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Fig.1 Research approach for safety assessment of aquatic germplasm resource utilization
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1.1 KFEMBRRERNAEMA KR

111 AR B KRR A B AR 5 R E %5
7 69 IR B AT 5T AR AL T B R b i s

H 2012 4F5¢ B4 W5 5E ] 40 0 )7 (Zhang et al,
2012)LU2K, FRECSEM T 100 ZFp K F= i 78 A
35 2 ¥ 35 #5 (Cynoglossus  semilaevis) . fi# 1 (Cyprinus
carpio) . K & fi (Larimichthys crocea) . # fi
(Ctenopharyngodon idellus) . ¥ 5 (Hippocampus). 4
fif (Parallichthys olivaceus) . ff (Acanthopagrus
schlegelii). FifL 5 Ul (Chlamys farreri). HiAgsi % g
(Eriocheir sinensis). FL#4X}IF(Penaeus vannamei) .
M2 | A S R A I SRS 20 1813 2 il (Chen et al,
2014; Li et al, 2021; Shao et al, 2017.,2023; Wang et al,
2022¢; Xu et al, 2019, 2014), HISEHFFE MR M4k % %
7E Nature, Cell, Nature Genetics &5 [E R 7K AR
T o 3ok S o 2 K 7™ IR A ) R D A TS s o) St Ak
ML AT, — 7 11 8 7K 77 3l 35 R 4E o 9 BR
[ PR Se it K, A A2 A0 7 ) 3k 31 [ Br 40t o
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KRR BT EIR B AR B AL fF T L B AR
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RIGE R HY i HLA P 287 2 )0 B FE 25 5 2% 1)
KZ, TP FIATAE ) e T AR T A 3t e 5 B 4 T 1Yy
KM A P B R et AR, FRIERL
FAE A | A0S R Y K I35 700 P S e 2 AL o) 252
I8 7 TS B o H K =R 2= 5T B i K
WEFEETHRAAMRIATBA 2014 4F & B dmrtl 22 1 5 S
BRRS FIR MM E D e S, R T P e 4 AL
il , $E 7R T e fn ) 1 80% i 5 R e HEZR A 35 4% 1
BEHLH, WSRAE Nature Genetics #1 Genome Research
% %%(Chen et al, 2014; Shao et al, 2014), Wil J7 2
Be BRI L | 554 R A 7 T Fu ek At R 2 i) e
(b R e, $REH T “pSTAT3-KDM6B {457 &
PR, AT A% ESD AL 48 T 5 1) (Ge et al,
2018; Weber et al, 2020). k. H £ %) HR 15 £ 3l 2 AL i
G — g ), o [ K R AT Y B T K
PRI BT A LR E R 2R AR A, R A R AE O
BEARAE A S AR SR B h A EZ W IAEER, R
Fb H A 20870 285 2 3 2k HOBR R 2 R0 o 1R 1 XU EE 45 T
PFESCIRY, AHICHLER & RFE Nature Genetics (Shao
etal, 2017), PHdt Tk K= FSCHIBN & B LG H a2 gt
PR 20 v 5 Rl E BRH G 19 P08 TR (R A3 6 R WNIT 3
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PR BT 22 A PRI AR XS R R GE , R I
AR & B IR A PLTI (L et al, 2021), HEE
27 e g P AIF 9 T X0 £ A AT A B O R S LA DL 2K S G
(Meretrix petechialis)fig 7EA4 A 45 2 4 5 1L A A
O3 I N TRAE BT 8 R (Yue et al, 2022), T T HATK
LA AT RWCA N, BT IR S T
A D1 I 3 PR 5 A B AR 1R G BB RS, 2R T
DLy fat e IR AE AT v B AP PR AL TR LR . AE fa 2
N WA DT, T E R B K A AR WA S BT R R
18N & B8 GH-IGF im0 4 4= R D3 X i s 1) iz e
FI DT I e f8 4K A K (Peng et al, 2017),
POMCa 2% 7% f) 4 i) (Carassius auratus) 1 Bt & 4
(Danio rerio) & Bt HPA il i £ £k ] i th & fe a2 £ Rk A
K 1 B 5 K & (Shi et al, 2020),
113 RBEARFHRTRGARALSEELSTFEE
RA LD AR KRB %

PRSI IR SRy i, b E K Rl
W e TRV AK P2 B 58 0 22 A AR AL AR i T — S
BRI AR RE N COT A% HL M 18S rRNA S8 it ity 11 25 45
ES B E——CoSFISH, 17 21 535 4% COI 4%
JEASG AT 1 074 4% 18S rRNA L4555 8 1491 90 4~
Hir 21 589 ffas, MR ZHME . RELF M
A WAL S BRAIE T B S £ (Wang et al, 2024), 1fi]
FE A R AT B B A TE ) & R AN
BrE% . Blan, 7SRRI &y m, R
A Z KR ALTF R T 07 Fh fa 38 N 4l 3 &)
(https://fish10k.genomics.cn/progress/) (Fan et al, 2020),
ELSEAL 100 A3FP ey o R 4 e 5 A 4H 2% T4, (H
BT IIRE I AR 4 . IR LU AR R 2= A5 B )
T I 4.31 TN M R R A R 1 GOMC
(https://db.cngb.org/maya/datasets/MDB0000002) (Chen
etal, 2024), Kt KB I B B SE R gl T H . LRIk
S} fif Bl 1 O R o L R 2 A iR IR AT BA
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FE f5c 4 T A0 3K AR sh ) kIR 4124 70 W7 F- /52 MolluseDB
(Liu et al, 2021); 2024 %z B BA HES T E bR >3
A WL/AOWL A 5 DR 26 FD I BE 5k R 41 A9 275 40 A T
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B MR P ARG BFRAAE . B
N RS U N /== D33 el 1 S S 7 LA
AR . By, RHMFEIE . FH RS .
E PR A AESE G 0 2R TAE. EZRKAELEYRN TR
J%E (http://www.nabrc.org.cn) 4K 34 H [ Bl 24 B K 4 4= ¥
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LA FEER N B MHE ARG R R BRI S |
SHNARE . ZHREGEM. HEFM . F
FhaE . TEEZOK=HET 00T BHIFBERT . Ak Sk ™
AV [ HE ST, K EOK =B i Fh AR S T 7k
R, RIEERTE T FAaE , AU G R 72 2
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RAPERJE, ST IR SR, HEsh TR
b N =% S Pl R A v A KB S o s W e 1 = | 4
[i) 2 €0 15 0T o KR, R 9 RTHIR AR TR S AR
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T ARMRGEIR, T SR S R ARSI T R A
6, ANTEEAMB R AR, AR R E . 2T0K
PR AR B R AR N S AR S AT AR SR R
R LA R 2, G 20 AR R4S E R B 7 1,
AL FE A0 P B AT IR ¥ VR DR A HE R 1 57 5 0 3R
2006 4 B FH AR K WA — S84 o <o W 0 1 bR

BT AR AT K 57K 2010 4FEFK
BhEE E A2 — S5 42 5 <y /K B fr 28 5L R0 U % 1 A
Pl s B il e AR g 50 R 2014 FEEREA K
WA AR <ol B AP R B EOR 5l <ol
SR IR 25 A FORWE ST S A i 73R 2015 4F
AP ai 2 S 3 AN 1105 i o= W 5 N e
5T FE B R 2018 AR BE R R BR R WA AR
“URIK A I L e S AR B I3k 2018 4FFE [
FRHL I G2 jeAh, K28 s AP B =l Ak
FHALSZHE T —HEA il 4l iy PR & . 2022 4F
2 1, R AR EBAAR AR DA R WA PR A w55
20 ARy 2021 4 EK A ROEE ZAE— b L
il 20224 7 A, LR A 95 ZK =Rl
N 26 DEAALT- B 3 121 FKEZIK =Rl B 5
1o A ey & N R VS -3 i 0 17 s | K A =
FhiR R A, SCPETRE K= I 5 b A B T R A J o
212 EHEH A B G R HI R A KRR AR
= 2 A R R AR S A

Ak, REK A B MA@ DIAE
m PR EE R LR A, h RFER T T 2RI
LD F AR IEAAE TH E B —I0 3 EAEFSE . A
1985 A E B2 B K A A Wk 58 T AAE 7 141 LAY il
B L A S R A LUK (Zhu et al, 1985), RS
BBl P 2 B ] 30 Z2 it BE P f0, X SEAE S £
W T KRN 2 E LA, . PR
il J kR A L H AR IR E AR AR P . BT
FE . PUIREA . TSR 0 1S £ 77 1 (Guillén et al,
1999; Hu et al, 2010; White et al, 2016; Xu et al,
2013), Forfr 5 Al A KA A KRR LR fa L g
T RERENAR, BEREEENE gh HEN
(growth hormone)f, ZE[E . fn& k., e g E 55
B 15 gh JEH RV ¥ (Salmo salar) . FAEf | 4R
K Ey £, (Oncor hynchus kisutch) F g i (Misgurnus) 2% .

K E K s 245015 F B MR G T 20 it
2 70 AEAR, H AT A FZ BB 1 = A5 A aE i £
IR T AR H o A FhRic il B B R EORAE 128
SIS, EEE PN RS AR IC R B R
D71 o RS AR AT A A3 T 3 B At 2 M0 R 57
Fric(Chen et al, 2007), JFA] T [ 285 Fhrickl
Bl 4 i ATF 98 04 ST o T 2 A 2 i o S A S
TR ic B K= B B — AN R ad i e — A 7l )
BRI, DRl R S, 5T MR R bR
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(20% L) IR) &, Ay > 0 o5 5 g 7= B ot o <<
1 S AN HHR AL T H AR FBi(Liu et al, 2014). 72214
PR R o AR R A B T, FRERL
F 46 J5 {F % i fh (Pelteobagrus fulvidraco) . #ffi
B 5 % (Verasper variegatus) . J& & % JF ffi(Oreochromis
niloticus)5§ 30 ZF i 2k Hh JT S H MR S o Al
(Chen et al, 2019; Chen et al, 2015; Ma et al, 2011), A
J1HESh T I 2 P E AL A
O/ S TR = . 975 4 R DB 1 it E s N
ERRREAR T 58 R AU R I (A0 A, R SRR e 82 Fh
F ARG 2 R SR AL T L BRAA AR BN 5 75 BH 15 8
KA R AR GVE, R R LT ML N A e HH
AREEE W T A8 BT 2 5, SRR E A F]
FH 2 DR 2 3 3 B R 5 R 0 R %) 61 o 5 . A
[RIFEFE ST, <8R4 2 5 b 38 2 O A R ol R 4
20%7E A, FRAH U SRR 20% 75 4, FEILAR L Tk
RN T 8 b A R HET R . TP K™
BRI B RS A BA LA 2003 4F M FE K 9 &5 Pk
R R RS E P B AR SRR, 70
MARRZEF HAMBERAEEFES A, BHH TN
PR E YRRt 1 5, 5 E PR
AL, <% 1 580 Jo 3L EE Bk 7 (Streptococcus
agalactiae) (2 JLBE 1 V-4 & 25.57%, FRFH G %1
B 19.19%, K EFHEE 12.06%, & HIE
J7VE L TR IR s A X FRE . BN AR
PR A ERE T R E LA Z — REREA AT
KT FREE A )L K o i TR Je T K AR, B T
— RN EA IR R AR, B, VIR R T8
77 P BATE I B | 28 Se e 37 37 4 £ 28 (B A i) B [F 4
FooR, Rt N i F R, Se LN A
KA ZE mstn (Wu et al, 2023)., #iPE(amhy., gsdf)FilE
P SEHERLN (foxI2. cypl9ala) (Li et al, 2017; Zhou et al,
2021a). REHIEELH pmel, tyrb, csflra Z(Lu et al,
2022a. 2022b; Wang et al, 2022a) 1 & T 3k A 4 48 F
5%, T 100 2P AL N gmig R A R, 4lE
PR . AR, AF . R EAERA,
R4 B N G 2 R R AR AL T ROR S S BRAS
MR A 38 51 N7 T Vg K SR 0 S s T e DR G
AR, IS e e 2 dnrtd fEBR (Cui et al,
2017), & BRI G i 10 Lo 33 e £ A B 4 52U
b, KON M, ST RE T BRI N
R BRI, A O B T B R L A
J A ARG | AN Pl TR R AL TR B R
WA RN AR S HE A £0 2 AL IR) R ) 55 DN 4 35 A IF 5T
Jrid, W EDK R R R B R e VLA 5T BT I AT A

BA A Hp b K 27 v B B AT BA K b [ B2 e K AR A
F5E R % A BA - ol iz S R B R, 35 G
JULTE] s X B ff(Megalobrama amblycephala) . %%
i L4 K AR %5 (Dong et al, 2023; Kuang et al, 2023),
SR AR IR K AR T BRI TP R SRR TR R
. H 2003 4, HA Goro Yoshizaki 1AM T 4
(Oncorhynchus mykiss) & 4 A= 4 41 i 4 5 21 452 6 )1 iy
A e T AR AR, JF R T L B SR A 2R A B AN
T A8 S B (Takeuchi et al, 2003) LA, A543 T 20 i
Bom B R B W a8 h & BF (Seriola
quinqueradiata), 48 ffi(Thunnus), JE® ¥ HEfa | 4
#ig 75 J7 fili (Fugu rubripes) . K fi& X J& #M (Ictalurus
furcatus), RPGHEEESEMF ST . BWMPifEmak
P45y T s B RN W . ARk, TR ERE
RO AR G U fa P ol i fa fa R, 1] N 24 B 1 £
(Nibea mitsukurii) . @ 2% | v 4E 5 (Acipenser
sinensis). F[X F-fifi(Sebastods schlegelii), ifE5 . #t
fi (Monopterus albus) 55 52 8L 1 4 A 4 48 2 AR 1) 28
(Ye etal, 2017, 2022; Zhou et al, 2021b), {HA/5K WG]
Tl B DR 5T (4 R DG HiRE
22 KFEMBREEREMNBLEFEEN BB
221 oA ATIAAEF H R B R

88 i1 (Anguilla) 1F kb A& #5501 72 1Y) 8 5 97 5
s, AR R 300 120, TR 68 0 FRAE R R
RS 80%LL o EAER, KM M 68 fh (1)
HAS O 7 68 fo 1 N TR bR 1Sl Roemt, o
LT A R R I A 1 AR A Ak (R R Ak A A
2016 4E2y 4 J7 H oG F R 2024 4E1) 1 800 HIT),
Shy 8 g 7Y 30 ) TR 2 AT IR B R o SR, Mgk
] fi88 11 (1) B W SR AT A AR I S B B, B8 4 AT
ZCF R AR 7 A ) 247 ol A B S R
JE - M

KON R EA LRI K™ ZH, 2024 4F
FEFH IR 29 T3 t, ANEAT MU 9 A K 1 RN I i
IVE, BRI BN A SMEMATFE L, h T
PR S R R, R A7 A BT AR R | e
ZREEAR . DU A S AR AE R, H TR AR AR
IR B 0 1) N TR B T A — 8k, (1
ATt BE B & T8 AT S M o LA 2 T K
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A5 A %G T 8 Sk
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TE T 5H 0 25 B v A TR 8 Tz R A2 2R OR R
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Strategic Study on the Safety of Aquatic Ger mplasm
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Processes, Qingdao Marine Science and Technology Center, Qingdao 266237, China)

Abstract Aquatic germplasm resources refer to genetic materials of aquatic animals and plants that
possess actual or potential value, including species, subspecies, varieties, strains, etC. These resources
hold significant economic, ecological, and scientific importance in the fields of fisheries and agriculture,
serving as the foundation for aquaculture, genetic improvement, and biodiversity conservation. Aquatic
germplasm resources encompass aquatic organisms such as fish, shrimp, shellfish, algae, and
echinoderms, along with their genetic material. They are not only a core element supporting the
sustainable development and international competitiveness of the aquaculture industry but also a strategic
resource for safeguarding national food security, ecological security, and biodiversity. Building
strengthened protection of aquatic germplasm resources, how to enhance the scientific utilization and
innovative development of superior aquatic germplasm is both an urgent national need for biological and
genetic diversity security and a pressing demand for high-quality, healthy aquatic products driven by
growing public expectations. This review conducts a safety assessment from three perspectives:
fundamental research on the utilization of aquatic germplasm resources, relevant technologies and
platforms, and artificially cultivated and genetically improved germplasm. Based on a review of research
progress in these areas, it analyzes existing problems within these three aspects and proposes
recommendations for improving the utilization of aquatic germplasm resources. Future recommendations
for enhancing the safety of aquatic germplasm resource utilization in China mainly include: strengthening
the construction of a shared genomic resource platform for aquatic species based on China's independent
intellectual property; increasing efforts to decipher the genetic mechanisms underlying economically
important traits; advancing the development of low-cost, high-throughput, and intelligent technologies for
precise phenotyping and genotyping, along with platforms for precise functional gene manipulation; and
enhancing science popularization regarding transgenic and gene editing technologies while strengthening
the protection of intellectual property rights for new varieties.

Key words Aquatic germplasm resources; Safety of utilization; Shared genomic resource platform;
Decipher the genetic mechanisms underlying economically important traits; Protection of intellectual
property rights
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