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XZEL| ZokM Aol sl FE=E &2Z(Pyropia tenera) EHHO| ASF2

Growth Characteristics of Pyropia tenera Mutant Strains Induced by
Low-dose Gamma Ray Irradiation

Ji Yeon Nam, Bo Yeon Kim, Chan Song Kim, Il Ki Hwang and Jin Suk Heo*

Seaweed Research Institute, National Institute of Fisheries Science, Haenam 59002, Republic of Korea

The study aimed to select superior strains with improved growth characteristics from Pyropia tenera wild strains by
using gamma irradiation (100 and 500 Gy) and analyze their indoor and field growth performances. Superior strains
(PT100G and PT500G) that showed markedly enhanced growth when compared with the wild type were selected
from the gamma-irradiated groups. According to indoor growth experiments, all strains showed the highest blade
length at 10°C. PT100G and PT500G exhibited average blade lengths of 84.10+5.10 mm and 90.83+3.93 mm, re-
spectively, which were approximately 1.6—1.7 times greater than that of the wild type (51.93+2.66 mm). Moreover,
PT500G showed significantly higher growth than the wild type at 15°C and 20°C, suggesting improved temperature
tolerance induced by gamma-ray irradiation. Field cultivation experiments also demonstrated significantly higher
growth in both superior strains than in the wild type. PT100G showed an average blade length of 56.52+3.49 mm,
which was approximately 1.7 times greater than that of the wild type. These results indicate that gamma irradiation
can be effectively used to improve the growth traits of P. fenera wild strains, and the selected mutant strains may serve
as valuable breeding materials for future cultivar development.
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Jom, MZE A 7Fs Sl W=t 55 vhgst Al 4
O] A &A1 A% 7R Ak 91t T agt B = i 5
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A =liollAl sl FAshaL e A2 WARFE - (Pyropia
yezoensis), 318Ft] &7 (Pyropia dentata), =-5-Y]=71 (Pyropia
seriata) 3% 0%, W23 T FA] HHTh YA o= ek
St o] 4] Abof] T8 Qlth(Sasuga et al., 2017; Ding
etal., 2019, 2021). o] 3t ¥4 F thFAdS Sfstar 1 H7}

A (Pyropia)ye- -2 ehE HI 23 Fobalof A ol x| 1 ¢
AlE]e 98 sl 2FR2, 2025 AYALEF oF 729HE, 2ol 113
o e 7|53 AU 8 G oA =& FEo|tHHe et
al,, 2021; Kim et al., 2022; MOF, 2025). L&} &+ 7 Ak
& AT o WE g B9 o] WHEE| AL glon, 7%
W stol whE 2 AFp ) oF4) 3H BIshR Qlsf A4k b A

%

317t -8 % a7 QIth(Kim et al., 2019, 2021; Baek et al., 2026).
Az, daoAe s Aoz sl A A AI7H e
25|31 AYAteFo] ZhAasH= A 7F HalE QItKMI, 2017). 0]
of whet A H= L WA 5 7N, QPR TR AL 7
& 9 S ALY 5 5 715HE gg AE S48

7HA A APPSR f1el = A FEo =, AR (Py-
ropia tenera)®] =R QIrh ZS wpA S oleto) 4] oF
AlE o Aol St ARTEH ] O] Hag o] 5 oFA %
oA A3 E Sl (Hwang et al., 2005, 2010). 212
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Alof FHAZF QLo w1718 9 ofpnlicAl F 22 Y
A Fieo] o} LRI 7154 AE 242 TE 7154
o] 48 502 3711 Qr(Nam et al,, 2025). S|k, 2]
O] =2 oJokA 712 2 Ak¢ A o & g-8lal, 7] & oFA] EEa}
Apashe meju)ol b EEOR §A5] AalaE B 4
AH ZAIE WA sliof gttt o] & flsliA= 3 oM Al TS
o2 oot $5 Ve A8 SEAle T AT 9 EF
N A7t E ast)

FENEE 21t i oll= AAZNA A Sot AEA el &
T IR P BlolE fidles Aol £F 7ol &8
)31 gltk(Oladosu et al., 2016; Shin et al., 2018; Ma et al.,

2019). 71 & HA S22 7hbA ZALE Bl S
etal A E S 7}7‘ AeTE Al o, XI’E
&% ol g 285 o] Yth(Beyaz and YlldlZ 2017) Z
ol Z15(Pyropia spp.)S O 2 3 7Hubd $% oL
Ss] A E AL Qlom, b 2ol ofsf A ‘3—! 278 A
5/d0] FdE S=AST7E HarE 3 QIeH(Chen et al., 2016;
Ding et al., 2019; Yan et al., 2024). <o A = WAL S
Yo Zutil Beldlo] $EE Bt e 484 % AE )
A A7} =38 vf ¢l © ™ (Shin et al., 2018; Lee et al., 2019;
Lee, 2021), = pAtatsh ol A= v 552 53l ekl
11535 7fs8l7| = syt o)t Zo] 7 2AS &-83)
A7 F5 M A= - QoA ggshA 3w o] $he
u, 34 O]:*“ A5 o= g A= ob4] Algta o)}
wEhA ube 8% 7148 17 opl AEa] Hgste]
AsTE %‘# U, F3 o] A A 2 Sfjof] 7] o g
UL o2 o

uhebA], 2 Aol A= = (P, tenera) OF*E AEoll Xﬁ
E9) AUh S ZABlo] g BHo] 94t S ERE A
ol AT TE o= A U oF *“XP?JE =4
sto] o] A11A B 9 b B ThrstE 918 BE A
o] 7|22 AT .

] O

Of

HE Y

20 XA} L SAES MEt

oT

=

2 AToAs AepdE At 19tH 3%E iRK(3425'N,
12620°E)ol| A A3 H HH(P. tenera) A 25 AHE-31 01, A]
RE FUPI SR s RN R R
AFRLTE. 2 SR ATH 24 857148 48
3171 $18}e] 20°C, 40 umol photons m?s™!, 10L.14D ZHOR
A7 %l Wl F7](MTI-202B; Tokyo Rikakikai Co., Ltd., Tokyo,
Tapan)ol 4 ZEAYG B4S el

ZhApdo] PAE AVl e At e
HFARA A L4~ (Jeongeup, Republic of Korea)of| A 7= 0.111
PBq 271914 100 Gy (125 250 kGy ') 2 500 Gy (25

50 kGy h'") & 2A}sFE 2.1, 7] 7]+ “Co irradiator (point pen-
cil IR-222; MDS Nordion International Co., Ottawa, Canada)
2 o] g3toich, ubil Ael el ZAIFE felbaAle
A 2] 2T =l AMEAIE 20°C, 20 umol photons m?
s, 10L:14D 27000 4] wjofsto] Zhmapte] 448 Gatg
t}. o] & 15°C, 40 umol photons m?s™', 10L:14D =7 of| 4] Z}
EAPE S fEshon, ARALE o] §3te] Amsteich

ZF ¥ 2Ry BAE A HAE —?_—E(S, 10, 15, 20,
25°C), 3= 80 wmol photons m2s™!, 37| 10L:14D 7]
A 105 ot vheslglon, A% Rho| S Holiz A A
sholh. A AAlE B4 S Sldl =ASE sl
(Hwang et al., 2010; Park, 2023).

A 47 g

27 op ABF} Arbd 2ALE B A 9

‘jﬂ

of Al AR EAS vl T3] 1) g AL st <
AT SRl ot 2 20 ZEAPGS] 4% 2

U2 o o rlod om A HALS o] &35fe] ustgct ZxA)

7} 52k HAbs ZF Algrd R 25 (5, 10, 15, 20, 25°C),
I 80 umol photons m?s™, 3F5=7] 10L:14D 2 of| A 10+
ok ujopsteon, 2 2AME 3] WHETE Folch ujef

717k 59k, 15 7+4 0 2 34353 u] F(BX53F; Olympus Corp.,
Tokyo, Japan) & vernier calipers (CD-P15S; Mitutoyo Corp.,
Kawasaki, Japan)£ ©]-8-5t0] 7} R 2 157049 F74 2
Q%2 245,

OFel Al &4

thT ol 27 opl ABToh Abd 2AHE B3 Al
A5 obel B4 E4L vlasl] 93] A1F Al
SEITh 2 2] Al FAE 913l Heo etal. (2021)0]] 47115
WO 2 4 80 S o3k HZAAE vjofatgon], 20241
1099] Q133 A MAE 2] 71 %F4] o] F(3T°14'N, 126732°E)
OA] Bl RS A B £ A AFPAGE PALR
w7 AR gstel AR e 9 Tkl 2lete.

ole] Tfek A% 10 F Sk ) Aol oish DNA 24

S AAEke] ] o175 2H181 tH(Nam et al., 2025). F3t

vernier calipers2 ZHE3F GA| 2] o] & A 3}o] o] AJA; E
238 selahelrt.

SA=M

A 9 ofe] A 54 vjE 98 FAEAS Cochran?]
T4 A (test of homogeneity of variances) 53l tf| o]

o o

=
A3
T

[e)
o] ZAAS 3Holgt B, One-way E= Two-way ANOVAR
Gol= AAEG 1, Tukey's HSD test= A A4 sk3ich

(Sokal and Rohlf, 1995). 72 1218 SPSS (ver. 20; IBM
Corp., Armonk, NY, USA)E AME-314i Tt
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Fig. 1. Growth comparison and selection of superior strains from WT and gamma ray-treated Pyropia tenera cultured under different temper-
ature conditions after 10 weeks of indoor culture. WT, wild type. A, WT; B, 100 Gy treatment; C, 500 Gy treatment; D, PT500G; E, PT100G.

2 o
LYEF M

et 2 bl Aelte) 2= w105 5, o2 (R
A oA ET )= 5'C-10°CollA] Ao A o &2 w2 A2 1S
on, o] G2 5°CollA 138.0 mmSith(Fig. 1A). TrHAl A
2ol A= o Aol Hisl wE S Hole FAI7E A
2em, 100 Gy A g]-Fol|Al= 10°Cof|A] Zch ¥4 183.9 mm
(Fig. 1B), 500 Gy 2|70 A= 20°Coll A o) 94 184.1
mm (Fig. 1C)& YepWlith. Arpid AL 224k & ti 22}
A Aol o3t AIE A TR Adstel e, A
2] Z7o] wlet zz PT100G 2 PT500GE 8319l ch(Fig.
1D-E).

AU MY 4

3

=
e I A, 2% 2AYURE Zol= o wi 565
ol w2 A AAFeReiTt. th 2= Wik 1052 & 10°C 2719
A et @3 51.93+2.66 mm (mean+ SE)Z 7} w2 AY
22 B 9tHOne-way ANOVA, P<0.001) (Fig. 2A). &
15°Col|A] 4t 9.57+0.56 mm= 7} 34| Veptou, 10,

20°C 2741} {-9J21= §1%thFig. 2B). 100 Gy #2]5t 10°C
of| 4] A1E PT100GE= 10°C 274 Hat 87 84.10+5.10
mm, G= 19.54+1.12 mm= 7P 34 UeEREO 1 (One-
way ANOVA, P<0.001) (Fig. 2C, D), 5°Col A= B g4+
40.70 £ 1.24 mm& |4 w2 A2 B lok vk, 15°Cofl
M 27] 7ol W=7 A=l ot vieF 75 SRE A%
o] Fradh= S BTk 500 Gy A 2]+ 20°CoflA] AdE
PT500G:= 10°C 2704 Ht €7 90.83+£3.93 mm= 7H
2451 WA 1 §) 0 1 (One-way ANOVA, P<0.001), 15°Co]|
M= Wt 47394228 mmE H| AL w2 WS B ol ch(Fig.
2F). B 9= ®3h 10°CLF 15°ColA] 242} 10.32+0.47 mm,
10.86+0.78 mm= = A Uebth(Fig. 2F). §HH, 25°Col A=
W= AlSFY] 7ol A= it

AeTet 2o A HSkE SARAR A, 57 2=
Aol w2 FA o] - F-92HE 3L (Two-way ANOVA,
P<0.001), A&} 25=0] A3 AGof| A = o3 Afo| & B
A tHTwo-way ANOVA, P<0.01) (Table 1). T2} v
< uf, A AT 2= AR I o2 A el
CHFig. 3). -2} 27] 9] L=FAI G 25 10°Col|A] 24 A
A Bylo, SEAE T o] thzToll vsl of 2ul 4
T = Yep Aol 3R 21 glstglet. E3 PT500G
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Fig. 2. Growth variation of Pyropia tenera strains cultured under different temperature conditions for 10 weeks of indoor culture. Values are
presented as mean+SE. WT, wild type. A and B, WT; C and D, PT100G; E and F, PT500G. SE, standard error.
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Table 1. Results of Two-way ANOVA and Tukey’s tests for the
effects of strain and temperature on blade length after 10 weeks of
culture in three Pyropia tenera strains

df SS MS F P

2 1,526.177 763.059 3.858 <0.05

Factors

120

m5 ®10 @15 020 025°C

100 b

b
80 |

Blade length (mm)

d
C cd

1o . o

1.

PT100G

PT500G

Strain (S)
Temperature (T)
SxT

4 30,956.3017,739.075 39.126 <0.001
8 7,430.124 928.766 4.696 <0.01

Tukey HSD test (P=0.05)

Strain (S)
Temperature (T)

PT500G=PT100G, PT100G=WT
10, 15=5=20, 20=25°C

Fig. 3. Growth comparison of Pyropia tenera strains (WT, PT100G,
and PT500G) cultured under different temperature conditions af-
ter 10 weeks of indoor culture. WT, wild type. Bars indicate the
meanztstandard error (n=3). Means with different alphabet (a—e)
are significantly different (P<0.05).
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Fig. 4. Capillary electrophoresis analysis of Pyropia tenera and P,
yezoensis in Korea.
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Fig. 5. Growth comparison of Pyropia tenera strains (WT, PT100G,
and PT500G) under field cultivation conditions after 10 weeks of
seeding. WT, wild type. Bars indicate the meantstandard error
(n=3). Means with different alphabet (a, b, c) are significantly dif-
ferent (P<0.05).

NP AR el Axeto] WALzl

o 1 = O 10
=4 7FsAdol qlol AH 105 Sof kgt JA| AlZe] Hish
DNA 2415 AAJsto] 2H7] o 2 BRI 7HA et A7 A ofl A
|3} tH(Fig. 4). 1 A3} PT100G 2] B 942 56.52+3.49

mmz 7P w2 gA-S Helon, PT500G: 43.82+2.09
mmz 21 IckFig. 5). W, th2H(wild type, WT)2]
7 G2 33.80+ 1.00 mmE UEh}, T S A B m T oz
ol Blal] o4 o2 wWhE S HATHOne-way ANOVA,
P<0.001). £3] PT100G= thxT- thu] oF 1.78) whe Y-S
UrEfo] AW A 540 frARE B3 2ok

o g

G A FA o P T F S SRSk AR 1
= Rskele). olF mAr Al AeTE tider 4
3L oFe] FAAIR S Sl A EAS BA s 2 o
AsFet A $FASFH(PTI00G, PTS00G)S] A A
& B BAT dah, BE ATl 10°ColA Bt 9%
o] 7P AA veh, 3 o] AAke] 5°C-10°Co A2 9
oA L=sltal Ba1%E Hwang et al. (2010)2] Ao} f-A)
SFITE S A1 %S PT100G2}F PT500GE= 10°C 2704 Zt
7+ 84.10+5.10 mm, 90.83 +3.93 mm2] GA-S Hol, th 2+
(51.93+2.66 mm)o]l 3} oF 1.6-1.74] wh2 AH2-S Lhebd
on, o] kA At o8 i EAMO)7F o] A
& B4 A Y PR Ao Ak 539], PTS00G
= 15°CF20°Cofl A = o] vl sl o] 2] o = whE A =
418 1.6 (One-way ANOVA, P<0.05), Z+ubAl #]2]of 2l8) 1
& 270 A O A A FEo] FdE Ao FAHG AR
(Pyropia spp.y& W/ 2= 2 fvbd S5 AP35 B, W
AHEE ROl 500 Gy HArHdS ZAFsto] Ak EAMo] Als
I+ Py500G+= 12°Cofl 4] o83 o] oF 4uf) w2 A A=
19l om(Lee etal., 2019), HTR-1 A3 A] 11L& 2710 A]
A AP, Mo o, B as Y T S 595 o
2o 9|5 210 2 W19 ch(Shin et al., 2018). 3} e}
WA AZ(Pyropia haitanensis)®|| “Co Zrubil-& ZAfste] Avk
H ST-2 AlgT== &A thu] GA| Aol7} oF 1.9v] =3l
™(Ding et al., 2019), -7 (Pyropia suborbiculata)ol| X &=
Aok 2Ab S A i8] AR S=7F oF 58% /4 PS-M4
AeF=7F 22 vE QleK(Yan et al., 2024). 53], 2ol 1 kGy
AapAS zAfake] AU Ptlk AlEFs 12°Col|A] op i E B
CF A 9 A o] 4ul 7t B E Gl o, a2 27191 20°Cot
25°CollA &= Aol Al B 54 Hol & Aot fAHS
THLee and Choi, 2019). o]2fgt AP AF+ELS Fhubd AP}
AR A A 2% 234 Rl o= 288 o 9l
& HojErh & dAtolAE 3 o AlgTe 7] FE N
A 5ol Y 5/d0] I SRAETE FHskglen, o]
=32 A o7 Qlaf Ahd A o] Al o] & 3 9] &
T 7N Aol qlof 7| & SFaAE It HellA 9
|7} et

ofe] AGA Ao F EATT= Tl H]
o] fFojHos gk S H9lom(One-way ANOVA,
P<0.001), &3] PT100G= B+ 4] 56.52+£3.49 mm= 1}
BRLE T2 o] of 1.78) ke AS Urehio] AU A 2
Tof FARRE RS H Atk Rk 9l F5 7ol A= Aol
A BRI 9 o] AA| FA S oAM= QA o2 ik

A B7Fsks o] T ashH, & Atol A AddtE A
E Al AU E ofe] oA ke o] eelE Sink=

2 1

J
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o)
N

oA Sa3tk &fnlE 7HITh ol & dAgtollA A
FAET= o AlgToll vls Aol FdE e
’&‘”@.QE o] &H L Q= WAHFHA 52 *”*L
517] fleiM = F=7HA ] FF Aol Bagt A
ol= & TN 7]E G FF2 EHZHOMEE}
o) 548 fASHRA A B S
% A7k BAFE AN,

Eit, e dUHoR $4a FAL A4
A4 212 (Noda and Horiguchi, 1975; Hwang et al., 2010;
Nam et al., 2025), Y A= 1950 e QFAlo] o]Fo]
A AR7F 2 v 9tk (Miura and Aruga, 1987; Sano et al.,
2020). E3F JAFFAPYAL 7)ol =QAE7] o] Al 1970 HH
ofli= FAlZlolA] 21T} hARRLIlo] G SelE|gles 7]
o] glck(Kang, 1970). 21t AA7H) 2ol ciek o4 o
5 4k B8 Afels AR olck, o] ek HolA] & gl
T =% 2 ABEE Ao ubi Selvio] 8353 ¢
AR sase] A B4 R 154 S Bokrks A

o4 107} 9lek. et £ ATE Fo) s Avke Ak 3
710] ALA A Tl B AL A AL 93l 7| 2 AR R Ee
g 5= 918 Ao phehen], 2)449) §5 A7} o) Rolich

B 2020 28 754 F|eh el

w_, 2ol A1EeldA et QYA A T
& 915 1 SN tf i) S745ED gl nOh etal,
2020; Kim, 2026), 2712 94231 JoFsbs E412 ujeto g
SARFAlelA AstE EBEo= 289 iAol gtk @)
FQ oFAlEo] HIAPR L 7] 9] A7 A 420 12-16°CE &
A 1o (Shin etal., 2018; Ma et al., 2020; Yin et al., 2022),
ol2jg 4 ZAL AR WA F2R 5 BB 2
2 24 £2(15°C o]h T} -AsFe| (Kaeriyama et al., 2011;
Prelle et al., 2021; Kim et al., 2023) Al 5Z% 3= 9] o= gt
A 715A0] F7a 2 glck. ol 8] SAeR 27 Belo]
ol go] 9S4 9o, At eb g s Sla) K 0w
s d-g 2200 g0l AL 2 AT B2 100

it o
ul

aﬁ

r
=

el o_>|2

oy it o
ro o i

o 2o -

<)

F

>4 rlr
Ni

B o
2

= [e)
som o

A 71 Q=3 AYAFS- LERY 01(F1g 3), A4 3o A= QF
R /\gzo E4S Hyom, ok B2712 gl ofu] Al &
ol 71& oFAEof vlsl 423t 1o & B 1Eof(Nam et al.,

2025), 3 SAFeFA] 7|gke] 1R kA EE o R geE 7
=2 ﬁ © & 7|tfEt.

Aol M U EF 3 ok Alsoll 7+
x%.Q_o].o:] Aﬂx]— Ul .Q.E 7(4 0 S| o] o]:/\PQ [©)
aw]ir PT100G2} PTS00GE 4519 ch. *d%?% HAE
T AW 2 ok FAAIF A th"L tiH] f-o] 4 o & whE
S 5o, 5 7S A3 712 S EA Y 7He S
gelstqict. o %74] ol A= 8 FA FER HAREEA] o
Abgo] dol 271431 AFY] A gofl= SHAZE Lo, A 44
A F5 NS ol A o] FAFEITHE A4 7|9k SAdeF

ul

o

[*]

op
olgh
~
e
>,

Ao] e Ak ER02A 4 A B Aol 9 AL
2 7|thgich
Ab AL

& A Sk SRt
FAAIA D3t g I8 YA £
TpA| o] Lk 2 Y ST

r7)5w sl oL 7]
AFA 3] o4, R2026021

References

Baek EY, So AR and Wui PY. 2026. Climate change and envi-
ronmental drivers of Gim (Pyropia yezoensis) aquaculture:
Evidence from Wando, South Korea. Aquacult Int 34, 106.
https://doi.org/10.1007/s10499-026-02489-z.

Beyaz R and Yildiz M. 2017. The use of gamma irradiation in
plant mutation breeding. In: Plant Engineering. Juri¢ S, ed.
IntechOpen, London, U.K., 33-46. https://doi.org/10.5772/
intechopen.69974.

Chen SS, Ding HC and Yan XH. 2016. Isolation and character-
ization of an improved strain of Porphyra chauhanii (Bangi-
ales, Rhodophyta) with high-temperature resistance. J Appl
Phycol 28, 3031-3041. https://doi.org/10.1007/s10811-016-
0803-x.

Ding HC, Huang LB and Yan XH. 2021. Low-salt tolerance of
the thin-blade strain in Pyropia haitanensis. Aquacult Int 29,
387-397. https://doi.org/10.1007/s10499-020-00637-7.

Ding HC, Liu CJ and Yan XH. 2019. Selection and characteriza-
tion of an improved strain (ST-2) of Pyropia haitanensis by
OCo-y ray irradiation. Aquac Res 50, 2388-2397. https://doi.
org/10.1111/are.14120.

He B, NiuJ, Xie X and Wang G. 2021. Development of free-liv-
ing sporangial filaments regulated by light and culture den-
sity in Neopyropia yezoensis. Algal Res 58, 102378. https://
doi.org/10.1016/j.algal.2021.102378.

Heo JS, Park EJ, Hwang MS and Choi HG. 2021. Effect of
shell-type, light and temperature on the shell infiltration
of free-living conchocelis of three Pyropia species. Ko-
rean J Fish Aquat Sci 54, 23-30. https://doi.org/10.5657/
KFAS.2021.0023.

Hwang MS, Kim SM, Ha DS, Baek JM, Kim HS and Choi
HG. 2005. DNA sequences and identification of Porphyra
cultivated by natural seeding on the southwest coast of
Korea. Algae 20, 183-196. https://doi.org/10.4490/AL-
GAE.2005.20.3.183.

Hwang MS, Kim SO, Lee YS, Park EJ, Kim SC, Ha DS, Gong
YG, Back JM and Choi HG. 2010. Isolation and charac-
terization of pure lines of pigmentation and morphological
mutants in Porphyra tenera Kjellman (Bangiales, Rho-
dophyta). Korean J Fish Aquat Sci 43, 495-502. https://doi.
org/10.5657/kfas.2010.43.5.495.

Kaeriyama H, Katsuki E, Otsubo M, Yamada M, Ichimi K, Tada



W2 Buol AFR A A 33

K and Harrison PJ. 2011. Effects of temperature and irradi-
ance on growth of strains belonging to seven Skeletonema
species isolated from Dokai Bay, southern Japan. Eur J Phy-
col 46, 113-124. https://doi.org/10.1080/09670262.2011.56
5128.

Kang JW. 1970. Species of cultivated Porphyra in Korea. Ko-
rean J Fish Aquat Sci 3, 77-92.

Kim BT, Brown CL and Kim DH. 2019. Assessment on the
vulnerability of Korean aquaculture to climate change.
Mar Policy 99, 111-122. https://doi.org/10.1016/j.mar-
pol.2018.10.009.

Kim BT, Han IS, Lee JS and Kim DH. 2021. Impact of seawa-
ter temperature on Korean aquaculture under representative
concentration pathways (RCPs) scenarios. Aquaculture 542,
736893. https://doi.org/10.1016/j.aquaculture.2021.736893.

Kim GH. 2026. Land-based Pyropia aquaculture in Korea. In:
Proceedings of the Wando International Seaweed Sympo-
sium. Wando, Korea, 10.

Kim GY, Jang KG, Go GM and Kim HS. 2023. Growth response
in culture conditions for a clone of marine diatom Melosira
nummuloides isolated from Jeju coastal waters. Ocean Polar
Res 45,201-209. https://doi.org/10.4217/OPR.2023018.

Kim HS, Choi HG, Hwang MS, Jeon Y], Yarish C and Kim
JK. 2022. Concise review of the genus Neopyropia (Rho-
dophyta: Bangiales). J Appl Phycol 34, 1805-1824. https://
doi.org/10.1007/s10811-022-02776-1.

KMI (Korea Maritime Institute). 2017. KMI Global marine and
fisheries industry information portal. Retrieved from http://
www.kmi.re.kr/globalnews on May 16 2026.

Lee HJ. 2021. Development of Pyropia yezoensis mutant with
improved amino acid content using gamma rays. Korean
J Fish Aquat Sci 54, 982-988. https://doi.org/10.5657/
KFAS.2021.0982.

Lee HJ and Choi JI. 2019. Enhancing temperature tolerance of
Pyropia tenera (Bangiales) by inducing mutation. Phycolo-
gia 58, 496-503. https://doi.org/10.1080/00318884.2019.16
23547.

Lee HJ, Park EJ and Choi JI. 2019. Isolation, morphological
characteristics and proteomic profile analysis of thermo-tol-
erant Pyropia yezoensis mutant in response to high-temper-
ature stress. Ocean Sci J 54, 65-78. https://doi.org/10.1007/
s12601-018-0060-9.

Mal, XuT, BaoM, Zhou H, Zhang T, Li Z, Gao G, Li X and Xu
J. 2020. Response of the red algae Pyropia yezoensis grown
at different light intensities to CO_-induced seawater acidi-
fication at different life cycle stages. Algal Res 49, 101950.
https://doi.org/10.1016/j.algal.2020.101950.

MaY, He L, Huan L, Lu X and Wang G. 2019. Characterization
of a high-growth-rate mutant strain of Pyropia yezoensis us-
ing physiology measurement and transcriptome analysis. J
Phycol 55, 651-662. https://doi.org/10.1111/jpy.12842.

Miura A and Aruga Y. 1987. Distribution of Porphyra in Japan

as affected by cultivation. J Tokyo Univ Fish 74, 41-50.

MOF (Ministry of Oceans and Fisheries). 2025. Fisheries Infor-
mation Portal. Retrieved from http://www.fips.go.kr/p/main
on May 16 2026.

Nam JY, Kim BY, Kim CS, Lee HJ, Hwang IK, Hwang HK and
Heo JS. 2025. Proximate composition, mineral and amino
acid of cultivated Pyropia species Pyropia tenera and Py-
ropia yezoensis in Korea. Korean J Fish Aquat Sci 58, 426-
430. https://doi.org/10.5657/KFAS.2025.0426.

Noda H and Horiguchi Y. 1975. Studies on the flavor substances
of 'nori', the dried laver Porphyra tenera—1. Dimethyl sulfide
and dimethyl-B-propiothetin. Nippon Suisan Gakkaishi 41,
481-486. https://doi.org/10.2331/suisan.41.481.

Oh HD, Oh SS, Shin HS and Shin HS. 2020. An empirical
study for development of onshore Gim (Pyropia yezoensis)
aquaculture system. J Fish Bus Adm 51, 15-24. https://doi.
org/10.12939/FBA.2020.51.2.015.

Oladosu Y, Rafii MY, Abdullah N, Hussin G, Ramli A, Rahim
HA, Miah G and Usman M. 2016. Principle and application
of plant mutagenesis in crop improvement: A review. Bio-
technol Biotechnol Equip 30, 1-16. https://doi.org/10.1080/
13102818.2015.1087333.

Park EJ. 2023. Cross-breeding of Neopyropia spp. (Bangiales,
Rhodophyta) using CAPS (Cleaved Amplified Polymorphic
Sequence) markers. Korean J Fish Aquat Sci 56, 124-132.
https://doi.org/10.5657/KFAS.2023.0124.

Prelle LR, Albrecht M, Karsten U, Damer P, Giese T, Jahns J,
Miiller S, Schulz L, Viertel L and Glaser K. 2021. Ecophysi-
ological and cell biological traits of benthic diatoms from
coastal wetlands of the southern Baltic Sea. Front Microbiol
12, 642811. https://doi.org/10.3389/fmicb.2021.642811.

Sano F, Murata K and Niwa K. 2020. Identification, growth, and
pigment content of a spontaneous green mutant of Pyropia
kinositae (Bangiales, Rhodophyta). J Appl Phycol 32, 1983-
1994. https://doi.org/10.1007/s10811-020-02085-5.

Sasuga K, Yamanashi T, Nakayama S, Ono S and Mikami K.
2017. Optimization of yield and quality of agar polysac-
charide isolated from the marine red macroalga Pyropia
yezoensis. Algal Res 26, 123-130. https://doi.org/10.1016/].
algal.2017.07.010.

Shin YJ, Min SR, Kang DY, Lim JM, Park EJ, Hwang MS, Choi
DW, Ahn JW, Park Y1 and Jeong WJ. 2018. Characterization
of high temperature-tolerant strains of Pyropia yezoensis.
Plant Biotechnol Rep 12, 365-373. https://doi.org/10.1007/
s11816-018-0499-2.

Sokal RR and Rohlf FJ. 1995. Biometry. 3 ed. WH Freeman,
New York, U.S.A., 1-887.

Yan N, Ding HC and Yan XH. 2024. Selection and character-
ization a new strain (PS-M4) of Pyropia suborbiculata with
fast growth based on ®Co-y ray irradiation. J Appl Phycol
36, 2769-2780. https://doi.org/10.1007/s10811-024-03268-
0.



324 WA - AR - A

Yin J, Lu A, Che T, He L and Shen S. 2022. A preliminary study
on the mechanisms of growth and physiological changes in
response to different temperatures in Neopyropia yezoen-
sis (Rhodophyta). Water 14, 2175. https://doi.org/10.3390/
w14142175.



