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Development of Pyropia yezoensis Mutant with Improved Amino Acid
Content Using Gamma Rays

Hak-Jeung Lee*

Fisheries Seed and Breeding Research Institute, National Institute of Fisheries Science, Haenam 59002, Korea

Gamma irradiation is one of the simple methods used to induce mutagenesis. Therefore, it is widely used for the de-
velopment of breeding lineages of plants and algae. In this study, it was developed a new variety of Pyropia yezoensis
using gamma irradiation. It was applied a dose of 1 kGy and named the developed mutant Py1k. The blade with width
of the mutant was narrower and the blade length was longer than those of the wild type. To further investigate the
mutant, it was analyzed the nutrient composition and antioxidant activity. In comparison to those in the wild type, it
was found a higher amino acid composition and marginally increased antioxidant activity in Pylk. Based on these
results, it was suggests that our protocol can be utilized to develop Pyropia species with improved nutritional quality
through gamma irradiation.
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N = Inoue et al,, 2009). Z o] 2lak 257 7]uket 7A7h4) ol
4ol Z7Varol ukek ol ik A48 S7keka glom 2k
A& Q1 A A 7FA & 71A) AL QIth(Van et al., 2017; Jiang et al.,
2018). 2012 5-E| AA|¥ #£1 F A % (international union

for the protection of new varieties of plants, UPOV)Z 213

SelUeol A 2 FAET G A WAL 7 (Pyropia
yezoensis) 0. 24 F % (Rhodophyta)?] 713} E(Bangia-
les)oll &b 2=, Ui, F=iollA 8 FAEAL = s =
Folth(Yoshie et al., 1993). 20204 7] 7 AR oF 180 Sejubet A EFFol tigt 2o 9 ShR7F e gt Aol
THE, SZolo 60 1ujykrejoln] w]el, chAulel &7 S|&  (Hwang et al,, 2019), 719] A< o2 a1 25}7] QlajA] chakst
7 AA AYAEEe] T1%E A 8k= AAIH & a3t Folct S Foll A2 F5ol et i A7t 85l ik
(KMI, 2020). - 2|t} 25-40%9] Tl 2-& 742 3L §low sf =] 3 S/ C 2= wi, SYA(TAM, UV 3),
Z59) FQ AR o] o] ARS thull R ) Zho] T o kA 2 A 2] 5812 (ethyl methanesulfonate, EMS; N-methyl-N'-

A AlZIeA] B gt EEE delA glok(Jimenez-Escrig
and Goni, 1999; Fiirst and Stehel, 2004; Kwak et al., 2010).
BSR4 A9 SAFAIE vlE| o, Hletlat 77
A, Aol 57t FHslth(Dawczynski et al., 2007). 5+ 7] o]
o] Sl -84 HSF Porphyran &5, A4, o
AR}, 123 SYAEHE TS 23 A S 7
11 B Eo] QIth(Tsuge et al., 2004; Kwon and Nam, 2006;

nitro-N-nitrosoguanidine, MNNG) #|2] B o] glom, o]&
Z3l AAHolA|(Yan et al., 2000; Li et al., 2008; Niwa et al.,
2009, 2011), a2-2WA(Ding et al., 2016; Shin et al., 2019), 71
23l 4J7H(Ma, 2019)0] FE AEFTe= sk Sick =
W A G I A FF R A9 U AHH A7
of k2 Ao FPIE EA Al HxH o] 714k, vlEkl,
I AR sl 27 o] vl E e R G
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PR B A of that A7t 239 =] 9lch(Lee et al., 2012; Shin et
al.,2013; Kim et al., 2014; Park et al., 2014; Jung et al., 2015).
| AN 2ARE Sl A A EE0) AR A T At
7F 3= 9L 2 LH(Choi, 2020), 55755 o] &l 7 Al
Zof gt G T A= mulgh Aot

olof, & Aol A= HAM RARE Foko] HAREE o] Af
B F5= Ndskaat skl on tixatat A E A

ohat Gopy Rt GAISH B RALE sl EG o
o 4 EAHo] KF ] e 7 ZAREA AT &
.
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SAR AL B AP 2]

2 Aol M= siastrte ol A RS AR FE2 AL
gt om, 2AR PAl= 2 L flaskE 28514 10°C, modi-
fied grund media (MGM), 80 pwmol photons m*s* (12L:12D)
Z704 715 &l 3-5 em= v & AR o] ARE-sFT
WARAL A= A ARA A2 (Jeongeup, Korea)oll A Lee
et al. (2019)1} FATH WH e 7 S = ]ITE A7) 7]+= “Co
irradiator (point source, ACEL, IR-79; MDS Nordion Interna-
tional Co., Ltd., Ottawa, Ontario, Canada)Z ©]8-3}91 1L A&
5 10 kGy'h'ol|A] 1 kGy Al=Fo 2 ARSI A & GA
L iR S 251o] petri dish® %74 10°C =704 24 h 4]
Y& Fol 2lEAIzl e, o] 35 JAl= 2 L flask= #A
20°C, 80 umol photons m?-s™' (12L:12D) A of| A F-7|ulj%F
= Sl S EZAE SIS 1 5 AR o] opd A o
2 st FeivlolAIE Adsto] Eefsiglon, 3uHe2 5
off FEf F-A1E Skl EHelE A= Pylk= B skele
] A7 A7) & AN (zygospore)E 3l AMSAIE 2
2] sto] A5} 5F3Tt

SENHOIR| 27 M 9= U NE 53

A3 AFAFA= 20°C, 40 pmol photons m?-s™ (14L:10D)
provasoli’s enriched seawater (PES)ZZ o)A vljofstiar, Z+
EAG 4 25°C, 10L:14D 271 0.2 ¥7slo] Smatlr.
ZAmApdo] FAE AL AR §E SES 90 veke
E=£15°C, 80 umol photons m?-s* (10L:14D)& W3xo] 7]
shelom, g e dof 7|4 s dnAS S wEst
Aok A F 1 em o4 478t GAl= 2 Lflaskel] 107414 &
2]5Fe] MGM 2.2 10°C, 80 umol photons m?-s (12L:12D)%
210 A B st om 6552t Tt HE-S AT B
F71e 159 1 0.2 Sasisic.

AE Mxe|
2l AR A A E FEol A Pylke] AAIA=

>

AR SR 983

= th49] 2 L flaskell 4] B0k B3 Shasleich. A/
L AR AAZ 930 33 FRAE olgstol AHstgon A
25 R Fo0] W7} g1 w7k 60°C ool A5
o] 1 Alo] ALg3Hgict.
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FAks} DPPH (1,1-diphenyl-2-picryl-hy-
drazyl) radical 2752 Kim and Lee (2007)8] ®FH o2 4=
3513t 96 well plateo]] HA2]gt A& 100 pLet 0.2 mM
DPPH (Sigma Chemical Co. Ltd., St. Louis, MO, USA) 100
uLE Alojs=ar k7oA 10 min BH-3F AT B84 2
S$SF=A(UV 1600 PC; Shimadzu, Tokyo, Japan)E ©]-8-5}0]
517 nmollA] SR TPEEES S4eRon, HABolsS
ohS A4k o 2 ghaksl ).
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DPPH radical scavenging activity(%o)=
(1-(FA E-REe )/ A=) X 100

Ferric-reducing antioxidant potential (FRAP) 542 Benzie
and Strain (1996)2] W2 0]-§-8tof Z75}k¢Ich. 37°CoflA] 7}
23} 25 mL acetate buffer (300 mM, pH 3.6)f] 40 mM HCI
o &al3t 10 mM 2, 4, 6-tris (2-pyridyl)- s-triazine (TPTZ,
Sigma) 5 mL} 20 mM ferric sulfate (FeSO,) 2.5 mL= 7}5}
o] FRAP reagentE A 231t} A 23 0.9 mL FRAP reagent
o &% 0.03 mL, 35 0.09 mL2 7}5ko] 37°Coll A 10
min 98- - 593 nmof| A S35 S48

SAEE95% oS Yo S =E S, Atk
0.125,0.25,0.5,1,2.5 712]32 5 mM9| s =2 HHEslo] ZH4
3 FeSO, 2] Aol thalatel satatsicy.

sfli= 2 =3

e A Alm FEEol tieh FoE ohdE Dewanto 1
H(Dewanto et al., 2002)0] 2JAsto] A3}t 225 0.1
mLof| 0.2 mL2] Folin-Ciocalteu’s reagent (Sigma)E 7|5}
3L A2 A 1 min GA5F4 . 18] 3 5% sodium carbonate 3
mL-Z 4 0] 23°Cof| A 2 h §RGAIX] 765 nmol| Al B EE 5
A

J5elet. #2TAL gallic acid (Sigma)Z o]-§5fo] Akt
S AT 5 Sk Aol ARg-SEATH
ofo|=At & =3

T Algo] tigh 414g ofrfieAl 72 Pl ARAX] AR 1
g= A E 3o @il 6 N HCL 3 mLE 2|3t ok WEs}o]
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Fig. 1. Comparison of morphological change between Pyropia
yezoensis WT and mutant Pylk during 6 weeks of laboratory cul-
ture.

120°C heating blockol| 4] 24 h 5t 7[<=8-3l|5} et 7[<=5-3l
B A BE 50°CR7AA 40 psi©] 7HeHs27](WB2000; Hei-
dolph, Schwabach, Germany)Z ©]-&3}o] A& A A3}aL, 0.2
M sodium citrate buffer (pH 2.2) 10 mL2 A-&-3}5}5t}. o] 5
1 mLE #3}%] Whatman membrane filter (0.2 pm)= o1}
9131 o] ;= ARELA] 7] (L-8900; HITACHI, Tokyo, Japan)& 20
uLe] NS Helstel 4o BAsttt

2] oAt 2HE AXAIR | g2 AlETo] §1
40 mL2 7ksto] 120°CoflA] 15 min &t FQ1 5 He 8-

[e]

o
2 3752 olg3te] 3 50 mLE WAt §HLS FUFF

332 10,000 rpmOf| A 10 mins-2F Y4251t} o]F AlS
oS- #3}o] 0.2 um membrane filter (Sigma)2 o 2511 o]
L ARRA71(L-8900; HITACHI, Tokyo, Japan)= 415}

32
i)

%] 2] B4 %] 2] = SPSS Statistics Ver. 20 (IBM, USA)S
519901, student t-testH © 2 T 2kt AlE S0l
&1 Abol & A8kt

NN EN U IR e A

2] dAtof w2, 0.1, 0.25, 0.5, 1, 2 kGy A ko] HhabAlo]
gt AR E 7] o] wh=A] Al (lethal dose 50)2 ZAFRE A7t
1 kGy7} A4 Aeko 2 vrebygeh(Shin et al., 2019). o]o]] 2 <1
TFollA=1 kGy Age] A 2ARE Fafl EAHOlE f=o}
Aow Fe7h HolH Pylk EAH A S A3l chFig. 1)
AP 2AFE Bl AE FEwolA| Pylko] A 54& =
AFsl7] f18f 5= 59t A 9 52 ARSI tl2w ] A
Z0 0F2}F0.25 cmo| A 55F4F 4.5 cm=z 1G] Q1 WAL o
2 JAstel o, Pylke 79 0552} 0.05 cmoll A 533} 1.98
cmE 2t Zo] Fohoh iRt G- 55 41 A 6.8

o
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Fig. 2. Growth rate of WT and Pylk mutant gametophytic blades
cultured of 10°C for 1 to 6 weeks. WT, wild type. Average+standard
deviation, n=10.

emZ7HA] g7 sk WA, Pylks= 15.1 cm= oF 28} o4 ZA] 4
Aoz A Folgt Aol UERtH(Fig. 2). LRkA

Y39 A9 10°CollA = F3o] AR B AP o= dAget
Ch= 23771 Q1o (Hwang et al., 2010), A A4S S35
A T2 F50 A 22l A 2ARKIE W o
Zat tu] FE7F 7 P 02 Ak A 08 il o] 9k
(Lee et al., 2019). & ALof A AHE Pylk E3F HFALE o] of
A g e Ao A o] Aol fsiiien o
Zt} vl asto] Fejoll A FEIgh 2ol & Yrekyith. A& A%
of W GO Gl HAleh T Aol BE
Zzpe] ol = ols) gef7t geba 4= Qltt. Zine finger protein
& A0 At ol o9k vl A ™ (Feurtado et al., 2011;
Giri et al., 2011), root cap proteini} pentatricopeptiede repeat
protein &} A] A3} Al Z27F RNA v Gof| Troigtehs o372
T AHLee et al., 2019). 4= Arabidopsisol| A ¥ 437 2
U8 & 2dgtckar ¢ef 7 WUSCHEL-RELATED HOMEO-
BOX (WOX) 32t Aol 4] FH fIsHA] HEEw, WOX
7h doll oju luf FE A E A= B H o Y
e =2 sttt B 1% Ith(Nardmann et al., 2004; Van-
denbussche et al., 2009; Nakata et al., 2012; Cho et al., 2013;



Zhao et al., 2020).

E3H WOX gene family?l WOX1, WOX3, WOX59] 79
o) ZH Ao Hofgith= AFART) glom, Ao FHE
FAsl=d 583 9T s5k= YUCCA (YUC) auxin biosyn-
thesisE A|oJ3tth= 2117} Qlth(Zhang et al., 2020). &2 AL
of| Al A FejrHolA| ] -9 WA AR QI A4t
ol A E A Hol7F dold oA et o s
ohEA A Ao AbRE 25 HES P& HAES
2 FAol o 4aT A0 & e

ofo|Le ik Slgs

=1

2tk A E Pylke] & ob| Al TS 74 6 TH(Ta-
ble 1). )21 & LA o] AR 470.6 mg/L, Py lk+= 677.1
mg/LO2 UEPG O o Haotu] ARl threonine, valine, me-
thionine, isoleucine, leucine, phenylalanine, lysine, histidine,
18] AL arginine &5 A9 #50] T =8k} Tryptophan?] 73
S glepo] wop £ ABlo| A AEE A 9 A0 e,
Kim et al. (2014)> 4yt aj 272 749 54 4 4Hd ofv|ie
Ao 2 o427 alanine, aspartic acid, glycine, ZL2] 1 proline
o] Wrpil Hirstglom & Ao A E £ F B e o] e
AR T =7 VeIt Lee et al. (1987)2) ¢17tol| k= 719]

Z AL ofn| 1AL $FeFa} v] ¥ 5hn] £35] aspartic acid, glutamic

Table 1. Total amino acid composition of Pyropia yezoensis WT
and mutant Pylk.
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acid, alanine 5-9] $to] S5 F4 o] Frfal B4t
frejohliedlt BAS Foll F F59 oS vlast Adat of
27204 521.1 mg/L, Pylki= 529.4 mg/LZ GARSE o] =
LA A F A ¥ Pylkol|A] aspartic acid, threonine, serine,
alanine, valine, arginine g=F0| t] &7 el tH(Table 2).
gobr|leAbd A0 FU|E AIS5T = = S 8T Q4o
71 % glutamic acid, aspartic acid, alanine, glycine 5= 7]
9} gbof] o] glrkar el A 9lth Watanabe and sato, 1974;
Ruiz-Capillas and Moral, 2001). 3} alanine= ©oHS U,
aspartic acid+= 7H29bo]| #oislal B 115 o] QlthMouritsen et
al., 2019). o] Ato| A WA ZARE F8f A AlEEo]
o 22} H| L sho] f-2|opu| e Ake] Sheko] R4 E Qlok= L
o] 3.2 (Choi, 2020), 1= A+ o] A AHEEH EAHO]
A o] FHdotm| ikt 7] S/ ol ke wIA= feEfotn| Ak
shFo| S7FE|SIek o9t AR R L7t Al S
oAl WA RARE Folf ofu|ieAl ko] S7tsto] Bt &
07} FFE S A o= AbR Tk

K

>

d FEE9| itst &y
FRAP assay+= 3 2t 0 &2 Aot ST = =
W& DPPHE o]-83t eht]z 4751 §7 SAH 22
O

uhE ) 2EES B0 YAe B it AT
o] 29, 71708 9 7hgol w2 7 FEBolH 2] GAe I

Table 2. Free amino acid composition of Pyropia yezoensis WT

) _ Concentration (mg/L) and mutant Py1k.
Amino acid -
WT Py1k . ) Concentration (mg/L)
Aspartic acid 23.3 50.4 Amino acid WT Py1k
Threonine 1.8 20.1 P-Ser 3.5 3.2
Serine 3.9 5.6 Taurine 163.6 153.2
Glutamic acid 38.5 63.9 Aspartic acid 19.1 21.8
Glycine 55 5.6 Threonine 48 59
Alanine 313.9 427.2 Serine 25 2.9
Cystidine 7.2 1.2 Glutamic acid 449 34.6
) Valine 12.8 17.9 Glycine 47 3.9
combined  Methionine 13 2.1 Free ~ Alanine 254.6 281.1
Isoleucine 3.9 5.9 amino acid Valine 6.3 7.3
Leucine 10.5 15.0 Methionine 1.1 1.1
Tyrosine 11.6 15.0 Isoleucine 2.6 1.8
Phenylalanine 13.0 16.2 Leucine 4.8 3.3
Lysine 9.1 13.4 Tyrosine 2.2 21
Histidine 10.5 4.2 Phenylalanine 14 1.2
Tryptophan 0 0 Lysine 2.7 2.6
Arginine 2.2 3.3 Arginine 2.2 2.9
Total 470.6 677.1 Total 5211 529.4
WT, wild type. WT, wild type.
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Fig. 3. Measurement of DPPH radical scavenging activity in Pyro-
pia yezoensis WT and mutant Pylk. DPPH, 1,1-diphenyl-2-picryl-
hydrazyl; WT, wild type. Average+standard deviation, n=3.

200

180 |
160 |
140 i
S 120} i
€ o}
o g0t
60 |
40 |
20 |
0
wT Py1k

Fig. 4. Measurement of FRAP assay in Pyropia yezoensis WT and
mutant Pylk. FRAP, ferric-reducing antioxidant potential; WT,
wild type. Average+standard deviation, n=3.

14

T 12t
Q.
\% T
£ 10 T
9L
& 8f
(]
o0
© 6 I
c
o
s 4f
S
S 2y

0

WT Py1k

Fig. 5. Measurement of total phenolic content in Pyropia yezoensis
WT and mutant Pylk. WT, wild type. Average+standard deviation,
n=3.

o] debA Tt B E Jch(Park et al., 2001; Shin et al., 2013;
Jung et al, 2017). WAFFH 3} Slube 71 0] abais ul
A¥3} g4Jo] thE | (Baek et al., 2019), - WA 2AFE A

o
ol

HE 2o %o] Ez;l— ELA]-g} 3LA] o] 1:]- = 74] 1,]-]:,].14—1;].((:}101
2020). & Aol A tiz=wtt Py lkol| diet @ite} avks 54
gl A3}, DPPH radical 752 o 24 69.1%, Pylk= 69. 2%
Z o3 Apo| 5 Kol ehtAINH(Fig. 3), d e 4

) %(132.7 mM)ET} Pylk (157.7 mM)7} & =7 UrE}ﬂh:}
(Fig. 4). DPPH radical AASO AL g2 U] S7HE| R =
USIAITE FRAP gHlsdo] S7He Ao HokS o 3hitkst
ss2o] Al A 0.2 kol e Aoz AR,

24 zfolg A7) Sal EelvlE g
2t FEEA= 10 pg/mL, PylkoA+&
2w B = = AKFig. 5) 2 At wt
AR 2ARE ol A % EAHe A2
Eo]9|s ko] S7ksH itk 2t B arE| ¢l o v (Park and
Choi, 2020) 4 A+ Aot FARE57H Uetych AdE &
AWolA| s Fol| A & BHS Fol ite S A
39S o Zejulis deko] Atesat vlE|siths Bt 9l
oo(Lim et al,, 2002), AR AR AWE EE0] Ao x
AR Ol A] f2 AlSEA] AEH o) Q% AFAdS 7HA AL 9l
7] wiZoll(Park and Choi, 2018) FAFSHA|#RE ofu 2} E2| |
=T SIS A o8 At
Aol A= WA S o] &gt 8 WS Bol diRuty)
Ay opu|iAb} g4
ol2fgh A= =L 1

1_

FE7F oh=A Astar gt ool
s} & o] BRAE Z2S AEsi)

Zx9 JlH 853 = W o 2 A E-8o] 7sd Ao g Jh
sho] g% A ST Q78 B3 B4 ool Aok A
o Az},
A Ab

B S SRS 1 $REE N At ol
1A (R2021013)2] A2 4011 95
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