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KIBMMER RS fEd HIT 361021; 3. RERFTAREEFERMESLEE mE EHlT 361021)

BE Rk IF B 3% % 3 (Neoporphyra haitanensis) B # 26 & fr ik s B WL E A R th &
M NEBIREERTER, AATARAFREERN y T4 BBER A EMHE: 700, 900, 1100,
1300, 1500 Gy)4L £ Bf 4 5 % NSD35 th4h v, AR FRERL =, v HE B F BT REH 240
R, AERARNATEMES TN BN T AT B, RENARKEMERT A EL 0
ERMEHRNES, P, Z21300Gy A EFERNRT MRS . 25 F| K 20 5 B S5OR frn
TREBAKE T RERAERER, NFWFHREEREFNHKRR 674, JEFH 14 MRA R
SAEHF 2 AMRANF RFAHER BT AREI N ERE T, HRTXHEA, REEF REREK
PR OMERNER R ., REENSNNEREAFEREMEXKE, o, ERKESTE., #
FRAEEMAREP>005); RELHHE, THEEREEEMRP<001); HES5HEELENR
R (P<0.05); RAEFREHUNEEZZ B FEMBZEMK; A GREKFH, RHEHEEELE
FAK. #—F XA RAREN T HCGEREEE N 20), 421 B K 4 MEFEXB, 25 05
BT RN RTANERNEARL, T H KRR Ak TE N EERA, & AR,
y AT AR R PRI E A RAF IR AR, AR NI R IR LA F R 0 % 5 R L A A
Bk R & A E ARG T Sk Aok

XA REE; vy & B, RTE; REST

hESES S917.3  XHEEREEE A XEHS  2095-9869(2023)02-0137-12

£53% (Neoporphyra 1%, Neopyropia)/& ¥ E #i 1% ISR T R N, SR, BEAE FRIE AL
BRI FIAR A, B ANRSTEER . 5 PR, RFMEZMREH N BHEr, KEaRE
YR B e F B IR Y T (Cao et al, 2016), 2020 4F4 5 R AIE DR M BT A ISR Yk sk, m=z £
E SRS B/ 222 T v, Hr, I8 AFRFRAR, ISR E N, Brisk ks
(Neoporphyra haitanensis)f=# i 70%A (R E# (Yan et al, 2010), 33 [E 5 E (135 L3658 5 Fh R
GTARSE, 2021), B TEEWEFRMEMASKEE, B 54, AEATAS 2 LA /2 22728 (R S A B AT i
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ko B, FEE I 255 A4 77 55 K AH i & A2
MRTIR RS E P AL S

HAT, LMk d R B8 aiftss
Pl 222 B, B EME, Hid, SmEEFMAEE
BRI . BCRICEMEE (T LB 4, 2019),
MR FERER S . 7 (A B RAL R RS, HA
I F i 1+ — 2 B AT 5 BRI 5 A0 1 R R A (8 0 A1
BHCE &85, 2002), BEFMEELXBEEM PO
BRI, Lee %5(2019)i 3 v SF&iAES R 09 H
£85% (Pyropia tenera) (i E 284K, AU KR T
PP AL, B R T = AE 7T o Ding %$(2019)
FIF °Co-y AR AL P L3558 i /R HR-5 Ji, )i vk
PR R WEIRESEIERIET HR-5 1%
ko BRILZ AN, B EAFTE AR AL B RS ik
AT AN IR (R 157 “Hm2 5
“lE 1S mmem 2 5)RERR, 2004; TR,
2011; ¥, 2009; PHE%E, 2009), HMAl W, HEH
PR & 2S00 R (R EEF B

Bifi 5 J s 55 5 3 R A )37 ) 52 i (Chen et al, 2021),
Xof bz 3 H MR R 4 5 DR ) T B A A ROl B 1)
R, WP BB E R AR R A A | 55 2R R
TR 5 SRR AR SR B AL AL R
AR . T8 5 VA R R S AR AR P R AT 5T S R T
I HE K LA R AT B A R R B AL A 8O
(CRFLE, 2020), WF7E A BB 7 B 2R 4 48 e 0T
(Arabidopsis)(Greene et al, 2003). /N (EBHLEE, 2021;
TREEAE, 2021) . KEGK/NASE, 2016; 5%, 2019).,
/KR (Oryza sativa L.) ("%, 2006)F g 7 B4 £ 5
PEIR B SRR R, FREa IE s AL, IERE R A
ARAEAE A A A b R B X 1 Y AR SE N, 4B R HLThRE
(Zhang et al, 2017; Gao et al, 2021), Kt > 7 ¥ f& 48
SR AL RN E PP )75 B, SC B 3 PR D BE A TR A
5%, FPRESEH MBI HA T E L,

FEAU RS e S 5 B PP AR P s i i TAE
SR I R I MR BB B R AT R 2 FP2S
R B PR B2 2 A MREE N A, W5 25
M (FLEFS, 2006), HLANESEMKE ., Y EE
JERE SRR (Xu et al, 2015), LA HM . 4
BTk, FEZ RS, NG Z AR
(HBITAd, 2006), P, ks8R, HbrH
wL R, AR TR SRR il R A AR
5t RBORBAL ZREMEFREL, 7R A SR YA RO B IR 4R
BEUR B LA EA RIS S5

AWFFE LLEli a8 32 B 4R 5 &R NSD35 5w
PR, I y FEIEA R AR R 5 AR R, 4otk

2400 v B R AR AR A R AR B Al R, X AR IR AR
TRl . WERISEE , LI A I S 2 B TRk
AL VAN L R 7 00 B A 4 RE R A e

1 #R5F&E
1.1 MBS IEE

A S T AR ok [ A A d 58 SRR T B R
) NSD35 fh &, iz &R A4 LS, JfHEs
fitgfif alifb RS 4 R, DL E 2RISR A . Bl—x2
H NSD35 ZZRIRYERLEE K 27~29°C L SRR R 10~
30 pmol/(m?-s), YGJAMIN 9L ¢ 15 D MYS/F F 2Rk,
BB 10 d 4 1/3 Z2RIBEE SR Y22 i1
TR, PR RAFIIEELZZ, B 500 mL A9 HETE
M ARG, IR M (21.040.5)°C . JEIRIE K
40~50 pmol/(m’-s) , JEJE WIS 12 L ¢ 12 D A5 F 1
FRo B2 d R 2/3 KRl BRI T &2
INEE L TREEAR K E 3~4 em I, PRI A SERE A IR
AT N TS b 3,

12 FEAE

T 2019 4F 11 H 7E#i 7144 8 RO 1) 5
UV-1800 #4758, v STEBUIR M 4E-137, RAE
B TR (AR 7)) S R R AL PR S PR, R S
AN B 1 8 S )40 700, 900, 1100, 1300 A1
1500 Gy, FIa #5510 35, 45, 55, 65 F1 75 Gy/h,

13 FEEHNAREMUBERREESE

1.3.1 #HE G m e IR V5 5 e A
WATHERG K E B 5% 24 h, Z R WESAIMISET- %, 24 h
JE¥OC IR & 20~30 pmol/(m* )59 7o 1
FEEAR 7 d, WRORELGE TR AR S5 41 i RS RN
B QO R, 4 1 em BENLEL 10~15 NLEF),
132 RE®RYH 430 1 O A J 1R 8 AR L
HER ARG 4S 2 em?®, A P TAF U A0 A I
133 TEAmFimk  REE EELEWRAE T
70 S5 P PR AR VT 400 R AT R A O O

- B €8, 58 AR A €8 0 BE A O PO T 1 £
RIEREEE L, R E A (CM-700d), TEEH T
PRBEALIN R 3 A5, BERE(E afEM b, afd
R BRI, a (HB/NERRESE; b [EBKER
BRI, b (AN R i (6
1.34 FTEAR F RHRAKER A L Y 5 AR
PR(EAOIEATE 2 B, A3 BT E oG 224k
&, iR R BB AT, Bl i Fe A
FZ2/ANH, HTIESF AR A MR E o
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14 REH FAREHEERNE

KRS HONE . HEPLIFE 30 ¥k 3.8~4.2 cm
TR C AT, & 2 BRA I E T 1000 mL A4EIE R
MR AR, KR AME: B H(21.040.5)°C, St
} 40~50 umol/(m*-s), YeJEH 12 L : 12 D, 553508,
B3 d H B 1 REEIE, B3R 15 d e EOFIEH K
(L). FE(W)FIEf F(FW),

JEEEIE . FEALEL 12 #R(25+5) cm Wik, H I A
B IR 1/4 (GEFR) 172 (FhER) N 3/4 (4R34 1)
FAZANML, 7E 40 A5 T AT USRI, I L
R 5 X BT HUXT, U 3 R X R4 i o IR
MRIGEAR R, R 2 ) Ay R SR AR A

A KRN A« AR DB 2 R K R
A RKGR(LGR) . B8 B 4 A KR (WGR) A 54 A
KARFWGR), iHHEARMT .

LGR=(InL—InL¢)/nx100%

WGR=(InW,~InW,)/nx100%
FWGR=[In(FW)-In(FW)]/nx100%
K, noREESRREG Ly SR n REERKE (cm);
Lo MR BEARK B (em); W, EESE n KR SR
(cm); Wo IR BARTEBE (cm); FW, A E5 5% n Kk
BT (g); FWo MW IHMEIASER ().

15 REH [ AREREEKHBERR

X F AR SR M RAR B BEARIIE | SR ILIE

BEREE U SR MRRCR T BN, MR HIE S HE
ﬁ FEHE BN 2014) R T v, B R
fbo Hep, SHEif M) %hwh%%@%ﬁlr“
S s SRR AE I (2005) 40 5 1Y (TR AL ), W
AL SEERIEAR AR 53 2 AR 3 ARG B TR
15 d A R R AR V5 KNG R 4 AN AE S, Fen AR
L B RN R 4 A5G, HR BRI B AL TR B 4
25, BARRETE L LR 1,

F1 REHERKAOBERSRL
Tab.l The assignment value of quality traits
T ) .
FEAR Trait R IE Grading assignment
2 3 4 5 6 7 8 9 10 11 12
5if6, Color VRGO WpEE BFAEG g BiAfs BPE TRIRQCRLME SERZARLE WO KR
e ol BF T 1US~1T 1/4~1/5 13~1/4  1/2~13  fRer
B Leafform  EHE AL
BEARIEAR %2 57 2
Base section form
Pt FERE TodE BIRIE 0.05em BIF 0.05~
Size of saw tooth 0.1 em
R RE JoHiM Ay KT HER
Twist INF 14 14N F 12 RF L2
AR el IR
Maturity

1.6 REME FAIHREEREES T

AT SR U B Je FH Excel 2016 3152 {H
(mean) FIbRfEZ(SD)AE, ¥ 21

PRI 14 PR ECE 5 A SPSS 22 B dE AT R 2K
ﬂ'# PEARFRUE LIPS RS, A5 2 MR 2 (.

AT Z ARG, IFEEI RO, R 2

EEHE A )RR, DX E] O B R B R AT SR 2

1.7 RS

DRAEKRFR FAUIR

FE FNWT 72k FHBREAS Kolmogorov-Smirnov K463 4
PRAA A 53T R Pearson 34T 7 M A8 7 R AL

(CV) RIS S R B 52 S (s SR, 32850
CV=Frif 22/ F#1{H*100%
o3 A S R F, PSR 2R — X IR AR R R

HBRESH

21 FEXREBEEHN M
y P ERAR XA SR A RS R, A

HI ] Excel 2010 F1 SPSS 22 A% 4 k47 52 56 55045 1Y
GEitarr, Fy ACEER YRR BB S 5 X6 B R &5
A NSD35 #a iR PR BUEE AT X e Hidr,

R y I 0h I SR R AR A0 i — o AR
FIFET, H AR L0 I A4 78 T Bl 2 75 2 0 A B i
TH& o 1E 700~900 Gy &R T, NSD35 MRk X
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A mAMIBET, AIAETE R 90% L I i8]
HIHNZ 1100 Gy i, NSD35 5 Z& IR A4 20 i [v1] i 184
K, DA A T 4 AR T, AR 4 AR TG A
Ak, 21300 Gy DL E)FRIEJE, EEAR g
N[ N 1 10 G 7 W= EN NG 1170 21 OB | 2N S R
WPEASNERTE , AIRAET - F L 40%, Jun iR
Br b (B TA) o BRIRAS [R5, AR sE T
Fiewm, RimAIMEIET- IRz, HRA AT R Ak
(K 1B).

2.2 AT XA 4 B RO 820G

5 RS B A R AR EL, 2848 BRUS B9 R B @
AU, ERBERE, MERR Td)E, ZRAMES
Jii) P 240 o BB B P A S, AR S A R 3 A R
o, e, a6, gefEaSal(’E 2a). LiE
HE5FE 1100 Gy M7, & IBMRT 1100 Gy 7 1Y A
O R R AR AN A D I R 5 iR RS T 1100 Gy
T E ) A0 B B 2 AN TR S R BRIE I 4, &84
ORI WINEFE T o Bl & 7548 5 = 0 3 m,
NSD35 {4 R R4 56 BTG MR s,
£ 1300 Gy Wik 2] (E (& 2B),

23 REHRMHSBRMERSH

4175 78 I bR AR fr e 0 B A A T R A R A PR A
YNf, FEATAAR R AERE SR, W R R B
A ARG ATIRE AL E . NSD35 §h Rk
367 MRARFR ., RERB T ORERERE 454, B
BRAMR S1A, HAMEHIZAS 114>, FTRAKA 2
AT 2 AN LA B g AR R, e R A HLAARE L L 3% 2.

B2y GEEREE I Y NSD35 bR A4 FJE B i) 2% 55 440 i B

E B %446
231 EEFRTARYBREKRIMN R &AL L

BRI IR SRR B A (5 (8] 3A), SEEB R4, X
Wk AL RR A TE R SRR, AR AR,
FEARFEWM, a6 RSO, mMEa. K6, e
L0, WA SR (0 AR (] 3B~F) o ik — 5 K 28 A0 {4
PR, G55, AN[RIE o e A i 0 5 (i 25 55 b 3
(% 3G).

A

0 Gy

1500 Gy
ERT 30 BT

Fh#8 Centre Qeﬁ%ﬁ Tip
BTy S R IR 523 R 2 SO 46 18] (B =20 pum)

Fig.1 The microscopic observation of leaf shape of
N. haitanensis irradiated by y ray (bar =20 pm)

A AR AL HE S I A0 R A
B: MRRAS R 40 AR 2
A Status of cell after treatment with different doses of
NSD35; B: Status of cell in different parts of blade

B 800

600 -

400 -

RAFYA AN
Number of mutant cells/ind.

700 900 1100 1300
#7457 & Mutagen dosage/Gy

1500

Fig.2 The color-mutated cell-clusters formed on the y ray irradiated blades of NSD35

A: NSD35 AJA] FUE AL (bR R =20 um); B ZAN [ 57) 4 S 2 38 28 S 1 4l e 4 I
A: Cells of different colors of and NSD35 (bar = 20 um); B: The number of cells with pigment
variation after irradiation at different doses
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R2 VMPHEEEFREEHRE ST
Tab.2 Phenotypic statistics of mutation types
of N. haitanensis

ZEARIEAY PEARFFE RALRAL
Mutation type Trait Number of mutant plant
Mit, 4T Red 26
Color TRLED, Green 1
BRE% (T, Deep green 2
244 Purple 1
# Yellow 1
W&k (0 Brownish green 1
SEREE Apple green 1
T Slight red 12
A ZE I Narrow leaf 6
Form oA Wide leaf 16
i Thin 17
J& Thickness 4
a1 Saw tooth
HIM Twist 3
iﬁfﬁi H K E Growth rate 6
RERGBEAERSY BB RABNE

232 ®A
B IERESRARR | R AR R | SRR AR R | R
GRANREE, b 51 R AR R, Hir, JREERAR K 21 4,
ALFGH I REER 17 A R ARLEEIR 4 A4, R&EBAR
B NSD35 1A Hh B JE i 24 (23.54+1.39) um (& 4C .,
D), 1M 48317575 b 35 ZR AT Ay v 75 5 A28 R 1y IR
IR T 4~8 um (K 4E. F), {HEMAIZ%AR
PR R FP R BE B I T 4~10 um (& 4A| B).
TEE RS S Z AN, BT LA AT i 1o 0 5 A0 e A 1
BEAKIERE, WK 4B, D, F Fi, MK IS M Rl 548
. XFHRZ] NSD35., M HIge s Ak

L RE AR 22 4, AR TET AL AR 16 S A
MR 6 A, TENT RIS i Y R SR RS B G
(K 5)0 RAALFE) NSD35 AR TEE 15 1 em, 45t
VAR J5 S8 R 5 AR R 1 8 B Ry 2~3 em (8] S5A B C),
AR v A P AU S AR R Y 5 BEAS 2 0.1 em (/8] 5D).

24 FETEE FITREHREMER

241 F, vPRAAB MK FH AN  WFE 3 T
N, IIRIR R PR AP HER A, FOARRR L 5.
fief o S B BB 2 /N T R, g e) 67 1) A8 5, i
KTE . B SEERIE R i B2 B 35 X B2
PR 1a] TIE M AR S o A8 5 REFE 8.74%~59.49% 2 [A]
Hrp, 5% 28R NIRRIIEEE, UH 8.74%; 1M

it iR IR AR AR S R AR, KK
i F, FoACHEARR) LR 4 T A PER 09 A8 S R 045 )
H59.49% . 44.45%. 43.03%F1 40.83%., A, Eik
RS 2 M E, XUl F AR &R
INTXFRRA, RASKRA 5 Ak o s KA R e /ME R
F, FoACEEAR AR SR R X R4

2.4.2 F, vk R R PR AR % M A7 i AT AH 5
PR HT B, FoAREE R K B R H 3 H IS 5K |
HER | KT8 W& A OE(P<0.01), MHEHR
Bor A 0.982, 0.536. 0.688 F10.695, T & Sff i |
H 35558 | b 0 B0 S 3 B A OG , A OC R 51

ww
,
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<
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Fig.3 Gametophytic blades of pigmentation mutant strains

A: REVEASAFRR) NSD35 HR{A&; B: @A HRI4k;
C: ZL@MER @RI MHRA; D W EAET: Rg@r
MRRAR . AR SR ER IR 2D ERg ARk
E: BEAMIRGA; F: \gaEMHRIK; G BRRBHE
B E (RS AR B R afif s ARl b AH).
A: Gametophytic blades of NSD35 without treatment;

B: Gametophytic blades of purple; C: Gametophytic blades of
red and green. D: From top to bottom: Gametophytic blades
of emerald green, yellow, purple, red; E: Gametophytic blades
of yellow; F: Gametophytic blades of brownish green;

G: Value of chroma between the pigment mutants (Abscissa
represent the a value; Ordinate represents the b value).
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Fig.4 Gametophytic blades of thickness mutant strains isolated from NSD35

A JEMAEIGARRIRA B JEM AR AR R AT C: Xk B2 bR A4 5

D: XM PZAMIESE ;s B W BUSAR(RIARIA o R e A A 2 A R L

A: Blade of thick leaf mutant; B: Thickness of cell from thick leaf mutant; C: Blade without mutagenic treatment;
D: Thickness of cell without mutagenic treatment; E: Blade of thin leaf mutant. F: Thickness of cell from thin leaf mutant.

A

Bl5  FERERAR R
Fig.5 Gametophytic blades of width mutant strains
isolated from NSD35
A~C: FEMHIGAEA; D: AR
A~C: Wide leaf mutant; D: Narrow leaf mutant

0.834. 0.595 il 0.561; Fifs 5 H G H A5 b 2 EAMH
X (P<0.05), HHEZRECH 0.489; 1M T F 5K % b 2%
WEAME, MKERECH 0.743, BEH5HMIEE,
H 34 A A I 2 TE ARG, AHDC R B0k 0.739 Al
0.724; HEUGRAERECH 0.520, 28 FHA,
HIG KR 5 H 908 | H 3 E R K T8 L 2 4% 3%
K, FXERESHIN 0.572, 0.712 Fi1 0.675, HIE
PR H ¥ ERAIOCRECH 0.908, F kB E IEM .

H 3566 5 MBS 2 W A E, 5 bRk b 5 5
R ERAG, HIGE R G EAR 2R 2 E A,
I PRAZAS [) 5057 22 ) F JEE 38 2 8 A A G, AR [
BE SIS 2 W3 UG s TSR Qs 5 B 5 814
FHM 2 W EAOC, MOCREU A 0.364 Fil 0.464,
A Iy I TR S AR T PR v ) A R R R A
A, AERECH 0553, BEARAYFHL A 53k
AR RIEAE, HOCRECH 0457, BRI
TR A5 A PR 1) B 3 At B A SR (1B 6)0 BRI,
Jo i IR 5 B MR 22 I 1) (3 AR S MR AT,
AR Z ) 8 2R SR

243 BERBERGRE ST XF Fy AR R AL
WRiFAT z-score bRUELLAL LSS, SRAAEIEERE, K
[ RRCRE B EAT R RIS B 7 T, 53R
K FOARFE AR I A 20 Ak, WK 21 AN BARRIR SN 4
ANHHE B 128 Sk, HRRAUR SRR 2R
24 6 bk, FEnigm Rk se . Ak, Sk
A2 0R, FERUE AR BIARESE; SBIVIEA 8
B, R RS B R AR

3 i

NLAFEAEH Ffn] DL AT R SRR, 2l
A A ROz — Hof, oy MERIBATT Ik B
VB E e B8 Z B T 53 H b (1848, 2018),
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R 3 IREFREFRBMIRE Kolmogorov-Smirnov #3645 8

Tab.3 Phenotypic character and Kolmogorov-Smirnov test results of N. haitanensis

EiEt WA CPIME bRiEE H/IME RRME  ZRFE Difference of
Index Treatment =~ Mean SD Min Max CV/%  variation coefficient
1%

KB Length /cm F, 46.86 9.80 21.38 60.75 20.91 7.10
CK 54.08 7.47 47.00 63.50 13.81

FERF Width /cm F, 0.72 0.32 0.49 1.84 44.45 29.25
CK 0.79 0.12 0.65 1.00 15.20

WE T Fresh weight /g F, 0.186 0.070 0.074 0.376 37.77 16.24
CK 0.232 0.050 0.176 0.294 21.53

HIK R LGR /% F, 16.13 1.63 10.94 18.02 10.12 4.04
CK 17.11 1.04 15.44 18.55 6.08

HI55 R WRG /% F, 8.72 1.27 5.80 11.03 14.58 5.85
CK 8.56 0.75 7.32 9.24 8.73

HIE R FWGR /% F, 26.73 2.87 19.92 31.47 10.73 5.54
CK 29.11 1.51 27.32 31.61 5.19

K951 Length-breadth ratio F, 71.24 22.85 20.49 109.81 32.08 21.02
CK 65.74 7.27 56.67 78.75 11.06

EIERE Thickness of the base F, 30.96 6.22 21.63 41.25 20.10 16.26
CK 31.79 1.22 30.00 32.50 3.84

FP3EJE Thickness of the centre F, 21.78 2.56 16.83 27.60 11.74 7.61
CK 22.86 0.94 22.50 25.00 4.13

JRUHIELRE Thickness of the tip F, 19.28 1.68 16.56 21.83 8.74 4.22
CK 20.89 0.94 20.00 22.50 4.52

Zift, Color F, 5.38 3.20 1.00 11.00 59.49 28.89
CK 2.57 0.79 1.00 3.00 30.60

EIIEAR Form of base section F, 1.57 0.68 1.00 3.00 43.03 43.03
CK 1.00 0.00 1.00 1.00 0.00

-8 Leaf form F, 1.19 0.40 1.00 2.00 33.80 33.80
CK 1.00 0.00 1.00 1.00 0.00

#E5 Size of saw tooth F, 2.52 1.03 1.00 4.00 40.83 27.60
CK 2.86 0.38 2.00 3.00 13.23

F Twist F, 1.24 0.44 1.00 2.00 35.25 2.18
CK 1.14 0.38 1.00 2.00 33.07

%1k Maturity F, 1.24 0.44 1.00 2.00 35.25 -2.70
CK 1.29 0.49 1.00 2.00 37.95

SR ES e b Ly LD A N R N T RTINS
SRAFRIY IR . ARBFFTLL 5 M58 BR5R (700, 900,

1100, 1300 F11 1500 Gy), XJix2E8A I MRS T4
AR, X A AE T S A AR AT LR A AT
DI 8 i 578 M it 25 R o, (278 S 40 i i 4L
it B SR SR A SN S e S BRI (A 2),

5P AE(2005) IIF TR 45 AL . EAh, RARIK F,
RARSEMREE R T HRA, HL BRI LIS, FARH:
MR 978 S R B KT 10%I000/N T 90%, J& T i
A SRR A, 2018), X U HH v ST2R75 AR BEARAS B 4T
M ARROR , HIEAR R R T 58 S5 48 (Chen et al,

2016)FI1L 241528 (2 Bk, 2006), H IR
SEdh . BRI, HA R E . A BRE
DS, L, v FERIEAE RS AR
AR R AT B R A R TS (T B 4, 2019).
WA AR AT H R H AR AR 22 R
R RIMEAR , A bR S 2 2 B Ah AR A 6 R T AR
(R FUEE, 2020), HEESEMHYM S, LRIRE
HSME TR, HOE SRR EE AR 98 R K
M- (BE 5530, 2010; Xu et al, 2012; #AMAE, 2017;
PrHeT 45, 2016; MIRLESE, 2008), B L | 5
JEL S IR N 5 S A i VDR O, T R AR B S B
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S & %

*
$9£V&¢&

KJF Length %k kk ok
FEEE Width | *% *ok E
#£H Fresh weight *E ek
AR LGR | %% | *k | %k
A5 WRG | **
H &% FWGR
9% ¥ Length-breadth ratio
FERE EF Thickness of the base

‘éréfrér
@@{
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Mutagenesis and Blade Phenotypic Traits of Neoporphyra haitanensis F; Lines

ZHANG Yichi'*’, WANG Wenlei'*?, XU Yan'*?, XU Kai'*®, JI Dehua'*",
CHEN Changshengl’m’ XIE Chaotian"**"

(1. Fisheries College, Jimei University, Xiamen, Fujian 361021, China; 2. Fujian Engineering Research Center of Aquatic
Breeding and Healthy Aquaculture; Fujian Provincial Development and Reform Commission, Xiamen,
Fujian 361021, China; 3. Key Laboratory of Healthy Mariculture for the East China Sea,
Ministry of Agriculture and Rural Affairs, Xiamen, Fujian 361021, China)

Abstract Neoporphyra haitanensis is a traditional coastal aquaculture species in China; it is rich in
essential amino acids, minerals, and vitamins. It is not only beneficial economically, but also adjusts the
ecosystem. However, fine varieties of N. haitanensis are lacking even with the enlargement and extension
of the N. haitanensis growing area. Since humans began breeding N. haitanensis, most produced strains
have been domesticated from wild N. haitanensis collected from rocks. The germplasm collection and
usage is considered the bottleneck issue that often causes N. haitanensis quality degradation. Therefore, it
is important to breed new varieties. Selective breeding, cross-breeding, and mutation breeding are among
the most common methods used to breed new N. haitanensis varieties. Mutation breeding is a quick,
simple, and convenient genetic tools. For several decades, natural means to induce genetic diversity have
been exploited to breed new varieties, as the naturally occurring mutations are insufficient. One of the
most important genetic breakthroughs was the invention of artificial methods to induce mutations.
Physical mutagenesis is a safer and more efficient procedure than chemical mutagenesis. To obtain
artificial mutants, N. haitanensis (NSD35) gametophytes were treated with different y-ray irradiation
intensities (700 Gy, 900 Gy, 1100 Gy, 1300 Gy, and 1500 Gy). After culture recovery, the results showed
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that gametophytic cell death increased with the irradiation escalation, with more than 90% cell viability
after low radiation dose treatment (700 Gy and 900 Gy). With doses more than 1100 Gy, the cell viability
decreased, in which the NSD35 cellular space became larger and a few middle cells died, although no
obvious change was observed in tip cells. After induction, the cell morphology changed with higher
radiation doses (1300 Gy and 1500 Gy). Some cells exhibited microscopic features, such as enlarged size
and alternation from irregular cell shape to circular for some cells. Notably, the cell death rate decreased
systematically from the blade base to its tip and from that to its center. Microscopic examination revealed
that the number of mutant cells increased and then decreased with the radiation dose rise. The pigmented
mutant cells frequency was higher in low radiation doses, further increasing with the rise in irradiation
from 700 Gy to 1300 Gy. Nonetheless, the pigmented mutant cells frequency decreased with the highest
dose of 1500 Gy. The best mutagenic effect was observed in gametophytes treated with 1300 Gy as they
had the largest number of pigmented mutant cells. Cells cultured in vitro were obtained by enzymatic
hydrolysis and individual regeneration. Preliminary screening of 67 mutants was performed to construct
the mutant library, and 45 pigmented mutant strains, 51 morphological mutants, and 11 other mutants
were obtained. Most of the mutants showed two or more mutations of phenotypic character. Twenty-one
F, generation cell lines were screened, and 14 traits (length, width, fresh weight, daily length growth rate,
daily width growth rate, daily weight growth rate, length-breadth ratio, base thickness, center thickness,
tip thickness, color, base section form, leaf form, saw tooth size, twist, and maturity) were analyzed by
correlation analysis and system analysis. The coefficients of variation results showed significant
phenotypic differences between F; and control cells. The F; coefficients of variation ranged from 8.74%
to 59.49%, revealing a moderate variability. Correlation analysis also showed that most of the traits had
significant correlations. There was no significant correlation between the length and width or fresh weight,
while a significant positive correlation was observed between the width and leaf fresh weight (P<0.01).
Significant positive correlations were also found between quantitative traits, while there was no
correlation between qualitative and quantitative traits. These allow indirect selection to improve breeding
efficiency. Cluster analysis showed that at the Euclidean distance of 20, all 21 individuals analyzed were
clustered into four groups. Overall, the phenotypic traits of different groups were significantly different.
Mutants are critical materials for studying the genetic regulation of mechanisms involved in the control of
economically important N. haitanensis traits. Pigmented mutants are a dominant-marker trait used for
breeding that have high value for theoretical research and practical applications. Our study identified
many pigmented mutants that can be used to study relevant biological mechanisms. Nevertheless, the
variation coefficients of four quantitative characters (length, width, fresh weight, and thickness) of the F,
N. haitanensis generation were less than those of the control group and were biased towards negative
variation. For example, more thin leaf mutants were obtained after the gamma rays’ treatment. It is
interesting as a thin N. haitanensis is more suitable for automatic processing, and its primary products can
be reprocessed with higher added value. In conclusion, after being treated with y-ray, the N. haitanensis
blades were guided to variation enabling the selection and cultivation of new strains, from which strains
with improved traits strains were selected. This study provides interesting materials for accelerating the N.
haitanensis breeding research and the selection of excellent varieties.
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