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Trends 1in fish genetics and breeding research over 5

decades based on the review of scientific publications

Yoon gi Seo

Department of Fisheries Biology, The Graduate School,

Pukyong National University

Abstract

This study analyzed tendencies and technologies in the
50,543 papers published related to genetic breeding of marine
animals in 9 major academic journals for the last 5 decades. The
objective of this study i1s to implement policies to improve
productivity by introducing genetic breeding technologies for the
breeding industries in Korea which i1s facing various obstacles.

For this, the published papers which includes induced
spawning/breading, sex reversal, hybridization, chromosome
engineering, and selective breeding technologies were chosen by
5 years period. From this data, major technologies in each period
were found through the changes in the number of papers. The
successful cases in each period were studied by the technologies
in each species of fish, shellfish and crustacean. Additionally, the
information on the species that are bred recently using each

technology was analyzed. In particular, the objectivity of the



study was enhanced by applying ‘text mining technique  using
the “Orange” program to the abstracts from the papers which
studied Grouper species which are used widely for the breeding
In recent years.

As a result, the percentage of publications on induction of
artificial spawning has reached 25% of the total number of
published papers at its highest which has increased gradually
from the early 1970’s until the late 1980’s, and decreased until
today. This also underlines that the diversity of species for
culture has increased globally from the early 1970’s to late
1980’s. The success cases of sex reversal were only reported
among fish. In the 1990’s, approximately 40% of the reports have
been made. It seems that significant growth in productivity
through sex reversal of various species was accelerated by the
stabilization of spawning induction. Hybridization has increased
rapidly in the 1980’s when the induced spawning was introduced.
There has been 777 reports in the last 50 years. It has the most
number of reports among the 11 breeding technologies in this
study. Prior to the 1990’s, less than 10% of the papers were
reported on the induction of gynogenesis diploid. However, the
reports were increased by 25 and 35% constantly which is noted
as the newest significant breeding technology. Only one paper

was reported in the 1970’s on androgenesis diploid. For 35 years



since 1985, 18 papers were published. This technology not only
increases the homozygosity but also crucial in producing clones
along with the above mentioned gynogenesis diploid induction. It
1s projected that the development of methods to efficiently inhibit
the first cleavage of the species would be a very important
technology in the future. Excluding the 5 papers reported in the
1970’s, 346 papers have been reported in the last 50 years on
triploids. They were all published after 1980’s. The number of
published papers have been increased constantly with time which
became a very important genetic breeding technology of marine
animals. 47 reports on the production of tetraploid was published
since 1980’s with average of one published paper each year. This
1s a very low number of papers considering the importance in
the industry. This maybe because of the difficulty in inhibiting
the first cleavage. However it is necessary to have further
studies for the 100% sterility to prevent pollutions from
transformed marine animals. Since 1985, the number of papers
on induction of tetraploid of hybrids was more than 25. This
small number might have been because of the small necessity in
the industry. There should be more studies on this because it is
a technology that is used to overcome the low survival rates of
hybrids, and that could realize a 100% sterility. Only 5 papers

have been published on the induction of tetraploid of hybrids



which was on the introduction of chromosome engineering using
the tetraploid Cyprindae.

The selective breeding technology to stabilize the new breeds by
cross breeding the valid characters is one of the oldest breeding
technologies. It was increased constantly from the 1970’s and
rapidly increased after 1985 with 56 reports. Most of the reports
were on the use in the industry by breeding fast growing
species. However, no reports has been published on their
industrial use.

In conclusion,

First, as the proportion of breeding industry is growing
globally, the number of papers published in marine animals
breeding journals has also increased.

Second, the increase in the number of papers in genetic
breeding was apparent which proved that the genetic breeding
technologies are also developed as it is needed in the industry.

Third, the biota and its main species which were chosen
for the genetic breeding are the species that are actively bred in
the industry. Therefore, the development of the breeding
technologies plays great role in the development of breeding
industry by productivity enhancement.

Fourth, by applying text mining technique in measuring the

similarities of literatures, and writing the results using a

_iv_



software that creates various word clouds, the possibility of
objective analysis eliminating possible subjective judgment was
proved.

This study provided insights on marine animal breeding
technologies and industries globally. Further studies on the trend
of Korean marine animal breeding industries are suggested to

establish policies for Korean industry.
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Genefic manipulation of farmed animal
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Fig. 1. Various geﬁéﬂe--_gﬁﬂaﬁﬂeﬁ%gﬁs'"'fbr farmed animal in

aquaculture.
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o. A= = 4

1. 39 Ad
1-1. aquaculture (A)
(https://www.sciencedirect.com/journal/aquaculture)

o] Ade Exve A Hu 7o gAAH] 7eHA

NelE & F Qi =S BESAD ATHE 2 olu Ade 3

1-2. aquaculture international (AI)
(https://link.springer.com/journal/volumes AndlIssues/10499)

FHA) BE ZAS BRE Al AL FA o F, g4F,

1-3. aquaculture research (AR)
(https://onlinelibrary.wiley.com/10i/13652109)
1970d ©]% John Wiley & Sons7} 233t =4k 38 A

FAAl wF stE AL4.

=

1-4. Canadian Journal of Fisheries and Aquatic

Sciences(CJFAS)

(https://www.nrcresearchpress.com/loi/cjfas?open=1980#id_1980)
1901 o] % (o] 7FA] Ao w) X KA 0w FqH = o

_1‘]_



wopell A 3t Ad T stuE E5F

1-5. Fisheries science (FS)
(https://www.jstage.jst.go.jp/browse/fishscil994/list/-char/en)

A2 FAE T3]o A xSt FiE A A Dol
1-6. Journal of Applied Aquaculture (JAA)
(https://www.tandfonline.com/loi/wjaa20)

A AFE AT HA S 2 Vles ogRe a4
s AT ste As HRE grh
1-7. Journal of the world aquaculture society (JWAS)
(https://onlinelibrary.wiley.com/loi/17497345/year/2019)

AA k2 83 (World Journal of the World Aquaculture
Society)oll A/l &3 sl o] =T o2 R7|HZ &9 HE o
w4 2 SHFpAEEr & T4, T3 Al &F
A B AA S 2 A" 28 a4 A=Y
e 7HA] FA4E thEh
1-8. North American Journal of Aquaculture (NAJA)
(https://afspubs.onlinelibrary.wiley.com/loi/15488454)

HAFzAela FHAT ofF FHY Be EofllA AM=EE
ATt AA B #F =iEs LEeth ofn e Abe, FY
2 As oo, A 2 7 A 2 AN Vs AR TR,
glolz=9le] 2 e Fo] FAlo E3He
1-9. Transactions of the American Fisheries Society (TAFS)
(https://afspubs.onlinelibrary.wiley.com/l0oi/15488659)

1872 o] % A& ow I w wm A P39 vHd e
et Adolt}, o] =EES uYd A Fobrt FEA oo A

33

an o]} Fpekell 2 S vAH M2 HehE d3E o] F AT

_12_



2.
2-

3o 24
1. 9= &4

Aquaculture (A)
1972-2019A 7+ A 51270 9] E-Foll 1578570 9] w=ito] =3
2 H9la 2019 SCI LF+= 3.0222 2 oA AN =%
T+ 15,7857) ]t
Aquaculture international (AI)
1993-2019d7kA] 17277109 Ewoll 1,81170¢] =] &=
= Ha 2019 SCI [F+= 14567012 & AFodA ZAME =1
T 1,81170 ]t
Aquaculture research (AR)

1970-2019 7441 3750 7He] E&°l 612170 =wo] =%
T5 HA 2019 SCI LF+= 15022 & ATolA Z=ALE =%
T 6,1217] ]t}

Canadian  Journal of Fisheries and Aquatic Sciences (CJFAS)

1980-2019 {7kA] 37776712 EFoll 9583709 w=ito] =3

2 H9la 2019 SCI LF+= 29352 £ oA AN =&
T+ 9,583 7ot
Fisheries science (FS)
1994-201917b#] 6078570 9] & F ol 4757709 w=io] &3
2 H9lar 2019 SCI LF+= 09292 2 oA AN =
I 475770 ) o},
Journal of Applied Aquaculture (JAA)
1991-20197kA] 173170 9] =&l 838709 =+to] &%
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T= 9 SCIe g+=A7F ofyo]A 2019 SCI [F& 0.2 &
Ao A FAE =8 = 838700t}

Journal of the world aquaculture society (JWAS)
1970-201937k#] 375070 ¢l &+oll 3,07170¢] =&l =3
2 A3 2019 SCI LFE 1.38602 2 AFoA ZAE =
T 3,0717) o]t}

North American Journal of Aquaculture (NAJA)
1970-2019'd 7+ 32781 7§ &Fol 313771 =0
=3 75 FH2 2019 SCI LF= 1.13bo.2 & AFodA AL

=7 5 3137700t

Transactions of the American Fisheries Society (TAFS)
1970-2019A7+A] 99714871 o] E-Foll 5440719 =] =%

T= HAJa 2019 SCI [F+= 1.7812 & AFoA ZAME =%

4= 544070 o]t

2-3. AELE A

2-4. 5% 7|
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Abstract of Article input Text

Text mining Analysis by R language

Sort words by frequency

Delete Meaningless Word

{

Report output

Fig. 2. Flowchart of text mining technique in this experiment.
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Table 1& 7t Add &4 A& &4 BF & 181 &4

o7 % 7} g<%A9 impact factor
(LF)E ®ol5al v Table 1914 H5o] 20199 7|+o= [Fe
Aquaculture’} 7}H8 o} 3.022% 3%, Journal of applied aquaculture
o A+ AWM =4 stmAol1l sty SCIa St=Al= ofd A o=
ZALE QT webA o] StEXE Al 87 FAF FA EoFd] LF
= Hi 1.768=2 YES

AR o] 75 1972-201997FA] 512701¢] Egoll 157870 =i
of A Ho] 97 g=AF 7HF BE =io TxHYLH, Al &
1993-20197kA] 27709 EFel 181170 +=&o] HixHUIL o]
st 20199 SCI LFE 1455% . AR+ 1970-2019d7+A] 3-50
Aol Ewel 6121749 =% = ZIEslal SCI O LF(2019)+=
1.502% ¢}

CJFAST 1980-2019@7FA] 3777671 EFeol 9583709 +=1to]
R ET SCI LF@R2019+ 29359t FS&  1994-20191d 714
60-8571¢] EFol 4757709 =ito]l Wi EAIL SCI LFE(2019)
0.929%1 . JAA+ 1991-20199 714 31709 EFol =3H 3L 838
Aol =ael EaE AoR HAFdA 20199 dA SCI [+ o=
A7  obd Ao®m yERRTE JWASE 1970-2019d 7-4] 3-5074
EFol 3071709 =wo] =dEAe  SCI LF=(2019) 1.386°] 91
t}.
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Table 1. Analysis of period, number of volume and SCI impact

factor for each journal

) = SCI LF
Journal Analysis of period No of volume
(2019)
A 1972-2019 1~512 3.022
Al 1993-2019 1~27 1.455
AR 1970-2019 3~50 1.502
CJFAS 1980-2019 37~76 2.935
FS 1994-2019 60~85 0.929
JAA 1991-2019 1~31 -
JWAS 1970-2019 3~50 1.386
NAJA 1970-2019 32~81 1.135
TAFS 1970-2019 99~148 1.781
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NAJAE 1970-2019 7] 32-817H9] EFo] 3137/ =®o] =
FE A3, SCI LF=(2019) 11359tk TAFS+  1970-20191 7HA]
99-148712] &l 5440709 =io] FEHol i, SCI LF
(2019)+= 1.781°] At

webd 2 R I F RAE =R ASE AYuE A
Ade 15785A 0% B SEAd s A B WE RS

712agom, Al A9 18118, AR A'2S 61219, CJFAS Ade
9534, FS Ad-e 47579, JAA 2L 8389, JWAS Ade 3071
H, NAJAX D9 44 31378 18]a TAFS A& 5440% 0] AA =]
o] F 50543H ] ZALE A H(Fig. 4).

ZF AdE =55 1970957 5d @Y E FiEste AA ¢4
d =ES AME A3 Table 29 2.

1970-'742] 549 &<t Aquaculture Ad& 147¥ 1831 AR A
< 56He] AA =t JWAS AE-& 1733, NAJAAE ] 45 416
W 1g]al TAFS Adel= 567H0] AR o] & 1,3598 0] ZAFE ]
a1, 1975-"79 5 s> A Ad-E 493, AR AdE-2 708, JWAS
A2 3294, NAJAA DS 5 4043 1831 TAFS #'d-2 552 0]
A= F 1,848 0] AP Fof 1970d o= X5 320771¢] G4t
FA HE =wo] AW IA Skl WEE ASRE et
o] % 1980t o] 1980-'84 51 &<t Ad 895%W, AR Ad2
99, CJFAS Ad2 1,288, JWAS A2 326%H, NAJAA D] 45
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Table 2. Number of articles by journal and over the past 50 years

) Journal Name
Period Total
A Al AR CJFAS FS JAA JWAS NAJA TAFS

1970-74 147 56 173 416 567 1,359
1975-79 493 70 329 404 552 1,848
1980-'84 89 99 1228 326 395 497 3,440
1985-89 1368 188 1466 170 313 477 3,982

1990-'94 1421 42 391 1518 206 111 251 304 506 4,750
1995-99 1468 201 531 1498 1039 140 277 272 485 5911
2000-'04 2048 270 768 1062 1487 163 328 260 554 6,940
2005-°09 2740 249 1027 1058 906 137 360 218 661 7,356
2010-’14 2345 483 1086 870 626 166 467 334 689 7,066

2015-"19 2860 566 1905 883 493 121 390 221 452 7,891

Total 15785 1811 6121 9583 4757 838 3071 3137 5440 50,543




= ",

\)\' T Q
Fig. 4. All the papér—sh__i_%shrgl'li g‘}?_..jﬂfﬁ:nal in the past 50

years.
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3959 Z12]al TAFS AdL 49730] AAE o] F 34408 0] ZA}L 5
Atk 1985-'89 51 Bk A A, 13687 AR Ad> 1884,
CJFAS Ade 14664, JWAS A2 1708, NAJAA LS 79 3139
18]aL TAFS A& 477980 AAE o] F 39823 0] FAFE o] 19804
el 7,422 o] =fo] wasoe] 1970 Kk 2u] oo 4
2 A e ol wtgy Ao ey

1990-'942] 59¢ ¢ A Ade 14219, Al A2 429, AR
Ao 3919, CJFAS Ade 15188, FS Ad-S 206, JAA AL
1113, JWAS Ade 2518, NAJAA LS A9 3049, 1831 TAFS
Ade 50630 AAE ] F 47508 0] ZAME S OH, 1995-'99 51 &
oF A AGL 14689, Al AES 2019, AR A'2-e 5319, CJFAS
AGe 1487, FS A'de 10399, JAA Ade 1409, JWAS AL
2779, NAJAA 9] 7% 27298 Z18]al TAFS A4S 48530 AA
o] & H911¥o] AL o] 1990d o= FAFYSA #H =ito] BT
10,661 0] W E o] ¢ Hit 1,000 o] P =Fo] IA| shExo] B
NEA o= 1970 d W) Bk A9 38 o] 1Ear 1980 ) Ho} oF
30 % 7heFe] WlekA F7bt Sl Alo® vERtHEFig. 5).

20006 S04 A 57 A A 2048%, Al A2 270
A, AR A2 7689, CJFAS AEe 10029, FS Ad-e 14879, JAA
AL 1633, JWAS Ade 3288, NAJAA DS 7% 2608 |
TAFS Ad-& 5647 0] AAE ] F 6940H 0] A= ATh 2005-"09 5
doEeh A A 27408, Al AES 2499, AR AdES 10274,
CJFAS Ade 10689, FS A9L 906, JAA #2e 1379, JWAS
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AL 360, NAJAAE e ¢ 218A Z18]3 TAFS A2 66
A= o] & 7.356He] FAF Ho] A Helyd 10d 7IRE T TR
FAE OF2] =ES TR (42060 07 ZAFEC] A 10 FoF wE
40% A= 7k

< 20108 2014 9] 59 F9h2> A A2 23454, Al A
92 4839, AR A9 10869, CJFAS A& 804, FS Ad-2 626
A, JAA AFL 166M, JWAS #dL2 4678, NAJAA L 45 334
A, 7183 TAFS Ad-2 6893 o] AlA= F 7,066 2AME A,
2015-'19 5 Fek A AEL 2860%, Al AL 566%, AR A&
19053, CJFAS Age &B3#, FS AL 4934, JAA AL 1214,
JWAS A4 3909, NAJAA 2 4% 2219 123l TAFS Ad2
54258 0] AAE o] F 7,813 0] ZALE O] 1007 Hx ¥ G =
T e 1495702 A 1047 FAFSEAT

[
r'l
o

)

w2 S

2

Fig. 5% AW 500% AT A =E2F7F F
of i Yt} Fig. 5olA HZo] 2 7[1Hd =% &5 EdE 19
7 FAE 2d 1980d T H FAg S7HE Holal o]F °F 30
-40 % A= F7HE Holtrl HZele L S FAIVF &3k

- [e) 2=
I YeE AE Y 5 ALk

¢
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16%
L TAFS
12% ENAIA
o #IWAS
s V BIAA
w V151 mFS
N’ B CIFAS
2% ;i‘i: HAR
[ AR mal
A AR P PP e
AR AT W R Sy

Fig. 5. Frequency of articles by journal and over the past 50 years.
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Fig. 63} %t}

1970-"743 ¢ 51d9] 7|7k <k A Ad-2 3, JWAS A9 29
% 5Wo] ZAMEATE 197579 €] 59 7|3 st A AEE 7
H JWAS Ad2 11 283 NAJAAE S 45 38 AlAEY F 11
Hol] FAFE AT

o] 1980-84d ] 59 7|3k &<k A A2 8#|, AR Ad>
29, NAJAAEe ZAg 2#o] AAEHS F 12#o] ZAMHUL
1985-89 e 59 7|3k &<k A AEL2 21 JWAS Ad2 14
NAJAA 2] -5 790l AR F 299 o] ZAE A

O o 2 1990-943 8.5 9] 7]%k FF A A2 74 AR A4
< 29 FS A2 1¥H JWAS Ad2 29 NAJAAES] 45 131 o]
AAE ] F 138 0] AT 1995-99d 8] 519 7|7+ &5k A A
de 379 AR A9 48 JAA AL 39 JWAS Ade 4
Aol F 148 o] 2AE A Th

283 2000-°04d e 5] 71zF b A A dolwk 3H o] AR
wo] F 3ol AT e 2005-091d 9] 51 9] 7|7 Ftel =
A Ad2 38, AR Ad-2 58, JAA A9 138, JWAS #d2 34d
a2l NAJAAE e 45 1He] AAE o] F 13¢o] AU

l-"l
)
X
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Table 3. The number of induced ovulation/spawning papers published

in each journal over the past 50 years

Journal Name
Period Total
A Al AR CJFAS FS JAA JWAS NAJA  TAFS

1970-"74 3 2 5
1975-"79 7 1 8 11
1980-°84 3 2 2 12
1985-89 21 1 7 29
1990-94 7 2 1 2 1 13
1995-"99 3 4 3 4 14
2000-04 3 3
2005-"09 3 5 1 3 1 13
2010-14 3 1 1 5
2015-'19 1 3 4
Total 5 0 13 0 2 4 13 18 0 109
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30% 1

TAFS
25%

ENALA
20% = IWAS
15w, mIAA

mFs
10% B CIFAS
5% B AR

B Al
0%

BA

A A e P P D

Fig. 6. Frequency distribution of induced ovulation and spawning

papers published in each journal over the past 50 years.
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2010-141¢] 54 71zF St A AE2 39, FS Ad2 19 18
NAJAAE ] A9 1ol Aol F 5Ho] ZAMEAL FHZ9
2015-199¢] 5 7|7+ <k A Ade 131 183 NAJAAEe] 7
§- 3] AAE S F 49o] FAE AT

ol TS A 7| B F AAME =& FE A AY 599,
agla AldE AR d9ev AR A9 13H, (JFAS Ade 0#
FS Ad< 23, JAA A2 49, JWAS Ade 139 183l NAJA
Aol A9 18] ALY Al Ad, CJFAS A9 T2]al TAFS
AdE AANE =ie] glo] F 10980 2AFE AT

A3 A3l= Table 49 Fig. 73 Zt}
e ZAb f\l A1 1970749 59 F<2F NAJAAE 9] Z 9o
o] AlAE o] F 1ol ARSI 1975-79 5 &t A Ao
43 o] AAE ] 1970 o= F 5] E3F Ut

o] % 1980-'84 5 &<t A AEE 29 13l CJFAS A 1
Hol AlA|Eo] F 3Ho] AN 1985-'89 5l &> A Ad 24
TAFS A'del| 2o] A=l & 4H o] ZAE AT} o] 24 1980
o= &5 7Hol AAE Aowm FAEA

I 92 1990-'94 59 Tk A AdE 49, AR Ad2 44,
FS A4 3¥, JAA A4 29 183 NAJAAES 45 139]
A=A F 1438 0] ZAFE A 1995-'99 51 o> A Ad 3H,

[-'L"I
[
)
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Table 4. The number of induced sex reversal papers published in each

journal over the past 50 years

Journal Name

Period Total
A Al AR CJFAS FS JAA JWAS NAJA TAFS

1970-"74 1 1
1975-"79 4 4
198084 2 1 3
1985-"89 2 2 4
1990-94 4 4 3 2 1 14
1995-"99 3 4 1 2 10
2000-04 2 % 3 6
2005-"09 1 1
2010-14 4 1 1 6
2015-"19 1 1 3 5

Total 23 1 13 1 4 2 1 7 2 54
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Fig. 7. Frequency distribution of induced sex reversal papers

published in each journal over the past 50 years.
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AR AL 49, FS A2 191 2831 NAJAA S 4§ 23] A
AEo] F 10| FAFE S EA 1990 ol &= =+ 24J4«] =wo| 4
Aoz 1980 d ol mla] of 35ule] 2714 F7HE HoFAh

2000t o] 2000-'04 5 FHe A AEL 29, AR AEE
19 283 NAJAAE ] 44 33o] AAse] & 63 AU
2005-09¢] 5 F<k A A2 1#Ho] AAH o 20009 ol = B
7TH o] AL AT

T3 2010-'14 59 E¢2 A i R 4—‘73_, AR AL 19 19

(o3}

= % SF 7HY =52 19909 o= FA% A

aElste) 24 A 713k B A4 =R & AR AYEE A
Ad2 23H, Al AdE2 1¥, AR A9 13¥H, CJFAS Ad2 14
FS Ade 47, JAA Ade 28, JWAS A9e 19, NAJAA D9
A% 7R )3 TAFS A9e 2do] AAEe] F 54d0] 2AH T
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Table 5. The number of induced hybrid papers published in each

journal over the past 50 years

Journal Name

Period Total
A Al AR C(CJFAS FS JAA JWAS NAJA TAFS

190-"74 1 8 9
1975-"79 6 6 3 1 16
198084 12 7 6 9 4 38
1985-89 15 6 4 10 4 39
1990-94 36 2 g 1 i 13 6 12 86
1995-99 32 2 15 4 4 4 14 13 7 95
2000-04 34 3 18 2 4 8 11 9 8 97
2005-°09 31 2 20 5 5 5 14 11 10 103
2010-14 37 5 22 8 2 5 15 22 5 121
2015-'19 59 10 44 4 4 4 15 27 6 173

Total 262 22 121 45 20 33 98 111 65 7
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Fig. 8. Frequency distribution of induced hybrid papers published in

each journal over the past 50 years.
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A AL 63, JWAS A4 69, NAJAALS] H$ 3
TAFS A2 130] A= & 16% ] AR ST

o] % 1980-'84 51 w2 A Ad& 129, AE& 7, JWAS A4

2 64, NAJAA 29 Z9 9 1831 TAFS Ade 43o] AR = o]
% 38Wo] FAFEALE mEF 198589 51 Feh> A Ade 154,
CJFAS Ad2 64, JWAS A9 4, NAJAAES 29 104 2e]a
TAFS A& 439o] AlAE o] F 39%o] ZAtE o] 1970t B} 2wl
ol S7hd el HHEHA

I o 1990-94 5 FFe A AL 36, AR AdE2 29,
CJFAS Ad2 99, FS Ad2 138, JAA A 7H, JWAS A&
139, NAJAA 29 4% 6 2831 TAFS A3 12¥Ho] AR
Z 8ol ZARE AT 1995-99 51 &<k A Ad-& 323, Al A3
< 2¥, AR Ad<2 158, CJFAS A2 4H FS A2 44, JAA

rtl

18

AL 49 JWAS Ade 149, NAJAAEe 4% 138 181
TAFS A 7] AAE] F 9580l ZAlE o] At Wste] uwle}
#E =1 7 #4381 S7hE = AEol sl
200069t &o] 2000-'04 5 &< A Ad2 343, Al Ad2

H, AR AES 18¥, CJFAS #A&& 28, FS A2 49, JAA A4
= 8%, JWAS A& 119, NAJAAE S 4 99 12jal TAFS A
2 8%o] A F 97Ho] FAMHAT 2005-'09 5 FF A A
g2 318, Al Ad2 29, AR A2 208, CJFAS A& 58, FS
A2 53, JAA A2 53, JWAS A 14391, NAJAAE S 45
1138 Z1gJal TAFS A& 108o] ARl F 103Ho] FARE <]
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2000 e =Rk 10WRHe B 2009 - ¥ =wo] SREoR
A 190G RS =3 ol of 2w SHES =2 o] Al7ldl el F

2010-'14 5\ B¢t A AL 37A, Al Ade 58, AR Ad2
229, CJFAS Ad2 88 | FS A< 29, JAA A9 53, JWAS A
e 159, NAJA A9 A9 229 18]31 TAFS A9 53] AA
o} & 12190] ZAMEITE H < 2015-"19 599 Fee A A 59
A, Al 422 109, AR #432S 449, CJFAS A4e 49, FS Ad&
49, JAA AEL 47, JWAS Ade 153, NAJA A4 ¢ 279
T3l TAFS A& 69o] AAEe] F 1739e] A ATk whebA
2010 ol = oF 3000] Mo FF Fl w=io] HilHE 3o8 Hol
Hor%E FF3} 7HE FF FASTE g dAT Aog HTh
olo ZAL A 717t F ZAME =79 F HSE AGEE A AdS
2621, Al Ade 229, AR AL 1219, CJFAS AgL 458 FS
Ad2 204, JAA A2 33d, JWAS A2 98, NAJA A9
4% 11198 28)3 TAFS A 65Ho] AAE ] & 777H At}

2-4. A EAAG 2vA =
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Table 6. The number of induced gynogenetic diploid papers published

in each journal over the past 50 years

Journal Name
Period Total
A Al AR CJFAS FS JAA JWAS NAJA TAFS

1970-"74 0
1975-"79 1 1 2
1980-84 4 1 5
1985-89 6 6
1990-94 16 4 1 21
1995-99 8 1 4 1 5 2 2 23
2000-04 11 " 1 1 4 1 1 2 21
2005-°09 16 4 4 1 25
2010-14 3 2 8 2 1 16
2015-19 10 1 7 2 20
Total 49 28 1 10 1 7 7 2 139
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Fig. 9. Frequency distribution of induced gynogenetic diploid papers

published in each journal over the past 50 years.
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A 1970-'74 53 FoF wEE =Fo] HMFE3le] o] A7 o}

AAMA TS 7HE T FHSE do] AHE A 2H

Yep ok 18y 197579 51 9] 713 T NAJAAEe Z¢ 19

1831 TAFS Ao 13Ho] AAEo] F 2] ZAFFOZH o]A]7]
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Table 7. The number of induced androgenetic diploid papers published

in each journal over the past 50 years

Journal Name

Period Total
A Al AR CJFAS FS JAA JWAS NAJA TAFS

1970-"74 0
1975-"79 1 1
198084 0
1985-89 2 2
1990-94 1 1
1995-"99 2 1 3
2000-04 5 5
2005-°09 2 2
2010-14 1 . 2
2015-'19 2 1 3

Total 12 0 1 0 1 3 1 0 1 19
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Fig. 10. Frequency distribution of induced androgenetic diploid papers
published in each journal over the past 50 years.
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Table 8. The number of induced triploid papers published in each

journal over the past 50 years

Journal Name

Period Total
A Al AR CJFAS FS JAA JWAS NAJA TAFS

1970-714 1 1 2 4
1975-79 1 1
1980-84 11 3 1 4 19
1985-'89 23 1 1 1 1 27
1990-94 36 7 1 2 ) 4 1 53
1995-99 23 1 9 1 4 1 2 3 1 45
2000-04 31 1 7 1 4 1 3 3 2 53
2005-°09 21 2 20 1 1 4 49
2010-14 25 7 2 4 2 40
201519 29 1 19 1 1 4 55

Total 201 12 65 8 9 9 9 22 11 346
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Fig. 11. Frequency distribution of induced triploid papers published in

each journal over the past 50 years.
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Table 9. The number of induced tetraploid papers published in each

journal over the past 50 years

Journal Name
Period Total
A Al AR CJFAS FS JAA JWAS NAJA TAFS

1970-"74 0
1975-"79 0
1980-84 2 2
1985-'89 2 1 3
1990-94 6 2 8
1995-99 3 1 1 5
2000-04 5 1. 2 1 9
2005-09 3 2 1 6
2010-14 3 4 7
2015-19 3 3 1 7

Total 21 5 10 1 0 0 3 1 0 47
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Fig. 12. Frequency distribution of induced tetraploid papers
published in each journal over the past 50 years.
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Table 10. The number of induced allotriploid papers published in each

journal over the past 50 years

Journal Name
Period Total
A Al AR CJFAS FS JAA JWAS NAJA TAFS

1970-"74 0
1975-"79 0
198084 0
1985-89 1 1
1990-94 1 3 4
1995-99 1 1 2
2000-04 2 2 1 l 6
2005-°09 1 1 2 4
2010-14 2 1 3
2015-19 2 1 2 5

Total 10 1 6 3 0 0 2 1 2 25
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Fig. 13. Frequency distribution of induced allotriploid papers published

in each journal over the past 50 years.
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Table 11 . The number of induced allotetraploid papers published in

each journal over the past 50 years

Journal Name
Period Total
A Al AR CJFAS FS JAA JWAS NAJA TAFS

1970-"74
1975-"79
198084
1985-'89
1990-94
1995-"99
2000-04 1
2005-09 2
2010-14
2015-'19 2
Total 5 0 0 0 0 0 0 0 0

O Nn ©O N =H O O O O o o©
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Fig. 14. Frequency distribution of induced allotetraploid papers

published in each journal over the past 50 years.
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Table 12. The number of induced aneuploid papers published in each

journal over the past 50 years

Journal Name
Period Total
A Al AR CJFAS FS JAA JWAS NAJA TAFS

1970-"74 0
1975-"79 0
1980-°84 0
1985-'89 1 1 2
1990-94 0
1995-"99 1 1
200004 1 1
2005-"09 0
201014 1 1
2015-"19 1 1

Total 4 0 O 0 0 0 0 1 1 6
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Fig. 15. Frequency distribution of induced aneuploid papers published

in each journal over the past 50 years.
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Table 13. The number of selective breeding papers published in each

journal over the past 50 years

Journal Name
Period Total
A Al AR CJFAS FS JAA JWAS NAJA TAFS

1970-74 1 2 i 4
1975-"79 1 1
1980-84 4 4
1985-"89 0
1990-94 1 1
1995-99 1 1 2
2000-04 2 1 3
2005-09 7 4 1 12
2010-14 6 5 1 l 13
201519 8 1 5 1 1 16

Total 30 1 14 0 3 1 5 2 0 56
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Fig. 16. Frequency distribution of selective breeding papers published
in each journal over the past 50 years.
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Table 14. Number of induced ovulation/spawning articles published in

each journal by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974 5) 5
1975-1979 11 11
1980-1984 10 1 1 12
1985-1989 25 4 29
1990-1994 12 1 13
1995-1999 3 J 14
2000-2004 3 3
2005-2009 13 13
2010-2014 5 5
2015-2019 3 1 4

Total 100 7 1 1 109
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Table 15. Number of induced sex reversal articles published in each

journal by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974 1 1
1975-1979 4 4
1980-1984 3 3
1985-1989 4 4
1990-1994 14 14
1995-1999 10 10
2000-2004 6 6
2005-2009 1 1
2010-2014 6 6
2015-2019 5 9

Total 54 0 0 0 54
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Table 16. Number of induced hybrid articles published in each journal

by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974 9 9
1975-1979 10 2 4 16
1980-1984 37 1 38
1985-1989 37 1 1 39
1990-1994 82 2 1 1 86
1995-1999 92 1 2 95
2000-2004 90 2 4 il 97
2005-2009 94 5 4 103
2010-2014 108 12 120
2015-2019 153 19 2 174

Total 712 43 13 9 77

_65_



1975-1979d o 7ol A 1070, A+ 270, 27 470, & 16704 =
wol AAH A

o] % 1980-1984\d of el A 3770, 77 170, & 387H9] =0
A A, 1985-1989 o Foll A 3770, 727 170, 71EF 174,
397074 A A = vt

T1ThE 1990-1994d o Foll A 8270, w270, @A 170, 71E
A, % 86707 A=, 1995-1999 o} Fol Al 927, F 171,
%25 270, & 9570 A

2000t =o] 2000-200411 o ol Al 907K, 7w 270, 32t

W~

=
A, 718 170, & 9770 A A5 a1, 2005-2009 o] Foll A 9470, 37
570, 71eF 470, % 10370 A=
1270, & 12071 2 A= Ao

H 2015-20191 ool Al 15370, s 1970, 71€}F 270, & 174

, 2010-2014'd o] Foll A 1087,

40

N A@AE o2 Fdteld 1970 2019 @A 7EA] o] Foll A]
71270, s 7oA 4370, 245 1370, 71k 90, = 77707 A A=
=5



Table 17. Number of induced gynogenetic diploid articles published in

each journal by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974 0
1975-1979 2 2
1980-1984 5 5
1985-1989 6 6
1990-1994 20 1 21
1995-1999 23 23
2000-2004 19 2 21
2005-2009 24 1 25
2010-2014 16 16
2015-2019 20 20

Total 135 4 0 0 139
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Table 18. Number of induced androgenetic diploid articles published in

each journal by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974
1975-1979 1
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014
2015-2019
Total 19 0 0 0
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Table 19. Number of induced triploid articles published in each journal

by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974 1 1
1975-1979 4 4
1980-1984 16 3 19
1985-1989 19 8 27
1990-1994 37 15 52
1995-1999 34 10 1 45
2000-2004 38 14 2 54
2005-2009 30 13 6 49
2010-2014 34 5 1 40
2015-2019 35 18 2 55

Total 248 81 16 1 346
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Table 20. Number of induced tetraploid articles published in each

journal by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014
2015-2019
Total
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Table 21. Number of induced allotriplod articles published in each

journal by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974 0
1975-1979 0
1980-1984 0
1985-1989 1 1
1990-1994 4 4
1995-1999 2 2
2000-2004 6 6
2005-2009 4 4
2010-2014 2 1 3
2015-2019 5 S

Total 24 1 0 0 25
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Table 22. Number of induced allotetraploid articles published in each

journal by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004 1
2005-2009 2
2010-2014
2015-2019 2
Total 5 0 0 0

ajln O N O O O O O O
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Table 23. Number of induced aneuploid articles published in each

journal by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974

1975-1979

1980-1984

1985-1989 1 1
1990-1994

1995-1999 1
2000-2004 1
2005-2009

2010-2014 1
2015-2019 1

Total 2 4 0 0

Dl R O = H O N O O O
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Table 24. Number of selective breeding articles published in each

journal by taxonomic group over the past 50 years

Taxa
Period Total
Fish Shellfish Shrimp Etc.

1970-1974 3 1 4
1975-1979 1 1
1980-1984 2 2 4
1985-1989 0
1990-1994 1 1
1995-1999 1 1 2
2000-2004 3 3
2005-2009 8 3 1 12
2010-2014 7 4 1 1 13
2015-2019 7 6 2 1 16

Total 26 17 11 2 56
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Table 25. The species for induced ovulation/spawning published in

each journal over last 50 years

Controlled conditions

Taxa. Spp. -
bb Environment Types of hormone used

Catfish 16
Perch
Carp
Milkfish
Mullet
Bream

Photoperiod and
Bass
Temperature

Snapper
Cod

Flounder

Jack Mackereal
Fish Snakehead

Trout
Tuna
Chub

e e i i \ ) \] W = U1 O1

Photoperiod and
Drum
Temperature

Grouper
Roach
Sturgeon
Sucker
Sunfish

Photoperiod and
Etc. 10
Temperature

Clam 1
Shellfish Oyster
Scallop

Shrimp

Sea

cucumber
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Table 26. The species for induced sex reversal published in each

journal over last 50 years

g Hormone
Pp- Androgen Estrogen
bass
black crappie 17a-methyltestosterone
bream
corticosterone, 17
carp
a methyl testosterone
catfish 17a-Methyltestosterone estradiol 1783
cod
flounder Fadrozole aromatase inhibitor
Fadrozole, 17 a methyl
grouper
testosterone
loach 17a-Methyltestosterone estradiol 1783

rice field eel
salmon

sunfish

tilapia

trout

170a—Methyltestosterone

17a-Methyltestosterone

estradiol 173
estradiol-173,

diethylstilbesterol
estradiol-1783

17-Ethynyltestosterone,

17a methyltestosterone

17a  Methyldihydrotestoste
rone, 17 a methyl

testosterone

estradiol-17(3,
phytoestrogens
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Table 27. The species for

journal over last 50 years

induced hybrid published

Taxa Species Cases
Bass 156
Tilapia 118
Catfish 118
Trout 64
Salmon 57
Carp 35
Grouper 32
Sunfish 22
Sturgeon 14
Fish Walleye 11
Charr %
Bream 7
Loach 5
Flounder 5
Snake head 4
Perch 4
Drum 4
Crappie 4
Etc 45
Abalone 17
Oyster 14
Shell fish Mussel 5
Clam 4
Scallop 2
Etc 1
Macrobrachium 5
Shrimp & Penaeus 4
Lobster Lobster 3
Etc 1
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Table 28. The species for induced gynogenetic diploid published

in each journal over last 50 years

Taxa Species Cases
Carp 29
Flounder 13
Sturgeon 12
Catfish 10
Bass
Salmon
Tilapia
Tench
Trout
Loach
Turbot
Muskellunge
Ayu
Barb
Croaker
Bream
Grouper
Perch
Pike
Etc
Scallop
Shell fish Abalone
Oyster

Fish

o= = = NDDNDDND W s 01Oy Oy 00 0O
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Loach 270, Salmon 270, Barb 17§, Bream 17}, Catfish 171,
Tench 17§, Tilapia 1707} ZAE Ao}

4-6. 3ul A
A 7F freE &2 TH NS Ags A= Table 309 2
t}.

o] 72 A% Salmon 687, Trout 5770, Carp 207§, Catfish
1778, Sturgeon 117, Bass 97, Tench 87§, Tilapia 87}, Cod
778, Bream 57§, Loach 57, Charr 47§, Walleye 47§, Perch 3
70, Drum 270, Eel 27, Pike 27§, Crappie 17, Flounder 17§,
71} 14702 ZAF At

g7l A$oli= Oyster 447), Clam 117, Abalone 971,
Scallop 77, Musse 117}, Etc= 7|E} =2 ZAE R 447
2 Penaeus% o A¢-F=Z 157] 283 7|e} 102 ZAE QAT
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Table 29. The species for induced androgenetic diploid published

in each journal over last 50 years

Taxa Species Cases

Trout 6
Carp
Loach
Salmon
Fish Barb
Bream
Catfish
Tench

e e e e T o N B\ B SN

Tilapia
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Table 30. The species for induced triploild published in each
journal over last 50 years

Taxa Species Cases

Salmon
Trout

[S1lNe)}
~N 0o

Carp
Catfish

Sturgeon

— = DN
— 3 O

Bass
Tench
Tilapia

Cod
Bream
Loach
Charr

Walleye
Perch
Drum

Eel

Pike

Crappie

Fish

— SN DN DN WS R OO N 00 00 W

Flounder
EtC 14

Oyster 44

Clam 11

Shell fish Abalone 9
Scallop 7
Mussel 1
Etc 9

Penaeus 15
Etc 1

shrimp
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Table 31. The species for induced tetraploid published in each

journal over last 50 years

Taxa Species Cases
Trout 10
Loach 6
Carp 4
Catfish 4
Salmon 2
Fish
Bass 1
Bream 1
Tench 1
Tilapia 1
Etc 2
Oyster 11
Shell fish Clam 2
Mussel 1
Shrimp Penaeus 1
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Table 32. The species for induced allotiploid published in each

journal over last 50 years

Taxa Species Cases
Salmon 6
Loach 3
Trout 3
Carp 2
Fish Catfish 2
Grouper 2
Saugeye 1
Sunfish 1
Etc 4
Shell fish Oyster 1
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Table 33. The species for induced allotetraploid published in each

journal over last 50 years

Taxa Species Cases
Fish Carp 4
Etc 1
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Table 34. The species for induced aneuploid published in each

journal over last 50 years

Taxa Species Cases
Fish Carp 1
Trout 1
Shell fish Oyster 4
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4-11. AE5E
AdEF 7|gel i 5T T NETE s A3+ Table
35¢} 2t

o729 AF dolF FolA Atlantic salmon (Salmo salar) 37,

amago salmon (Oncorhynchus masou ishikawae) 37) “1#] il
FoF FolA rainbow trout (Onchorhynchus mykiss) 471
barramundif % ol Al barramundi (Lates calcarifer) 27\ 12 il
bassT ol 4l Asian sea bass (Lates calcarifer, Bloch) 17V, charr¥
ol A arctic charr (Salvelinus alpinus) 27V, tilapiafolX4 nile
tilapia (Oreochromis niloticus) 278, blue tilapia (Oreochromis
aureus) 170th. 18]al breamiFolA red sea bream (pargus
major) 170, carpF oA common carp (Cyprinus carpio) 174,
mirror carp (Cyprinus carpio) 17] 18] aL,

atlantic cod (Gadus morhua) 17 STk,

5ol A oysteriF FolA  pacific oyster (Crassostrea
gigas) 37l, eastern oyster, crassostrea virginica 27§ 181l
sydney rock oysters (Saccostrea glomerata) 6783 cF. 18] 1L
abalone %9l A abalone (Haplodiscuss hanaii) 37, ivory shellF
oA ivory shell (Babylonia areolata) 171} mussels+ <% ol A
greenshell mussels (Pernacanaliculus) 17 $3.t}.

72+ 7§ pacific white shrimp (Litopenaeus vannamei) 3
7l, macrobrachium Acanthurus 27), macrobrachium carcinus 17§,

prawn macrobrachium rosenbergii 170, penaeus vannamei 17§
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Table 35. The species for selective breeding published in each

journal over last 50 years

Taxa. Spp. species Cases
Sulmon Atlantic salmon  (Salmo salar) 3
Amago salmon Oncorhynchus masou ishikawae 3
Trout Rainbow trout  (Onchorhynchus mykiss) 4
Barramundi Barramundi  (Lates calcariter) 2
Hybrid striped bass (Morone chrysops, 9
Bass Rafinesque XM. saxatilis, Walbaum)
' Asian sea bass (Lates calcarifer, Bloch) 1
Fish Charr Arctic charr  (Salvelinus alpinus) 2
o Nile tilapia  (Oreochromis niloticus) 2
Tilapia LI y
Blue tilapia (Oreochromis aureus) 1
Bream Red Sea Bream (pargus major) 1
Common carp (Cyprinus carpio) 1
T Mirror Carp (Cyprinus carpio) 1
Cod Atlantic cod (Gadus morhua) 1
Pacific oyster (Crassostrea gigas) 3
Oyster Eastern oyster, Crassostrea virginica 2
) Sydney rock oysters (Saccostrea glomerata) 6
shellfish : ..
Abalone Abalone  (Haplodiscuss hanaii) 3
Ivory shell Ivory shell (Babylonia areolata) 1
Mussels Greenshell™mussels(Pernacanaliculus) 1
Pacific white shrimp (Litopenaeus vannamei) 3
Macrobrachium Acanthurus 2
Macrobrachium carcinus 1
shirimp prawn Macrobrachium rosenbergii 1
shrimp Fenneropenaeus
Penaeus vannamei 1
Black Tiger shrimp (Penaeus monodon) 1
copepod tropice.ll Parvocal'anus crassirostris 1
calanoid Acartia tonsa (Dana) 1
etc. 5
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