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A Study on the Induction of Infertility of Largemouth Bass (Micropterus salmoides) by
CRISPR/Cas9 System'
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ABSTRACT

A largemouth bass (Micropterus salmoides) is an ecosystem disturbance fish species at the highest rank in
the aquatic ecosystem, causing a serious imbalance in freshwater ecosystems. Although various attempts have
been made to eradicate and control largemouth bass, no effective measures were found. Therefore, it is
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necessary to find an approach to maximize the effective population reduction based on the unique characteristics
of largemouth bass. This study used the transcriptome analysis to derive 182,887 unigene contigs and select 12
types of final target sequences for applying the CRISPR/Cas9 system in the genes of [ZUMO1 and Zona
pellucida sperm-binding protein, which are proteins involved in sperm-egg recognition. After synthesizing 12
types of sgRNA capable of recognizing each target sequence, 12 types of Cas9-sgRNA ribonucleoprotein
(RNP) complexes to be used in subsequent studies were prepared. This study searched the protein-coding gene
of sperm-egg through the Next Generation Sequencing (NGS) and edited genes through the CRISPR/Cas9
system to induce infertile individuals that produced reproductive cells but could not form fertilized eggs.

Through such a series of processes, it successfully established a composition development process for

largemouth bass. It is judged that this study contributed to securing the valuable basic data for follow-up studies

to verify its effect for the management of ecological disturbances without affecting the habitat of other endemic

species in the same water system with the largemouth bass.

KEY WORDS: AQUATIC ECOSYSTEM, ECOSYSTEM DISTURBANCE SPECIES, REPRODUCTION, NEXT
GENERATION SEQUENCING, GENE EDITING
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2 2 o] mpy PA AREOR
FAANE TR0 Qi 5 S0l 2]
5919 Agtel 9fsf F F1He] Ao] o]Fo|%Itk(Hirohashi
et al., 2008; Miwa, 2015). Zebrafish®] 7%~ A=} FHY]
T2 dApe] vk A (Bouncer) 2 T So]4 Ak gt
CHHerberg et al., 2018; Lehmann, 2018). Z£-3-55E9] A%
79 A, BA FHY Izumo= WA} FHO HEAI
Zuno©]| &Jsf Q1A% 47 o] HAE Tt Avella et al.,
2014; Bianchi et al., 2014; Bianchi and Wright, 2015).

Regularly Interspaced Short Palindromic Repeats)2 H}-0| 2]
0] Bl A7) 9IeF Ale] A AEO A By
AN Streptococcus pyogenes)2] CRISPR T A|AH|0]
7P gol LA AL ABAI AL 7H R T of 28
3 It Gantz et al., 2015; Hashimoto and Takemoto, 2015;
Elaswad et al., 2018; Trionnaire et al., 2019).
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4 A= YEA —‘Eﬁ}ﬂi = AL & 5 Qe A S e LRF W B2 Ao 9=

FT AzbA B Aghe UH7H°Pb o] WAl e vRA e aEE AT “*O}——E’Hgl &
ATETE e P L UG BYIER AT GE B e A7 /IE A ol oisl
EYE freshemn WAl ZPEPO}E S sk ¢l
o] 717}o]| oFedEkS H| L AEZ Ex| Qo] O OQ_/HO
Q153 QJtiKyrou et al., 2018; Zheng et al., 2019). 3-Zx}¢ ﬁ__rl.l:él-hé-l
H37]4:(Gene Editing)o|eh, A& U 7]:= DNAE &et
glol7y = BR83 DNAE F7lehe #4Ake] +4= AR = A = Y T 2diE 2 7H
ol A& MBSk 7leolal 53] At B4 e UE SASE Udste lesielth 59 A 9 E
Yo Behle 1S $RAASHT Sk B 58 s 2ol RIS Fow chani SAssIc)
2+ HA71e = 7P 2k Q)= CRISPR/Cas9(Clustered (Figure 1)

‘ ) Organ Harvesting and RNA Extraction from Collected Individuals ‘
4

‘ &) Transcriptome Analysis using NGS(Transcriptome de novo Sequencing) ‘
A

‘ ©) Identification of Reproductive Gene using Bioinformatics Analysis ‘
A

‘ @ Selection of Target sequence to apply CRISPR/Cas9 system ‘
L 4

‘ ® Design and Synthesis of sgRNA ‘
4

‘ ® Screening sgRNA cleavage efficiency ‘
A

‘ @ Construction of Cas9-sgRNA ribonucleoprotein(RNP) Complex ‘
L 4

‘ Injection of RNP Complex into the fertilized egg using a Microinjector ‘
4

Editing the Target sequence in the fertilized egg
© Production of infertile individuals
(Not express sperm-egg recognition protein)

Figure 1. Flow Chart for the Development Process of infertile individuals (D~9) and infertility inducing composition

(D~®).
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2. HHA0] kjoh MAIA(RA, LhA) HE U RNA 35

A8 #+2 Bl-1(Female, ), B1-2(Female, Y4), B2-1
(Male, ), B2-2(Male, H2) LHrit B8 7|72 o] §5}
of v} AL el AFsiarh. 42T /1 BES
1ml 9] Trizol reagentol| 4] £-243}17, 2000 2] Chloroform<
71 5 15% 3 A3 4Co)A 1587F 11,000g0. 2
HHES & ASAS Foith S Holl 500u0 2
isopropanol& 715k 42 & 4°Co)A 1087 11,000gS
2 dAEeste] 4SS AAstL JHEE A2AX o
L AZE AAE 100402 nuclease-free watersS &
=2l ¥ RNAE 53513 553 RNAY| Quality=
Micro-Spectrophotometer (ALLSHENG, China)& ©|-&3}
of waahlc,

3. NGSE 0lE%t Tt 24 I A RTXt B

=5
RNAZ Original sample QCE ~35}0] 4] 1ol A3
AEZF Bl-2(Female, 14), B2-1(Male, k) 232 A4S
t}. Illumina TruSeq Stranded mRNA LT sample Prep KitZ
0]84-310] ¢DNA libraryS -3t & Library QCE 43§52l
NovaSeq 6000 system2 283+ NGSH'H S 2 paired-end

Transcriptome de novo Sequencing2 Xa4s}t7| A, &

Table 1. Primer sets to identify candidate target sequence

A7 €S FESIHMacrogen. Inc., Korea). Trimmomatic
program ©|-835to] AF=% Raw dataol|A] adapter A&,
O quality 2] readS A|ASE Trimming datas 253519 ch
Trinity 2155 o]-gsto] 2t ME=TE 853 °F 100
million sequencing reads® de novo assemblyS Z15§5}0]
ContigE-2 813t & TGICLS: ©]-&3}0] assembly2} clustering
2 4=8¥5}¢] Unigene contig&-2 2551tk NCBI BLAST
9] BLASTNZ} DIAMOND software2] BLASTX (E-value
cut-off of 1.0E-5)& ©|-85}o] BESE Unigene52 Annotation
319931, Kyoto Encyclopedia of Genes and Genomes
(KEGG), NCBI Nucleotide (NT), Pfam, Gene ontology
(GO), NCBI non-redundant Protein (NR), UniProt ~12]31
EggNOG9| & 72| HloJeHo| A5 o]gsto] T F-414}
H 7158 ERIIILE ST glofg FollA] AR} Q14
chil 2ok st 7]QE ‘Spermy’, ‘Zona Pellucida’, ¢ 1IZUMO?,
‘Acrosome’S E3Fol= ContiggS A13}o] CRISPR/Cas9
A|AHS A-2-35) Target sequencesS B 5}HE th(Martyniuk
et al., 2013; Vicens et al., 2014; Klangnurak et al., 2018).

4. CRISPR/Cas9 system= &g Target Sequence MA

22775 Geneious Prime (version 11.0.4+11)& ©]-83
o] Zt Contigs g3z %7412 el4 CRISPR/Cas) Al
d9S 89S of HY 73 A F(Target sequence) =,
Cas9 nuclease”} 21415l= K910l PAM (5‘-NGG-3")& 7}
71 20bp2] A7|AEE S K A F(Target sequence) = A%
alact. #]22] Genomic DNAOJ|A] Edt A o] 2] of
H9L Target sequence Y| intron 4F¢]of 2]t CRISPR/Cas9

Target seq. Name Primer F. Primer R.
T1 GACAGACCTCTACATGCTTTGG ACCAACACCAGCAACATCTC
T2 GTTCCTAGCAGGAAGTTAAGGG TATCTGGCTGGTCTCTCTGTAG
T3 TACAGAGAGACCAGCCAGATAC CAGAAGGAGAGGGACAGATGTA
T4 TCATCCGTGATGGATTGTGTC GGAGTAGTGGTACTCTGGTCTT
T5 CTTCCATGGCATCGTCTACTG TGACAGGTCGGTGAATTTGG
T6 GGAACGTATCGCTGCTCTTT CCAGGACAACTGTAATGCCTAC
CCAGTCATCGCCGTGTTTA CTCCCTGTCTTTAGAGTGTGTG
7 TGCCTCATGGAAACAACTACTC GTCTCCATCACACCGTGTTT
T8 CATGTTCACTACTCGCAGATGT TGTGTGTTTAAGTGGGTGTGT
GCGTGACACACCCACTTAAA TTCGGGATTGATTGGATGGC
B CATAACAAAGCGTGACACACC AATCCGGGAGATTTACCTCATC
T10 CCCTGAATGGAGCGATGG GACTAAACATTCAAAGAAACCCTGA
T11 GGAAGTGGGAGCATGAAGAA ACTGAGCTGGATATTGTAGACATC
T12 TGTCGGTGATGAGGAAATGAAG GCTTTGAGCACATCTCAAGAGTA
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Table 2. Primer sets to identify candidate target sequence (continuous)

Target seq. Name Primer F. Primer R.

T13 CACGGCTCAGATGGTTTACT CCAAACAGGTCAGCTTTGATAAC

T14 CAGACTTGCTGGAGATCGTTAT AGGCCACAGGAGAGTATATGA

T15 TCGTTGTTGGATTAGTGGACTG GCAGCTTGGGTAGACATGAA

T16 GTTCTTCGCTCCTGCCTAC CACACAGCTGCTCACAAATAC

T17 GTCAGAGTTGGGTATCACATGG CATTTACTGGCACAGCATTCAG

T18 TCAGGACACAGGATGACAAAC TTGGATTCAGCCACCTTACC

T19 TGGCCAAACCCACCATAA GCAGTCCCATCTCGTCTTT

T20 CCAGTGGAGAGGTGGAATAAC AGCAGTTGTGTTTGACAGTTTAG

T21 TGGACCCTAACGGCACAG CAGTTGATTTACATCAGATAAACAGGGA

T22 TCTGAGGTCTAATTGGCAGTAAAG CTAGGCAGGTTGAGTATGAAGTG

T23 TGAACACACTTCATACTCAACCT GAGCACACCTGACAGACAAT

T24 TGGAAGTCCTGAGATGTTCAAA CACGGGAGTTGGAAGTCTAAA

T25 GGTGTCCTTTGTGTCTGTGT TCATCCTTGTGATGCCATTGTA

T26 GAACAGTCAGTGCTGGTGAT GTTGCGACAACATTGACATACA

T27 AGCTGAAAGCTACCTCTGAAAT TGACTGTAATCTTGTCTACTTGCT
system A& E7Hs RS 2l flef 24 $E A F 2 gh3aklet S22 98T ollA 10%, 68T ollA 1025

(Target sequence) 7|5 S 2 Primers (Table 1, 2)E t]A}
¢l, A2kt 3 PCRE =850} 2|5 Target sequences Al
A5ttt 2Z Target sequenceS 414317 ¢35t A9
Genomic DNA #4] 142 th&3 Zdh A3+ Bl
(Female), B2 (male)2 U1 Bt 7|72 o]-4a}of 4
L#ju|E Al&31A 2&3F 3 DNeasy blood and tissue kit
(Qiagen, USA)E ©]-&5tof DNAE F+=3}31tE PCR W3-
© DNA 140(50ng/ul), 10X buffer 540, 10mM dNTP 140,
primer Z+Z} 2u(10pmol/ul), DNA Taq polymerase
(solgent, Korea) 0.25u0, 755 H71sle] 2% 500 &
Fo g 235}t PCR ZAL 940 oA 587) initial
denaturationgh Th3 94Coll A 30%, 62ColA 30%, 72T
ol 902E 1 cycle® 310] 303] HFE3E =, 72704 10
7} final extensiond}il 8o R3}ich PCR AHES
1.5% agarose gelol A 7953k &latoirt.

ol SkA
< HO

5. sgRNA C|XI2!

2| A% Target sequenceo]| §-472F HA7|&S 4§
T 4= EE sgRNAS trRelatal §Hdaoitt. sgRNA
S 3l Guide-it sgRNA In Vitro Transcription kit
(Takarabio, USA)S o|-&3}9th sgRNA dhAof FQa3gt
Template A2 W2 oh53} Al Template A2H-§
Forward primerst= Table 3¢f UEF It} Guide-it Scaffold
Template 1u¢, Forward primer 0.5u0(10pmol/uf), PrimeSTAR
Max Premix 12.5u0, =555 27)slo] & 2500 |3F0

oTTT =

1 cycleZ 35}o] 333] wHE8}4 1, HFEAMES 1.5% agarose
gelol| Al A7]99-55ko] 2R15kIrh sgRNA M HH-2 o
213} Ztl sgRNA PCR template 540, Guide-it In Vitro
Transcription Buffer 7ul, Guide-it T7 Polymerase Mix 3
ul, RNase Free Water 505 &350 X£ 2000 §Fo0 =2
37°C oA 4A17F BoF veElg Tt o]o] Recombinant DNase
I (RNase-Free) 2ulE H7Igh & 37T A 158 & 1t
55to] sgRNAE /st T3t sgRNA Y] Purify =
23l Guide-it IVT RNA Clean-Up kit (Takarabio, USA)S
]85}l AL Purify g th2a} Zrh 3/deh sgRNA 22
w¢, IVT Binding Buffer 30uf, isopropanol 130u¢, RNase
Free Water 78 0E &35t & IVT RNA Clean-Up Spin
Columng o]-&3}o] 3027k 11,000g0.2 Y4lH g 5lch.
0]o] Wash Buffer 6000 = 23] Washingd}iZ RNase Free
Water 20u0 2 187} Incubationdt & 187k 11,000g 0 2
HArEgsto] sgRNAE 5513tk g53t sgRNAE
Micro-Spectrophotometer (ALLSHENG, China)& ©]-8-3}
of Fsteich

&84

6. sgRNA Screening

3143t sgRNA7F AAHA 0 & ZHEslo] Target sequence
2 943} 22 gl i3l vjA9] Genomic DNAS}
Guide-it sgRNA Screening kit (Takarabio, USA)E ©]|-8-3}
o] &RI8k3rt. Screening HH S T3k Zr). WA Target

o HT
sequence”} EEHE amplicong $Z317] $J3l PCRS 3
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Table 3. Forward primers to create the DNA template for sgRNA
Target seq. Primer Sequence (5°—3’) size(bp)
Name

T2 CCTCTAATACGACTCACTATAGGAGTCCTCTCTGCTCCCACTGGTTTAAGAGCTATGC 58

T3 CCTCTAATACGACTCACTATAGGAAAATCTTAGAGAAACACTGTTTAAGAGCTATGC 57

T5 CCTCTAATACGACTCACTATAGGCAGCTGCATGTGGATGAACAGTTTAAGAGCTATGC 58

T6 CCTCTAATACGACTCACTATAGGACTCTGCCCTCCCTGCCTCAGTTTAAGAGCTATGC 58

T8 CCTCTAATACGACTCACTATAGGAGGATTGCCGATGTGAACTAGTTTAAGAGCTATGC 58

T9 CCTCTAATACGACTCACTATAGGCACGATCACTGATCTGACCCGTTTAAGAGCTATGC 58
T10 CCTCTAATACGACTCACTATAGGAATCCCGAATAATCCCCTGTGTTTAAGAGCTATGC 58
T11 CCTCTAATACGACTCACTATAGGCAGGGCAGATTTGAATGTGTTTAAGAGCTATGC 56
T12 CCTCTAATACGACTCACTATAGGTCCAGCTCAGTTAGAATCACGTTTAAGAGCTATGC 58
T13 CCTCTAATACGACTCACTATAGGCACTCCAAATACACTGTGCAGTTTAAGAGCTATGC 58
T14 CCTCTAATACGACTCACTATAGGATGTTGATGAGATACGCCTGTTTAAGAGCTATGC 57
T15 CCTCTAATACGACTCACTATAGGCCTCCTCATATACTCTCCTGGTTTAAGAGCTATGC 58
T16 CCTCTAATACGACTCACTATAGGAGCTCTAACGTGTTTTACTTGTTTAAGAGCTATGC 58
T18 CCTCTAATACGACTCACTATAGGTGATGCAGAGGCACCAAATAGTTTAAGAGCTATGC 58
T20 CCTCTAATACGACTCACTATAGGTGCTGCATCTCTAGAAAGGTGTTTAAGAGCTATGC 58
T21 CCTCTAATACGACTCACTATAGGTTTGCTTTCTGAGGTCTAATGTTTAAGAGCTATGC 58
T22 CCTCTAATACGACTCACTATAGGTTCAAGTTTTCACTTAAATGTTTAAGAGCTATGC 57
T23 CCTCTAATACGACTCACTATAGGACCATTATGCTTTAAAGTTAGTTTAAGAGCTATGC 58
T24 CCTCTAATACGACTCACTATAGGTTTTGAGGCAGTGAAAAATGGTTTAAGAGCTATGC 58
T25 CCTCTAATACGACTCACTATAGGTGCGGACTCCTCCATGATTGGTTTAAGAGCTATGC 58
T26 CCTCTAATACGACTCACTATAGGTGAAAGCTACCTCTGAAATGGTTTAAGAGCTATGC 58

3}tk DNA 240, 2X Terra PCR Direct Buffer 2540,
primer Z}Z+ 1.5u0(10pmol/ul) (Table 1, 2), Terra PCR
Direct Polymerase Mix (1.25 U/ul) 1ul, RNase Free
Water 19405 E3et0] 2% 50u0 8o HHEa1olch
PCR %L 98 ol|A 287} initial denaturationdt Th2 9
8CAA 10%, 60ToA 15%, 68TCOIA 90ZE 1 cycle®
stof 353] HhESH &, 4Co EEsigich PCR ARE2 1.5%
agarose gelolA] 27| g&5to] ERRlsksit a/dE sgRNAZ}
Target sequenceE AT 4= 9l =X]&= Cas9of &gt Target
sequence?| Attt olFEZ 3}l Target-specific sgRNA
(50ng/uld) 118} Guide-it Recombinant Cas9 Nuclease
(500ng/u) 0.5u0E E7sto] 5E1F 37TolA] vEg-3H3ich
o]oj x| A}7] PCR AHE 5u0, 15X Cas9 Reaction Buffer
1ul, 15X BSA 1ul, A7) Cas9/sgRNA mix 1.54¢, RNase
Free Water 6.5u0S &3}6}0] 2% 1540 &30 2 37°C9
Al 1AIZE 80T oA 5EZE RESAIZT & AFES 1.5%
agarose gelo| A 79550 Elstelet #7195 At
DNA HHE7} cleaved fragment 27§ 2 UE = 9= 3
A3t sgRNA7} Target sequenceS A2 Q14]5te] §-HX
Aol e om A= dctar wtstqich

-

7. Cas9—sgRNA ribonucleoprotein(RNP) complex H|Z

Target sequences 145kl Hehsh= Cas9-sgRNA
ribonucleoprotein (RNP) complexE A|2}5l7] $J3l Guide-
it Recombinant Cas9 kit (Takarabio, USA)E ©]-&3} 3t}
G-230] 7A5% sgRNA 0.45u0(1ug/ul), Guide-it Recombinant
Cas9 0.75u0(3ug/ul), Resuspension Buffer 6.3u(5 4]0
2% 7.500) SO SEIF 3700)A HHSHlo] Hje)
g5t Microinjector= 792 Cas9-sgRNA ribonucleoprotein
(RNP) complexE A|ZHeH the -80°Co] s}t

74

=

——

EFAH
o

1. NGSE 0|28 TAtA| 24 2 MA| SFX}

2 0] RNA A|98A Aa} 2 242,418,292712] reads
(B1-2= 129,816,500 reads, B2-12= 112,601,792 reads)}
24,484.247,492 bp (B1-2= 13,111,466,500 bp, B2-1=

11,372,780,992 bp)¢] Raw dataE Z}H 3} THTable 4).
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Table 4. Raw data stats

Index Sample Total reads Total read bases GC (%)
1 B1-2 129,816,500 13,111,466,500 51.20
2 B2-1 112,601,792 11,372,780,992 48.46
Table 5. Trimming data stats
Index Sample Total reads Total read bases GC (%)
1 B1-2 128,492,724 12,854,708,436 51.20
2 B2-1 111,543,694 11,206,616,993 48.46
Table 6. Contig data stats
# of # of Total o
genes transcripts assembled bases(bp) GC(%)
Trinity 189,512 243,117 235,627,133 4539
de novo assembly
TGICL clustering 182,887 182,887 132,127,994 44.02

Low quality A€ % adaptor A€ trimmingS Z3f
240,036,418 7 9] reads (B1-2+= 128,492,724 reads, B2-1=
111,543,694 reads)2} 24,061,325,429 bp (B1-2+= 12,854,708,436
bp, B2-11= 11,206,616,993 bp)©] Trimming dataS SH= 519
CHTable 5). TrinityE ©]-&3t de novo assembly A3} Total

trinity transcripts+<= 243,1177l(235,627,133 bp), Total
trinity S A= 189,512702 2018k 1, TGICLS o]8-3t
clustering 23} 182,8877l(132,127,994 bp)2] Unigene
ContigE &H15}% t(Table 6). Gene ontology (GO) £-4S

2 3531 contigE2] Annotation Z3M= 7|5 =, biological

Cellular process (16.92%) —

/
Developmental process (13.71%)

A " Molecular Function (5.76%)
Cellular Component (5.56%)
Biological Process (6.09%)
No Hit (82.58%) ~
Metabolic process (17.59%)
B

Localization (8.3%)

Biological regulation (23.88%)

~ Other (3.31%)
~ Biological adhesion (1.5%)
Multicellular organismal process (2.38%)

™ Cellular component organization (3.31%)

Response to stimulus (3.65%)

| Unclassified (5.45%)
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Catalytic activity (29.64%)

C Cell part (28.9%)
Membrane part (19.33%)
— Other (1.43%)
~ Cell junction(1.04%)
Extracellular region (1.79%)
Membrane (14.96%) ~ = Extracellular region part (3.09%)
Organelle part (4.39%)
/ Protein containing complex (6.24%)
\
Organelle (11.54%) Unclassified (7.29%)
Binding (46.63%)
D

Transporter activity (5.78%)

Other (0.36%)
"~ Structural molecule activity (1.74%)

Molecular function regulator (3.22%)
Transcription regulator activity (3.3%)
> Signal transducer activity (3.92%)

N Unclassified (5.41%)
\

Figure 2. Gene Ontology (GO) analysis. (A) Categorization of GO terms, (B) Biological process
terms, (C) Cellular component terms, (D) Molecular function terms. All of the
differentially expressed genes were classified based on GO analysis. Each category
is labeled with different colors, and the numbers refer to ratio of these categories

to the all dataset.

processes, cellular components, molecular function 2 L
o] Figure 29f YERN It} Unigene Contig (©]3} Contig)
Hus Bgsiol A e peis 719s
‘Sperm’, ‘Zona Pellucida’, TZUMO’, ‘Acrosome’ &2 A
sjol 13} Alah 2a, Ul galae 10%, it pels
Contig= 1227)7} AFZ =93 12} A3t Contig AR =
Table 70 YEFHICE 13} AHGEE oz 759 tlo]
EjH|o] 2o A i HME = Contigs, SAlo] Blast 3=
A A ake] §AHE7} 80% o) Hl Contigh e 27
Agh Aah thalale 2%, chalalal pelEl Contighs 459]
AFEE|QIT) IZUMO1 T2 o] 7-9-of = 37)¢] Contig ~12]
1! Zona pellucida sperm-binding protein®] 7-$-ofl+= 17]9]
Contig7} A5 %131 22} AE3}E Contig A += Table 89

epgiet.

2. CRISPR/Cas9 system= X8} Target Sequence MHA

Z}r ContigE dsh= G741 EolA CRISPR/Cas9 A2
de 83 o HY 7Hedt A1 Y (Target sequence) =,
Cas9 nuclease”} Q1Al51= HQle]l PAM (5‘NGG-3")& 714
20bpe] G774 ¥ES TR A ¥E(Candidate Target sequence)©|
2} stal A4t Aik= Figure 3, 4, S, 601 EAISHITE $5
AL IZUMO19] C69849 gl il-& 77(Figure 3), C82233
gl i1-& 37|(Figure 4), C183992 gl il 27lj(Figure 5),
J2]3l Zona pellucida sperm-binding protein®] C63950
gl i1& 157(Figure 6-1, 6-2)2, & 27709 TH AdL
478513t vl DNACA FUet A Fo] &4 o], Target
sequence Y| intron AF¢J o= <IgF CRISPR/Cas9 system
A B/l oFE SRl 8l 24 SE AES 7o
Primerg TA}Ql, A5t PCRS 4233k & 2|5 Target
sequences 417431 aL, A= Table 9o eI X5
Target sequence+= IZUMOI12] C69849 gl i1-2 47}, C82233
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Table 7. 1% selected Contig information
Protein Function Number of ontigs

1 Zona pellucida sperm-binding protein ’ Extracellplar matrix surrounding oocyte 23
* Sperm binding receptor

2 Spermatogenesis-associated protein * Control of fertility 63
* Membrnae contact site formation

3 Motile sperm domain-containing protein |  facilitation of egg maturation 5
* Oocyte migration to fertilization site
* Spermatogenesis

4 Sperm-associated antigen * Fertilization associated GTP binding and GTPase 7

activity

5 1ZUMO1 * Sperm-specific protein o . 3
* Sperm-egg plasma membrane bindingand fusion

6 Round spermatid basic protein * Sperm maturation 6

Sperm-tail
7 PG-rich repeat-containing protein Early development of the zygote 2
Sperm acrosome * Normal sperm morphology .
8 . . * Sperm surface membrane protein 4
membrane-associated protein . .

* Sperm-egg plasma membrane adhesionand fusion

9 Acrosomal vesicle * Sperm surface membrane protein ‘ . 2
* sperm-egg plasma membrane adhesionand fusion

10 Sperm flagellum * Sperm motility 7

Table 8. 2™ selected Contig information

Protein Contig No. Annotation on GO
C69849 gl il * cellular process
(1,357 bp) BP * reproductive process
* cellular component organization or biogenesis
1ZUMO1 C8252 33 13 *l;g Ll * membrane
( ) CcC * organelle part
C183992 gl il " cell part
(324 bp) MF * binding
* cellular process
BP * reproductive process
Zona pellucida C63950 gl il * biological process
sperm-binding protein (2,850 bp) CcC « extracellular region part
MF * binding

* GO terms :

gl 18 371, C183992 gl i1-& 27)|, Z18]3l Zona pellucida
sperm-binding protein®] C63950 gl i1 12702, % 217}
9] %|% Target sequences A1A5} Tt

al Sk
= HO

3. sgRNA C|XI2!

2% A7 Target sequenceo] #31A} HH7]eS -85}
=4 "4=22l sgRNAL $H4d5}17] 3f] Target sequence™d

j

biological process (BP), cellular component (CC), molecular function (MF)

S primerE 418391 sgRNA /-8 template S A| 23t
A3}, A7]1%95 Gel’dollAl °F 130bp] DNA band= e
thFigure 7). Guide-it sgRNA In Vitro Transcription kit
(Takarabio, USA)%?} Guide-it IVT RNA Clean-Up kit
(Takarabio, USA)E ©]-§5F0] /3t sgRNAS] FHd
Table 10 Y Sic)
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> lzumo ¢69849 g1 _i1
TTGAAGTGTACCTATGATAAAAATGACAGACCTCTACATGCTTTGGTGAACTGTGGGGTGAACAG
TGACAGTACTGTTGCAGTTTGTGGCAGAATCTGACTGG ™ *""CAGGCTGGCACATGAACAAAATTG
CAAAACTGTTCAGAACATACTACAGAGAACCTGCTCTGACAGAGGAGCAAAAGTGACTCATCCTA
GTTCCTAGCAGGAAGTTAAGGGTACCGAGGGGAGATGTTGCTGGTGTTGGTGTCCCTGCTTTGCT
GTGTCCCTGCTGCCAAGGCCTGTTTGCAGTGTGACCTCAGGGTCAGGCTCCTACATGAGGACTTA
GTCCTCTCTGCTCCCACTGTGG ™ > ACAACCAGATTGAATTGAAAAAGATTTGTGACCATGCCTA
TGTGACCTACAGAGAGACCAGCCAGATACGAAAGGGAGTCATTGATCCCACCACTCTGTACAGA
GCCACAACTGAGTACCAGAGTGAATTTGACCGCTTCTTGAAAACCAAGGACACTGGATCTGTAAC
ATTCGAAGCCATTCAGATCATGGAGAAGGGCAGGAAAATCTTAGAGAAACACTTGG ™ **ACACA
TTCATCCGTGATGGATTGTGTCCCAACAAGTGTGGGCTTTTGAAACAGAGAGTAATGGATTGCAT
CTCTTGCCACTACAAGATATACATCTGTCCCTCTCCTTCTGGCCAACAGGATTGCGGTGAGTATCC
AGTGCAGG ™ **“CTGAGGAGGGAGGCCAGGCAGTGTTGAACTGTTTCCTTCCATGGCATCGTCTA
CTGTTGGGAAGACCAGAGTACCACTACTCCTGGGCCCCTGGTGTGCCAGAAACGGAAAAGCTGA
CTGAGAGCAACTTCAAAGCCTTGGTAGTGACAGACGACTCATCTGTGGTCTTAAATCAGCTGCAT
GTGGATGAACAAGG " >AACGTATCGCTGCTCTTTGCAGGACGAAAATGGAACCGTCTTCTACC
GAGTCACTTTCCTGCTCGCTGTCACCCCTTTGCCTGTCCAAATTCACCGACCTGTCATCACTCTGC
CCTCCCTGCCTCATGG ™ *SAAACAACTACTCACCTTTTCTACCTACTGAGGAGGGCCTGCTGATG
CCAGTCATCGCCGTGTTTACTGCTCTGAGTCTGGCAGCCTGCGTAGGCATTACAGTTGTCCTGGG
GTGAGAGACAATTTATTATAAATCAGAGG ™ ** AGAGCTGTGAACAAGCCGAGAAGAAAGAGGAA
GGAGGAAAACCACACACAAAACACGGTGTGATGGAGACACTGCGCACAGTAAACACACACTCTA
AAGACAGGGAGGTTTTACTCATTTCAGGTTGGACATTTCTCTCTGTGGCTAAATAAATTTCCAAGC
ACAAAGTGCCAAGTCAT

Figure 3. Candidate Target Sequence indicated in C69849 gl il gene Sequence (1,357 bp). Yellow color for Candidate

Target Sequence, Orange color for PAM (5°-NGG-3") region and Superscript for No. of Target sequence is Indicated.

Y lzumo ¢82233_g1_i1
TTTCATGTAAGTGTGAAAACATGTTCACTACTCGCAGATGTGGCTCTGCGAAGCGTATAATGTGTT
TAGATGTTTTTGAAATATATTGATTAACTTAAAACAAAAACATAAAAACTTAAGGATTGCCGATGT
GAACTATGG " TGATGAAAACACAGAGATCTCACTCATAAAAAGAAAGTTTGTGGTGCAACATA
ACAAAGCGTGACACACCCACTTAAACACACACAAAATCCCCCAGAAAGCACTCAACTTTCCATAG
CATTAAGCACCAGCTTGCCTTAAACACGATCACTGATCTGACCCTGG ™ **®CAGGGACACGTTCC
CCCTGAATGGAGCGATGGCATGGTCACGTGGGTGTTTATGAGAGGAATCAGGGATGAGGTAAAT
CTCCCGGATTACAGTTTTTTTCAGAGATTAACAGCCCCAGCCATCCAATCAATCCCGAATAATCCC
CTGTTGG ™"’ AGGAGGAGGGAGACAGGAGGGGTAAAAAGATAGCAGCAGATGTTTTCATCAGG
GTTTCTTTGAATGTTTAGTCA

Figure 4. Candidate Target Sequence indicated in C82233 gl il gene Sequence (531 bp). Yellow color for Candidate

Target Sequence, Orange color for PAM (5°-NGG-3’) region and Superscript for No. of Target sequence

is Indicated.

Y lzumo ¢183992_g1_i1
AGGGTGAGAAGGGAAGTGGGAGCATGAAGAAAGTGGAGTCAGAGGTTTGAGTGGGAGACATTT
GCGGCAGGGCAGATTTGAATGTCGG " TGATGAGGAAATGAAGACAAAGACGTCAGATTAC
ACCTTAACTATCCCACACCGCACATAAAGTATAATTTCCTGTGTGTAACTGAGTGTCCTGTATCC
AGGGGTGGAAAGATGTCTACAATATCCAGCTCAGTTAGAATCACTGG "> TGTTTGACTTAAAT
ATTACAAATGCAGAATTGAAAACTACTCACATAAAAATGCAAAAAAAGACTACTCTTGAGATGTG
CTCAAAGCCCC

Figure 5. Candidate Target Sequence indicated in C183992 gl il gene Sequence (324 bp). Yellow color for Candidate

Target Sequence, Orange color for PAM (5°-NGG-3’) region and Superscript for No. of Target sequence is Indicated.
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> Zona pellucida ¢63950_g1_i1
CCACGGCTCAGATGGTTTACTGCCTAGTGGGTCAGATGGGACCTTTTGCAGTCTGAACTGGGTT
GCTGTTTTGAGTGGCATTCATGGAGACCTTGTATTTTTGGGTTTATGTCCTAGTTGGACTCTTGTT
GCCAGGGATCTGCCTCAGGCCATCTTTTGCATTTCCACACAAACGTCACAGACAACATGATTCCT
TTCTAAGGGCTCCCTTCACGGGGCACTCCAAATACACTGTGCATGG ™ "> GCACCAAAAGGCTC
CAGCTGAGGAACGAGAGCAGGTGAACACTGTCAGAGTGACCTGCCACCCAGACTTGCTGGAGA
TCGTTATCAAAGCTGACCTGTTTGGAGTCGGAGCTCCTGTTGATGTTGATGAGATACGCCTCGG™
et AGTGAAGCCCGATGAGTTCTGTAGAGCTGCAGCATCTTCAGAAGATGAGTACAAGATCGTT
GTTGGATTAGTGGACTGCGGGACCAAACACTGGATGGATGAATCCGTTCTGGCCTACACAAACC
TCCTCATATACTCTCCTGTGG "> CCTCCCCAGGTGGGGTGACTCGAATGGATGAGGCTGTAAT
TCCAATTGAGTGTTATTACAAAAGGAAATACAATTTGTCTAGTTCTTCGCTCCTGCCTACCTGGAT
CCCCTTCATGTCTACCCAAGCTGCAGTGGAAACCTTGGAGTTTAACTTGAGAATTATGACAAATG
ACTGGCAGTATAAAAGAAGCTCTAACGTGTTTTACTTCGG ™ 'S GGATCTCATCGGCCTCGAAGC
CTCTGTCAGAGTTGGGTATCACATGGGGCTCAGAGTATTTGTGAGCAGCTGTGTGGCCACACTT
GACCCAGACATAAACTCTGTTCCCAGATATGTCTTCATTGAAAACGGGTGCTTGG ™ """ TTGACT
CCATGGTTCCAGGTTCAAAGTCTCACTACTTAGTCAGGACACAGGATGACAAACTCCACTTGATG
ATTGATGCCTTTAAATTTCATAATGAGGACAGAGCAGAGCTCTACATCACATGTCAACTGAATGC
TGTGCCAGTAAATGATGCAGAGGCACCAAATAAGG ™ "8 CGTGCACTTTTGTCAATGATAGATG
GAGATCGGCAGATGGTAACGACTACTTATGCCAGTATTGTACAAATCAAAATATAGGTGGCCAA
ACCCACCATAAGCCCAGCAGCTCTGGCAAGTTTGGTAAGGTGGCTGAATCCAAAACCTTCTGGG
AGAGCGGACTGAAGCGCAATGAAGTGTGGCATCAGGAGGCAAGACTGGGTCCAATGCTGGTCT
TGCCAGG"™°""* TAAACAGAAGACTGAGCATCTACCTGTAGAAGAGCTTCCTCCCGTTCCCAATA
AAAGCAGCAGACCTGCACTGTATGGCAGCCAGTGGAGAGGTGGAATAACTTTCAGAAAAGACG
AGATGGGACTGCTTCCACCTACACCAGACCAGGTGGCTGAGACGTTTTCTTCTGAACAGAAAGA
TGTCAAAACTGAAACGGATCTAAAAGATGAAGATGCAGAAAGTGAAGTTGCTGCATCTCTAGAA
AGGTTGG™**'GTCCTGAGGTTGACTTGAAAGCGATAGAGGCAGCACTGGACCCTAACGGCAC
AGCAGCCCTCAGTGATGTCATCCCCACGGCTCAGTTTACGATGGATGTGACTAAACTGTCAAAC
ACAACTGCTACAGAATCTGACCTTTCAGCTGCAAATGACCCAAAGAGTGAATGAACAATTAAAA
ATAGTTTGCTTTCTGAGGTCTAATTGG 9!

Figure 6-1. Candidate Target Sequence indicated in C63950 gl il gene Sequence (2,850 bp). Yellow color for Candidate Target
Sequence, Orange color for PAM (5°-NGG-3’) region and Superscript for No. of Target sequence is Indicated.

> Zona pellucida ¢63950_g1_i1 (continuous)
CAGTAAAGTCCTGATGTTGCACAGGTTTTTTTTITTTTTTTTTITCCCTGTTTATCTGATGTAAATCAAC
TGAAACTTTAAAATGCCACTCTAAAATTAAACTTTGGAGAAAGCAAAATGTTTGCATTTATGAGC
CACTGACTTTTATTTGAATGTCTTTGTTTTTAAGTTCAAGTTTTCACTTAAATTGG " ***??CAATCTC
TAGTATGCATCCTGTCTTTTCCAGTGTGAACACACTTCATACTCAACCTGCCTAGAATTGGTAATT
ATGTGGGACACAACAGTCATCACTACTATGGAAAACTATAAATACAAGCGTTTGCATGAAAAAT
GGTTCTATGGCTTAAAGCATGTGCACTGAGTAACAGTAAAATGTAAATAAACTTGTCTGCTGTTT
CCACCTACTGGGAATGTACATTAGTGAAACCATTATGCTTTAAAGTTATGG " *'ZAAGTCCTGAG
ATGTTCAAAATGTTTGACTCTCATACTAAATGTGCATTGTCTGTCAGGTGTGCTCACAATCTCCTG
AATGATTTTTGAGGCAGTGAAAAATGAGG ****AAGGCCAGATTGCAAAGACTAAGTGAATGCA
AATAGACGGTGTCCTTTGTGTCTGTGTTCAGTAGATTAAAAGCTAGTTTAGCAGATGGGACTGTT
TAGACTTCCAACTCCCGTGTGTATTGCGGACTCCTCCATGATTGTGG “*** > TGAAGGCTGGCGGT
ACAACAACGGATGTTACTCCTAGAGAGCTTTACTTGGGAGAAGCAGAACAGTCAGTGCTGGTGA
TGCTGACTGCTAGTTACAATGGCATCACAAGGATGACATGCTGTAGTTCGTGTTTCCTGCCTCTC
TAAAAGTCTGCCTTCTCACTCAAGCTGATGACAGATTTATATCACATGCCAGCTGAAAGCTACCT
CTGAAATGTGG " AGCAGCAGTCCCATCAACAAGGTCTTCAATTATGTACATTCAAGATGG ™"
2/ GAAAATGTGGATGGGGGAGATGATGTATGTCAATGTTGTCGCAACACTTAGAAAGATGAGAC
AAATCTGAGACGTCTGATCCCTGAAGATACCATGGCATGTGACACCGTAACCCTTTGATTTTCCC
CAGCAAGTAGACAAGATTACAGTCATAAACAGTGC

Figure 6-2. Candidate Target Sequence indicated in C63950 gl il gene Sequence (2,850 bp). Yellow color for Candidate
Target Sequence, Orange color for PAM (5°-NGG-3’) region and Superscript for No. of Target sequence
is Indicated.




CRISPR/Cas9 System= 283 v~ E9] (=0 st A+ 014

Table 9. Target sequences for application of CRISPR/Cas9 system

Protein Contig No. Target No. Target Sequence (5°—3’)

2 AGTCCTCTCTGCTCCCACTG

C69849 gl il 3 GAAAATCTTAGAGAAACACT

(1,357 bp) 5 CAGCTGCATGTGGATGAACA

6 ACTCTGCCCTCCCTGCCTCA

1ZUMOI 8 AGGATTGCCGATGTGAACTA
82233 gl il

(531 bp) 9 CACGATCACTGATCTGACCC

10 AATCCCGAATAATCCCCTGT

C183992 gl il 11 GGCAGGGCAGATTTGAATGT

(324 bp) 12 TCCAGCTCAGTTAGAATCAC

13 CACTCCAAATACACTGTGCA

14 GATGTTGATGAGATACGCCT

15 CCTCCTCATATACTCTCCTG

16 AGCTCTAACGTGTTTTACTT

18 TGATGCAGAGGCACCAAATA

Zona pellucida C63950 gl il 20 TGCTGCATCTCTAGAAAGGT

sperm-binding protein (2,850 bp) 21 TTTGCTTTCTGAGGTCTAAT

22 GTTCAAGTTTTCACTTAAAT

23 ACCATTATGCTTTAAAGTTA

24 TTTTGAGGCAGTGAAAAATG

25 TGCGGACTCCTCCATGATTG

26 TGAAAGCTACCTCTGAAATG

Figure 7. Gel electrophoresis of the sgRNA Templates (arrow: 130 bp band). (A) Lanel: 100 bp DNA marker, Lanes
2 to 9: sgRNA Templates for each target sequence No. 2, 3, 5, 6, 8, 9, 10, 11, 12, (B) Lanel: Marker, Lanes
2 to 12: sgRNA Templates for each target sequence No. 13, 14, 15, 16, 18, 20, 21, 22, 23, 24, 25, 26.
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Table 10. Synthesis of sgRNA
Protein Contig No. Target No. Synthetic amount (ng/ul)
2 833.15
C69849_gl._il 3 766.32
(1,357 bp) 5 825.95
6 715.55
1ZUMO1 . 8 1004.30
Cgfssz—bg;)—” 9 841.43
10 902.29
C183992 gl il 11 914.12
(324 bp) 12 601.95
13 912.21
14 866.14
15 789.30
16 1027.20
18 828.77
Zona pellucida C63950 gl il 20 653.07
sperm-binding protein (2,850 bp) 21 364.87
22 364.79
23 729.56
24 323.55
25 666.42
26 827.10

4. sgRNA &2 Screening

A ZF5t sgRNA7} Target sequenceS Q1418 4= ¢l=x%]
2kol5}7] )3l Target sequence ATt o] 55 Agarose %7]
A5 o R A¥3t Target sgRNA Screening 2=

tho3} ZeKFigure 8, 9, 10, 11). IZUMOI (C69849 1 il)
9] L, Target 31} 55 <QIA15H= sgRNAV| A& o5

2E30] sequence @] At dAYo] e, Target 22} 6
= Q14)ok= sgRNAE Ao s 256HA] kol sequence
At @4o]l UehAl ehgtth(Figure 8). 1IZUMOI
(C82233 gl i1)9] A<, Target 8, 9, 102 1AJ5H= sgRNA
7F A ez AEsto] sequence®] At @AYo] LERETH
Target 83} 109 4]+= Uncleaved fragment7} A¢tE A2
ol o cleaved fragments 271 5 17]+= 200bp ©]3}
o]7] "ol M7]1%9-5 Axl gel band9] £t AHo] ¢F
El= Ao 2459l ckFigure 9). IZUMOI (C183992 gl
i1)9] 72, Target 1137} 125 <Q1A3H= sgRNA7} A& ©
2 A55lo] sequence®] Atk d/fo] LERRITh Target 11
T} 120]4+= Uncleaved fragment7} ATt ZA-& Z1=

lo

O} cleaved fragments 27 2 17+ 200 bp ©o]3}o]7] uj
ol A719F AaQl gel band®| =k Aol =A] b=
Ao 7 FAE K Figure 10). Zona pellucida sperm-inding
protein (C63950 gl i1)9] H$, ®E Target 13, 14, 15,
16, 18, 20, 21, 22, 23, 24, 25, 262 214]5}+= sgRNA7}
BAH o= A-5s5to] sequence”t AHE ZS ElskGi)
Target sequence 23, 24, 25| 4= Uncleaved fragment”}
AokE AL 3}e1skg] o) cleaved fragments 271 5 =7]7}
2+ cleaved fragment= 50| EX|qt 37]7} £ cleaved
fragment+= Uncleaved fragment@} 8-QF FE 0] E|Z] oFk
CH(Figure 11-1, 11-2, 11-3). sgRNA &84 Screening 2
o H A AHESH= seRNAL [ZUMOI (C69849 gl
i1)9] 7L-of = Target sequence 31} 5, IZUMO1 (C82233
gl i1)¢] 7o+ Target sequence 9, Zona pellucida
sperm-binding protein (C63950 gl i1)%] 7-9-ofl+= Target
sequence 13, 14, 15, 16, 18, 20, 21, 22, 2622 ZIFQch
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Protein Contig No. Target No.
2
3
C69849 gl il
1ZUMO1 (1,357 bp)
5
6

Figure 8. sgRNA Screening Result by Target sequence of IZUMO1 (C69849 gl il)
* Lanel: Marker, Lane2 : Uncleaved fragment, Lane3: B1 Cleaved fragments, Lane4: B2 Cleaved fragments.

— Uf: Uncleaved fragment, — Cf: Cleaved fragments
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Protein Contig No. Target No. Result of sgRNA screening
8
C82233 gl il
1ZUMO1 = - 9
(531 bp) — Uf
—ci
10
— Uf
? |Cf

Figure 9. sgRNA Screening Result by Target sequence of [ZUMO1 (C82233 gl il)
* Lanel: 100bp DNA Marker, Lane2 : Uncleaved fragment, Lane3: Bl Cleaved fragments, Lane4: B2 Cleaved fragments.
— Uf: Uncleaved fragment, — Cf: Cleaved fragments

Protein Contig No. Target No. Result of sgRNA screening

C183992 gl il

1ZUMO1 (324 bp)

11
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Protein Contig No. Target No.

12

Figure 10. sgRNA Screening Result by Target sequence of IZUMOI (C183992 gl il)

* Lanel: 100bp DNA Marker, Lane2 : Uncleaved fragment, Lane3: Bl Cleaved fragments, Lane4: B2 Cleaved fragments.
— Uf: Uncleaved fragment, — Cf: Cleaved fragments

Protein Contig No. Target No. Result of sgRNA screening
13
Zona pellucida C63950 gl il
sperm-binding (2.850 bp) 14
protein ’ P
—Uf
: p—
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Protein Contig No. Target No. Result of sgRNA screening
16

Figure 11-1. sgRNA Screening Result by Target sequence of Zona pellucida sperm-binding protein(C63950 gl il)
* Lanel: 100bp DNA Marker, Lane2 : Uncleaved fragment, Lane3: B1 Cleaved fragments, Lane4: B2 Cleaved fragments.
— Uf: Uncleaved fragment, — Cf: Cleaved fragments

sperm-binding
protein

(2,850 bp)

Protein Contig No. Target No. Result of sgRNA screening
18
Zona pellucida 63950 gl il 20

21
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Protein Contig No. Target No. Result of sgRNA screening

«—Uf

22

Figure 11-2. sgRNA Screening Result by Target sequence of Zona pellucida sperm-binding protein(C63950 gl il)
* Lanel: 100bp DNA Marker, Lane2 : Uncleaved fragment, Lane3: Bl Cleaved fragments, Lane4: B2 Cleaved fragments.
— Uf: Uncleaved fragment, — Cf: Cleaved fragments

Protein Contig No. Target No. Result of sgRNA screening

1=Uf

23
ot | comso g |,
protein (2,850 bp)

25
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Protein Contig No.

Target No.

26

Figure 11-3. sgRNA Screening Result by Target sequence of Zona pellucida sperm-binding protein (C63950 gl il)
* Lanel: 100bp DNA Marker, Lane2 : Uncleaved fragment, Lane3: Bl Cleaved fragments, Lane4: B2 Cleaved fragments.
— Uf: Uncleaved fragment, — Cf: Cleaved fragments

5. Cas9—sgRNA ribonucleoprotein(RNP) complex A|%

sgRNA #F-&A4 Screening A1} cleaved fragments 27
F Rtz S o] ¢F Ei= %9+ Cas9-sgRNA
ribonucleoprotein (RNP) complex A|2to] ARE-8}X] ¢Fal
Target sequence EHo] 2}alA] I sgRNA 1258
0]-8-5}¢] Cas9-sgRNA ribonucleoprotein (RNP) complex
2 A9t

g

o #
F)27A] A argkolZl w2 (Micropterus salmoides)
O] A Bl AAA EAdof| 7|Hkelal Ql= oheket e W,
= WA, F, AR, A, S, 18, 2
W, A7154%, 5 AP, A4y Fol AAEIL gl
L AAAQ1 Al e] Afe} avte] HEE n]E3t Aol
o 4 Stk
201413} 202010 =5 HFAAF Ao A= A==
Aol FAATA], Seibdsd A7EA A, WA
U] WHAAY] offde 2AlSto] S5 v
Ot gkt {FY AAIG ST AA B Y aEAS
HAI5HEE 2014 A7t H] W SHH 20201 FAL A FAIA
x9) A%, ATk A e R A, 222e)
A28 AAle] ERIEaL, A FAPNY Bol(Carassius
auratus), &17|(Pungtungia herzi), A}7HAFe|(Liobagrus
mediadiposalis), B55A2(Odontobutis interrupta), 25
W=(Rhinogobius giurinus)S ZESFA] Qkal, 2 AY
(Zacco koreanus)®} 3 2}0|(Zacco platypus), W7\ (Silurus
asotus), 'BO(Rhinogobius brunneus) 52 G234 Fast
AOE Uehth AEA2AI9] A%, Hl2st FAsH 271

311, I o AN W oJ(Hypomesus nipponensis),
7VER|(Channa argus)7} 8514 &otat, &7 (Squalidus
chankaensis tsuchigae), T|2tu|, Yol 52 FZ5A 743t
202 et WAHAAY A9, WlAT 40w 2kl
A, dA SERAE JoA(Cyprinus carpio), FAF-
(Acheilognathus lanceolata), S1ZFZ7(Rhodeus ocellatus),
NufX|(4bbottina springeri), 2-0)(Pseudorasbora parva),
HZF7N(Cobitis lutheri), H7], o, tJE55AE|(Oryzias
sinensis), 25N, 7FEX(Channa argus) 5 12%0] &3
SHA] oottt T HATYL o] A AIE 2020
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