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Abstract: Previous studies by authors indicated that low temperature could result in more females of
Schizothorax kozlovi during the early developmental stage. In order to elucidate the role of Cyp19b in sex
differentiation of S. kozlovi, the full length cDNA of Cyp19b was cloned from the brain of S. kozlovi by using
rapid amplification of cDNA ends (RACE) method. Relative mRNA expression levels of Cypl9b were
determined by using quantitative real-time PCR (RT-PCR). Then the differences of Cypl9b mRNA
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expression levels in gills, brain, heart, liver, spleen, kidney, muscle, testis and ovary among different
body-sized groups were discussed, while temperature effects on its expression during the larval stage of S.
kozlovi were evaluated. The full length cDNA of Cyp19b was 3 021 bp, which encoded 507 amino acids and
belonged to brain aromatase gene; the deduced amino acid sequence of Cyp19b of S. kozlovi had more than
70% identity compared with brain aromatase genes of other teleost fishes, but only around 64% when
compared with gonadal aromatase genes of other teleost fishes. The mRNA expression of Cyp19b of S.
kozlovi only appeared in brain but not in other tissues, presenting relatively high tissue specificity. One-Way
Analysis of Variance (ANOVA) revealed that the mRNA expression levels of Cyp19b were not significantly
different between females and males in small body-sized samples (mean standard length was 12 cm), but
gradually showed significant difference between females and males in large body-sized samples (mean
standard length was 26 cm) (Fig. 3). Larvae at 12 days of hatching were cultured in five different temperature
groups, and ANOVA revealed that six days later the mRNA expression levels of Cyp19b were significantly
increased by low temperature (10°C and 14°C), but not influenced by high temperature (26°C) (Fig. 4). The

present results suggest that brain aromatase gene Cyp19b may play important roles in the feminization of S.

kozlovi , which is affected by low temperature during the early developmental stage.
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VY )14 4s (Schizothorax kozlovi), &
T H (Cypriniformes) £} (Cyprinidae)
UGt R} (Schizothoracinae) ZYfiE 4 )@ %L
V& (Racoma) C!RIMJF4EF 20000, AT
JRUREER MRS (B SCE S 1981), 2
KIL BV R A 2R, AN TR EKTE B
MGV FEZYL . ARk s A Sy by s
T e SRR 23 03 e SO AR IR I S X (T
45 1989, 'RIFSE 2000, S4:WI%E 2010),
CAERKGENS, MERCAEOR, A7 AE A R £
BRI S, B AC (BRRFESE 1997). [FJI,
CARSE PP K, LB AN R AR AT
W TEH — A 7 ~ 24°C. H AT H T2
iy K50 G BOKRK i T RME 845 N 2R 3)
fIsgm, VYR IS B S . B, e
FYE iy O 2™ E R, R, st
fE ZREE DL A X BEAE SRk, AR
EVECHINESS (AF>JHR 2009, FRiKAE 2013).
YEZRTIAF R DRI (10°C) & FE Y )13
WA FEAAE LR AT . B T AR AR A
WA Ak, A BT I, DU R AN
I Y T 09 v i 5 s XY e FE PR [ v

IR, 5 S AR R, FORP R
J (PR AR ] g 1 57 3 M
RPN OE S et — AT B R T
R, EHRIIRE B, W 5% B T
BRI, WKARIREE . JEiL pHL AR
DL K e 2 e A%, bl B A e T I IR B
Wig Xl % (Devlin et al. 2002, Baroiller et al.
2009). 75 74k (aromatase) 1 ki 244
B R R O Rl LR R 30 S s R AR
O LT AN M A A L P o3 A B T R R
RGP RBETER, JoHARR B a2k
P il 43 Ak 5 e ek R ok 3 T 0GB R AR
( D'Cotta et al. 2001, Ijiri et al. 2008,
Navarro-Martn et al. 2011, Shen et al. 2014).
FER a2, 05 A A 4 2 B P A I R 46,
R 20 7 A AL B R (Cypl9a) FHw 4L 75 A
FLEESER] (Cypl9b), H 2K 6 75 A AL
ok Bl E & W AL 3 W & ( Oryctolagus
cuniculus). . (Mus musculus). A (Homo
sapiens) fixif¥) 100 ~ 1 000 £ (Pasmanik et al.
1988). AT A AL ML Rl Cypl9b T84y
Ai TR AEEAA S (Piferrer et al. 2005), Ef5 1]
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S PY I ) R0 23 ) o A e S P (Piferrer et al.
2005, XSELSTAE 2008, HAEPLLE 2009, Ph
45 2012).

AHFFER ] RACE J732: DU ) 1| 24 5 6 i v
@ vibE T Cypl9b JE[K cDNA (4K T4,
I FH 56 8 1 RT-PCR BRI #1 1%L RIfEAS
[FZH ZLURIAS [RI A AR T R IA R, DL RS
R 6 A4 3] mRNA LA T 520, B1E
PRI DY 1 24008 £ i 71 05 B AL Cypl9b JE[AI7E
JCRURPE R A A E R, RN L
WALV ) 3 AL B Ay, I oA FEBe Ok
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WS R ALK BT i 7 L, P A IR
G IR (10°C. 14°C. 18°C. 22°C
F26°C) TEHMKIRIE RGN T, HMREA
3ANTAT, T 12 Hid R 18 HE A AT
HUFE 3 R T2 62 5 PCR Al Cyp19b JE A
TEAF A B RIS DL .

SEPR v [ T PR A by il DY ) 1] 24005 £ e £
PIFEANIR LA s SEW 2 e 7 RT-PCR T
AR PRI AS TR O 1 4 f R iy o0
JE S B LA, RESE. BRELZHZRFEAN, LA
AN S 20 DY N Bt AT f AR EA . T
FEARSL I A AT IR, Bl - 80°C
VKAETRAE, T RNA $200. PIRIAS EA%
VU ZARG fa AR KRR T 22 ok, S, /N
RS REPERNHEPE MK 30 (11,73 £1.20)
cm Al (12.68 £0.91) cm, fAE 4>k (25.68 =
6.24) g f1 (3258 +£7.13) g (n = 4); KM%
BHE P AR AN AR 2 S (25.83 £2.41) cm

(n=4) FI1 (26.47 £3.53) cm (n=3), f&&E
439k (266.05 +74.38) g (n=4) 1 (274.00
+113.18) g (n = 3). PERALLIAY) A BoR,

INFIRS VR P AP E IR A B AT T 3,
R RN EPE R RRE VAN A I R 8 2 ol b T 11
FATIT o
12 EFERE
K:H Trizol Reagent CInvitrogen, USA) $¢
HORE b 0 RNA, R B IR0 e 11 v vk ksl RNA
()52 %, FIA] NanoDrop 2000 435ttt
(Thermo Fisher Scientific, Wilmington, DE)
TSERE i RNA FRUREERIZIRE . LLE RNA 4
B, LA OligodTg 4514, %M Revert-Aid 25—
B cDNA & ik 7% (Thermo Scientific) 11
54 b cDNA 25—k .
fiis GenBank 12 62 Cypl9b JE KR
SEIXIRBETHRIIFS 14 (Cypl9b-P, £ 1), ML E
B EE—4E cDNA A, PCR 4714 Cypl19b &
PRz R0, MR ORI A0 P 41
it 5-RACE 5% (Cypl9b-5'-P1, P2, P3,
# 1) A1 3'-RACE 51% (Cypl9b-3'-P1, P2,
£ 1), 2R YE 5'-RACE cDNA Puisty #87
% (lnvitrogen, USA) FI SMARTer™ RACE
cDNA 541871 & (Clontech, USA) i H]453
17 PCR J"14 [ ¥, 3k43 5'-RACE Al 3-RACE
77H). PCR INGAFA: 94°CHANE 2 min;
95°C 30's, 55°C 30s, 72°C 1 min, 35 MEHf;
T2°CIEM 7 min. § YL 1% B RRE SR
vk, YN HETEB, A QIAEX 1T Gel
Extraction Kit (QIAGEN, German) [F[ik7]
AT A4k . K R YRR pMD18-T
(Takara, KiZE) #fk, EHEWHACK AT
P DHSa &2 S Mo ATd K3 R, @%an
e BE: v B o
1.3 R34S
K1 DNAStar # /R 20751, 5-RACE
FPIAI 3-RACE FFAsEATHH, #32I04)112¢408
4 Cyp19b £ A ) 4= K: cDNA 41 . iz ] BLAST
Chttp://blast.ncbi.nim.nih.gov/Blast.cgi) #E47[A]
JETES> T, 321 ORF Finder Chttp://www.ncbi.
nlm.nih.gov/gorf/orfig.cgi) T3 T EHE . K
F DNAMAN # {4304 )11 22 (1 Cypl9b Jik
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RIAH R (1) 28 LR 7 41, I L2 S5 R 741 4L
AP i fa 2. PRSI RN FL %%
RIERF A AT Z EELNT. K] MEGA 6.0 #
4 52 DY )1 4R f5 Cypl9b it [A] 1y 48 #2

(neighbor-joining, NJ) RZHELK, FFiEAT
1 000 X bootstraps % iiF .

14 SERFOteERE PCR

FIH Real-time PCR 2453l Cyp19b & KI7E

VU )N AN R L2 AN R RIRS DL A Rl
B4 M AT B RIS L. SR Dnase 1
AEFRACFESL R RNA, LL Oligod T 514 %
e A IFE T cDNA B —5E . WRIE3REW
Cyp19b JEKF4K: cDNA FA 82 8 &
PCR $5 5514 (Cypl9b-RT-PCR, # 1), Ll
cDNA 55 —#E AR AT PCR 74 . [AIWS, DA
B-actin A WS HEK, RHILR RS D

(p-actin-RT-PCR, % 1) #T PCR ¥ 4. PCR
SVARZR H 20 ul, 7% 10 ul Power SYBR Green
PCR Tl EWEAIFIFS 1914 0.25 pmol/L
5 ul B . PCR RMNAAFK: 95°C TS
3min;: 95°C 10, 55°C 30s, 72°C 30's, 40/
& 65°C 55, 95°C 155, FfH 224 iaitaa
VU1 24 Cypl9b & K AR X RIA & .

1.5 Silath

K H] STATISTICA #AHh B[R 3507 25 43 Bt

(ANOVA) } Duncan's % i H B I ERFAS
FIALZ. AR AL P 41 DY )1 2R £a
Cyp19b JE RN R IA BT vt 240 W, B
KPR E ) P <0.05,

2 #R

2.1 DY)z Cyplob FE cDNA &K 51

FIFH DNAStar #APHE S, 433109 112405
o, Cypl9b F:[N ) cDNA 4K ¥4, GenBank
B35 Jy KT285553. %K 4> K: 3021 bp, 1L
o TR 2 HE Copen reading frame, ORF)
1524 bp, 59EHHIEX (5-UTR) 115 bp, 3'9E
X (3-UTR) 1382 bp, 3-UTR X H#H
MY LR (i (555 AATAAA 1 Poly (A)
B (B D i3RIl 507 ML,
(1) 3 1 BUAHR 401 U 2908 57.8 ku. 124 TR
A AT A (035 PASO Sk LAY 4 < (X
H, 5 HAL DT A AR 2EARL, DY )1 R 5 A Ak
figth A& 1 120X (1 -helix region). 7571k
fitg 4 5 <7 X (aromatase specific substrate
binding region) FIM£1 % 454 X (heme-binding
region) (K 1.
2.2 JU)IZEA Cyplob H R [F¥E 4T

U NIZ4EfG Cyplob DK 4fis i 2 5L 7
A1) 55 T Ath #8128 Ji 28 5 7 e T 5 IR 4 58 1) 2 B 1R

R 1 FLEMREN)IZEEA Cypl9b ZE FFFTH 54

Table 1 Primers used for cloning and expression of Schizothorax kozlovi Cyp19b

5% Primer J¥%1 Sequence (5-3") HHi& Usage

TGGTKRYTGGGYCTNGGBCC )

Cypl19b-P g a] B BE Fragment PCR
AGKATGSCYTTCRTCATMACCAT

Cyp19b-5"-P1 CAAACCTCCCAGTGTA 5'RACE PCR

Cyp19b-5-P2 CTTTGATCCAGACCCGAGCA 5'RACE PCR

Cyp19b-5"-P3 TTTTCGTTGTAGTAGTTGCATG 5'RACE PCR

Cyp19b-3-P1 CTACCGAGTGGCGAAGGGGACGAAC 3'RACE PCR

Cyp19b-3-P2 ACCGTTCCCAGTCGTTACTTCCAGC 3'RACE PCR
TTCTGCGCTGTATCGTTGTG _

Cyp19b-RT-PCR I F9tE R PCR  Relative real-time PCR
CCCATTTCATCCTGCAGCTC
TAGCCTCTCTCGGTCAGGAT

p-actin-RT-PCR
ACACTGTGCCCATCTACGAG

T 9)6E % PCR  Relative real-time PCR
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1 acttcgggatgatgggageatgtaaacggeatgtetgagetgetgaacageacatttaaatatgaageggatgeagatetaaagaggtgcacaaggtgtgtetgeagatgetgtg
116 ATGATGGAGCAGGTCGTCAAAGATACGGTAAACATCGCCACAGCGGTGCAGGGAACGCTGCTGGTGTTGACT
1 M M E Q VvV vV K DT VN I A T A V Q GT L L V L T
188 GGGACATTACTGCTGATTCTGCTGCACAGAATATTAACAGCCAAGAATTGGAGGAACCAATCAGCTGTCCCA
25 G L L L L I L L HR I LT A KNWZ RN Q S AV P
260 GGTCCAGGTTGGTGGTTGGGTCTCGGCCCAGTTATGAGCTACAGCAGGTTCCTGTGGATGGGGATCGGCTCC
49 G P G W W L G L G P VMS Y S R FL W MG I G S
332 GCATGCAACTACTACAACGAAAAATATGGCAGCATTGCTCGGGTCTGGATCAAAGGAGAAGAGACCTTTATA
737 A C N Y Y N E K Y G S I AR V W I K G E E T F 1
404 CTTAGCAAGTCCTCTGCCGTGTATCATGTTCTGAAGAGCAGTAATTACACTGGGAGGTTTGCCAGTAAAAAA
97 L § K § S A V Y HV L K S S NY T G R F A S8 K K
476 GGTCTGCAGTGCATCGGCATGTTTGAACAAGGCATTATCTTCAACAGCAACATCGCATTGTGGAATAAAGTG
120G L Q ¢C 1 G M F E Q G I I FNSN I A LWN K V
548 AGAACATATTTCACCAAAGCTCTTACAGGTCCGGGTCTCCAGAAGTCAGTAGATGTGTGTGTCAGCGCAACC
45 R T Y F T K A L T G P G L Q K S Vv D V C V S A T
620 AACAAACAGCTTGACATCCTGCAGGAGTTCACAGACCACTCAGGACATGTGGATGTACTCAATCTTCTGCGC
69 N K Q L b I L Q E F T D HS G H V DV L N L L R
692 TGTATCGTTGTGGATGTTTCCAATAGACTCTTCCTAAGAATCCCTCTTAATGAGAAAGACTTGCTGATAAAG

v ¢ 1 v v DV S N R L F L R I P LN E K D L L I K
764 ATCCACCGGTATTTCAGTACCTGGCAGACGGTTCTCATACAGCCAGACATTTTCTTCAGACTAAACTTTGTG
2 1 H R Y F S T wqQ T VL I Q P DI F F R L N F V

836 TACAAAAAATACCACCTGGCAGCAAAAGAGCTGCAGGATGAAATGGGAAAGCTTGTGGAGCAAAAGCGACAG
241 Y K K'Y HL A A K EL QD EMG K LV E Q K R Q
908 GCCATCAATAACATGGAGAAGCTGGAAGAGACAGACTTCGCAACAGAGCTGATATTTGCTCAGAACCACGAT
%5 A1 NN ME K L E E T D F ATETLTI F A QN H D
980 GAGCTGTCTGCGGATGACGTGAGGCAGTGTGTGCTGGAGATGGTGAT TCCAGACACCCTCTCCAT
220 FE L S A D D|V R Q CV L E MV I A A P DT L S 1
1052 AGTCTGTTCTTCATGCTTCTCCTGCTGAAGCAGAACTCCGTCGTGGAGGAGCAGATCGTACAGGAGATACAA
33[s L F F ML LL L KQ|NS VVE E Q1 V QE I Q
1124 TCTCAGATAGGCGAGCGGGATGTAGAGTCGGCCGACCTGCAGAACCTGAATGTTCTAGAGCGCTTTATCAAA
337 $ Q 1 G E R DV E S ADTILGOGQNTLNVTLETRFTI K
1196 GAGTCTATGAGGTTCCATCCGGTGGTGGACTTCATCATGAGACAGGCTCTGGAGGACGACTCCATCGATGGC
%1 E S M R FH P V VD F I MR Q AL E D DS I D G
1268 TACCGAGTGGCGAAGGGGACGAACCTCATCCTGAACATCGGACGCATGCACAAGTCTGAGTTCTTCAAAAAA
3 Y R V A K G T N L I L N I G R MHZE K S E F F K K
1340 CCCAACGAATTCAACTTGGAGAACTTTGAGAACACCGTTCCCAGTCGTTACTTCCAGCCGTTCGGCTGCGGC
49 P N E F N L E N FE NT V P S R Y F Q_P_F G _C._G
1412 CCGCGGGCCTGCGTCGGGGAGCACATCTCTATGGTGATGACAAAGGCCATCCTGGTGACCCTGTTGTCGAGA
433 P_R.A C. Y. G_ F.H._I S M V MT KA T L V T L L S R
1484 TTCACGGTTCATCCTCGTCACGGCTGCACCGTCAGCACCATCAAGCAGACCAACAACCTCTCCATGCAGCCC

457 F T V H P R H G C T Vv 8§ T I K Q T N N L S M Q P
1556 GTGGAAGAGGATCCCGACTGCCTGGCCATGCGCTTCATTCCACGCGCTCAGAATATCCACGGAGAACCACAC
481 vV E E D P D C L A M R F I P R A Q N I H G E P H

1628 CTGAGCGCCTAA

505 L S A *

1640 aaacacaggaatagatacctttagaggtgcgcggagtaatticetttcatctaaaaatgticagtgggeictctatgtcaagactgeattigtititacttactatacacaaacagttgaactt

1740 acctcaaacttgatgcataccagtccgectgegacacagacatactigaccaatacctagacatatcatgaggtgtacttttggagggatggttcatccagggatgactgttetgtggtt

1840 gattactcaccetcatgtcattccaaaccegtaagaccetgttegttttcggaacacaaattaagatattttttgctaagatcegggagatttetggecctgeatggacageaatgeaactga
1940 ctttcaageggeagaggegtagtaaggacactgttanaaatacacactaaatttttcatanaattacagttgaaccactgatgtcacatggaatattttgacagtgttettacegeatttetgtg
2040 ccttgatcttgttagttgetttgetgtecgtgeggggtcagaaagetettggatttcatgaggetggatoattagtggeggagttgteatttgtggatgaactateectttaaagtgttctage
2140 tcacctcaaaaaaaagtitgtagtttatgctgacataagggeaatgacaacaaaaaccatcagttttgtcacatgtactaatctac aatactactaaagtgattatttgetgtagtetattitaa
2340 ataaaattaaaatgtgatctitagtgetgecaactaatcaactaccaagitaacataaaatggeaticacaacceattitaaticcataatgtgacgittanactacatttaaatgaganagaat
2440 tttatitcctggaatigactgtatigtgaanagtgaatgataggtaccagaatggagatgagiggagggagecgetaanaaatgagigatgtgtiggtgatatcaatcaaaanaggatga
2540 atgatgcitaagaagigaagcaagicgttacatitttatgaaagattatgaagacaaacatttictttggaataatgtgeacttaaagtaaatggggtetgtitttgiticatgtittataaaaata
2740 atctacagtagtcaactgtitgaggttgactgtattacgeaactgagaaaactaagaaaatatttaacagaataaatactagaactatttaatagagacttgaaatatgtatattattatgaaa
2840 ataaccgaaaIatttgatagccgtaltcgcactgctttgcggaatacgcaaaactactclgttttt‘tgctccaataaagtgtaccgataactaactamgt@a@a__amtacattttgaaaaa
2940

B 1 D) AA 55 FLEF Cyplob 22 cDNA PRI S AR5
Fig.1 cDNA and deduced amino-acid sequences of the Schizothorax kozlovi brain aromatase gene Cyp19b
FASZ8 27 Poly (A) R AuHIINR(E 5 aataaa MBRAHEATR: MU RRIGHL T ATG; wRZIE#M T N7 AR 5- M 3- 4k
BIPEIX; SRERME. SEEk MRIZANEELL N RIS BIATR TR T -8 . 57 7 (ks 73 i DR~ XA M 2D 3R S5 A X
The poly-A signal is shaded in gray; the terminal aataaa signal is in dashed box; the start codon ATG is bold; the stop codon is indicated by an
asterisk; the lowercase indicates 5'- and 3'- UTR; the putative regions of 1 -helix, aromatase specific substrate binding region and heme-binding

region are shown in solid-line box, solid underline and dotted line, respectively.
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JEARIEE R 70%LL F, 58 (Cyprinus
carpio, GenBank: EU375456). fill (Carassius
auratus, GenBank: AB009335). i £ fifl il
(Gobiocypris rarus, GenBank: GU220393).
Bt (Danio rerio, GenBank: AF183908)
1 SL 5 % (Pimephales promelas, GenBank:
AJ277866) ST H £ A ik 8 55 B A [R5
BE, Ak 90%LL b, Hnedifa (Pelteobagrus
fulvidraco, GenBank: AY649789). B ri X JEfif
(lIctalurus punctatus, GenBank: AF417239).
®g J7 fifi (Silurus meridionalis , GenBank :
AY325907) Al 1k (Clarias fusus, GenBank:
INB59189) A fili JE2 H 1 S 1) figi 2 55 v 44 il [ Ut
PES A T2%. 75%. T2%A1 71%; i 5 fif
( GenBank : EU375455) . fill ( GenBank :
AF020704). Ffifi il (GenBank: GU220394).
Bt fn (GenBank: AF226620). B st X 24
(GenBank: S75715). i #ifh (GenBank:
AY871802). Fg/7fifi (GenBank: AY325908).
Vet (Misgurnus anguillicaudatus, GenBank:
AB531496 ). #{fi (Monopterus albus, GenBank:
EU252487) S5 [P iR 28 575 5 A4 I [ v AR A
64% ~ 65% [A]. VU )I|ZfI5E 1 Cypl9b JELKlZhth
()28 BER 1y 1 5 AR MES) ) 05 A4 T (] s
FAL, W5 )TE (Xenopus laevis, GenBank:
AB031278). 4 (Gallus gallus, GenBank:
NM_001001761). & (Mus musculus, GenBank:
NM_007810) F1 A (Homo sapiens, GenBank:
BC035959) H[AIYEALAE 55% ~ 57% [i] .
TEABERGER G, Pra i —3,
SACEHESIER N Iy — 3, #3805 AR X oy
o AR B ANSEEE (B 2). AR R Y
IR D5 B AL R B S T B 28, iy
T AL (] 2). DY) 2 i 28 05 Ak
Fip Ly, S, B A A AN EEE H 02
PISRGR R, X5 MRYIF IR 5 LR
FEA—H
2.3 DU)I3ME A Cyplob EFHMALARIE
13T Real-time PCR J5 744l Cyp19b JE (Al

TEAN R RIS DU 1 8 0 45 A A R I8 KT
7R Cypl9b HFEPIMNAEMG A7 &IA, TifE
. UL B B B O MR
FIE, Cypl9b JEHILE M4 L ) P34 AE R Rk
4 9.69 +8.89.,

ANOVA g R s, fZl2i Cyp19b
FEDRI (AR R0 S A DY )1 2405 A0 AN [F) RS A4
ZIAFAE w2 e Jorh, TR/ N BURS £ )
HEAMEZ MR EEZESS (P> 0.05), MfER
KR MR 2 T R MR (P <
0.05); JfH, BEEAKMIGR, KBRS EEMEA
PRIRZHZA T Cypl9b F K] AH 6 2k T A /Nt
AR IR E TET = (P < 0.05), TR
& MEPE MR A K (P >0.05) (K] 3D,

2.4 AFEHREEFAFT )R EAFA Cyplobd
EFRIA

ANOVA 7r#r 45 R 27w, 5 12 HEg I AH L,
S AR AR 6 d J5, 18 HE DY e
Cyp19b JE X mRNA [ AHX ik 575 10°C . 14°C
M2 CHEHIL T W& PET A (P <0.05), 1
76 18 CHl 26 CA R HIM B EH MBI (P >
0.05). [Ali}, 7F 18 H#k I, Cyp19b J:[K mRNA
AT RIS AR 10°C4. 14°CHl. 22°CZ 2 [A]
BB ENZES (P>0.05), 7F 18°C4lY 26°C
2 B2 S (P>0.05), {H 10°C. 14°C
1 22°C4 5 18°C 4. 26°C4H 2 [l d4 3 v
5% (P<0.05 (K4,

3 tig

1 S 240 5 A AL DR 1 2k B I )
Nlﬁﬁﬁ PUESE=RTECE SE Y =R AN
AR B M B 0] AR R 2E 57
(#Uﬂ‘xfﬂé 2000, XSHESF4E 2008, AR PH4E
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Fig. 2 Phylogenetic tree of amino acid sequences of Schizothorax kozlovi brain aromatase gene Cyp19b and other
organisms aromatase genes based on neighbor-joining (NJ) method
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A in the figure represents the target study object in the present study, the numbers presented at each branch point represent the frequencies with

which the tree topology presented here was replicated after 1 000 bootstrap iterations, the scale represents the number of amino acid sequences

changed.
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Fig. 3 Relative mMRNA expression levels of Cyp19b in the brain of Schizothorax kozlovi in the

two different body size groups
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The same letters in the figure present no significant difference, while different letters present significant difference (P < 0.05).
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