
Breeding Research and Aquaculture 

Industry of Pyropia (Gim) in Korea

2024. 8. 22.
National Institute           

of Fisheries Sciences

Dr. Mi-Sook Hwang



Contents

Biology of Porphyra/Pyropia

Aquaculture of Pyropia in Korea

Breeding Research of Pyropia



 More than 140 species, distributed from subtropic to arctic/antarctic

 Growing from intertidal to subtidal zone

 Taxonomy

홍조식물문(Rhodophyta)

김파래강(Bangiaphyceae)

김파래목(Bangiales)

김파래과(Bangiaceae)

김속(Porphyra  Pyropia)
* Genus Porphyra were divided into 8 genera such as 

Porphyra, Pyropia, wildemania etc. by Sutherland et al. (2011).

Biology of Porphyra/ Pyropia
Ecology and Taxonomy



A. 잇바디돌김(P. dentata)
B. 패돌김(P. ishigecola)
C. 카타다돌김(P. katadae) 
D. 비단잎돌김(P. koreana Hwang et Lee) new
E. 쿠니에다김(P. kuniedae) 
F. 갈래잎돌김(P. lacerata) unrecorded
G. 오카무라돌김(P. okamurae) 
H. 긴잎돌김(P. pseudolinearis) 
I. 모무늬돌김(P. seriata) 
J. 둥근돌김(P. suborbiculata f. suborbiculata)
K. 넓은둥근돌김(P. suborbiculata f. latifolia) 
L. 참김(P. tenera) 
M. 방사무늬김(P. yezoensis)

 adding new species by phylogenetic 
researches

 25 species (as of 2024)

Pyropia in Korea
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Need to develop and 

distribute new Korean 

varieties

Using more than 20%

of Japanese varieties

Breeding Research of Pyropia
Plant Variety Protection in Seaweeds (2012)

(Pyropia, Undaria, etc.)

♣ Additional target plants
‘War of Seaweed Seeds’… 
Competition to develop & secure 
excellent varieties
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Breeding Technology of Pyropia
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filaments
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 4 genetic pure lines of Pyropia tenera
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 Development of 4 varieties as genetic pure lines
 1 variety (Sugwawon 101) : patent, PVP (breeder’s) right
 2 varieties ((Sugwawon 102 and 103) : PVP (breeder’s) rights

참김(야생형) 수과원101호 수과원102호 수과원103호Wild type (W, R-B) Sugwawon 101 Sugwawon 102 Sugwawon 103



Hybridization using DNA markers

Isolating 
genetic 

pure lines

genetic pure lines

collection

identification

Verification of 
hybrid using 
DNA markers

verification 
of hybrid

hybrid 
conchocelis
filaments

Hybridization 
and searching 
DNA makers

hybridixation

New variety

KoreanJapanese

Hybridization
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Gamma rays
(50, 100, 300, 500 Gy)

Character examination 
in indoor

(5, 10, 15, 20, 25℃)

Selecting good 
blades

Mutation

 Antioxidant, high-temperature tolerant or rapid-growing varieties

 Jeonsu No. 1 (2015): Antioxidant 
 Gold No. 2 (2017): high-temperature tolerant
 Sugwawon 115 (2019): rapid-growing 

Mature 
conchocelis
filaments

Selection



 Technology of transformation in Pyropia tenera and P. yezoensis
 patent registration (2012)

Transformation and 
examination of 

efficiency

Isolation of 
single cell

Regeneration 
of blades

Analysis of 
transformant

* Transformation by gene gun method
* Reporter gene: GUS and fluorescent protein (codon optimization GFP/CFP)
* Transformation vector having antibiotic selection marker

Genetic Transformation *Living Modified Organism



PVP rights application/ registration: 18 / 14 varieties 
국내 품종보호권 출원(총 31건)의 58% 점유→ 품종다양화 주도 및 종자주권 확립

New varieties of Pyropia developed by NIFS



Facility for seed production of national varieties 

- more than 50% of annual requirement 

김 국유품종보호권 실시 현황

Distribution of national varieties (2017~)
 Annual requirement of Pyropia seed (as free-living conchocelis filaments): about 30kg

Distribution of National Varieties

2017 2023

2 varieties/ 21 cases/ 595g 
(about 2%) 

9 varieties/ 152 cases/ 5,670g 
(about 19%)



■ 5.345g of Pyropia seed (as free-living conchocelis filaments) 

 88.1 billion won (67.8 million dollars) in 2023

onchocelis-bearing shells,

0.9 million boxes

(3.5 billion won)

PyropiaProduction,

980 thousand tons

(84.6 billion won)

Free-living conchocelis,

5,345g

(60 million won)

Increasing ripple 

effect by export 

Economic ripple effect of the distribution 

of national varieties 



Total 37 varieties:  31 Pyropia, 5 Undaria, 1 Saccharina
*Pyropia: Korea 31, Japan 17, China 6

Application of PVP Rights of Seaweeds
in Korea (2012~2023)



China
(21,500,705)

63.5%

Indonesia
(7,867,777)

23.2%

Worldwide production : 33,859,148 M/T (as of 2021, FAO 2024), wet weight 

South Korea (1,845,682) 5.5%

Philippines (1,343,707) 4.0%

North Korea (603,000) 1.8%

Japan (342,100) 1.0%

Malaysia (178,897) 0.5%

Tanzania (77,150) 0.2%

Russia (23,863) 0.1%

Vietnam (13,154) 0.04%
Others (47,543) 0.1%

Chile (15,571) 0.05%

17

Seaweed Aquaculture Production by Country

Aquaculture of Pyropia in Korea



Pyropia Undaria

Hizikia Sargassum

Ulva Codium

Saccharina

Capsosiphon

Ecklonia

Gracilariopsis

 the 3rd producer of the world seaweed production

 Seaweed resources : 908 species

(Green 123, Brown 193, Red 592; NIMBRME 2013)

 Production and value of major seaweed species in 2022

김 신품종 개발 체계도
Overview of Seaweed Industry in Korea

Species
2022

Production 
(Ton)

Ratio
(%)

Value
(USD1,000)

Ratio
(%)

Undaria pinnatifida 585,955 33.9 117,732 16.2

Saccharina japonica 560,848 32.4 110,893 15.3

Pyropia spp. 550,221 31.8 469,477 64.6

Sargassum fusiforme 13,443 0.8 6,951 1.0

Ulva spp. 6,283 0.4 5,157 0.7
Capsosiphon
fulvescens 4,273 0.2 12,084 1.7

Ecklonia stolonifera 3,708 0.2 1,102 0.2

Codium fragile 2,462 0.1 1,617 0.2

Gacilariopsis chorda 2,356 0.1 948 0.1

Sargassum fulvellum 320 0.0 644 0.1

Other algae 2 0.0 - 0.0 

Total 1,729,871 100 726,605 100 

Data from the Ministry of Oceans & Fisheries, wet wt.



Pyropia Production in Korea
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3rd

Automatic machine for drying Laver 

Synthetic net

Artificial seed production

Whole floating system

Free-living conchocelis

1st

2nd

$100 million in exports

New varieties



year

country   

Production (1,000 M/T) Value (1,000$)

2000 2010 2020 A 2000 2010 2020 A

Korea 130.5 235.5 547.6 7.4% 100,276 230,588    474,956   8.1% 

China 424.9 1,040.7 2,219.8 8.6% 195,460 596,308 1,354,310 10.2% 

Japan 391.7 328.7 288.7 -1.5% 981,673 971,966 1,036,545 0.3% 

Comparison of Production in 3 Countries

 Pyropia species for aquaculture
Korea: P. yezoensis, P. dentate, P. seriata
China: P. yezoensis, P. haitanensis
Japan: P. yezoensis

Aquafarm in China

A: average annual growth rate



Procedure of Pyropia cultivation

4. Cultivation                           5. Harvest                       6. Process of drying Pyropia

3. Seeding1. Conchocelis culture 2. Conchocelis-bearing shells



Structure and Size of Pyropia Industry in Korea

about 5 trillion won ($3.8 billion)  in 2023

Conchodelis culture 

Conchocelis-bearing shells

Pyropia production 

dried Pyropia

seasoned Pyropia

Seed production 
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Export to 122 countries (2023)
 Export reaching record high

of $790 million in 2023

 No. 1 in agricultural and fisheries exports

Pyropia (Gim) industry: Growing into an export-driven food industry

Annual Export Amount

17% growth annually

$790 million in 2023

$100 million in 2010

Export of Pyropia



Pyropia Products



Frozen Gimbap



Hot Issue in Pyropia Cultivation

Damage of Natural Disaster in the Fisheries

Damage by natural disaster (2011-2021)

high temperature

Sargassum influxtyphoon

red tide

low temperature

oxygen depleted 
water mass

abnormal current

Annual damage 



 Remarkably reduced photosynthetic pigments and enlarged vacuoles in the 
cell, due to lack of nutrients in seawater

normal discolorated

Discoloration (Chlorosis) of Pyropia

Cylindrotheca closterium

Large-scale discoloration in Haenam aquafarm (2022)



virus

Diseases by Pythium, Olpidiopsis, etc.

Seedlings melting away due to high temperature

* Large scale damage in 6 counties of Jeonnam (2021)

OlpidiopsisPythium



Solution on Climatic changes

1) Development of high-temperature tolerant and disease resistant varieties

2) Research on pathogens (fungi, bacteria, virus, etc.)

3) Research on environmental carrying capacity of Pyropia aquafarms

4) Development of land-base aquaculture technology

5) Relocation of aquafarms



International Cooperation for Seaweed Industry

* Hot interest in the seaweed industry by FAO, WB, WWF

https://seaweedinsights.com
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