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TUHGE BV ARE L I 60 AR B A EORIE A Fh
JIAR TR R L T R EOR BRI R AR A
TGRSR, LAy R R 8 7 Rl T 5T
RftZ%,

1 KA LRy

L1 £rkeERANEl =z —

fgeit, AERORRYEE S T 3 200 J7 t (
W), HIEAKIRR AR 51%, Hik 20 4E4%
FRAE I 2 4% Ry HE KA (2000—2020), 2 1l B
TRIEIR Y 2 f5 00 EY, FEB L v it s ke &
T EEZHEAEH . 20224, FREMEN (Sac-
charina japonica). *53% (Porphyra spp.). #F i 3¢
(Undaria pinnatifida). 11.% (Gracilaria spp.) UL %
FWIZ (Hizikia fusiformis) 55 16 35 1) 3% 55 B AL
134978 hm®, 4Fr=fikF] 2498824 (T4, 4Bk
i LT 50%. MAELEIRT, R B 4 C 40
R T IR EVF 2T BT SR, WA TR
SN, RS E JE R A TR
DA o
12 FERMES

HRIEK P L EL A L 7l
S = G ANE SIS TS I E 22
VT TR i WA 100%, AR MR o]
AR, TR S A i R
ik
13 MRHATERIRD

LR P R BT B IS 50 Fl, FRIEAT
HeE ALy 20 A, (B H Fir SR AR AL L
B (3 500 2 b) f9 R AL AT AR
3R (P. yezoensis) . 15452 (P. haitanenesis) . #7 % |
e ( Gracilariopsis lemaneiformis ). =F i 3¢
6, X 6 FRIAXT R i KBS S
[ 95% LA 122, A R TR0 i 1) N TRk B AR i
ARt —L K,

14 FERXEES

HAT, SRR A 0 2RI X, 5T
BRT 99.54% R4 ekifg e P, Horp, p[EHIED
JE J VG . 1) R BRI 5 0l o A BROE T B Y
59% A1 27%, FHARIEM EZ L2 12%. A
fE S, R A i P AR K, Rk
XA iy £ 5, AR . AT
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KU RIARE (Kappaphycus alvarezii) . JETEe ., 38—
FIABEEE . WK . £ E 3K (Bangia fuscopur-
purea), BiKL (Betaphycus gelatinae). W& (Ulva
prolifera), W1 # (Gracilaria chouae), #iFE{1E
KA TN (G. tenuistipitata var.liui). 3§ 46 0 VL8

(Gracilaria lichevoides). > % %) Bk # (Caulerpa
lentillifera) LA S A1 4E3% (Gelidium amansii) 551",
1.5 RREIRIE

TR SR, Bk i 3 2L
X Z — & AT B, Bmi Al LAAE S i
1555 IR R R B R, HOR, K
Vg T DA S R S TE WL R, B IRV K R
b5 RIS, 3 AT DL O A 4R R el 1 X 28 U8
Bio 85—, RANGHZEMmN EZYM, i,
FHAE R B R 2 25 605 830 t B, 70 615 t A A
8515t Mf; gk 344 128 t B, 72422533221t /A",
S, NS REHAVEY A3 SR, (H ] LR AL
A ER, HERERmME R, Wik, K
U AR B AT A e Bk T RS & R A H bR AN E
RO, e UG 20 4F 71 4% Ry KR, T E
2050 4F, BRI EEFEIE T E IR E] 1,167 6 12 ¢,
EHE R 335, WH, AR I H A
W bRME (B NER 53 g TR, KEVERE
KK E I <Em &Y, T REEEN 2
NH, 2023 AFcrge 15 SO B S R RO
FUFBE T (P 3P g [ 45 B 56 T 2023 4
STHENE & MRS S TAER I ) ). i
BRI AT E DA i T b A
EH M REAT, HTBORMEHR LR, K
TR SRR 7 ) & R A O Bk T

2 KAMGHEREAR

e [ 5 1 fo BT T st A% 77 MRS
BRI BRI E %, 20 42 60 4FAL L
K, EAZABHTBE T E 2B ARSI R T LA
SRNR IR BAL T, T 3R
MG FREAR, DU AR SR 5T
X, H ST BRI AR, L,
PRI A A d FE TR, LU A REFI
AR A A P O 8 PR DR OIE R A9 A MR HE AT B Bl B
SRR R AR o B R SE R AR 1 A R X
WLEW AR R B L R, AT, A58
RN TR T A A T AR R B S T
MR, R T BOR SRR LA AR R
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2.1 EEFEFEH

TEPE B B A R 38 o BT A B A sl N TR S
FEAR b e SCRA O R AR B R S oA, JF
S LR R s, A MR R A AR
&, ERPERCH AN (). R ITJE TR
RUEEPEE R, 1962 4F, Jr o BRAES I I 1] ik 4%
FESE AR HARERE 7w A E —5>,
R TR 15 L 2014 4F AL AR I S LA I
U DX VA R B A s A e P8 LY 20 Bk
ARG BERIREA, LU R () Sy BARPER, R
MRHAER AR, S 4 REFM, T 2023
A5 3 2 (http://www.moa.gov.cn/govpublic/YYJ/
202307/t20230725_6432818.htm), H A A2 LU
NTHRIEHHAE AR, B ZREE RN T HA
e 5t A% VIR I 28 3 R D A% R A0 2% BT 525 (P.
yezoensis f. narawaensis) F1“ I H K32 (P. tenera
var. tamatsuensis), X 5L E FIAE) N
T H AR ) fl e A SR, g% R AN 2
AR ME AR MM TREEMEARREE BN
SEORCWNAR 1 57F 2015 ARl W, iz A
AEARIE . P E R R AL, EEAEWTTL A LY
M) ARG o AN, i E T 85% DR BL T R
an PR E LR M EOR y £, gl W, i
R MRERAGEEF RS . &2
AR, XETRHRTREGERERUERS T
WLELFNPRE , [F] 2L F o R AR X AT, AT
AR IEE 1 RS TR AR R R E
il 5 FTAT SR S KAV 8T i AL B R T
Btz —, (RIS HEE Al B AL To AR 4 PR
(R A% F BE Rl AT PRI, B R L A Y
PR I AR,

22 FLEM

FEIFEAS B P B AR S T8 R P BN AL 2 7 ik
Wk AR AR AR AR S TR A I I N kA A
RN SN NS = T 7 AR = I & L Y (SR ETE: AN
A X e 2 N N AP Ol B X - A = 2 e 2 [N A
WA MM E R TR EED, Jlm, FEF
T R R AR B 2 7 HH R HR 0 i o b i 7 o
o, BN IRAR KA ISR R AR T
B, HiFEEFEMBEARIESY, “Coy ST YHIE
75 F N-H BE-N/-fil§ B -N-TE A FE AT (MNNG) fb2#15
AR EEUE S AT UK SR R AR AT A ROE AR, ™
M4 UEPH AR “Co-y SFLAAR HE AR B & T 3R
B — A SRS AR SRl AR 1 5 D R AR 2
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15 g 2 50, B8 38 R hE i A1 BRI
OCo-y FHRIF AT RMHE T LR RAIRE, K
BHAEKE. BE., AFESS£ERRMER R
ARG R 67 AN, RSB EH AR R A K
BT, X — AR N SR m B R
ML it BT 0 23 A DI o A o o 20 B 8L 17 A5 A R 7
AL, BEAN, AR E MR AU R
M EZEF AR . R <9817 <2007 1Y
BB ¥ PEAT T AL (MNNG) i 28 kb 31, Hoepr,
“20077J& LA<981 SRl AT BB R F RS, %
B e R R T 37 L L BRURC T R R B A T
Freegg > 021

23 ZEXEM

G S 5= ¥ i P = B3 B Y )
FEEMARN T EZ —, Al LbldA H b
FA, RIERZEAMT, MM SEIACREAR % A
o RAERAE T L B R 20, Wy B b Bl AR 7
LR, <9017, “HLfE 157 DL M oR A, HEE
Brah AP 1S MegRE 2 5, <R 1SR
25, “HIE 1S MCHAE 2 57, B
AP E 1S T 2 SN H T 45 B R
FAR Bilan, Jy o BLAERY F) FREAT MEE R TR S
R HERC PRSI, 4t 4 RELE R A
LIEE , KB T8N 438 S Fh e B 1
5o BRE AR S R R AR B R (A R R
AR5, BEE T R e R Y
LH R 1S, DU ER . R A
PRl T 2 U R A SR R I E BOR [RRE
DIZ BN F, EBMAEA IR e F—
) BRI RN TR e b 2 32 5 R E M 8 F
LS A,

AR ERFRTAER RS TR
TFEERYRI] Ze 58, lln, 577 9 SR T i 05 2
SEIE =225 (Pyropia radi) 7438, W43 AR
PR E T HA AR SRE . S
KA BRI 2 HR-6, BHIF A GUFI K i
5 (S. longissima) WMERC TR 5 <R 15 1 1
Bl PR3, HadEs SRAZE, KahT
ELA S T e T DA AT e A bR A Y B
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Fhe90 177, gk AE M T LA 6 M. H
AR BEARWEHT (S, japonica), Y.EHT (S. diabolica).
RN (S. ochotensis). KT . AT (S,
angustata) 45T (S. religiosa) BT 1R7E Y 24
ARG, AR T 18 24 F1 AR 14,
Hif 13 Dl G Em KB FRIL R
P, ONHGTEM Fr i Rl E R
Druehl S8 PFAl 7 7 R AR J6 KPP ] Y A 58
BER, 45RWIR, 7E Macrocystis integrifoliafll Nereo-
cystis leutkeana Z 18] 1 2% 28 ', 4 Nereocystis
leutkeana J2=WEVE S5 A I 7 A Y BOE 2 58 Pl LA 9
MR, R, &I BRI 1 Eisenia
arborea M1 Lessoniopsis littoralis Z [A] ) 52583k 4% T
T4 I WE T SR AS AR E 2258, 24 E. arborea J2
WP SR A, e 2 sS Tl B A  f,
KBS ; X L littoralis JE Wi SEARR, TN
1 0 AR 2H 2 B TR B BA B B SEAR . X
BT[] e 52 7 R 221 15 B IR R R L T R
wWE%,

R 2014l 80 EMRR, hEIGTE
A T A R ) 2% 38 DL M S 44 28 B AL
A, i T RIS ST, AR
YRR HT (S. japonica) MERL P& 5l 5 K PUHE P A
BT (S. accharina) HERL A5G, GELEik
a7, WEHENFHES AT M E#HTE
) TRE A T i A eI A% 10 5, B i A G 7 2
30%E, Ty o BRAECY SRl v [ g A DA E I A
[ 55 DR TR A s R A A SR R T AR
SR AR PLRY, I HZ LA 5 T
A8, w2 REE, BE G TR
HZR 10 57, BRAh, ZEBEENCY IR S HE T T AR A
SRR P IE Sk 24 28, 38 3 i X S 00 i e A 2] T
HA WA AR Qi F, K. d T
W, MILEBEFMABEEEMEAR, 228 FMiE
TSRS B AR

24 HEATIEEM

TS B LR A e T 9 0
S YO RS Y 0 0 DA
TN IR R AR A AT,
TR A IR A MO,
RPSSER AT, T2 (L B BERE A T
SRR TR . SEBMR, %
SRR 57 R R, TR €
T L BV S A SR 3 99550 9
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o Z )5 P FH AR 20 B v e R R i 25 AR A 4l R e
A, IR B — € M g A E 17 il A AR A5 i AR T AR
M), R A ARG IURE S, BT & Y ik
H sl nfs &k & BOSRAS R4 G 2Rk (2n), 224k
TR S R e T, ST A B 5
PR B BMRARS, TR IR 4l R R, B
A AR B I R A T AR Al AR,

FIRE, HLFE 1973 4F, J5 g BRAEY w81,
T MERC T IRFEHEOR IS, PTG Z A 1 M
2 YA L 3 BT G R T, T R R T
A, RPORME A= B 5 T L VAT I T A 3 o M
B A JE AR AT DO, BB RERTE
(), P, O T AR A 3 — R i mT AR T SR A
PRE RN, 5 5% BRAECY ] T RME A= 5 04 96144
RREA S IE R R TR T 3E, Sad 4 0A
LB EHEE W TSI 1 SMATE R . A,
i g Lo e 1 O E I 7= 5 W (R A N B e 3 )
TCHEC A5 . (HI Lk 25 BFgT R B, REATT e T T
RESR W LR B AT, (AR ZHUEWIE 6+
i, R E AR, HREAT

25 ZEKEW

g T AE N R P DT BR ABAR 15 5% 19 77 122 A
WM ERPAESH 20 it PG, HHSIER
e R AT 2 245 2] T 4R A 32 3n il 4n fl TR
M DORIE SCIR A R, 5IEH 2n AR SR 1A
FHLE, 3n R SRR R AU R AR, |
4n B Al S A6 AR AR B R AN E 20 TR
RIS, 3n BT SR AT E BRI N TC L IR L,
RIM AT R 4n 605K BARTE iU £
BAFHRIE NS>, RRARFRIK. 255,
ZEREnn ™ A T R AR K 2n BC TR RIS S AR, T
G T RT3 20 BE TR AR KR B R B OR B TR A
BB FR R, A3 T OREHR R 2n L T4,
SRS 3n J TR LB B AR AR T HOR
Fro TR, 2P BN YR TR A6 R R 40 i 175
FARAE T 2n MERREEC A, DA R FERERAS T
i 3n Fl 4n ZHE TR X LERESE R AT 25K E
5 ¥ 5 v R AR A 1 S T kA
26 SFEM

HHr, A0 FafERFBEh, 41
Fric % B B FF (molecular marker-assisted breeding,
MAS) T 4] 25 I 2 R AL 0T i (R) L& i
b, AR ICHT B E RO AR B SR B A O
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(8 T A R EL AT MR PG 34 i) A5 A7 ik PR 3 3k P 78
A ARIEAT HE R BB F . BT, BEHEAMCE B
FH BN TR [ R 22 50K 7= 35 58 201 40 1) o I 65 2 0 it o
WE B, BUS TR, (AR R
Sy AR B & ST i AL TR A B B

Wiy . SRBESESE . ISR AR
(1) 35 R 41 45 40 AN T BE C T i by . Hovbr, o
IR =R A BE H K = 5 i A VR R 2R SR
T 2015 4F 1 2019 4F 58 B T U 47 3 R 41 I )y T
PRS00 e ] Vg A R R 2 43 i 2019 4F
12022 AESE AL T IR B SR EE AT TAERS; H
ENESP & R o g T AR ES e Sy N I B
2013 45 Fi1 2020 4F- 58 il T 2% BE 45 3% 1 33 DR 4 0 )y
ARSI Rk 2 B v T R s ] 4 A R 2
4390 F 2020 45 RN 2021 4F- K e T RR A 3R 9 41
Jp 25 O [ A K SF I AT T R AE Y
SEDIZ 25 R RN REET, 3k S 25 5 U 11 i PR A 4
AR B fife BT Ay 22 ) KL T T S5 ) v 288 3 A 14
P, it BT A R R T T bR s A AR AL R B2 4 T
SR BB SR . BHIE B IR R T A
LSRRI SR Y AL R, IR eI
SCEL TR ARG QTL By, JFA TRKE ., &k,
) A B B S R A DG 1) 2 Tt o (H T iX
P 2 5 T 1Y % (0 AR 1 Ik L DRI A A T e S/
BEAR AR | 3 e NG o) 5 B R B = 45 iR
PRI, Ay A st A% 3 B IR 8 <<% CF- Y b i 1]
b5 R 0.69~13 cM), K451 QTL & v A U85 4t |
DR T 7 28 1 0 bR 10 i G g FH T S BR B Al
AR 6 R 2E R S S B R 5 0 AT A T 35 5%
SERERATAR (DH) BEAR (B27% 480 N4 R T1R), Hl
FHM R b DU 7Y (BSA) F 43 1A 42 5 i 45 )
TSI | R DL S 0 B T Y
rFRRic, FERHIERE MBI @ FArid (RAR),
EAHMERHEARES BT -, e
H AR BT A R W28, H R IE A I X T R
AP PEREIIR S BRAh, =R T R E a4k
SEH R, DAZRORL AR I PR 5 AR S ) AR 7 [X 5k
Pt 225 M (target region amplified polymorphism,
TRAP) bRic i BRSO R, SCBL T 0 9 B
RN MR B RO R, FEZEA A = MRy T
BUAS TR &Lt e, Bk, KBS
oo s R FE ML TR B, F%8
TAESE P AE T PRI R0 3545 22 R s L 45
P . SRR R HT A % B, BT
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M5 FAricdEs 2

LT FARic i By E o, KR s e
K TR F R0 A TR R BB 78 20 122 90
AERPT, EREFECT R HBFEEER T GUS
FEPRTE IR SR IR A AR P i R () 238 5 [R]— B 149,
Mgl i S R b gewl A g ar, BPLL SV40 g
¥, CAT B AEEEbnic, Rk S
TAEIRMEAE B A T R T Rk, 2R, RBEE
3 GUS % [H 4 pyLHCI % K " B BR BT B
yCAL1 "W S 5E[R gl Gk B0 68 11 GFP. iy
L rt-PA 1% 2 KA tac S5 KLY, AR SEHG B
g A re-PA TR B FLBE B SE ) (lacz) Y
FHRHMRIE RGBS, it — LB KR
RIS G SE R E R R, ST S L I Dy g 42
HET R R S EHAR S 4, DR R
Zhang 55UV R EL AR B IEFALEE AR B &
TR I iEAE B3 SZ 8L T CRISPR / LbCas12a %
g, JEUESE T B 5 2 800 d B 18
A B AR AR P e A A A . B H TR
TRV 8 DN T %) B B AR 5 B HL B R
ULZERE DN

3 KRB HORT AL H

FlLSEAME it 7, S FE SR . A
PERZ Ol o AR R L 7 i e ol
b, T TUAE B R R TR0 I 358 A Ak 5% T RRLR Wi Ae a2
HEFEFE 14 J7 hm® A2 A7, {H7E AR L AR B AR 1
T 7670 FEA AT R TRV T o RS 35
AR 7=l Y BT R AR W . 3R E T 20 A
50 AFEARTFARIEAT T i . SR M AE W E R | it
Lol REAR R A & 0T5E TAE, Di4k 60 Z4F
&R, 20 T HMBETE . BRERIE .
BRI T S SRR B, ER M T
EFEFHEBEE M. B M. RAE MM
TRBRAETEER T T 24 4 55 5 Fh
(F D), H, LT H 2485 M 7 L350
AR KR SRR B M S A AR, T 19
g 80 AR TF IR, HETAHIER H 2 A 3 4
TR S

HARESE | R R ) Bl 5 i
Jl, HATCHAL 13 AR, HAR D
WA BT R A i E KA T MR
B, T 19 el 80 AFARHF R T 43 . Mgl At
R BE RIS, 2012 441 B8 A MY & Fl™
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5 \ FRAAH R i T e LT
5 R na:x:le ofthe  breeding feat %ﬁ?ﬁ#%h" et 'lﬁt%‘t%m y;a_r of thzunevt‘ VariZty
no. species new variety  techniques catures ol the new vanety mstitution appiglvge d registration number
5 DB T B kR
BETT LA EOEEY A
I s japonica 901 A F-FF% R T, B o 1997 GS-01-001-1997
ﬁ =
P MR, EPEIRAE, SR NN,
g - . AT vl IR TT A 02001
2§ japonica RIT25 A iﬁg%’é%%ﬁi%éﬁ% P AR 2004  GS-02-001-2004
s -~ i A R 9 Y SR AR A Hh P R
3 iponica A WP JAL KGR IEF21 °C IR I T35 L1 2R 2 e K 2004 GS-02-002-2004
Jap 720% 0 F, AR KHIK, AT B2 )
VU 53100 F A AR . o RS T L
A . B BT, HEN e
4 G lemaneiformis %8 i ’:FkL: ey I%zg\ g%iﬁ o [ 2006  GS-01-005-2006
.
- K S A Ry —
biakes = TRl s (R, JTBEs, IR G A
5 5. japonica CEE AT BRI R 2007 GS-02-002-2007
Pramt, BRI .
- o g RS, TR
E,\i S AL AR +D Bl 71<7\! ﬁ YL 2
6 P haitanensis i g TR WO, LR, ime LA 2009 GS-01-003-2009
TA AT
N e e . R F IR A
7 ﬁfpmm B WL B gg%}“m FRX. HTHR j(;fﬂﬂffs}zaé 2010 GS-01-010-2010
AR, T, g, KPR
iy e WA SRR R R
8 S japonica 1 % 6, TR R Aok EETEE%@% 2011 GS-01-006-2011
21°CPLE RATRA
s R A N
Y Jlﬂ_ﬁj% %5@\ 9 =3 g S 3 Y= JIN SR
gt —, BARTE . MMAKRE, PR, mEEEm=Y
9 S japonica — e R, R, K, A 2012 GS-01-003-2012
/NG
IR ; o Vi ¢km AKHIG . BRI -
10 P o nonsis 15 TR B T, E SN 2012 GS-04-002-2012
SRR ‘ N N ) TLI AR K
1 ezge/;l\sis PiSEIRES B, EE S s R R . WAL, IR 2013 GS-01-008-2013
Y TR
. - N a o R,
— kb s *ﬁ\ Z‘:/\ Hf@%bﬁliﬁtﬂ(%\ ﬁj’l%iﬂ%ll\ E‘[’XJE SE 74 20 N
i & 2 . o A = SN = A KK
12 ’ ) AR 41 A% JEMR, ARG, EET 2B oy 2013 GS-01-009-2013
P. haitanensis H H b ﬁT)BUJDTu E%ﬁ?%gu\%
P N BEARTIRA %, A, W PEREBUEE
13 l.;';mﬁda TS KT IR 98 FROUIK, fATRERE Rk, WEILT, K 2013 GS-01-010-2013
P Hi Sl A R A
54 FEREARNAS% . e i ot et
14 g?@ingifowﬁ 2007 52 2;10%15'1‘ BRI B RO o E'il’j%gﬁ+ 2013 GS-01-011-2013
o
%E%ﬁgi%QF#%\%%
[ HH & Pt M
g o s FeSi L ZR AR T W
15§ japonica RIi6%5 AR %’&Eﬁ}g%ﬂ%ﬁﬁg FER T AR A 1] 2013 GS-02-004-2013
HIHE.
i PUEni . =GhE B R T ;E)Jﬁﬁﬁlé
b U IR D i WAL S G FOT SR
16§ japonica 205 O o IRy 2014 GS-01:010-2014
fEAT]
i
S A Z VAN W ridg
17 BATE g mH iR, sk, Emprr, RN a0 gsaoronione

PUSROGHE S50 MARTERE . MRET
HAERAHIE

https://www.china-fishery.cn

T E K S 2 B

sponsored by China Society of Fisheries



ToEE, & K= EA4R, 2023, 47(11): 119104
SR
R ~ FRAMLH  BREAR I S, WEED  pwgins
Yo e mmeoithe  brdng o FERE L hoittion g thenew varicty
no new variety techniques approved registration number
TEAFRET S AF T, 5l RSV
s b : ! pous it )
Ml i iy Fuds 3 AL, ICRIEAZIR 15- e o
18 SN iEE VAR HAL L sgaryifpie: . e FRoAEL ER 2014 GS-01-012-2014
U. pinnatifida 20K, HER30.0% 0L, 2 LN et
i i WAKE . AR ST TR, WL
19 ;‘Tiﬁmem W15 %ﬁ@i@w g?f PR FRT &fgmﬁ?‘?ﬁﬁ 2014 GS-01-013-2014
FPHEK ARG, GRDEE. W AR T AR,
20 p s Diylivacy B, R AT G R, T A ILARUHEKT 2014 GS-01-014-2014
Y B N
Ny U EAFERET AT, 5@ A PEEERSE.
21 éz}é;;neifbrmi? Bl1s zj{% e SEAPAHLE, B R15.0%L A K 2014 GS-04-001-2014
) ’ b EAREERS212.0%. PR ARHET
IR I A A N o
22 P. ha?;mensis 25 %EE%IE o, T, EE. %ﬂ[féﬁiﬁb ﬁfﬁ TN 2020 GS-01-010-2020
AR, 7L 7 Hb X AR ) R,
S 5 1 S S 3 g og op B R B i
2y W CIERS 3T ﬁi‘j%ﬁf’\lﬂi@?ﬁﬁ@;ﬁf WO, KW 2021 GS-02-002-2021
S. japonica b, FEEPIHEE63.9%; R S TR A
I AR = 10% A L. A a
BRI TR R R S R UV
s X ; e EMEFEAE NN
g e | " B, HFRAE P AR = 2 R s e WS
24 japonica RIS R W HBIE, ik REDUKTR 2023 GS01:013-2023

S, BEP710%0L F.

RAORAPBOR, Zead 1 40 JLAER AT, 207 1 R
[IIRAR7/S8: ) I N R S EVS R a Uy
BAEIE MBS R B B, HRTC ik
FS AN EERARAR, AE 9 MRS S AR
VLR AN AR AR EEJLAR,  HASHIE
IR TR A 5 R 5T 4 P B s/, B it ol
FR) HHREAZ . MO, RIS S 32 22
PETEIERVE., R EAEREER, BRI
AT AR L, (R E R
RS, FURTIOR LUE IR B0 £ o BRI
T [ TSR R B o A AP AR R
PRRZ o0 HETIAUR, b T EPRIE KT

4 KEGGHS T HHTIE LR

SR B 2N 1B N R G T
WHLEMEA, IR T 2R L — &
FURIHLTT A AR R &, FE— @R E Bfedt T
R BRI 7 R PR A e o (B AR A
Yy Rk ™ F7 FE s i A R T ARAR L, R 2T
(9 BRI BRI AR BRI 22 1, dh A
FEEMB TR L IR E WA M
Ao BUREM AR 14 AR S 5 AR i 7 R ASCR A
BRI, or T i ic i B A AR 3 T
TR B R, 2REEA T H M AL R
DLARE , 2 i PRI A AR ] g Bl AR AT SR A T i

R E K7 2: 2 E /) sponsored by China Society of Fisheries

MR BB, 38 Tk 52 AR I R (1 R e 1k
SN G E RN . P, ORI AR
FAAEEREZE | BCRIG . FWIRSE R, S it
— L B GER BUR RPN 5 A fl . R D L E R A
REMEAT . 2 UrRR A Sl BRI E | e S
RO . o7 IR BEHLH B Ao 1 7 R BRI A
AW A AR BT e 5, A BURE R
R F R — 20§ T RO B 1 B b B K - 5 g
71, Lt S AR

41 REFEMERFFTFNSLEMR

ot Il B ) X R A T 1 A S A T 9 A
TR, FRE RN A R RA N R,
FI ARG IR A SR | DRAT A 3 A1) i Ak TS
LB, EA KRR TAE AT, iz R
GEPERRIAEAL o i o BRI PR A7 AP S N R ik
Az, B ORHESEE 5 RGP B AL
BB, PRUERAGE—, BRI  RUR 5 %L
P o R ST, X ol B PR AT s A A R
AR BRI K ARG — AR IETT B R GETR A
ORI S, AR T LAl Jo 9 0 00 R i PR L 3l o %
DIREIET &, KEUemmB, Soisefinl i
JEAR LR TEERL o

42 REEESRERFEBLSEMFIRERNT
vy T DR A o 2 U R A AT R

https://www.china-fishery.cn



s A
T F 5

K= EA4R, 2023, 47(11): 119104

SRR A AR . BRI L IR 5ER L &K
PR Wl . AR D) L B AR
W EENAHC LR, BH THAEDHE . &
GC &it., mARGEERR, XEO A0 iy
KA SRAAAE P NG . V5 0L PSR 2% . DIREE
BN S 2, SE A s A e
H AT & R W KA LA R R (A A2 ) iy 5
PRI 4H 20 2 i o 28 i AR RALHE | IR S HE S
DNA WP 47905, RO A 5 2 LL Xt i o7
BABRTE Y Y, B TR A LS YR
) OC RIS R F, 41 %e 5 1 3 R 41 )3 3 P AR R
5 E LA AR G RS, FET LA )
3. 1Y Symbiont-Screener J5 7 AN TE S 7 e [ 4H 5,
Bl e Lext, TG TR RABOE LG, F
FHBLAR 27 2 B33 DAy R A 32 09 = AR 2l (n
Nanopore . PacBio) B3 SIEMSIM 4 (40 stLFR,
10x Genomics)™, 1% 77 1 O R 7R H X i 28 S PR 41
Bl R ry 25 4R, I BT DIFFIRAREX (https:/
github.com/BGI-Qingdao/Symbiont-Screener), [A L,
4 Symbiont-Screener /7% 5 Meta-Hi-C. T2T 558
A R R R R A ZE A, S K e ot S
EREAEN S e R SR VGt

43 KEGESBERBENERAFA.

A 255 1% R TRV i 3R TR 7 Ty vk LA TR B,
B3 2 PR AR XS5 R T BRI i AR R AR A1 B
REHE, PR SE . JEE . K. ffE
PLROEARSE, e TAER R . RCRAR DL BORS BEAIR
AL, H BN RBREBOR FEARBEAR L
SRR AR Y B F AR, S N TH
REH AR MU AL BTN O3 T RE B ) R AE L,
IEARTEMY T M RS T EEEH. BA
AL PR T A 3 187 B ORAT ™ A i S AR 25
marAk), (AR BRI R AIVRIR D, TR Z
V7K SZ R, R 3 e B TR T8 i g 2R T DR B
K, X AT T R A e R A2 2= Ry B
ORI HE RS, HETH I bR T AR Ok
T ST A M 22 1 45 T B i AR A R T A shAk
D E R GETF AN G R AN e R BB P2 5, fian,
A 2 ALY A 30 Ak 2 B 1A AR XEAS DI L
KA . et 2 R e ek . K, A
BRI il o B R ABURER AR, AR
RIS R A SR E RS, KA B T O MR
ARG HEPEANY | K 20 RO ERE D e A A2 08

https://www.china-fishery.cn

44 KESEREMEEHEALRE SO

X 45 G MRS SR ERRITAL , B8R AR
SRR A TR S, DL SO M R
Z M ZRPE B AR LM OC R JE SE R B 3y 1 B b
EERE . it R eFENY LK a
(GWAS) it j& 2 FE N LB F i (GS), 72
YRR S N T AR, HAH
RN R R 2 EAMRAAGFE, FIH2IER
Wi FEMN S PRA SR ER S, FA,
REGHER BT T 3845 A8 S A ] ) R0 3 R 2,
IFETE S e R R B TERMEM. b
v I PR P R, AR AR SR H
PRE A SNP 4[] T 45 F4 78 53 Rl A/ % (14 25
PEAE S, Al AT ARG 22 A A ) 4y
THEAR, WAL B 28I I R TR AR Sh i)
FUK A S 8L ZRE DT . 5 46 i R
PGB SO BRIk, 76 5 o dek i PR 201 i A
WAL BER R A (LRl |, JF R R S A A
BTG IR S, WS ABE . B ES%
WAESEEY, A BLUP, DL FngL#s 2% )
SR AT AR SRR TEAS . BUETEE 2
BORMBE TS, nT LASE B0 30y 1 B Fhast s
SR UERR A

45 REDERFEEZFIMTRENZEMTMXHE
VIR EELEE

V] 1Y B S 2 AR ) 3 12 i B 8 4 L ol
TSy T AR R R AT §E . RENE R 28
DR R BRI, ST, R, @5, 6,
T LE AP LA R, SRR AU . B
O BRWTRRAL /Y AE R IR, R L R PO
SEPUIIPEAR . X Le IR B 52 3 2 BRI A7 R SL ]
PP, OF HAIRFRIA B3 M2 BIRE A5 OB
M . EIREL . RS MK R E RHAY
SO, PRPEALEI S A o LA R T R N A A5 A A
DIREMEAT Y EEAl L, 3T GS BRI A A 2%
G 5 F O HEA T i A MR T A0 A A e TR
i, Zifa A, Bl RELEY SRR
ERY/ES IS DE AN (1 PNith (i By iR NS EGliS
TE5 R4, BRI S N 2 A e 5 R AR
S U B RS BRSSO AL, DT BT AR
REETR T 70 AL, e PRI P 0 SC R [N
ZJ5 N T8 REASE R e Aty T AR DG g A% AL,
RIS Tt B R BERLA A

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://github.com/BGI-Qingdao/Symbiont-Screener
https://github.com/BGI-Qingdao/Symbiont-Screener
https://github.com/BGI-Qingdao/Symbiont-Screener
https://github.com/BGI-Qingdao/Symbiont-Screener

K= EA4R, 2023, 47(11): 119104

4.6 RELEEERBRIBFARANE
DR 2 B A T A SE IR A AR LR oA
%MEﬂOﬁE?W%EWﬁRH*,iIﬁﬁ

JEAERE 1) AL A REAS 7 17 2E Ak 22 K0S HE D RE S
W, LRSS R A BB, A, RATETR
RS T A R T I, AR IT R
A L DY 2 BEAE AR DTS , H AR A A
Mt AR iR R R, AL & RS, Tl

AN A RS, 28 1B ) 5 A P 96 38 ot o
%, SRR B IR R RN R | il

e SR TR B P Y S S S R NP 28
%5 RO RS SF B, M R A IR B 1) 0
AR

(3 7 WA A U 52 B s A2 B Al 22 &)

ZEHR (References):
[1] GRS, skiEETE, sk, 5. i RIE 5 (M. dbnt: #
S RRAL, 2018.

He P M, Zhang Z Y, Zhang X C, et al. Seaweed cultiva-
tion[M]. Beijing: Science Press, 2018 (in Chinese).

[2] FAO. Fishery and aquaculture statistics, global aquacul-
ture production[EB/OL].
2022.

[31 R BUE B )5, A EK P H AR S,
o KR 2 Sy B ST E S 2023[M]. dERT:
L Al HY A, 2023.

Fisheries and Fisheries Administration Bureau of Min-

http://www.fao.org/fishery/,

istry of Agriculture and Rural Affairs, National Fisher-
ies Technology Extension Center, China Society of Fish-
eries. China fisheries statistical yearbook 2023[M].
Beijing: China Agriculture Press, 2023 (in Chinese).

[4]  HEEEDF, BRI, KEAR. /K 8% B M50 ol Ak
SRR FE[I]. h E TAERLE, 2016, 18(3): 8-14.

Gui J F, Bao Z M, Zhang X J. Development strategy for
aquaculture genetic breeding and seed industry[J]. Stra-
tegic Study of CAE, 2016, 18(3): 8-14 (in Chinese).

[5] Gao G, Gao L, Jiang M J, et al. The potential of sea-
weed cultivation to achieve carbon neutrality and mitig-
ate deoxygenation and eutrophication[J]. Environmental
Research Letters, 2022, 17(1): 014018.

[6] Duarte C M, Bruhn A, Krause-Jensen D. A seaweed
aquaculture imperative to meet global sustainability tar-
gets[J]. Nature Sustainability, 2022, 5(3): 185-193.

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

[7]

[10]

[11]

[12]

[13]

[14]

[15]

Hwang E K, Yotsukura N, Pang S J, et al. Seaweed
breeding programs and progress in eastern Asian coun-
tries[J]. Phycologia, 2019, 58(5): 484-495.

TioRER, REIT, BERR . IHEEH — 5 TR
A0 I & B AT (], MRS 1E, 1962, 4(1-2):
29-37.

Fang Z X, Wu C Y, Li J J. Increased adaptability to high
temperature of gametophytes and sporelings of the
Haiqing No. 1 breed of Laminaria japonica aresch[J].
Oceanologia et Limnologia Sinica, 1962, 4(1-2): 29-37
(in Chinese).

BEE KU EM R AN (M), BEE R E
SFHOR AL, 1999: 50-59.

Zeng C K. Biology of Economic seaweed
germplasm[M]. Jinan: Shandong Science and Techno-
logy Press, 1999: 50-59 (in Chinese).

HE, B, A, S5 IR K15

72, 2015(11): 57-59.

1. HEK

Luo Q J, Yang R, Lin S Z, et al. Porphyra haitanensis
"Zhedong No. 1"[J]. China Fisheries, 2015(11): 57-59
(in Chinese).

A, A I, DB, S5 AP AR A0 H S R
FHI. TR B 244, 2021, 37(1): 46-52.

Zhou W, Hu C M, Lu Q Q, et al. Germplasm innovation
and application of Pyropia yezoensis[J]. Journal of
Guangxi Academy of Sciences, 2021, 37(1): 46-52 (in
Chinese).

DI, FIRIE, B . SRS B R N HE S X S i
[J]. HEPERLSE, 2008, 32(7): 85-87.

LiBJ, Shi Y Y, Yang G P. Difficulties and methodolo-
gical propositions of laver (Porphyra sp. ) breeding[J].
Marine Sciences, 2008, 32(7): 85-87 (in Chinese).

U, BE IEZL, FhFIT, 5. BESE AL E A EORBT F it
JE[I]. £ ARIEH], 2018, 34(10): 58-63.

Fu F, Sui Z H, Sun L Q, et al. Research advance on the
algal mutation breeding technologies[J]. Biotechnology
Bulletin, 2018, 34(10): 58-63 (in Chinese).

FEGk, B, REUMK, & IR B RN TR R
MR 555 B[] K754k, 2005, 29(2): 166-172.
Yan X H, Liang Z Q, Song W L, et al. Induction and
isolation of artificial pigmentation mutants in Porphyra
haitanensis Chang et Zheng (Bangiales, Rhodophyta)[J].
Journal of Fisheries of China, 2005, 29(2): 166-172 (in
Chinese).

A EK P E AR R, 2012 AK5E BT SRR HE S e

https://www.china-fishery.cn


http://dx.doi.org/10.3969/j.issn.1009-1742.2016.03.003
http://dx.doi.org/10.3969/j.issn.1009-1742.2016.03.003
http://dx.doi.org/10.3969/j.issn.1009-1742.2016.03.003
http://dx.doi.org/10.1088/1748-9326/ac3fd9
http://dx.doi.org/10.1088/1748-9326/ac3fd9
http://dx.doi.org/10.1080/00318884.2019.1639436
http://dx.doi.org/10.3969/j.issn.1002-6681.2015.11.030
http://dx.doi.org/10.3969/j.issn.1002-6681.2015.11.030
http://dx.doi.org/10.3969/j.issn.1002-6681.2015.11.030

T

48

=) e

B

K= EA4R, 2023, 47(11): 119104

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[M]. b5t o ERROL H A, 2013: 134-153.

National Fisheries Technology Extension Center. 2012
guide to the promotion of new aquatic varieties[M].
Beijing: China Agriculture Press, 2013: 134-153 (in
Chinese).

A E K= BORHE T B 2014 7K 7= T SR HE) T He P
[M]. Jb5T: s E AR HpAt, 2014: 165-181.

National Fisheries Technology Extension Center. 2014
guide to the promotion of new aquatic varieties[M].
Beijing: China Agriculture Press, 2014: 165-181 (in
Chinese).

EHE, AR, BRE AR, S5 IR SR TR i R(Q-1)EH
225 AR B AT 0], v RS R, 2009, 30(4): 108-
116.

Liang Y, Xu Y, Chen C S, ef al. Research on the main
economic traits of the new strain of high quality Por-
phyra haitanensis[J)]. Progress in Fishery Sciences, 2009,
30(4): 108-116 (in Chinese).

A —, K ED, i, 5. EKE AL E AT AL (D]
P I TLIR A WK BT T, 2001-12-20.

Zhu J Y, Lu Q Q, Ma L B, et al. Seaweed mutation
breeding[D].
Research Institute, 2001-12-20 (in Chinese).

SkTRah, TO0E, IR, & IR SR KF A RA R
RIVER AT [T]. Ol Rl R, 2023, 44(2): 137-148.
Zhang Y C, Wang W L, Xu Y, et al. Mutagenesis and

Nantong: Jiangsu Marine Fisheries

blade phenotypic traits of Neoporphyra haitanensis F,
lines[J]. Progress in Fishery Sciences, 2023, 44(2): 137-
148 (in Chinese).

EI, ARV, BRAGIN, S5, ISR R 07-21 B ik e 1t
ARAHTIN. B R F 540, 2009, 39(S1): 94-98.
Meng L, Xu D, Chen W Z, et al. Selection and character-
ization of a new strain of Gracilaria lemaneiformis[J].
Periodical of Ocean University of China, 2009, 39(S1):
94-98 (in Chinese).

WEIEZL, WAMKAK, A AH, 5. e i it 58 ie 5 A ).
r R R S 2440k, 2020, 50(9): 98-104.
SuiZH,HuY Y, Zhou W, et al. Review on the cultiva-
tion and genetic breeding of Gracilariopsis lemanei-
formis (Rhodophyta)[J]. Periodical of Ocean University
of China, 2020, 50(9): 98-104 (in Chinese).

s R, /A8, /N, &5 AR W HOR S R
[M]. Jb5T: 162 Tolk A, 2007: 86-98.

He P M, Qin S, Yan X J, ef al. Algae biotechnology and
its application[M]. Beijing: Chemical Industry Press,

https://www.china-fishery.cn

10

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

2007: 86-98 (in Chinese).

TURE, PR, SRS B AT ST SR ], v [ K
L2, 2019, 26(3): 592-603.

Ding H C, Yan X H. Advances in Pyropia (formerly
Porphyra) genetics and breeding[J]. Journal of Fishery
Sciences of China, 2019, 26(3): 592-603 (in Chinese).

Tr R ER, T, WKUEE, 55 M R 1SR A Y
e F—HIHE A AR B B dh A (0], 1 AR
P 224k, 1983, 13(4): 63-70.

Fang Z X, Cui J J, Ou Y L, et al. Breeding of the new
variety “Danhai No. 17 of Laminaria japonica by using a
female haploid clone of the kelp[J]. Journal of Shan-
dong College of Oceanology, 1983, 13(4): 63-70 (in
Chinese).

AREE, i, 0 REE S E m AN E M EORE
(] i A 2 B2 [T]. B AR S 4, 2016, 18(1): 164-
170.

Shan T F, Li J, Pang S J. Review and prospect on seed-
ling production and breeding techniques of Undaria pin-
natifida in China[J]. Journal of Agricultural Science and
Technology, 2016, 18(1): 164-170 (in Chinese).

REH, T R, 25 35832 5 Pyropia radifp
[ 22 AR R R E SRR (T]. KT AR,
2014, 38(8): 1079-1088.

Wu H X, Yan X H, Song W L, ef al. Selection and char-
acterization of an improved strain produced by genetic
recombinant of interspecific hybridization between
Pyropia haitanensis and Pyropia radi[J]. Journal of
Fisheries of China, 2014, 38(8): 1079-1088 (in Chinese).
kAR, XU, fh ks, . o0y B M R R B 1
WEFL[I]. HEEIVAE R, 2001, 23(2): 46-53.

Zhang Q S, Liu S P, Qu S C, et al. Studies on rearing
new variety of kelp “9017[J]. Transactions of Oceano-
logy and Limnology, 2001, 23(2): 46-53 (in Chinese).
FRPETE, AL, BT, & R RN A RS E R
WAL, K&K 2B 4, 1999, 14(4): 13-17.

Zhang Z Y, Fan C J, Cao S Q, et al. Study on interspe-
cific crossing of Laminaria species[J]. Journal of Dalian
Fisheries University, 1999, 14(4): 13-17 (in Chinese).
Druehl L D, Collins J D, Lane C E, et al. An evaluation
of methods used to assess intergeneric hybridization in
kelp wusing pacific Laminariales (Phaeophyceae)[J].
Journal of Phycology, 2005, 41(2): 250-262.

o IR RS2 I GRS MO Ji 2k 10 57
TFRREE [Z]. F B P EE KA, 2001-01-01.

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.3969/j.issn.1000-7075.2009.04.017
http://dx.doi.org/10.3969/j.issn.1000-7075.2009.04.017
http://dx.doi.org/10.3724/SP.J.1118.2019.19024
http://dx.doi.org/10.3724/SP.J.1118.2019.19024
http://dx.doi.org/10.3724/SP.J.1118.2019.19024
http://dx.doi.org/10.3724/SP.J.1118.2019.19024
http://dx.doi.org/10.1111/j.1529-8817.2005.04143.x

T

=
B

48

A

K= EA4R, 2023, 47(11): 119104

(31]

(321

[33]

[34]

[35]

[36]

[37]

[38]

Ocean University of China. Breeding technology of kelp
distant cross breeding and cultivation of "Far Hybrid No.
10" wvariety[Z]. Qingdao: Ocean University of China,
2001-01-01 (in Chinese).

77 SRR, WU, SRk, i A A LB R B SRR
——“BIR1057HIE B [J]. L ARV B 22k, 1985,
15(1): 64-72.

Fang Z X, Ou Y L, Cui J J, et al. Breeding of hybrid
Laminaria “Danza No. 10”-an application of the Lamin-
arian haploid cell clones[J]. Journal of Shandong Col-
lege of Oceanology, 1985, 15(1): 64-72 (in Chinese).
I, WS A 2 A A SRS B FAIET ST (D]
T i P EEEE R, 2008.

Li X L. Study on polyploid and cross breeding of
Undaria pinnatifida and Laminaria japonica[D]. Qing-
dao: Ocean University of China, 2008 (in Chinese).
W22, ERE, XEG, FOEEEREY M) B B
R Y AAE, 1985,

Zeng C K, Wang S J, Liu S J, et al. Seaweed Cultiva-
tion[M]. Shanghai: Shanghai Scientific & Technical
Publishers, 1985 (in Chinese).

Yan X H, Li L, Aruga Y. Genetic analysis of the posi-
tion of meiosis in Porphyra haitanensis Chang et Zheng
(Bangiales, Rhodophyta)[J]. Journal of Applied Phyco-
logy, 2005, 17(6): 467-473.

Miura A, Aruga Y, Fuseya M. Thremmatological stud-
ies of the cultivated Porphyra. 11. Effect of selection on
the form and color of foliose thalli in Porphyra yezoen-
sis f. narawaensis[C]//Nippon Suisan Gakkai 1974
Spring Annual Meeting. 1974. (In Japanese)

VPBE, BGE, Sk, . RO R BTSN
Fi——L NGX RS Fe 5 AL M RCR a4 70 1],
TP, 2002, 21(5): 19-25.

Xu P, Fei X G, Zhang X C, et al. Studies on pigmenta-
tion mutation inducement of Porphyra 1 : inducement
effect and genetic analysis of N-Methy-N ’-Nitro-N-
Nitrosoguanidine (NG) to Conchospores of Porphyra[J].
Marine Science Bulletin, 2002, 21(5): 19-25 (in
Chinese).

TR, AN, S R R S 1], 2L
RIEH, 2007, 18(2): 353-356.

Zhang H B, Hou H S. Research progress in pigment
mutants of Porphyra[J]. Letters in Biotechnology, 2007,
18(2): 353-356 (in Chinese).

IR IZESER SR EMYIEIA (D). H]: 5

R E K7 2: 2 E /) sponsored by China Society of Fisheries

11

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

F K, 2007.

Xu Y. Preliminary study on mutation and hybridization
breeding of Porphyra haitanensis strains[D]. Xiamen:
JiMei University, 2007 (in Chinese).

AT g Wl A B AR T B SE 0], 1 2R 2 B 2
ik, 1983, 13(4): 47-57.

Zhu R H. Decomposing algae cell walls of digestive
enzyme in the marine snails[J]. Journal of Shandong
College of Oceanology, 1983, 13(4): 47-57 (in Chinese).
ERIB, RER, TOGE, 55, 3 5 50 5 A 0T (18 il
SERIMER[I]. WFERLE, 1986, 10(4): 21-24.

Wang S J, Xu Z D, Wang G Y, et al. Ultrastructural
study on protoplasts of Porphyra haitanensis (Bangio-
phyceae, Rhodophyta)[J]. Marine Sciences, 1986, 10(4):
21-24 (in Chinese).

Xie C T, Chen C S, Xu Y, et al. Construction of a
genetic linkage map for Porphyra haitanensis
(Bangiales, Rhodophyta) based on sequence-related
amplified polymorphism and simple sequence repeat
markers[J]. Journal of Phycology, 2010, 46(4): 780-787.
Zhao R, Xu Y, Xu K, et al. Evaluation of the main eco-
nomic characteristics of a narrow-thallus strain of Neo-
porphyra haitanensis[J]. Aquaculture, 2022, 558:
738395.

77 SRR, BRI, e, A i B AR R E R
SEERTI]. R EENE, 1978, 8(2): 226-231.

Fang Z X, Ou Y L, Cui J J, et al. Experiments on genetic
breeding of Laminaria japonica haploids[J]. Chinese
Science, 1978, 8(2): 226-231 (in Chinese).

AR B, BESEE, KBRS, 45, Al OME A FE AT B (B A
EL RIS W FE[0]. 224K, 1992, 14(1): 105-107.
DaiJ X, CuiJ J, Ou Y L, et al. Studies on the partheno-
genesis and natural doubling of chromosomes in Lamin-
aria japonica[J]. Acta Oceanologica Sinica, 1992, 14(1):
105-107 (in Chinese).

SRAK S, RRBE, B2t S5, WAl HERC TR B K B T
FLI]. T SRS, 1997, 27(1): 43-46.

Dai J X, Ou Y L, Cui J J, et al. Study on the develop-
ment of male gametophytes of Laminaria japonica
aresch[J]. Journal of Ocean University of Qingdao, 1997,
27(1): 43-46 (in Chinese).

SREET, EIBUE, HEREXL, & AR TR E L
BT TE[T]. RIER 22 B 24, 1999, 14(3): 19-24.
Zhang Z Y, Cao S Q, Shao K S, ef al. Study on the seed

collecting of gametophytes and seeding rearing for

https://www.china-fishery.cn


http://dx.doi.org/10.1007/s10811-005-2752-7
http://dx.doi.org/10.1007/s10811-005-2752-7
http://dx.doi.org/10.1007/s10811-005-2752-7
http://dx.doi.org/10.3969/j.issn.1009-0002.2007.02.053
http://dx.doi.org/10.3969/j.issn.1009-0002.2007.02.053
http://dx.doi.org/10.3969/j.issn.1009-0002.2007.02.053
http://dx.doi.org/10.1111/j.1529-8817.2010.00855.x
http://dx.doi.org/10.1016/j.aquaculture.2022.738395

T

48

=) e

B

K= EA4R, 2023, 47(11): 119104

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Undaria pinnatifida[J]. Journal of Dalian Fisheries Uni-
versity, 1999, 14(3): 19-24 (in Chinese).
TREET, RN, S8, . WA 30, 4nfETAREOAN
T.H WA X F R3], KP= 23], 2007, 31(3): 349-354.
Zhang Z Y, Li X L, Chai Y, ef al. Artificial seeding and
cultivation on 3n and 4n sporophytes of Undaria pin-
natifida[J]. Journal of Fisheries of China, 2007, 31(3):
349-354 (in Chinese).

BRZ, ERE, IR, 5. K85 T hRc i B
BMHE TR T]. K2R, 2019, 43(1): 36-53.

Lu C Y, Kuang Y Y, Zheng X H, et al. Advances of
molecular marker-assisted breeding for
species[J]. Journal of Fisheries of China, 2019, 43(1): 36-
53 (in Chinese).

Ye N H, Zhang X W, Miao M, et al. Saccharina gen-

aquatic

omes provide novel insight into kelp biology[J]. Nature
Communications, 2015, 6: 6986.

Liu T, Wang X M, Wang G L, ef al. Evolution of com-
plex thallus alga: genome sequencing of Saccharina
Jjaponica[J]. Frontiers in Genetics, 2019, 10: 378.

Cao M, Xu K P, Yu X Z, et al. A chromosome-level
genome assembly of Pyropia haitanensis (Bangiales,
Rhodophyta)[J].
20(1): 216-227.
Chen HM, Chu J S C, Chen ] J, et al. Insights into the

Molecular Ecology Resources, 2020,

ancient adaptation to intertidal environments by red
algae based on a genomic and multiomics investigation
of Neoporphyra haitanensis[J]. Molecular Biology and
Evolution, 2022, 39(1): msab315.

Nakamura Y, Sasaki N, Kobayashi M, et al. The first
symbiont-free genome sequence of marine red alga, Sus-
abi-nori (Pyropia yezoensis)[J]. PLoS One, 2013, 8(3):
e57122.

Wang D M, Yu X Z, Xu K P, et al. Pyropia yezoensis
genome reveals diverse mechanisms of carbon acquisi-
tion in the intertidal environment[J]. Nature Communica-
tions, 2020, 11(1): 4028.

Graf L, Shin Y, Yang J H, et al. A genome-wide invest-
igation of the effect of farming and human-mediated
introduction on the ubiquitous seaweed Undaria pin-
natifida[J]. Nature Ecology & Evolution, 2021, 5(3): 360-
368.

Shan T F, Yuan J B, Su L, ef al. First genome of the
brown alga Undaria pinnatifida: chromosome-level

assembly using PacBio and Hi-C technologies[J]. Fronti-

https://www.china-fishery.cn

12

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

ers in Genetics, 2020, 11: 140.

Lee J, Yang E C, Graf L, et al. Analysis of the draft gen-
ome of the red seaweed Gracilariopsis chorda provides
insights into genome size evolution in Rhodophyta[J].
Molecular Biology and Evolution, 2018, 35(8): 1869-
1886.

Wang X L, Chen Z H, Li Q Y, et al. High-density SNP-
based QTL mapping and candidate gene screening for
yield-related blade length and width in Saccharina
Jjaponica (Laminariales, Phaeophyta)[J]. Scientific
Reports, 2018, 8(1): 13591.

Wang X L, Yang X Q, Yao J T, et al. Genetic linkage
map construction and QTL mapping of blade length and
width in Saccharina japonica using SSR and SNP mark-
ers[J]. Frontiers in Marine Science, 2023, 10: 1116412.
Zhang J, Liu T, Feng R F, et al. Genetic map construc-
tion and quantitative trait locus (QTL) detection of six
economic traits using an F, population of the hybrid
from Saccharina longissima and Saccharina japonicalJ].
PLoS One, 2015, 10(5): e0128588.

Xu Y, Huang L, Ji D H, et al. Construction of a dense
genetic linkage map and mapping quantitative trait loci
for economic traits of a doubled haploid population of
Pyropia haitanensis (Bangiales, Rhodophyta)[J]. BMC
Plant Biology, 2015, 15: 228.

Yu X Z, Wang L, Xu K P, et al. Fine mapping to identify
the functional genetic locus for red coloration in Pyropia
yezoensis thallus[J]. Frontiers in Plant Science, 2020, 11:
867.

Shan T F, Pang S J, Li J, et al. Construction of a high-
density genetic map and mapping of a sex-linked locus
for the brown alga Undaria pinnatifida (Phacophyceae)
based on large scale marker development by specific
length amplified fragment (SLAF) sequencing[J]. BMC
Genomics, 2015, 16: 902.

Shan T F, Li Y Q, Pang S J. Identification of a genomic
region linked with sex determination of Undaria pin-
natifida (Alariaceae) through genomic resequencing and
genetic linkage analyses of a segregating gametophyte
family[J]. Journal of Phycology, 2023, 59(1): 193-203.
XFH, YA, IMEE, 5. 0T B R LA
P R T R D], WA, 2012, 36(9): 128-134.
Liu F L, Wang F J, Sun X T, et al. Molecular breeding
and its research advances and prospects in Laminaria
Japonica breeding[J]. Marine Sciences, 2012, 36(9): 128-

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.1038/ncomms7986
http://dx.doi.org/10.1038/ncomms7986
http://dx.doi.org/10.3389/fgene.2019.00378
http://dx.doi.org/10.1111/1755-0998.13102
http://dx.doi.org/10.1093/molbev/msab315
http://dx.doi.org/10.1093/molbev/msab315
http://dx.doi.org/10.1371/journal.pone.0057122
http://dx.doi.org/10.1038/s41467-020-17689-1
http://dx.doi.org/10.1038/s41467-020-17689-1
http://dx.doi.org/10.1038/s41467-020-17689-1
http://dx.doi.org/10.3389/fgene.2020.00140
http://dx.doi.org/10.3389/fgene.2020.00140
http://dx.doi.org/10.1093/molbev/msy081
http://dx.doi.org/10.1038/s41598-018-32015-y
http://dx.doi.org/10.1038/s41598-018-32015-y
http://dx.doi.org/10.3389/fmars.2023.1116412
http://dx.doi.org/10.1371/journal.pone.0128588
http://dx.doi.org/10.1186/s12870-015-0604-4
http://dx.doi.org/10.1186/s12870-015-0604-4
http://dx.doi.org/10.3389/fpls.2020.00867
http://dx.doi.org/10.1186/s12864-015-2184-y
http://dx.doi.org/10.1186/s12864-015-2184-y
http://dx.doi.org/10.1111/jpy.13295

>

=) e

T F K= EA4R, 2023, 47(11): 119104
134 (in Chinese). Technology Letters, 2003, 13(7): 87-89 (in Chinese).

[66] FhA, TA4, W R 2. EARBAE AL [M]/E 2, [75] Zhang J Y, Wu Q, Eléouét M, et al. CRISPR/LbCas12a-
N W, B R M AR AR . AR mediated targeted mutation of Gracilariopsis lemanei-
BlEH A R, 1994: 79-82. formis (Rhodophyta)[J]. Plant Biotechnology Journal,
Qin S, Wang X H, Zeng C K. Genetic transformation of 2023, 21(2): 235-237.
algae[M]//Fu R Z, Sun Y R, Jia S R. Handbook of Plant [76]  AolbA AT ER A BUE HLR, A3 K= BoRHE) Sk,
Genetic Transformation Technology. Hefei: China Sci- HREK = e EEE SRS 2019[M]. dB R H
ence and Technology Press, 1994: 79-82 (in Chinese). A b H Rt 2019.

[67] Qin S, Jiang P, Tseng C. Transforming kelp into a mar- Fisheries and Fisheries Administration Bureau of Min-
ine bioreactor[J]. Trends in Biotechnology, 2005, 23(5): istry of Agriculture and Rural Affairs, National Fisher-
264-268. ies Technology Extension Center, China Society of Fish-

[68] Shin Y J, Lim J M, Park J H, et al. Characterization of eries. China fisheries statistical yearbook 2019[M].
PyGUS gene silencing in the red macroalga, Pyropia Beijing: China Agriculture Press, 2019 (in Chinese).
yezoensis[J]. Plant Biotechnology Reports, 2016, 10(6): [77] AR FR L B EL R, A EK PR,
359-367. o E K E LT R4 2020[M]. dERE:

[69] Kong F N, Zhao H L, Liu W X, et al. Construction of [ Al H A, 2020.
plastid expression vector and development of genetic Fisheries and Fisheries Administration Bureau of Min-
transformation system for the seaweed Pyropia yezoen- istry of Agriculture and Rural Affairs, National Fisher-
sis[J]. Marine Biotechnology, 2017, 19(2): 147-156. ies Technology Extension Center, China Society of Fish-

[70] Zheng Z B, He B X, Xie X J, et al. Co-suppression in eries. China fishery statistical yearbook 2020[M].
Pyropia yezoensis (Rhodophyta) reveals the role of PyL- Beijing: China Agricultural Press, 2020 (in Chinese).
HCI in light harvesting and generation switch[J]. Journal [78] AL E b B R, A E K= HARHE T e,
of Phycology, 2021, 57(1): 160-171. K 2 L SRR 2021[M. B R

[71]  Shao Z Z, Xie X J, Liu X Y, et al. Overexpression of 0l B A, 2021.
mitochondrial yCAL1 reveals a unique photoprotection Fisheries and Fisheries Administration Bureau of Min-
mechanism in intertidal resurrection red algae through istry of Agriculture and Rural Affairs, National Fisher-
decreasing photorespiration[J]. Algal Research, 2022, ies Technology Extension Center, China Society of Fish-
66: 102766. eries. China fisheries statistical yearbook 2021[M].

[72]  XEFETG. BRI IC F R B 5 5 = 0% 5 (D). Beijing: China Agriculture Press, 2021 (in Chinese).

By A ERE BT A BT (R FTAT), 2009. [791  ARMVARKS Fa b A BUE B R, A R K= AR R,
Deng X Y. Preparation and rapid vegetative propagation o E KR e A EEE ST S 2022[M]. B
of transgenic Laminaria japonica gametophytes[D]. A b H Rt 2022,

Qingdao: Institute of Oceanology, Chinese Academy of Fisheries and Fisheries Administration Bureau of Min-
Sciences, 2009 (in Chinese). istry of Agriculture and Rural Affairs, National Fisher-

[73] fETK. B TEREEXREM AR D] F5: HEE ies Technology Extension Center, China Society of Fish-
FBERE FE AR GEEEERIT TR, 2011. eries. China fisheries statistical yearbook 2022[M].
Ren B Y. Research on the Undaria pinnatifida gameto- Beijing: China Agriculture Press, 2022 (in Chinese).
phytes genetic engineering[D]. Qingdao: Institute of [80] ¥ RIR. /KL E (Bangia fuscopurpurea) 3E K 4 %
Oceanology, Chinese Academy of Sciences, 2011 (in 5T [D]. B &L B KA, 2019,

Chinese). Cao T J. Sequencing and analysis of the full genome of

[74]  Zekn, TIEE, 208, %5, B-2L AN F R K (lac2) T i Bangia fuscopurpurea[D]. Nanjing: Nanjing University,

FEAR P R RS AR D). i HURE IR, 2003, 13(7):
87-89.
Qin S, Yu D Z, Jiang P, et al. Stable expression of lacZ

reporter gene in seaweed Undaria pinnatifida[J]. High

R E K7 2: 2 E /) sponsored by China Society of Fisheries

(81]

13

2019 (in Chinese).

Hanschen E R, Starkenburg S R. The state of algal gen-
ome quality and diversity[J]. Algal Research, 2020, 50:
101968.

https://www.china-fishery.cn


http://dx.doi.org/10.1016/j.tibtech.2005.03.010
http://dx.doi.org/10.1007/s11816-016-0408-5
http://dx.doi.org/10.1007/s10126-017-9736-x
http://dx.doi.org/10.1111/jpy.13073
http://dx.doi.org/10.1111/jpy.13073
http://dx.doi.org/10.1016/j.algal.2022.102766
http://dx.doi.org/10.3321/j.issn:1002-0470.2003.07.019
http://dx.doi.org/10.3321/j.issn:1002-0470.2003.07.019
http://dx.doi.org/10.3321/j.issn:1002-0470.2003.07.019
http://dx.doi.org/10.1111/pbi.13949
http://dx.doi.org/10.1016/j.algal.2020.101968

FYE, & K24, 2023, 47(11): 119104

[82] XuMY,GuoLD,QiY W, et al. Symbiont-screener: a Jing H C, Tian Z X, Chong K, et al. Progress and per-

reference-free tool to separate host sequences from sym- spective of molecular design breeding[J]. Scientia Sin-
bionts for error-prone long reads[J]. Frontiers in Marine
Science, 2023, 10: 1087447.

[83] Che S,DuGY, Zhong X F, et al. Quantification of pho-

ica Vitae, 2021, 51(10): 1356-1365 (in Chinese).
[85] Huang X H, Huang S W, Han B, et al. The integrated

o ) ) genomics of crop domestication and breeding[J]. Cell,
tosynthetic pigments in Neopyropia yezoensis using

. . 2022, 185(15): 2828-2839.
Hyperspectral imagery[J]. Plant Phenomics, 2023, 5:

[86] Chen K L, Wang Y P, Zhang R, et al. CRISPR/Cas gen-

0012.

[84] gt WA, FEE, 2. 4R B R R A ome editing and precision plant breeding in
R o ARG [)]. o E R A A R, 2021, 51(10): agriculture[J]. Annual Review of Plant Biology, 2019,
1356-1365. 70: 667-697.

Advances in seaweed breeding technology and its applications
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Abstract: The large-scale seaweed cultivation industry is one of the most active sectors in global fisheries. Over
the past two decades, its growth rate has been more than twice that of the overall fisheries industry, indicating sig-
nificant growth potential. China dominates this industry, accounting for 59% of the world's total seaweed produc-
tion, including Laminaria japonica, Undaria pinnatifida, Pyropia/Porphyra spp., Gracilaria spp., and Hizikia fusi-
formis, with the highest production volumes globally. The aquatic seed industry serves as the "core" of aquacul-
ture and the source of the entire industry. Approximately 99% of large-scale seaweed production are from artifi-
cial cultivation, highlighting the contribution and importance of new seaweed varieties to the industry. However,
there are currently only 24 approved new varieties of large-scale seaweed, representing about 17% of new aquatic
species for marine cultivation, which is not proportionate to its production share. Therefore, the present paper
introduces the characteristics of the large-scale seaweed industry, the progress in breeding technology over the past
60 years, and the breeding achievements. It also offers recommendations to address the current challenges of out-
dated breeding techniques in the large-scale seaweed industry, aiming to provide insights for future research in sea-

weed breeding.
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