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N B2 Aot AAH o R w9 Fajt A8 2 /oIt (MOF
2019).

745 (Genus Pyropia)2 SXAERS SXAEH, A Sautatell A L 2010 23.59HE A 2018 56.7%F
atefjatol| &ols ERTOE AA7EA] 1400 Fo] L EOo= gibekol oF 244 F7totrt. oleh 22 7 A4t
A low, ddjell A ghje] o] 27]712] de] Eaxghct FO| A&LHRI F7h= FA7E (HF7E, AESND)
(Yoshida et al. 1997). -2lHtetelli= 1001 Fo Fastar 9l 4 7Hg7]ee] Wyt nkEg] A 2o = It 4
o, 9 FAFL AA (P. tenera), SZEA (P. subor- Q37 da3as Sl FAAAEY Fi7t Fadt 8l
biculata), "WAHFE A (P. yezoensis), B5E=3 (P. seriata), o|it} AArEF == <ot WAl "l EH okXx|HLe 74
SHIE (P. dentata) 5°] AT (Kang 1970; Hwang and B IAES S7HA Ao EE2 A% M5k o
Lee 2001). Aol A5 FAaAIF T Bat ohy e} FAAte] Ea-

oelgete] 20189 SiFe] oFA AFS oF 1717 S15HA oj@ebd Wste] mE s} WAL 2011d5E
Eoln 72 AA| GirFe] 32% (565 E)E AFA|oh= o 2.7 R R 3 FALtg el Fgt mafE £ vt
FAQ I shFolrt. Tt Aitg o] glojMe A (NFRDI 2015).

Al o257 BAEE 8,4002149] 68.2%<1 5,729 H-& 2t sl FAe 7o) A o2 SR Fal A9
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Aol FAE| 11 o] A5tk o] oA EetE= 5 A
4 d F54 otgS do7]= Aotk (Amono and
Noda 1987; Sakaguchi et al. 2003; Nishikawa and Yamaguchi
2006) O]_‘i ]}\-]1_—_ 20001,%]:]] ilﬂ]— HE]'/\gﬁ]- ﬁ—ﬁﬂﬂ- %c]/\]'
o] FA UF 7o oA, sk F A4 2 1Y
= AFLYT w9 o5 ol Rt YA Aol o T
Aot Z1 o7 Hot3] 2™ (Hori et al. 2008; Ishii et al.
2008; Tanda and Harada 2012), ©]%- ¥FAj S }ulsl= g
F719GE T AAa A2 F5ol 2% Aol vre At
(Matsuoka et al. 2005; Hori et al. 2008; Tada et al. 2010). %
2luete] B¢ siierol 8EF7199 9] dxol st
E A7, AaA ] Aol 2 d%oz Hily
%Q'(Kang and Koh 1977).
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1= 22—

1. HARRLZ A F)

2 Aol T 2 F AT F
A P-2Yof| BHE HjFEQd AFREE 2] FEAMEA
(SRI-==H104) & Al-gdrol ARgaQlT) Al 32 f-2
APdAlE 300 mL2] PESHHA] (Provasoli 1968)7F S019)&
ZefATe] @0, 20°C, 40 ymol photons m s 2 14 : 10
h L: D (Light : Dark) 2] 7|2 243t viF7] (EYELA
MTI-202B, Japan) 4] Hj%Fote] Ztaxzhd /442 kst
Aok ZHEA7} As3sto] FEEE FAES Yol XA}
o] Bzabs Fiotqich FatE Ztaprt Wolsto] A7}
SRIEH FAFES PESHIA7E 019l M2 St
of %A GA(¢F sem)7} 2 w7EA] 15°C, 40 pmol photons
m s 2 10:14h L : D Z7)A vt

A Aol Fus}t fi= FFdE] A (N, P-free)
2] % %ol (Low nutrient seawater, OSIL, 1 uM ©|5}H)E ©]
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£o1.0H, 15°C9 40 pmol photons m s FEF 10 14
hL:D Z79 vjeF7]olA s00mL S22 A GAE
go] 1047t ¥ T (Lee et al. 2018).
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Fig. 1. Temporal changes in the photosynthetic yield of Pyropia
yezoensis from 0 to 12 days cultured in nutrient-deficient medium.
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Fig. 2. Temporal changes in the photosynthetic yield of Pyropia
yezoensis from 0 to 7 days cultured in nitrate and phosphate-sup-
plemented medium.

Recovery of discoloration of Pyropia yezoensis
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H19%F slioll A st g o 1287 viFst 1 &
A9 A a8 0.56 Fv/FmOl Al 0.40 Fy/Fm7HA] LA
SHATh(Fig. 1). YRtolisroll A vieket thx+ A A1) 3
A 882 0.55~0.57 Fv/Fm HY 2 Yehgth g R
of mE st 7 Aol 3] A4 NO; (300 uM)
£ 53¢ 2= 24 FHE FEA 78] Tkt

Ao, PO, (30pM)E FFT ZAAAE 5¢ THH
B a-gol —7}0}314(1:1 2). B 7 FA9 3

e 333 382 4 (PO, 2T A4t
oA wWEA SEE= AR Uyt o]
F79FEe 292 A9 FEE B2

=)
i
1

FIO I‘l

Yellow @ N-0day
+b @ N-1day
@ N-2days
Add-NOs ® HSisw
90 @ N-Tdays
120 €0 ® N-14days
/1 20
P4 18«
-8
5
0 ! ) +4
15 10 L] 0 5 10 Red
5
10--
N\ 1% /
N e
AN S/
20 -
40 300

Blue

Fig. 3. Location of redness (a) and yellowness (b) values on the
chromaticity diagram in 0 to 14-day cultures of Pyropia yezoensis
in nitrate-added medium.

Table 1. Summary of mean+S.E. for L, a, and b colorimetry values of Pyropia yezoensis from 0 to 14 days cultured in NO3™ -added and

PO,*" added medium.

Parameters 0 day 1 day 2 days 5 days 7 days 14 days Timely F*
(Lightness) NOsz~ 84.7+£0.3 86.2+0.6 85.4+0.5 80.6x 1.1 79.8+0.7 81.2+£19 3.40%
9 PO" 85.9+0.5 86.7+0.1 86.1+0.3 85.3+0.6 85.3+0.7 84.4+0.9 13.0*
a NO3z~ -51x0.2 -4.4+0.3 -3.2%x0.1 0.7+£0.2 0.8+0.3 0.9+0.2 83.9**
(Redness) PO -46+02 -42+0.2 -3.9+02 -3.0£05 -29+05 -22+04 31.1**
b NOsz~ 14.3+0.4 12.8+0.6 11.9+0.1 9.8+0.3 10.4+0.4 9.1+0.3 3.86*
(Yellowness) PO, 12.9+0.6 11.9+£0.2 11.6+£0.2 11.3£0.3 10.9+£0.2 10.6£0.2 -

*: Differences between measuring time are indicated by corresponding one-way ANOVA F-values and associated p-values. *p<0.05, **p<0.01
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Fig. 4. Location of redness (a) and yellowness (b) values on the
chromaticity diagram in O to 14-day cultures of Pyropia yezoensis
in phosphate-added medium.
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2 ZTketl o, 24 (b) -2 1439014 9.12 FHA
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Fig 5. Color recovery of Pyropia yezoensis during 14 days of cultivation (A: nitrate O day, B: nitrate 1 day, C: 2 days, D: nitrate 5 days, E: ni-
trate 7 days, a: phosphate O day, b: phosphate 1 day, c: phosphate 2 days, d: phosphate 5 days, e: phosphate 7 days).
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Recovery of discoloration of Pyropia yezoensis

Fig. 6. Light microscopy images of Pyropia yezoensis cells cultured in nitrate-added medium (A, A-1: 0 days; B, B-1: 1 day; C, C-1: 2 days;
D, D-1: 5 days; E, E-1: 7 days). Scale bars are 50 um (A-E) and 20 pm (A1-E1).

Fig. 7. Light microscopy images of Pyropia yezoensis cells cultured in phosphate-added medium (a, a-1: 0 day; b, b-1: 1 day; ¢, c-1: 2 days; d,
d-1:5days; e, e-1: 7 days). Scale bars are 50 pm (a-€e) and 20 pm (a1-e1).
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(R2019009). 0.2 =3 Atolr, AFH] z|of] A=
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