’s
multiple range testS o18510] A15715< AA|akc). 57
4 o452 P<0.0SE AASIAL, LE BARALS SPSS
version 23.0 (IBM Corp., Armonk, NY, USA)Z o]-&3}o] 4=
RS

a1 —
21t d nE

e IR ]

AN M =S B oA wjokRt Auh, A FEjzE A=
ChE of9] mA| 2R eto] #EE Qi o] 7hed| thE 1
Alz257o] &) SHelw#] oFar Alchuljof g ol Al A o=
SA A7) eSSk

Fekdn) 7 b Aak, e AIRKE(SA), Ad =wH(WD),
A A5HGH) 2 e FFATY)oll A gt 2| A
= e FE4 54 et SAE 271 10-12 um2| =41
W Alzslon, 530 2719 Hrrt $EE ]t WD
271 12 um?| 27 S AlZ2 1 B dolglen, &
50 Hie WEEA] ookt GH= 271 7.6-11.5 um®] &
A AR Y B ol dlon], S5 Hits HEEA
TR TY = =71 10-15 um®] 54 W A gl o, =it
w573 471 9] HE7E R E QIKFig. 2).

ez S0l 275to] SA, WD 9 TY: 5272, GHE
SRFE I EFEA 28y MR Fe] NE A7)0 §
B = i v A e g of wheh Eebd 4 Qlom, Tt 3
BE A 27 S vA 2R FekdnE dEves A
s}slA LE517] o] th(Leliaert et al., 2014). 12| H& o]
Hebslr] sl EA =T & TS 77k A3skt)

SRMESN 5 57
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Fig. 2. Light micrographs of four microalgal isolates from Korean coastal waters. (A) Dunaliella bioculata (SA); (B) Picochlorum aff.
costavermella (WD); (C) Porphyridium aff. purpureum (GH); (D) Tetraselmis chuii (TY). Scale bars indicate 10 um.

BARESHA 42 Q5] SA, WD, GH ¥ TY 9] ribosomal BLAST 84 A3} Picoch]orum costavermella (MT489383.1)
DNA g7| A4S E4351 T} SR 7| A D 9] Zol+=286— 2} query coverage 100% 2 sequence identity 94.8%E L+El
1,751 bpol itk Z+ €474 =S NCBI GenBank database 5 Wt} GHO] ITS-LSU D1 21 4% 297 bp$l 2.1, Porphy-
= AL} v|wstglon, vlao]= BLAST AL 0|83} ridium purpureum (EU818942.2)¥} query coverage 97.0%
TH(Table 3). 9 sequence identity 96.5%%5 UEFHTE TY S 18S rDNA &

SAS] LSU D2/D3 9] &7 =2 575 bpglom, BLAST  7|A9L 1,751 bpRlo uﬂ Tetraselmis chuii (IN903999.1)2}
4 Avt Duna]iel]a bioculata (DQ015740.1)2} query cover- query coverage 100% %! sequence identity 100%S L}EF| o]
age 100% 4 sequence identity 100%%S UER o] D. bioculata T. chuii= 543k ch
& 57453t WDEJITS-LSU D1 -2 A -2 286 bp 32 H, 2 Aol A A ESHA] A4S e F

Y
Hr
3;;1

Table 3. Putative molecular identification of four microalgal isolates based on BLAST analysis of partial ribosomal DNA sequences

Isolate Marker Primer pair Sequence Closest match Accession no. of Query Sequence Final
region P length (bp)  in GenBank closest match  coverage (%) identity (%) identification
T16N/ Dunaliella Dunaliella
SA LSU D2/D3 To4U 575 bioculata DQ015740.1 100.0 100.0 bioculata
ITS1/ Picochlorum Picochlorum aff.
WD ITS-LSU D1 LSU D1 286 costavermella MT489383.1 100.0 94.8 costavermella
) ITS1/ Porphyridium Porphyridium aff.
GH ITS-LSU D1 LSU D1 297 purpUreum EU818942.2 97.0 96.5 pUrpUrewT
v 18sona NSV 1751  letaselmis  \qq3999 1 100.0 1000 Tetraselmis chuii
NS8 chuii

SA, WD, GH, and TY denote isolates collected from Sinan-gun in Jeollanam-do, Wando-gun in Jeollanam-do, Goheung-gun in Jeollanam-
do, and Tongyeong-si in Gyeongsangnam-do, respectively. BLAST, basic local alignment search tool; ITS, internal transcribed spacer; LSU,
large subunit; IDNA, ribosomal DNA. The abbreviation aff. indicates affinity to the referenced species based on partial sequence similarity.
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Fig. 3. Cell densities of four microalgal isolates from Korean coastal waters after 8 days of cultivation at different salinities. (A) SA, Sinan-

gun in Jeollanam-do; (B) WD, Wando-gun in Jeollanam-do; (C) GH, Goheung-gun in Jeollanam-do; (D) TY, Tongyeong-si in Gyeongsang-

nam-do. Values are presented as means+SD (n=3). Different lowercase letters above the bars indicate significant differences among salinity

treatments within each isolate according to Duncan’s multiple range test (P<0.05). SD, standard deviation.

Hof| A =& query coverage®} sequence identityS LFEFH .
U, WD2F GHE i3 %2 ITS-LSU D1 -5 A €& 7|4t
o2 ZAsI e B F 0] TN ATE A ol
5+ B85 242 Picochlorum aff. costavermella®} Porphy-
ridium aff. purpureum®. 2 ¥7\5}iT 7| a1 £ Al
©)% £4.2 WDS} GHe| vjo} Ate sh4ekr] 9fet 4 et
=22 2goton, 7] v 542 & Aol A
243 29 71202 DU ol BelFe] BEI B
31 91712 RIS ] RN 27 BAuAZ ol A
oA Aol Zad sl e g AlREL

22 o2 U 25 ZAY HjY 54

9]

Belo] @B U L1mo] B2 ok 542 217} Fig. 33} Fig,
40| LERglch. Eo] w2 HjoF A, SAS] AZHEL 0
psuciA] 27] AU} 728l d 1, 10 psu ool E

S7FsFAtt 30240 psuol| A M| U == 247 64.9+2.7 X 10
9 61.8+1.3x10* cells/mLo|tt. AU == 30 psud Al
7 Eke, 40 psut o3k Atol= {lIth. Hamed et
al. 2017y F|Z27]9| Tuz Lakeol|4| &2|3t Dunaliella sp.&
2535 psucll A wjeket Az}, Qo] T2 AEAEL o3
7F fiohal Harsgint. o= SAQ) A2 %7} 301} 40 psuol]
A FolRt Zfo] & Holx| ok Akl fARRE kol 3int SA
= 10-40 psuciA] ZA180] W& St wiglol gt vjor =4
S v

WD AEdE= 0, 10, 20, 30 % 40 psucfA z}zt
68.9+82x10% 606.7+6.7 % 10%, 896.7+12.0x10%
9144+ 15.0% 10* 2 753.3+8.8 % 10* cells/mLo| 2T}, A3
Y= 0-20 psuollA HiEsert wobdol weh F7Hskl e
™, 202} 30 psu B Tholli= 23t Zko] 7} QISAEE. 40 psu
ol A= 30 psurth 7r43kic) Krasovee et al. (2018) P
costavermella?} NaClZ- 10-70 g/L 3 7}gF 27 o A A5
o, 20 g/lLol A 7Hd & AAES ekl Harskgic)
2 Aol A = WD 0-40 psull Al F415t0] Wl A& ¥ 9l
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Fig. 4. Cell densities of four microalgal isolates from Korean coastal waters after 8 days of cultivation at different temperatures. (A)
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Fig. 5. Changes in cell density of four microalgal isolates during cultivation in 2 m* paddlewheel-driven raceway tanks. (A) SA, Sinan-gun
in Jeollanam-do; (B) WD, Wando-gun in Jeollanam-do; (C) GH, Goheung-gun in Jeollanam-do; (D) TY, Tongyeong-si in Gyeongsangnam-
do. Values are presented as means+SD (r=3). SD, standard deviation.
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Fig. 6. Representative light micrographs showing the ingestion of four microalgal isolates by larvae of the Pacific oyster Crassostrea gigas at
different developmental stages. SA, Sinan-gun in Jeollanam-do; WD, Wando-gun in Jeollanam-do; GH, Goheung-gun in Jeollanam-do; TY,
Tongyeong-si in Gyeongsangnam-do. Within each panel, the larval stages are arranged as follows: D-shaped larva, upper left; early umbo
larva, upper right; middle umbo larva, lower left; and late umbo larva, lower right. Scale bars indicate 100 pm for D-shaped larvae, 150 um
for early and middle umbo larvae, and 200 um for late umbo larvae.

#Heo Z7F 100.0+£0.0%, 96.5+1.2%, 100.0+0.0% = AZ3} tho] W= 4.6 um 0|51l n| 277 22 DE A8
100.0£0.0%Ath. WD+= & G digkchA o 4 90% o]AF oA 50% oA AF-e-2 YeRH 09, Dunaliella tertiolecta
O AFeS veilon, SA, GH 9 TY O] A& &2 7439 9} Tetraselmis tetratheles= D% /80l A= A5 =A] ghoke
o] X e wpet F7ksksint. U o] & drdetA|of| A = A 3 = Qlrkal B arsgiet. T3, Rosa

2=t 9 A)o] mN| 28 A F oFARS oA o] HitkthA 9 Wo| and Padilla (2020)= &= 4-42] 9o] AgjAdo] drdtiAo
olz}o] Z7] & Fefof what GebA 4= 9lr}. Huretal. (2011)2 ule} Halste, ujA| 27 3] o7 Al A7|Nte s AF

Table 4. Ingestion rates (%) of four microalgal isolates by larvae of the Pacific oyster Crassostrea gigas at different developmental stages

Isolate D-shaped larvae Early umbo larvae Middle umbo larvae Late umbo larvae
SA 60.9+1.8° 76.0+1.8° 100.0+0.0° 100.0+0.0°
WD 93.6£3.2° 95.443.3° 96.1+2.8° 96.5+1.2°
GH 0.0+0.0° 0.2+0.3¢ 100.0+0.0° 100.0+0.0?
TY 0.0£0.0° 40.7£11.6° 86.243.9° 100.0+0.0°

SA, WD, GH, and TY denote isolates collected from Sinan-gun in Jeollanam-do, Wando-gun in Jeollanam-do, Goheung-gun in Jeollanam-
do, and Tongyeong-si in Gyeongsangnam-do, respectively. Values are presented as means+SD (1=3). Different superscript lowercase letters
within the same column indicate significant differences among isolates at each larval developmental stage according to Duncan’s multiple
range test (P<0.05). SD, standard deviation.
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