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HE 75 70 F ¥ & B R 3% 4K 3 (Pyropia haitanensis) AR 43 &% £ W R, 7T AR B &
W AN E AT, BRBRBE B R, H K R E A0 R T DR E R R &
FERER2 T, B, BEFLERRTRNRATREMLF L EREF LN ERER, BE
GTHRERT M RARNKEEEEAT R R AERTAE, AR EGS0. 100, 200, 300,
400, 500 #1600 J/m?)fy 48 4R (UV-C, 1=254 nm)E Rz X =T, HA¥KE, ExHF
HHEHAT ERRTERATRE, ERET, KABGOIM)WEFREZBTHL, TEEN
BT 100)m* I & H B TFH AL MoR ., BEAEL 50~400 Jm’SEE K, &HETEEILE
WAR M EA BN TS, ERAESH N 300 f1 400 J/m® B, RBERHHEEF 1522%F0

17.18%. H#, HAEHREH K HREN 2 ka3 Rk ahE S,

4 Bk mx,

EEE R A B ME 400 Jm® WL LB, BAEREAENE M, EURTEBIGAERT T, £V
I H WA R R E O 300 3 400 Im’, RE, EREALBEROECYREHAGNK TR TR,
AR ENBEHRENCHREET BN T L6 NIKERH LK AFRAZEEATEDRTERD

HEAE R T MR T Hieiz,
ES5 0

hESERE S968.43 IEAFRIEELT A
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PR L7 56 7 iy ZEIL(MINNG)(Yan et al, 2004) Fl1H) 35
AR5 v B2k (Lee et al, 2018a; Wang et al, 2000), F|
MNNG X} 25 BEE (P, yezonensis). ¥n230 45 EiG T
TR BT BB, AN 22 ARIR (E B S, 2007; Li et al,
2008) . Sefl i B IR (ZEHEAE, 2006) AR (Lee et al,
2018a; J™2%HEAE, 2009) 5 TR AR AL B, 1Ny b 3R AT
T RER R A SR Co-y B2 BI% 4 B4
KRR K K3 (P dentata) 7 18 F ¥ & AR EAT 15
A5 A EIIRIRR T 2R AR R (Lee et al, 2018b;
PEMHESE 2009), HAR, DL EIEARFIEREA KA
AR AR AR R R A — o 175 YU

Bl ek, A7 WG g i 8, Y B AE
OCo-y BAETEALFFHALFI M LI B AE ) A, (HAE
T BA — 2 AW a0 S50 AR R R 2208,

ANEL TG AROU A6 - 0 i A o AR S iR A TSR o I 2840
LSRG I Y WATR . 5 THME. A
TREEL A (T R4, 2007; Ding et al, 2020; W34,
2020). PKFEEH 100~275 nm B I LML (UV-C)
AT LAfRER A= ariA DNA FIEE T2 M9 3cHk, fff DNA
DT T B SR A, DT 5 B0 R 28 A5 (EMliott et al,
2001). FI A THI 4519 UV-C SCIEA AT LU T H %
AT AN, B UV-C 5B XHEYFCE Y R
B R AR (Pfendler ef al, 2021; Slatinskaya et al,
2018; Jeon et al, 2018; Rezzan et al, 2014), B2k i) %5
(1990)FI/™ 24Uk (1992) W 5 T B, F| I S5 402k i IR 2%
B2 RIR LM I A A, T DUARAS IR A8 A8 S (A R
A EAR TR i F PR RS A iR 2200k
AR IR R S5 3R AT 5 78 (™ 6 UL SR, 20005 5K A S,
2019; BXFEEE, 2019; BREASE, 2008), APfEA X 5a4E
TR BB IT IR AE o 7 ds S AR A B 1 A 7 o
ST R IR U 22 R (20 ) e 72 I A
RIS R B B, R 050 400 & A st
JRP A T AR R S AR AL I, BRI, X
AR E e AL R A G U 4y 1 A0 R HE B AR Ak D s
Ja SEMRR 1Y) & & #an) (Ohme et al, 1986; Zhang et al,
2013), EEFULTE 5, XHT R R IR S SE Al Tk
TR ARBE, B R b I SE PR 2 A8 5%, HLY) 4RI
W2 Rt AR, KRR T5E AR IR AR = A 1Y
SURZRAR WG SRR ORI AR I . A
TIFGY e FH 0 I 22 A2k (A=254 nm)#E BB 125 L3055 01

DI B (00 A8 S5 i e 11 i R AR, IF AR ik
BB AR, S F IR ERE R FMEAR

AL PR ARl

1 #RE5FE
1.1 LM

AW T FH 35 58 S0 B AR U 5 3ROk A 4 TR
S ARAETE L, T 2017 R FHMEA T FOR ST L
afi R, LU A HZ2RIR AT X AEAE SIS N o IR AF 2551
TREE R (23£1) °C, SEIEEREE N 4 pmol photons/(m*-s), Y6
JEN T0L ¢ 14D, HRPAETEHR 1/2 9 MES B3R

K/ AU AL — 2 AW H B 22 R )
PERLZT 100 pm AY#E 22, F HAEAP B R T 1Y D5 R T
SEHEALEE 3 d 5 RN R DL ek R 2R R (23+1) C |
YCHRSRE 5 pmol photons/(m*:s) . YEJE A 10L : 14D
A T REFE . B3R 10 d Je, IEUEN seakm L2
F 2R, KB T 480 B 5 R0, K ' B i B 2 e 3
20 pmol photons/(m?:s), HAMEE IR &M, B8R,
R R SOIE A TE AN R i I S ) =
(28+1) °C, [mlr, FESEHESR KR 10 pmol photons/(m’'s),
JEIEICE 101 14D, BUHJG, I SERmK K
PELLET W 1~2 A AR DL FE 2RI &4 150 mL
B IR W REAR JE B 48 BR 22 () B AR (250mL) itk T 78S
B59%(Zhong et al, 2019), FEIFIEIE M (24+1) 'C, JERAGR
J& 4 40 pmol photons/(m*-s), 24485 K J& o 41 B2z it 5
—EHHEMATE, ¥4l 100 HE
JefidauE R s, A TR EER] 250 mL £
RN AEZE AR 528

12 ZNEFTMBEHREENSH

FFUCEE B I 35 550 7o il T BRI R SR 3 5], BT
Wrh e F I BT 10%20 135 M AMes T BT 2y
£ 20 Mo NE, FHET 24 MEFRIL(G=9 cm)
o, EFRILNIE FROK)Z R BN 2 mm, SR AT
EKHMTEVE AR, i LS126C #5841 B8 B -0
1 UV-C fE5TIR (425 pW/em?), $##IBAZ. HE R
T (J/m®) =4 FR A 8] () < 4 BA 58 3 (W/m?), 43 1] 15 8
BRIy 0 (RFREZH) . 50, 100, 200, 300, 400, 500
1600 Jm®, FEAFIEHBEE 3 NPATH. S4RIEE
eI FPERRRE A TR E G 3 d, R B DG T akek
Kigt 7d, G BTG EE fig 250 H . 54k
R A (23+1) C, JEHRIRE A 30 pmol photons/(m*ss),
JCJEHIN 10L ¢ 14D, FEAHFISAE T, Koo Tk
RAkSERE 3 7 d, Bait kAR SN E T A
RECH . FRgkeRESE 7d, BEALIMER 30 AMFEA, lE
B LI LA T I AR KRS, TR K
{H. f#H Leica DMi8 {31 ' il il e (1 ] ) WL 22 776 46 7 1
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ARG AR P A AR S AR A, AR SRR 35 d.
P4 S AR A IR A A T b g A L, £ PR 4T i 2R
BN, £ FRE R T R AR (Zhang et al,
2011), H2 (0 2 5 Mt - A8 S 73 51l i 45 (Wada,
1956).

1.3 HiESH

SefllF AR B RR AR R AR

0% F (survival rate,%, SR)=D./Dyx100%

i & % (germination rate,%, GR)=D,/Dyx100%

775 3 (mutation rate,%, MR)=D1/D,x100%
K, Dy AL HIHR ST E, DA
BWERESR 3 d R AEE e TR H oDy IR 3R 7 d
Ja BT R RECH , Dy RECIR LS R & A A
AR B AT R AREH S

K Excel 2010 HF9EAT SEHEE O gE 3, 181
IBM SPSS 20 A% 5 40 4l 47 2 53 b Mo
T AT S 90 K0 R4 T B R 2R 7 2243 1 (one-way  ANOVA)
K, B ESKEN P<0.05, GoitERHFEEE:
PrifE 22 (MeantSD)FoR ,, Ui A7 K3 A Origin 9.0 3k
i E

2 #R

21 IREXZMTFHEFEETERSCR)SHEZEGR)

UV-C #5 Bz 2850870 46 7 AN [R) R B I BB AL
I $EIRIG, #4057 T SR YU T 4K 1), %
FIH(50 1 100 J/m*)HY UV-C 48 BB X584 70 & A —
SERIRUEMER, 448 I T 100 J/m® B, GR £
TR, HEEE BRI, 52T SR Bl

& 50 pm

TR, M4E B AF] 600 J/m? B, DA R A,
H7 17 SR FAK(Kl 1), UV-C & BB J 300 J/m?
W, REIERCIREFE 3 d )5, LI RF e
FHBESE, AZBIR MR AR 2a), FFLIEH
WEEFE 7 d 5, DRSS q 7 & R4 A Y 200
H(E 2b), HIFLIEHCIREEIE 7d )5, ik
T KB ROEH B4 (B 2¢).
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K1 AT UV-C 48 BT 72481 B4 16 A Al R 3
Fig.1 Survival rate and germination rate of conchospores
under different doses of UV-C irradiation

M IR L5 B[R] 78 25 57 2. 35 (P<0.05)
Different letters on the top of the columns indicate
significant differences (P<0.05).

22 EHRFHEEEHETESRERZMR)

FEIRFIEAE 100~600 J/m*JEFEIN, Ffi UV-C 5&ME
FIEIIEIN, Fefl T K ARIET- % (death rate, DR, %)
B ETHES, SRR N 600 I/m* i, FEfl T L4
HRILTZ(DR A 97.65%) . LIOTFALR SAE Ry A8 Pk ik
7881, TE5RIEFE A 50~400 J/m? i, (AR HRA 1K)

50 pm 3 € 50 pm

Kl 2 UV-C & 5 35 23555 I &

Fig.2 Germination of conchospores of P. haitanensis after UV-C irradiation

a: UV-C RS, #rrefl F2BIER O RKAELaEk), EREZHETEREBIR . MREHSICTCRETX);
b: UV-CHilJE, MBI (RO %) c: & UV-CHRE, #MFREBIEEMHEERATH %K),
a: After UV-C irradiation, a few conchospores with normal chromatophores (red arrow), but a large number of conchospores with
light colored chromatophores shrinked in shape or died (black arrow); b: Two-celled clusters appeared after UV-C irradiation
(black arrow); c: Conchospores developed into normal germlings after UV-C irradiation (black arrow).
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FEALF I AR IR MR)FEE UV-C 46 B8 & a1
JnE ETRY R UV-C 8 IEFIE I 400 J/m* B, MR
M5 R R UV-C fEIEFIEAS] 500 J/m®Af, MR
A, 24 UV-C 4@ IEFI5E R 300 1400 J/m* Bf, MR ik
FIERAE, 9 15.22%F1 17.18%, —F Z 4] ik
25 (P>0.05), (A5 H b4l Mt 2 5 W E
(P<0.05) (£ 1),

x1 ENEERWIZEXRZRFHFTERR
CPEIEEpREZE, n =3)

Tab.1 Mutagenic effect of UV-C irradiation on

conchospores of P. haitanensis (MeanxSD, n=3)

impEsE AR BREMAET R KuIE

Irradiation =~ Mutation  Germlings death Length-to-width

dose/(J/m?) rate/% rate/% ratio
0 0 15.85+3.62° 8.13+0.63"
50 1.343£1.69"  22.71£11.72*®  7.06£0.77°
100 2.330£1.79°° 19.48+3.35% 6.29+0.53%
200 5.140+3.29°  32.19+22.36° 5.01+0.68"
300 15.220+£7.62¢  51.70+11.98° 4.2440.57%
400 17.180+10.2¢  61.00+5.8¢ 3.80+0.89%
500 3.310+2.68° 83.98+4.10° 3.16+0.48°
600 0 97.65+2.51° 3.06+0.55

H: AF/NG FRERIR 22 57 1 3 (P<0.05),
Note: Different lowercase letter superscripts indicate
significant differences (P<0.05).

23 ZHRFHEFHKELRLEHREE

ZANEFE UV-C IS G, fA06 el 7 =4
FIH & TEVR B YE IR 9% 21 d JR &/ iRk, 5
SFHRLHAA L, 100~600 J/m? 31420 R A 1 K 58 HU A7
1 535 22 5 (P<0.05), H. =778 (300~600 J/m?)fE & 21
AR AR TE e B35 T REGR 1) SIglmy, Mg T
UV-C @ BEXF 5240 B 7= A= i 78 6 8 R AR TE 5748
fbo G5 NIR, X B T80 i R AR R 2R HR IE R 1Y
P AR (18 3a), [HAE UV-C 46 B85 WK 52 6 I TF 3 1%
F% 14 d, ST TR RN EE AL B & E Ak
(A 3b~1f), FefblF i A& 1A ) To0 it 240 it o BV B 042
(K 3g~1).

24 BEHRAMRE

AREIFE UV-C 48 BB B R 10* 4~/mL f5¢fl+
Ja TR A ST AT B A M TR B A R i R4
KHEIE 4), WHEERAERZEHR UV-C fFERiES
JIP= AR o B R 27 B A IR AR L 2 i
3 A RELZ, 4 G ek E 5). 4
B R A R AR (B (B (0 AT Bl (. IR (0

¥4

50 pm 50 pm 50 pm © 50 pm

Pl 3 SEAE -l AR 25 R T i 200 L 1 s 75
Fig.3 Cell morphology and apical diapause of
conchospore germlings

a: REIEWMTHTIHEE; b-f: BRI T
etk gl TR LI 7 (7 Sk ) 7278 1 W7 A0 1A
a: Normally developed conchospore germlings; b~f:
Abnormally shaped conchospore germlings; g~1: Apical
diapaused cells (arrow) of conchospore germlings.

Wk M RS, Hid, BREW @ IE R RS
aah, AR DU O B R e, LR
TRAF A, 1T 5821 €0 1 o 6 DU LR BUAT R A1, P R
SHE A 50~500 J/m?* YRR, BEE R RESR BE ARG, bk
A b R R AR AN i L B B 5 S e AR
B FRIRBRES Ky 300 1 400 J/m? I, B 48,58 48 1 0 ek
%, FWIX 2 MEEF BRSSPI LR A
TSR Ik A MRS R SR BB R (R 1 A& 2),
FEVRE S IREE S 35 d )5, K IRIR D RE IE# & F
IR (R 6a), ARIM, FALBARAEOE
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Fig.4 Apparent pigmentation mutants of tetrads in conchospore germlings

a: KHIEWMEHRTIHEE; bp: @

T3 IS T i A S0 T R 1

a: Normally developed conchospore germlings; b~p: Apparent sectored pigmentation mutants
linearly arranged in conchospore germlings.

X 120 ~ W 4EHER A& Four-sector chimeric germlings
E 345 A4 Three-sector chimeric germlings
g 00 1 28 A& Two-sector chimeric germlings
s - N
53 DO
25 gt
-‘-ﬁ[{ g
4&?0 60 -
E o
EEaf
£
g 20
3
% 0 1 1 | | | | 1 |
A 0 50 100 200 300 400 500 600

4R IR & Irradiation dose/(J/m?2)
K5 RREZ RG]
Fig.5 Proportions of different chimeric germlings
RAZ A AR B 2 BHUR G R AT 50%1
(& 5. [ 6b~d).

25 BEREELISEH

Bea A 7 R TR] GRS G 5 IR AR 4%
VeI 1 MRAEAT R, AR TORE A BRI, 20
HRIETR 60 d Jm, MURENM A b Pkt T 8HE . 40
W TR RGRNRLLAE 5 R Y B SR IR A
10 B, 2SR B 5 50 ik IR A B EI Y

6 R AR S AN M B P R — (R 7))
3 iTig

TEEH R RFL )k, ol 2 215
55 MNNG Fl “Co-y, {H UV-C %8 8 J&—Fh e
BRI L TSRS AR AR i, Tl A
TREA BUARSATIRAS . BAR, UV-C 8 SHAZ KB
SRR AR R oY E A G L (H R TR AR PR
i, RIS ERORIEAT AT 24Ut 1992), AW
T AT F AR AR, A BT EL AT 4N RE S R gt
RN L2 AR AR AN, WIRE LG 52 £ F oA i, T %)
F UV-C g5, [N, FEfT & A0 208 s
FE AL DY oA, it FE A F A AR IR T3k A 2 AR
Y, X 58 AR [R) T 75 A8 PR AR 22 RAA T 7= 1 1) 5
REAE

ARWFFEAE FH UV-C 58 MR 15 2SR Y Fe A FHUS 1788
T (R S AR PRI AR 5 R A i HR B R 50 T 100 J/m?
i, B R AN, Se AT A 3 T
ARG, FUA D ER 4 50 41 40 5 A8 IR N 4, (H
FflF GR A2 LTS, XS5 HMKHE UV-C §&
SR F 2% BT 58 3 DA T AR 435 AR 2 SR R AL (M %k
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Tab.2 Types and numbers of color mutations in chimeric blades produced by conchospores
irradiated with different doses of UV-C for 35 days

B AR NFIZE 5% Types and numbers of color mutations in chimeric blades

= AR
it EW oW ®W % ma ®E mk AR RE A
dose/(J/m?) Purple Red Yellow  Purple Light Light Light Light Gray Total
brown brown brown red red yellow gray green brown  number

0 0 0 0 0 0 0 0 0 0 0

50 4 1 1 0 0 0 0 0 1 7

100 13 2 9 0 1 2 0 0 5 32

200 17 3 13 0 1 0 1 0 5 40

300 19 9 12 2 2 1 4 2 6 57

400 20 11 13 3 3 3 4 1 8 66

500 2 0 2 3 3 0 6 28

600 0 0 0 0 0 0 0 0 0

411 Total number 79 28 54 5 9 9 12 3 31 230

a b lcm ¢ d lcm e g
pr
p ¥
5 y g 1
p n gb o
lem  pb L cm lcm [
f | g h i ¢

Ir.
Ig b
Ir Ir.
pb & g
ﬁ) 1cm 1 cm gZ 1 cm 1cm

K6 UV-C R IRFEA 17 A R 5 A2 i IR 14
Fig.6 Pigmentation mutations in chimeric thallus developed from conchospores irradiated with UV-C
a: EWABMROHRE; bad: PEIHREMHRIE; e~i: Z@HHRGHRES j. HEDRE R
pb: B b: MBM; yb: EBM; pr: FAM; Ir: WRAE; ly: EREA; 1g: RKEA; lg. REO; gb: Kk,
a: Normally developed blades with single color; b~d: 2-color sectors; e~i: 3-color sectors; j: 4-color sectors.

pb: Purple brown; rb: Red brown; yb: Yellow brown; pr: Purple red; Ir: light red;
ly: Light yellow; 1g: Light gray; 1g: Light green; gb: Gray brown.

1992), X A HE 2 P A A GR) 4t i 22 A0 75 48 5 | A 41 i 7E RAFFRARE Z 30, RIS 300 A1 400 J/m? B,
%37 DNA i Ja r= e T AR BN O b, (A AR HIEE] 15.22%H1 17.18%, 5l 7 K AR
S AGRIE P UV-C faRan] RS a9 FET-F500008 51.70%M1 61.00% . 4% B 5 & ik 5]
KE®, mEAEl UV-C 58I H ALK 500 /m? i, RSl A RaAET:, JRIET R
(Anastasios et al, 2015), L, FEA=P AR ik 83.98%, HHBIZASARAYATRIT BALT 300 F1400 J/m’
B UV-C BREGT, DMESEFCH 7 &, $Em 8 mE FlHE 4. B UV-C 58 B850k 300 F1 400 J/m® B,
TR BRI s PR SR T R A A, TR R
TR B F N 100~400 J/m? S5 N, Bl 45 IR ) 1R 338 A4 5 DR A 3 70 AR 9T AN ] TR ©°Co-y Sk
IR, AT RO R AR RSET R 1T R PR B S R AR S AR R AR AR, RIET RN T



P A T D SR AN IR R S 5E 1 T R SRR IR T iR AR 241

“ 50 pm
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Fig.7 Somatic cell germlings with color mutation isolated from chimeric thallus

a: IEWEAE; b: WRLAE; o LBE; d: HRHE; o KA, ) REA,
a: Normal color; b: Light red; c: Red brown; d: Yellow brown; e: Light yellow; f: Light green.

50%, BIATERAS A R S8 78 3 (P 24Uk AE, 2005), Feid il
FH ) B W T T UV-C B IR R 2 S
(P. suborbiculata) 5% 25 (P. crispata) IR BT 3R 45
() A3 (80 pW/em?®x5 min=240 J/m?) (3kf&54%, 2019;
X FEEE, 2019), X AT HE S K K72 0 98 A BTl 1 ok A
FoflF, HANMIRE M AT B, HRAAS R R 5T M ) g
TN, K2 A R — R L T
UV-C R IR 25 B350

AwsEh, 4 UV-C A, IEDEIREESR 7 d
2 BR, SE A7 K R BT AN ] - HR 476 6 1
BRI O AR, FiE R FR E g, R
AR ST W R AR W OB L 2~4 LAl
A PR AR B AR S (0 e 1 40 i DR/ N 0, 45 3
SEAAHI] o 3mSR AT W R I, W 2 K
20 i 53 STV B 7 0 R R P HE B A 0O o3 ik B AR
2 L P H AH 1 7 ) O 243 5, 2000, 2006), ASHiF
JEH, IS R R LA A B HGR IR T e A
T &I K A Ay G 4 ST AU ), R
AR A HAL S DY 43T i 1 A2 AR XS B o 33X R (a7
O3 B IS S LA L2 RAR BRI 524 T AE B A
W= a1 R AR T BRAR S, BAR S A RSt
TR, AR E B 2~4 A0k i ) A
ARA o B B A R 578 ()i IR AR T A AR A5 A g A
ML, 23 60 d iARSNEEFR, BRIk 5 Fhep oy
R AN, FEAR LSRRI A IR A IR R
R AR ST AN Ah 2R — 30, XSRS Y (R 2 AR 1ROk
BRSNS BN NI L R )i T

AREFFEH, UV-C Bl T 58/ A9 A AT 33 5845 o
FET, A JE AR S IR AK BT T8 BUA R
BRI A S R A AR SRR R 5 AR ik A IR
TRETE B o T SRS R AR i A K O I, 241
3140 6 D) 52 B S i T ) B S5 B8 ) T

ANEZE I, TR R IR B B 2 A
(Pueschel et al, 1982; Pueschel, 2021), 4N5¢ 7455 IR
Ja 77 A B R A B8 L S REIR(P<0.05) , 325
PRI 2 PR T B 1 e 6 W A IR TOU 90 400 it e 7 i
%, vh RS A B ) PR R S B A0 T R R )
B o XX TR 3870 0 R ARTE NS IR 451 T
IEBTEBAA —E N S% 5 L,

LR i IR TR Rk, M43 a
(Chlorophyll a, Chl-a), #: ¥ %5 H (phycocyanin, PC)Hl
P41 2 1 (phycoerythrin, PE) 3 FOb& GRS =AM
MBI E T 8er a2, PHERY], Chl-a il
PENH R A B i T ZH R L A8 Y 7R AR T B T A
PR & Az 9878, AT D 0 ) B T £ 2 7 5 R AR
FEME, T 25 A R R IR R B ], 51
O R AR TGRS, 2007), InEFXORRZNIE
LA TT B A 68 3K A G L R — SR DG A 2 R A
KA G B HB A, 2012; WSS, 2023), A
WS IR A7) UV-C T LU0l DNA HEWT 248 i
mEnE SRR, TSR A8, (AN ] sEma s 28 5%
RO RS By HE P R IR AR X — (R A A AR

4 it

AHIFFE R A R3] i UV-C 728 35 283640 T &
W B 1) 576 761 LA S i 5 A0 7 D 3 A HE 371 728 fb ok 3R A5
ORI G RAR, XA R | W &R ST
W KRG A REEMATLEA T SRR, UV-C g
AR AR IR R SRR, 1E SRR IR (300 T
400 J/m*)A] LABRAG— 2 Bom i @R i A R ik, HoeT
DA RIS €0 i £ bR A o 2088 1 B €0 SR AR IR AATF
LG R A UV-C 78 ib Pt 530 e Tk 47 548
R R i AT RN T B AR AL TR R AR
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Abstract
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Ultraviolet mutagenesis is a safe and efficient method to induce mutations in laver. It has

the advantages of non-pollution, high efficiency, easy operation, and low cost. It has been primarily used
for mutagenesis of the filament, protoplast, or blade of cultivated Pyropia species, but is rarely used to
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induce genetic mutants from germinating conchospore. The germination period of conchospores is the
period of meiosis in Pyropia haitanensis. The four progeny cells of germinating conchospores are linearly
arranged forming a meiotic tetrad. The tetrad cells that undergo genetic recombination can determine the
developmental pattern and segregation of traits in the thallus. In this study, short-wave ultraviolet (UV-C)
irradiation with different doses (50, 100, 200, 300, 400, 500, and 600 J/mz) was used to induce color
mutants during the germination of conchospores in P. haitanensis. The results showed that low-dose
irradiation (50 J/m?) promoted the germination of conchospores, while irradiation doses above 100 J/m?
inhibited the germination and growth of tetrad germlings. Therefore, low-doses of UV-C irradiation were
used in the production to promote the germination of conchospores and improve the production efficiency
of laver. In the dose range of 50400 J/m’, the frequency of color chimeras increased with increasing
irradiation intensity. When the dose was 300 J/m” and 400 J/m?, and the pigmentation mutation rate was
15.22% and 17.18%, respectively, and the death rate of conchospores was 51.70% and 61.00%,
respectively. In the dose range of 50—500 J/m”, with the increase in UV-C irradiation dose, the proportion
of 2-color sectored chimera showed a trend of first decreasing and then increasing, and the proportion of
3- and 4-color sectored chimera showed a trend of first increasing and then decreasing. Among them, the
regenerated color chimeras that appear were generally 2- and 3-color sectored chimera, yet the proportion
of 4-color sectored chimera was the least. When the irradiation intensity reached 500 J/m?, the majority of
the conchospores died, and the death rate was 83.98%, and the frequency of color mutants was
significantly lower than that of 300 J/m” and 400 J/m® dose groups. These results indicate that the
mutagenesis effect was the best when the dose was 300 or 400 J/m” which was convenient to obtain
abundant genetic recombination and genetic variation in progeny cells. In addition, UV-C irradiation also
had a significant effect on the early development of conchospores and phenotypes of pigmentation mutant
arranged in tetrad germlings, which was mainly manifested in the large number of color-sectored blades
developed from the irradiated conchospores. Simultaneously, UV-C irradiation retarded the development
of cells at the top of conchospore germlings, inhibited the development of cells at the middle base toward
the poles, and increased the lateral development, resulting in the decrease in blade aspect ratios. Somatic
cell germlings with single colored pigmentation were also isolated from color sectored chimeras by
enzymatic hydrolysis. The color species of the five monochromatic mutants obtained were basically
consistent with the pigment variant sectors observed on color-sectored thallus, indicating that the obtained
color mutants were derived from a single mutant cell on the maternal color-sectored thallus. In conclusion,
UV-C irradiations can effectively mutate the conchospores of P. haitanensis, and appropriate irradiation
doses (300 or 400 J/m®) can obtain a certain number of color-sectored thallus. This study provides a novel
pathway for the preparation of artificial color mutants and mutation breeding in P. haitanensis.

Key words Pyropia haitanensis; Conchospores; Short-wavelength ultraviolet; Color mutants;
Isolation



