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Table 1: Approximate composition of rainbow trout extruded feeds
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Table 2: Comparison of growth rates measured in fish of different treatments after 23 months of rearing
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Figure 1: Weight and length gain trends of the
imported rainbow trout after hormone therapy.
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Figure 2: Weight and length gain of native rainbow
trout after hormone therapy.

Figure 3: Non-recognition of gonads at the age of 11 months in rainbow trout
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Figure 4: Sex reversed gonad of native (Iranian) rainbow trout.
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Table 3: Comparison of reproductive indices calculated in brood fish of different treatments after 23 months of
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Figure S: Gonad status of normal male and female rainbow trout
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Figure 7: Undeveloped ovary in fish obtained from all female imported eggs
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Figure 8: Gonad status and sexual maturation of sex reversed male fish obtained from all female imported eggs

=% g,

.

(@) 00 oy 85 (AN (F13,l9 (XX) 3 Hledlo oyl 31 ooliswl b aidly U slapsi )0 g9,¥ dub)y 9 (omas du po8 JuSis 4 S5
(@) a8ls zW 55 9

Figure 9: Formation of neural cord and larval growth in fertilized eggs using imported neomale (xx) sperm (A), eyed
eggs (B) and unfertilized eggs (C)

4 Cod S0l Gleale Giygp 09 pdsdzsi ol &
00l L el coslin (625339 9 ol 00 a9 leale
obole 4 Cud olaidl Cy e SO Glgie A 359 09
Slpss oS 5 S sbbdasie Sgue o o
bl sy 4 Wlgiee abol> lale 9 (Slo)ls
D0l N asly b oolE el 5 palse (5l
09 DY gaze (nl osle pled 5 i SS ag cogdley
OHSer 5 s plinl) sueh sas yo 5w
08) i 30 A Comd 3T (pl SLle dlox 51 (VYAF

Lol s090 Lol

AR

-
Fr Sy slesly Caje 5l Sl siagh slaaisl
5 ) Jgene 555 alex 51 90 lols
2y o 5] a5 555, Y133 5 Y5 S
Coo Qi‘ CM.G.:.S 4~J| as 009 (Y Lgl.%d‘)a A S
w2l @l sloyeiS 5l Sl ,lg OYgams ;o soladl
9 (S9N AYAA 6Q‘)L§M 9 )9.:‘5>-)f) Sl usLn.o.o
lazsl (VY9 oL Ked 5 canitybiiol, YA (o) San
oS 5%y YN B S1o)ls leals a5 005 T 51 S
a9 b lsl alanlgay i 08, Ce e gl
@5 s 090 Job el el ol (nl a5 0o iy



e 3 O il Jite— BNV (50558 530

VPR o

Brykov ) aisl 5zt ades Jewily sl)ls 5 ol (sleo
(et al., 2008
>l (Ve - +) Evans 4 Geffen cldlae ulol 5

S Syl i Jsene oy 0 Slegugols
et Gy ol gy o H g Al Coa
SRS Sl og (Jgene Sl I i aidly S
0% St Sl OVAY) Gles 5 (5,092 aslllas
S a8l Stz sl Glo ) SiilogugolS alo
035 39 Ol (s 4 S sb 3 Jgene slay 4
Wl Sz e Glay jo adn 155 ojlail 5 ey
(Ve 2) o), Kon g Atr glaazil, ulol ,; .aisged o Lol
Cile b g twgind e = WY (g0y0m 51 oolicl
AV adgi b 59,70 Do (o 136 p SolS 0 05 oo S
@ Al Comizr i P OS5, GYIJE we)s
W95 (nl Comizr jodS Suz O90y9% (RS Olye
STV fgey00 lad 5l g 455 55ba 00,5 (B yne
b geoeiimg ik (oS 5,000l VY g (g gt e
alidee sloog S Sz jdS Sz Gl glacdile
el Ll 5l S esleple Luim S5 olole 4z
4 S Al Stz i 5 Olosle sla)les ;5 GS
adllas bl Gl wls ol 09 oole plei lale
Lo og YU g (VAVR) K 4 JOhnstone
wile Hlale 4 e YT 58 5 lale ,o Silogagolis
b dam ol g osle 4y S a3 (w095 E9b Judo @
» Al Gl e 4S5 )sbar wiliee ile s anli
Oliee 4 ool lale 4 cos ¥ Lo 5 kel
550 aS aes o lis Oldlas ol ogs pien s LB
@ arg b &S SG )0 (Fo Sz e p baggeen
Lls o il ol daoslyls wilize ol
ol bz 0 el Sglite Giabejl e ¢ e
b 5l 4l Sz s 5 olele o (asis
b Gelais a5 009y (Soe (Sala VY s 3 (SIS WS
VO G 50 plale (l AT Cuz oy S S

(Fraslinetal., 2020) ccul o040 Salo V+
ALl g (05 ATEY ) adn (s Sle IS
Bl iz i lale (VEIY) Kilogusgolis

ahfy 5 @l o cuyd g ol i el dlal,
09,5 53,005,093 Job b (@lié (hos G pd usSae
2 N 5 5 ol glaasly 13U 5l A6 el
09y S uLJbLo L M ‘5“0)‘5 uLJbLo LSLQ‘MA‘ u.....a‘)s‘
SNgy ez 9 Mz HB 8590 (59 4 (50l (e 5o
00005 el jo 3¢ has oy Gl 4 e il 5o
Jds a4 Slo)ly iS5 0jpde w5 el enl
YL e,y Jewdly g oole iSO lole wdgy cull8
2 856 sba Sl (Baias g n laaass (n e
0,98 b 2llnl slaps sl alol> Lol 2] Gdos
VIR ¥ UL.QLa A S 6;3‘;: dw ..\..i}) ‘u:‘ﬁ)i
» 09){9 u.’f‘é)‘s UL».QLA aS 009 L)] )| Lffl} Lmub
e A, S hlo y0g ol pled g i ST
Cel yol oplaS oog i adas 9 YU sloasl alawlga,
s 0o ez Ol e Ay s oysd (el
Cowl 00 % UL.QLA D S @‘d)‘a UL&LA
.(Rastiannasab et al., 2015)

8 Sl g sl B o reghy (B s
9 ko cope el Cute 50 pae I (S ol
Ogata et al., 2002;) cusl oog lié oo3b
(Mambrini et al., 2004

S VI3 Jsere olale Comex 0 ol 3o o
abayly j5 W0y oole 31 yiion b olawd 5 Jolel owi>
L 0l 5y YIS sane plople ) iz i
slasi 3g) 50 JUELLY 5 X (sla pj509,5 cunle 4y azgs
> ezgcpl banil ply Comem j0 ook g oy
G Lol i S yibon jea> Sl il oo bl )l
S0 A8 K o> S ad S g 05h K0 i
el g oole pleale jiivy jph> 4 mie gu sl 5w
e g Lo piiiee 30 5l s Bas iadly o 005 o
Slid o by Gl aser i ol 0,65
Ll 4 ples ralse co i g j9a> 5l AL Wl
Yy



SUlE L Ll el adg clbB L 5 cpalge 4 Labe
Sldlls b b gabate baasily cpl azials Koo o
e T (50,90 L YT 358 alo oole plas 055 Lo
b bpss sl 5 9 55 doys Froadsi 5 g rtwgind
0 adgi 5 sty dil (cuSg ae-le V) ge 00
OHA) ;.31 55092 455 jsbas ol 052 5 oolo oy
Kuzminski ) cul acsls jle s %o, 5 6 5ge 56
9098 536 Delis 53 59w 5 @nd Dobosz, 2010
et 0 Dol Sl Sl Slsjly plale 5 (Jgene plale
b Wlgige (15058 Jlod 5l 09,5 59 (s L
Sy plale azm 5 lapss lae as Lulyl 5o |
Brykov et al., ) ol cw,p on! plosl Joo 4 s
Gz yodd 3855 31 S o) ol mbs (2008
el 5 Slsly sole pla slaess 5l Jol obals
Or¥lge o Jad Ll B 50 aS s 9bar 09 LT 5l (g5lealge
i by g Wiogy il Lol o0 dle LT 5l sad g eole
Sl sl 5L ol 05 <abB L 5 plge i
"

SOz 5 gl sy pwyp nl Gloadly Gulul
Orlge 7SS 003l b (glo sre glas atdlzla) o3u
Wezainl b Cllw pw)n ol plnl e o (Jgene
lge Ghygn Jad jo ol o8 ol (JluSlas bl
calio a5 Gl pac g lgn sloo molidl Ll o
S5 5l 8 g Ghyen Jad o eole by 5 palse
Sy 055 gl )0 She e Jolse ( Fete Wls o
OFAY () en 5 Sl y8) 00 5

Orge wiilen Al Gz i 5 plge sgcnl b
bl didges adgs o35 i CQbB L p sl ¢ Jgone
Slopss dgame (pl I (g5lulge g onl Gloaily
055 el Sz Sl byl 0 LB L Sl
Slodes 3 plabe ol Jeily Sl lgs oo 5 00l ploxl
5 o3 R0 Sy g9 Gl g YIUE als sam
B 2l ol Mol glaasli jo )l Comex eSS
Conl 428,518 ooliisl 050 5585 50 oS (K55 Y
Al po 1) s Jobo epgo Jlo ;o oy ol azgi by g

Yy

Lol ool dwle (e b yol> adllas jo lolg
KuzminsKi ) i aslllas jo (Y2 5 YA 5 5a0)
BB 59 Ll s 4 wiles . @nd Dobosz, 2010
plnil aslllas )5 (Labe (359 & S (GI3)ls Glale azgs
AV o 59 Ghaon e Jlo o (255 A0A) oud
S ,p wan 5 ol S5 ke Cul ooy L
@ ax 51001 ugSae alal) GSI a3l b Jg ol
adllae o oolatwl gladiges (39 B! rals Lo
R PV RY, gy J.;LS AL 03; 99y

obale 4 Cos GIo)ly plale s a5 (Sl
oldle YL (59 Jedo 4 wszscnl b og 5,5 (oo
Ui pl sloail e oyl plo b Ll Silege
S ($50,90 Hlowd S bl ) iuliél 51 S
G bl cpl 5005 (FFAENYY) tals 09,5 lols o
Slebl g (V- - ) oS 5 Al liios slaasdly »
o agmale Gl g 0D, A 90y Sl 2 (S
g1 ey sy p D952 5 S5 0255, SYIUE ole
WY 590,00 sl 150 51 Sl ool aslllas mls
IEE N ST TG ST K
oy Ve plale odgs 9 VT8 ale o s yo
D9 O30y90 b odd jled lale )0 adly oz ks 5
el gleale poslitul 590 (190,90 30 sz 90nl b
OF Gz ol 4 yonie (Slo)lg) oole ples sl
3o, FY 40 g 00 5 iz 4 50536 lale 5l s o
Las | g 009 i ol drwgy 5500 Curex lole
aoly laesy LSis g dae ganled wole Comni>
plos heals s Lo adss 5, Shos s a4y wilgi oo a5
Subojl o @ 4 g 9 bl Sz adgs 0 Gy ool
> yo cnl 5o Glaess wd; gl 25 )0 055 (b
3 9 09092 Sl eoliial pas &5 50 ¢ 513l slapss
Sl 90,0 1y 030 adgi oLlgs g 009y oolepled (o
b wds 5b cov aS o wsg awde L amslys

Py B ar B g ymginnd Jee - WY (50550



e 3 O il Jite— BNV (50558 530

VPR o

—obwier Qb (Jgeme )9S ol b ez )9aS
Slidon dungo (oo i 2ld )1 lsal
amio AN 925 Db pole

s 1§ c92udes g o83l L padle 1oy o gila] 3

VAP L (gio g 0 il e e Sl

5 ooigel liios Glojl V1 38 (395 slacal,

(538U 390l 5 gy Sglas «55p0liS g

Ao VAY 5

w3 plepd b Bl S WSS g g o2

99 (P T (§9Me0 o ((Sopns . B0S

5 b, duslie IYAA g B ol g

03 piz slapss 5l Jol> plale azm (Swilosl

ks 5 oleS (655, YN IR 2 9 Sl

L3S et pole Sliiod dge o hagh )b

Ao Yo

op Py dlwe 9 .0 (gl Gilme wp Ggte

g ad) g (Swibesl o8 ao s aslis AYAY

i slapss 5l alolo (LS 055, VT 53 ale

O S5 Sl arwgs alzms (Al 5 (Sl l5 035

A -AY

Aas, G.H., Refstie, T. and Gjerde, B., 1991.
Evaluation of milt quality of Atlantic
salmon. Agquaculture, 95: 125-132. Doi:
10.1016/0044-8486(91)90079.

Alavi, S.M.H., Cosson, J. and Kazemi, R.,
2006. Semen characteristics in Acipencer
persicus in relation to sequential stripping.
Journal of Applied Ichthyology, 22: 400-
405. Doi: 10.1111/j.1439-0426.2007.00994.

Atar, H., Bekcan, S. and Dogankaya, L.,
2009. Effects of different hormone on sex
reversal of rainbow trout and production of
all- female population. Journal of
Biotechnology = and  Biotechnological
equipment, 23(4):1509-1514. Doi:
10.2478/v10133-009-0002.

O b aw sl bcares (Sl 625 Jus g 015 2ol

ol als Jle g0
9 2SS S Wl oo Sl slaps 5l ol nadge
G sla i jo lale cpl (gYL a, colils 5l ool
o e o VIU5E ol 0l Jewsly 35 5o
iz slojled plaleazs (b5, dlge diedguw
JE Glie 5 alol> plaijb ady pliee uyn ez
s s Sho)lg sl ) dol> pally jo o) Slas

Syl dalol (gaudes

&b

wp Mo gl Shig p o owlldS g o 5292
5 eyl 2@ Gl 5 Cliogas alic JYAY
J3 yere Ollse 5 adly oz jsd 5 olole
YV Vil s psle b . leS a5, (Y
Yv

(S T HBwusS o ole pb e iond Gl
& oM g Sy T bl e
o YA Ll (B 5 g e e
ey YT U3 ploale sl Conds 5 (039095
OIS Gl 00 piz slaess ) ol (LS
e pole Dlidod dungo (hagy ik Sl
okale of5 ol 5 Sy Slidiog 5,0 ¢pelS
axio YV ol 6 sthae e (210

& il ol oS g oS0 ol o leinsl
25 A6 AT (T (90 9 - >
FL) Jol Jos 2138 b o yd 90 2 141
Oncorhynchus ) LS .55, YT JB¥ ol
M=V OV )l Ol ele alxe (MYKISS

Slejle bl aaldle IYAA (ol ! @l oylojlw
Slalllas g Lol 05,5 «s3n) aslyy ;2o (o)lpl O
Asao YA lhed o Sl dxwgs

P A1 V- TR P RPN\ S RRUUWE S e 4 KOV
cO sy o8 SRS (K e il B
RS e GLS g .S lims p ST
Sy (Jyore 1505 (olo ud) slagaslls anlia

Yf



Beirao, O., Boulais, M., Gallego, V., Justine
K. and Peixoto, S., 2019. Sperm handling in
aquatic animals for artificial reproduction.
Journal of Theriogenology, 133:161-178.
Doi: 10.1016.2019.05.004

Bromage N.R. and Cumaranataunga R.,
1988. Egg production in the rainbow trout
(Recent advances in aquaculture). Blackwell
Science, Oxford, , UK. pp 63-139.

Brykov, V.A., Kukhlevsky, A.D.,
Shevlyakov, E.A., Kinas, N.M. and
Zavarina, L.O., 2008. Sex ratio control in
pink salmon (O. gorbuscha) and chum
salmon (O. keta) populations: the possible
causes and mechanisms of changes in the
sex ratio. Russian Journal of Genetics, 44:
786-792.

Doi: 10.1134/S1022795408070053.

Dunham, R.A., 2004. Aquaculture Fisheries
Biotechnology: Genetic Approaches. CABI
Publishing, Massachusetts, 372 p.

Fraslin,C., Phocas, F., Bestin, A. and
Charles, M., 2020. Genetic determinism of
spontaneous masculinisation in XX female
rainbow trout: new insights using medium
throughput genotyping and whole genome
sequencing. Journal of Scientific Reports,
10: 1-13. Doi: 10.1038/s41598-020-74757-
8.

Geffen, A.J. and Evans, J.P., 2000. Sperm
traits and fertilization success of male and
sex-reversed female rainbow trout.
Aquaculture,  182(1):  61-72. Doi:
10.1016/S0044-8486(99)00248-3.

Gilk, S.E., Templin, W.D., Molyneaux, D.B.,
Hamazaki, T. and Pawluk, J.A., 2005.

YO

Characteristics of fall chum salmon
(Oncorhynchus keta) in the Kuskokwim
River drainage. Alaska Department of Fish
and Game, Fishery Data Series Report No.
05-56, 58 P.

Johnstone, R., Simpson, T.H. and Walker,
A.F., 1979. Sex reversal in salmonid culture.
Part I1l. The production and performance of
all-female populations of brook trout.
Aguaculture, 18: 241-252. Doi:
10.1016/0044-8486(79)90015-2.

Kuzminski, H. and Dobosz, S., 2010. Effect of
sex reversal in rainbow trout (Oncorhynchus
mykiss Walbaum) using 17 -
methyltestosterone and 11 -
hydroxyandrostenedione. Archives of Polish
Fisheries, 18: 45-49. Doi: 10.2478/v10086-
010-0005-0

Mambrini, M., Medale, F., Sanchez, M.P.,
Recalde, B., Chevassus, B., Labbe, L.,
Quillet, E. and Boujard, T., 2004.
Selection for growth in brown trout
increases feed intake capacity without
affecting maintenance and  growth
requirements. Journal of Animal Science,
82: 2865-2875.

Ogata, H., Oku, H. and Murai, T., 2002.
Growth performance and macronutrient
retention of offspring from wild and selected
red sea bream (Pagrus major). Aquaculture,
206: 279-287. Doi: 10.1016/S0044-
8486(01)00681-0

Rastiannasab, A., Ghaedi, AR,
Gandomkar, H., Nazari, S. and Hosseini,
S.A., 2015. Comparision of some biological
parameter and chromosomal number of



e 32 D9 g e WIIVY (50550 3G el

reared fish from native (IRAN) and imported
(ORIGIONALLY: FRENCH) rainbow trout
(Oncorhynchus mykiss) eyed eggs. Paper
presented at the international symposium on
Middle East and Central Asia Aquaculture,
December 14-16, 2015, Olympic Hotel,
Tehran, Iran.

Razmi, K., Naji, T., Alizadeh, M. and
Hoseinzadeh Sahafi, H., 2011. Hormonal
sex reversal of rainbow trout (Oncorhynchus
mykiss) by ethynylestradiol-17a  (EE2).
Iranian Journal of Fisheries Sciences, 10(2):
304-315. Doi:
20.1001.1.15622916.2011.10.2.12.3.

Weber, M., Timothy, D., Richard, I. and
Schneider, P., 2020. Sex reversal of female
rainbow trout by immersion in 17a-
methyltestosterone. Aquaculture, 528: 735-
743. D0i:10.1016.2020.735535.

12



Iranian Scientific Fisheries Journal Vol.31, No.5

Effect of 17-alpha-methyltestosterone on neomale broodstock production process from
native and imported hatched rainbow trout eggs

Rastiannasab A.Y"
*a.rastian@areeo.ac.ir

1-Shahid Motahary Cold water Fishes Genetic and breeding Research Center, Iranian Fisheries Science
Research Institute (IFSRI), Agricultural Research Education and Extension (AREEQ), Yasoj, Iran

Abstract

The production of all-female monosex rainbow trout through the production of sex reversed
male breeders by hormone therapy has several advantages, and in previous years, delays in the
localization of this technology has led to the country's dependence on imported eyed eggs. In
this research, the native rainbow trout fry and the fry from all-female imported eggs were fed
with a diet containing 3 mg/kg of the hormone for 70 days in order to make it possible to use
the imported fish stocks for breeding and also the appropriate concentration of hormone therapy
using 17 alpha-methyl testosterone. The results showed that all native fish were sex reversed to
male and half of the breeders (XX male) were able to produce the gynogene sperm, exclusively.
The results of hormone therapy of fish produced from the imported all-female eggs were about
57% male and 43% female. The male fish at age 22 months were neomale (sex reversed male)
and capable of producing sperm and fertilizing eggs but female fish had undeveloped and small
ovaries. In addition to the indirect production of all-female fish, this study can facilitate the use
of the genetic potential of the fish from imported monosex all-female eggs through sex
reversing and mate with native fish stocks and increase the genetic diversity of progenies of
native fish stocks that be used in base population production in breeding programs and cold-
water fish farms.

Keywords: Sex reversed male, 17 alpha-methyl testosterone, Rainbow trout, Induced breeding,
Imported egg
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