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Tab.1 Primer sequences and PCR product size of target genes

53 /bp
rub p-Tublin GAGGCCCTTAGAGGTACG 110
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PMDI19-T , E. coli , 80 pE/(m? s)
s EZNA™ plasmid mini kit , 2.8 m,
, 10 , 200 uE/(m* s)
90%~110% Tor
qRT-PCR !
StepOne Plus Real-Time (ABI, Foster, R 60__
) PCR , 2xSYBR Green 50
Master Mix (Roche, ), 3 , = 40__
qRT-PCR o
20 pL, 1 uL ¢cDNA 10 puL 2xSYBR Green £ 30r
Master Mix, 0.5 puL ( 10 umol/L), 20
8 uL RNase-free : 195 °C 10 min; 10;
:95°C 10 s : S r
15s, :72°C 258,40 ;65°C 30s, 61 9500' 6 ‘ 560 '1 600‘1 5100‘2600‘2500‘3600‘3300‘
i 9 -AACt PAR/(UE/(m*s))
(Livak et al, 2001) 1
Fig.1 Variation in rETR(II) under different light intensities for
2 S. japonica seedlings
2.1 1 500
1 , 5
PSII [fETR(I)] ~ 1200
, PSII Eé 900
o 0394, ETR,,, £ 600
64 uE/(m? s), Ik 163 uE/(m’s) &
2.2 300
( 2,2 24 : ; . . |
1 500 pE/(m’s), 1m 1209259y 1269274 1289294 1289315

600 pE/(m’s), ,

B b

2

Fig.2 Changes in light intensity at different seawater depths



164

54

2.3

F/F,, ,

[200 pE/(m* s)]

F/Fy 3~5

0.2

s FulFy,

2.4

200 pE/(m?* s)
F /Fy

>

[700~900 pE/(m” s)]

R F/F

03
F/Fn )

[1300~1 500 pE/(m?s)]

i

» FylFy

B

0.1

FJ/F, 0.72,

, FJ/Fy
[200 wE/(m?

3d

0.6( 4) ,

1d 3d

B_
B-

s)]

1.0

0.8

0.6

FJF.,

0.4

0.2

0.0

3

Fig.3 Changes in F\/Fy, of S. japonica seedlings under different

1.0

0.8

0.6

FJF,,

0.4

0.2

, Fu/lFpy

0.0

Fig.4 Recovery in F\/Fn of S. japonica seedlings after different

I [™™] 200 uE/(m?s)
La a.

X

0

XXX
9 9a%%

7

s
R

v

w
3R

7
Y

=
R

7
o

ST eTeTe,
IRRRKLLR

7
Y

X
S

de

7
>

X KX
09 %% %

T
3R

9

<
’:‘.

X

o

7

] XK

- [C_11300~1 500 pE/(m?s) [_] &5%8K XY8R
700~900 pE/(m’s)

T

XY0R

2321d

LME3 d RhE5 d

F/F,,

light intensities and nutrient conditions

I 700~900 pE/(m?s)
™™ 200 pE/(m?s)

-a

ab

-

s
)

"
s
XX

TSR
9.

XIS

X
Pedede s
o

TR
XX
R

X2

%%

Q

TR
QR

X

%

%
X
e

K
X
&

XK
R

XX

V.
X
R

IR
999
KK

5
o
&

wwv
LXK
KRR

Q

%%

TR
XX
R

”
o
oled

X

N RAA5EK

a ab

X963

4

FIRME

FEIRME

Fy/Fy

stress treatment times

11 300~1 500 pE/(m?s) 700~900 pE/(m?s) [™™™ 200 pE/(m?s) [ ] &FEXK I XAEK B R

300

250

200

150

100

B-6AS NFE/(ug/g)

50 ff

150

PSRN

,
R
K2
:
&
%
K
&
s

RRRARRRKXRN

%

o

cded

o

250

N
o
o

_
(S
o

4R/ (ug/g)
g

oo eeTe e

o
o
RRRRRER

R

B

RRX

o
0%

0
XYR  RbE1d

5
Fig.5 Changes in photosynthetic pigment content of S. japonica seedlings under different light intensity and nutrient conditions
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EFFECTS OF STRONG LIGHT STRESS ON PHOTOSYNTHESIS AND PHYSIOLOGY
OF SACCHARINA JAPONICA SEEDLINGS

NIU Jian-Feng"*°, FENG Ze-Zhong"* ~SUN Zhen-Jie"*, WANG Wei-Wei’>, ZHANG Xiao-Wen’,
LIANG Guang-Jin’, WANG Li-Jun" %, LI Xiao-Jie’, WANG Guang-Ce"*°

(1. Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China; 2.
Laboratory for Marine Biology and Biotechnology, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao
266237, China; 3. Provincial Key Laboratory of Algae Genetic Breeding and Cultivation Techniques of Shandong, Shandong Oriental
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Abstract Saccharina japonica is one of the main species of algae cultivated in China, and its cultivation scale and
yield rank first in the world. In the production season of 2021~2022, a large-scale disease disaster outbreak occurred in the
area of Rongcheng, Shandong, causing huge losses to the local aquatic economy. The causes of the disease may come from
many aspects. Among them, the excessive strong solar irradiance and the low nutrient level in the seawater could be
accounted. Based on the results of the minimum saturated light intensity of S. japonica, the concentrations of nitrogen and
phosphorus in natural seawater, the effects of different strong light on the physiology of S. japonica at different seawater
nutrient levels were studied. Results showed that the PSII of seedlings of S. japonica could be well maintained under
700~900 uE/(m’ s) for a long time and the relatively high nutrient level of seawater contributed to the repairment of PSII
under high light stress conditions. However, under the light condition of 1 300~1 500 pE/(m” s), the recovery of PSII was
damaged and the contents of fucoxanthin, chlorophyll @ and B-carotene decreased significantly. Through the whole
experiment of light stress, the total antioxidant capacity (T-AOC) and specific activities of antioxidant enzymes of the
algae were generally up-regulated from the beginning of treatment to the third day, but decreased on the fifth day of
experiment. Moreover, the enzyme activities of the algae incubated with nutrient seawater were higher than those incubated
with the natural seawater. The expression of antioxidant enzyme genes also showed a similar trend. In summary, the
antioxidant enzyme system was active for several days below 900 pE/(m’ s) and the addition of exogenous nutrients could
extend the activity maintenance period. This provided some clues to understanding of outbreak of disease disaster in
Rongcheng.
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