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PO 7 /NGB (Puntius tetrazona), 8% BRI £,
@ TRl (Cyprinidae), #F 3 #} (Barbinae). /]
8 )8 (Puntius), S&—F/NRIPGEF IS, J57 T E
LSRRI NE-BR SR 1PN MR i o B R AN
BE AR 5~6 cm, BB, M 4 186 8 65
SO B SR A LR, RN I EE | R R AT Bl 1 PO MBAERME, i RS
W G M REHEAT 2T (0, M EME L AR AR (a) WEVE DT A /N0, TR, ORORIRRZT R W (b) A Y A A
S, WHKRIER QUL WA R PERATRE
( 1, IEI% /J\@E,ﬁ\:?ﬁ‘?ﬁﬂ,jrfi]\ B {5, 4 T 1 5 Fig.1 Morphological comparison between the sexually

(b)

Tl 3 e e IJ__—'; % §|J T UG, 2 Fh B B mature male and female P. tetrazona

RSy (a) female P. tetrazona, the abdomen is swollen and the oocytes are
%j% ﬁﬁ i /?\ % /fj,\ ﬁ EI/J Xy_lb ﬁl [m il /J\ ﬁE /\ M: faintly visible; (b) male P. tetrazona, the coloration of snout is red
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S IDYIE Sl I G 7/ BT 2l RO Ut e Y L8
% T . DNA 5 BRI @ PR A5 P 55 BE Al A 4y o
4 1 40 i 850 o A S 36 o X O ) 2 R i
KHEERE . DNASE ., REERKH LR
P 25 07 L BEAT T OFSE, DU AR R SRR A= )
SFRORE, O BOE R 8 AL O R 5 B LA TR

1 M5 TTE

L1 SEREMR

A5 BT FH A0 DU A /)N i Fo £ 320 0k 8L VT
TR DCUE L AR AR Mk R v B 6 i M A
i, DNA & I & X 18T A XY (Gallus gal-
lus domesticus)F H. i (Ctenopharyngodon idella) W4
H T AR DO AR s AR ST 85 e £ (Danio
rerio) NS H W B ERL B AE WAL 5 A0
A= 2 A5 P B A B AB i R BEE 5 X

1.2 FRABUE

e Bridacy | KLk N IBERZE e LR AR R R (S
HPEA, — M — TR &y TR R AL FE 15 b,
WH A BRI 2 G BN, A K 28 °C, 4l
Bk s FEREK=1: 1V 2 V). ZAF I T AR
90 mm — K PEREFR LA, JiCE TR R4, i
JE Pl AE (28+1) °C, #K IR . B UEL 30 M5z
KaORVE N REAS , 45 50% 245 00 A [A] — & & At 30
BB Ge i WG & & ey, il R RUBE (Zeiss,
Axio Imager2 1 LSRRG & & L2 .

1.3 DNA ZENZE

DU A /N i DNA 55 45t 19 00 2 DL 2 3 1 248 i
(DNA F5 1 & 1 2.30 pg/2c) 7E Hy %oF B A5 1 ),
DL i FIBE S £ 4 Ok BH M AR AR IR 4% 14y
Z R ML B 0 F A — YRR 1 5 e AT 3R A
VTR, AN L TR £ R R KL, DO RS /N
M4 FVERE 00 SR FH 0BT R LM vk 1 A Pl R R 2% o
W (PBS) & 7F 1L 40 g, 300 r/min & 0> 5 min,
L LW WEE VR 2 R ERJS I 40 pm A4
M0 < 8, R 4 A sh g i 5 A A (Nexce-
lom) 7150, 4 1x10° 4~ /mL Ifil 40 fE B8, A
1 mL Fil¥ 14 70% & B F—20 °C [ ik o Bl
EREAS, B0 B, (A A PBS Pk
20, A AL mL i) DNA 4% [10 uLTriton-X
100 , 200 pL1 mg/mL [ B fk N BE (propidium iod-
ide, PI), 2 mgRNase, 9.79 mL PBS] 4t# 30 min,
1 F 9 41 I A (BD Accuri™ C6 Plus) ALK,
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i 117 NovoExpress 3K 4 73 #7 &b P 52 56 K s, 1H 5
FEA Go/G (G A7 4t 1 25 TF 4 Jid J&] 1 I 452 1k 43 24
FIEE A ;s Gy o DNA & BT ) 199 40 i 19 °F 2 5
JeoREE . N E i DNA &5 /00 DNA RN
A, WOR FH AR E bRk I 2 ) Fh DNA & 50
DNA & & (P, pg/2c) IHHE AR

P=23xX/H
Hr, X st sNE I Gy/G, WM DNA 265
BE, H HAXANE ML Gy/G, 140l DNA 5¢E5mE
1.4 ZEEHFHE

2 B U 24 2 R D T A A ) i kT A
YL iR, B S~10 55K KR 1~2 om DUAHF /N &)
IR LA A 0.01% FOKM R R ARG TR L,
L HR o 4 by BY HUREORI 65 45 4 B 3 0y, o ik
A 0.038. 0.050 F1 0.075 mol/L KC1 % rP iK% 50
min, VIEREEMRBREE; KB5S REKA
LU ATV BRI TCIE E W (Vg © Vikgewe=3 © 1),
BT KA E, ARG 15 min B 1K 2 W,
A8 [ S R 3~4 UK R 4 °C UKAR s R
FEAHEA 1.5 mL B8 H, A 0.5 mLI¥) #i e
fift BV (50% VKIS IR), i B3 30 min; >R 3R 75
WA, KT IR 10% 975 W e e, W
KR, BT R A
1.5 ZhAEREBNFRAFHL ST

A RAR AR b a) A FR /A 7] DNA R
BRGNS VLA, SR/ MEEE 2 DNA,
>k H NanoDrop 2000c # & 43 't 3% B 11 £ Il DNA
W BE 2% 3 B W 5E JiE B UK &S U DNA 1Y JiT
X B A AL DO AT /N 2 R A € (4 (ISR () 88
(NS A% NE~ S S A= 7 o L5 N1 D5 O B o B
AV RHE A BR A Wl #64T . A NCBL U8 5 T
OB Z AW A AR RSN A 8, R
LR 13 4> i 8 () 2 5L R 7 91 ) 2 &R 4 ik
W BN PF G 13 A E AP R, R
Clustal W 7E R A7 Z B F HI LLxE, SR )5 il
I MEGA 7 3/ ¥ 1 2R Gt Ak W o 14 Jones-
Taylor-Thornton(JTT) #% %4 | F| F NJ 1644 & R 4¢
VEALHS, Bootstrap {4 1 000 YR ALY

2 iR

21 MUENSERERRAE

DU /NE A2 A U0 R R BRIE UUrE DR, LB,
BRG T WL, ZHEINEALZ) 1.15~1.20 mm, 3%
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1288 KopE o R 44 45

K J5 10 min Ji AR BT 46 SR AR B BB S, st s B
T 1 4R S 29 10 min 432 1 %k, HORMG K
. PR SRR SO AN, 2k 7 A
W R RIERAE, FIKEH, A
AR EE, JUTF/REIRE, MEELXE., It
&k B SRR & &I UL 1R E R .
2.2 /L DNA S E

DL PLAE o gkl 16 HIZA XS i 41 s DNA
TRAE N PRIE AR RS R, R FBE D fa i 40
2 DNA & & AE B A5 RS, nan
A 5 DU HF /N EE AR JE I DNA 5 &, A, B
o BT R DU /N Go/G 31 200 i 756 ' i B L
FEE R, B DNA & fmhem, PO /e )

DNA & i fik (Bl 2), X% Bl BED i f Y
/N Go/G 1 4 i 19 SF- 35 56 Ot o BE A 43 51 R
97 849.8. 92 535.1. 142 337.2 fl 63 699.3, LI
X 20 i DNA 75 5 1946 %HH 2.30 pg/2e 15 bR,
THA L DNA &5 08 2.18 pg/l2c, BELfah 3.35
pg/2c, PUAF/NGEK 1.50 pg/2e(F 2), DUHT /MR f)
DNA & & i1l
23 FBEEHHBESHN

3 MK B WHEE LL 0.050 mol/L KCI K3 %501k
JifE, 0.038 mol/L KCUHREB /AL, HYL (A
R EJ™F ; 0.075 mol/L KCL KB 143 Z4AH /0,
H AR BOCR A . B0 BB T
WL DU A7 /)N 8 e e AR AR /DN, e KR e e Ak
K22 um(& 3). F:GEi1 161 A4 Ge @ A ) 4 34

x 1 DWH/NEERR R FEF [(28+1) °C)

Tab.1 Features of embryonic development of P. tetrazona [(28+1) °C]

RE KA B FTRHAE RE I i) Pl
developmental period developmental stage main features developmental time image
SRALHTH  fertilized egg 1402 41 JFAE BRSNS, TR R R 0 1
G cleavage stage 241 A [liee2 s oS M NN SR A 10 min 2
4241 0 341 AL 441 21 min 3
S 5] AZHBHAR 84 34 min 4
1641 a3 SYNILA Y1641 i 47 min 5
32411 164N I Hy3240 ., SR 1h 01 min 6
64241 i1 41 MY RN TR 22 1 h 11 min 7
EZ MY AU A WL B PIAR o R AR S 1 h31 min 8
FEFH  blastula stage FENE T PR ERRAI IR, R 21 05 min 9
3 MRS, W R AR 3 h 20 min 10
eI JUE 2 1) DO B A2 45 i T 4h 27 min 11
JZ  gastrula stage Ji Ji HL WZ TR 1/3, EIRHH 5 h 20 min 12
IR MR TR L/2, B H P 6h 17 min 13
JE P 3 MRJE T e 3/4 7 h 24 min 14
MZIER] neurula stage T JU VA — S 5, SOV A A TR A 0 2 A 8 h 22 min 15
JiE AL b A NI P, AR, AT R 91 03 min 16
ETHU  organogenesis stage LTS H 30 Bt s 2 AL 9 h 41 min 17
MR L JARAAR T H R 3 10 h 52 min 18
R REHIMBRS, S5NHESE 12 h 20 min 19
HAR R A B 77 AT 14 h 34 min 20
JULPA RS 4 RGN T 4R 3 15 h 09 min 21
A hatching stage H JRFRTENE A I Z4HL Sy, ok e 23 h 56 min 22
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1 mm

Bk MEE/NEEERELZ BEidiE
LUZNR3A: 2.2 408 08: 3. 4 4UAuHA; 4.840MMA; S 16 40fuMH; 6. 32 4NMIME; 7. 64 4UMIA; 8. Z4UMIMA; 9o A HH; 10. L

B 1L BEARRE A 12, BRI 13 AR s 14, S A R

Wl 19 B2 20. B U 21 WU RS T 22, LA

15. # IR 16, BEFLE AT 17 UL HHBLH: 18 IR H I

Plate Embryonic development of P. tetrazona

1. 1-cell stage; 2. 2-cell stage; 3. 4-cell stage; 4. 8-cell stage; 5. 16-cell stage; 6. 32-cell stage; 7. 64-cell stage; 8. multicellular stage; 9. early

blastula stage; 10. mid blastula stage; 11. late blastula stage; 12. early gastrula stage; 13. mid gastrula stage; 14. late gastrula stage; 15. neurula

stage; 16. blastopore closed stage; 17. metameres appearance; 18. optic vesicle stage; 19. tail bud stage; 20. otoliths formed stage; 21. muscle

effector phase; 22. hatching stage

AL IFxE g R R H AT IR (R 3). Ar BT a R

R, YOREH 20=50 (5> RAECH S5

ZURHECH 11 46.6%, %58 DU /M gL A A% H Sy

2n=50,

2.4 PO N EE SR PR B R 4B K R G DR
PP 85 R A3 s, 3 FliA €6, D iy /N B 2

o [ 7K 72 % 2> 32 /1 sponsored by China Society of Fisheries

RBP4 75— 30, 4kifk DNA ( mtDNA) 4=
£ 16 570 bp, B FEH BN A 32.8%. T27%. C
25% A1 G 15.2%, A+ T BB IE & i (59.8%) i K
T C+G W& (402%), HA AT fmbftk, S5t
AU 4 HE 3 ) mtDNA 41 BCAH Bl . 5 Genbank %
Pt P2 v DU /NG 2R AR L P 2 (NC_010110) J7 51
FRALTE 9 99.95%, S HAHM, 1 I-rRNA. tRNA-
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Fig.2 Fluorescence intensity histogram of blood cells at Gy/G; phase. G. gallus (a),
C. idella (b), D. rerio (c) and P. tetrazona (d)

2 POH L DNA SENEME
Tab.2 DNA content of P. tetrazona

4
GE%G;‘EEF@ bt DNA %/
7 ‘ i "
it fluorescence (#/35) (pg/2¢)

species name . . ratio DNA
P intensity of Gy/G,
(fish/rooster)  content

phase cell
N G. gallus 97 849.8 - 2.30+0.00
¥t C. idella 92 535.1 0.946 2.18+0.04
W D. rerio 142337.2 1.455 3.35+0.08
63 699.3 0.651 1.50+0.05

VUi /M P. tetrazona

Met. ND2. ND5. CYTB Hl D-Loop 4 [X 3 i} Bt 8
b B Y TR £ 5% (SNP), H. D-Loop X J3 91 K
J¥ £ 20 bp.

AR B, DABEEf0 R A EE . Sr AT 4
REoR, SLEJE (Sinocyclocheilus) Fl /ML J& 43+
YR A—A, HERNE MR (Schizothorax) sy 32 R
K, RIET5LEE (crossocheilus) B35, ®Jq
NN JE T3 A 2 WIS, Al /N SR I L A
AR AR (K] 4).
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Fig. 3 Metaphase of chromosomes in P. tetrazona
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Tab.3 Chromosome number of P. tetrazona
et R/
chromosome number
46 47 48 49 50
2%/~ metaphase number 14 21 29 22 75
HIUNZE/% frequency of occurrence 8.7 13.0 18.0 13.7 46.6

OPya NG K BRI, 28 °C LR T,
U /N 24 h BT H S, T B L £A D) 55 2 48 h;
@ DU /INGE A7 K OB B M, BE T A A2 RS B R B
B EE; @A ANEE TG RPN, T BE
o BT B 2T IR T it R 5 @ DU A /) i B
HORE L) R T REE

B Hy 0 PR LA T T AR A, B S 2R s
BB AEY, BHHEHR RS EN R
HERMER, MERMNERSEHWENEELRE
W8, Ak 27 3R ) B0 18 L 2485 IR (1-pheny-2-
thiourea, PTU) BEWS A RN Hl (4 KIL ik, HXT
W TG & B 1 R o DU N R R AR G R F
M AR IE R R SRR e, AT AR S B AR
RIS E KB E.

32 MHE/NEEDNA S EMAREHE KK
DNA & T — A~ &8 e 15 8,

75

T 1 3R £

71
100 100 55 341

LJERNGM S labiatus
HI#JiE th S, progastus

Y F AT PR DNA i —Er, BAY
PR S TEIR WA, DNA & & ] DR
SR AR AL AR HE T, DNA & & 7] DL e
R A 3 2 RN RIS M G &R o PR = A
LA 22 DNA 5 3 1 7 5 B A HE R AR i A0
ROz U AR g 025 K 2 DNA i
B, AR PR e 45 R S — i 2
S ZRPENERARZLZ, FEH R
00 YL RPN X B 5 P Je 48 X DNA &
bR IE B9 S [F] T 5 R 28 DNA & 1 A
)0 2 >R Az 0, /0N TR A B R ot A TR M, AR
W52 IR Zang 261 R W7 RN 2, R AOCR
B o

DL G 1L 21 g DNA & & (2.30 pg/2¢) 1E Hbr
e, LR DA A8 R BE £ A S P A AR
B, DNA & & E 4R oK, #fi DNA & i
2.18 pg/2c, 5 {EIEAE S H I Mg A R I 45
B—E, DM DNA & &5 3.35pgl2e, 5
Hinegardner™ | Vinogradov"™” FI Ciudad %5 ®" 5 il
g2z /N, L A2 () B H 1 DNA & 543 5]
9 3.50. 3.60H1 3.36 pg/2c., DU /NEE DNA 7 &
MELER N 1.50pg/2¢, 5 Vinogradov®”(1.49 pg/2c).
Wolf 4% P7(1.40 pg/2c) #1 Ohno 45 P*1(1.42 pg/2c) 445

T QLA S. jii

FGUMIE P semifasciolatus
Wis i /NE P snyderi

RELZLG S, psendoaksaiensis

AL GLRED S, tingi (2n=96)
LSS0 S. wumengshanensis
WA ZREE S, grahami (2n=96)
H4LRE0 S anophthalmus
R3LGLRHE S, oxyeephalus (tetraploids)
% 42880 S ronganensis
- NG LR S, furcodorsalis
A & LREE S, altishoulderus
XA S, bicornutus
(2n=50)
S. plagiostomus (2n=96)
(2n=98)
(2n=98)
LS. prenanti (2n=148)

UG M S grahami

WIGRNE M S lantsangensis
SJEHNEM S, curvilabiatus
D ARD/ W =5: ]

(2n=94,98-100)

A. monticola

93 | — INFISCIE L A spinifer
100 HAEBEM A wuyiensis
100 JoJEH A fasciatus
100 E LHIGEf A hemispinus 2n=50
100 M%NER A parallens 2n=50
I FHE /N P denisonii
100 RPLFFME P chalakkudiensis
VU /MR P tetrazona (2n=50)
W D. rerio (2n=50)
e
0.02

4 ETZRE 13 NMRIEERFIIEENIRS TR & 2 R 5 R
Fig. 4 Phylogenetic tree of fish in partial Barbinae subfamily constructed with the
protein sequences of 13 mtDNA protein-coding genes
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1292 KorE ¥R

44 %

HAHir, H Hinegardner 55°%(1.92 pg/2¢c) F1 Suzuki
A51%(2.00 pg/2c) T 7E Y & T AR o DU /)N E G €6 A
B AW/ 5 H DNA 7 2 I 2 A X R /9 o PO
/N DNA B 8 ARG B0 0 A, iz 4 3 DX 4 i
T o5 PR] 2 2 2R RO A VP4 4 AR B

g 2R 28 0 IR B A s =S )
R 2 b SR A T AR R S 0 B DR A A
fF, LSRR T 2 MY kg,
2n, 4n, 6nFl 8n, Y (@K 2n=50 J2 B} £ 3 o
iS5y N R Ry Rt I AP u N s L PN K4 ) 1
R Bk 251k, Qe @ik H R 20=100,
H G o 1A T (6 B35 22 SRS R B A S 7B
LA R N R U E R NP 2 G P VAT L N
(1 4y, Gn Ve b 4 2 60 R P A 4 2 68 YL iR B0Ch
2n=96, 4 J& NG o T R 0 4L AR50k 2n=
98, Jf H Rt G L IAKCN 2n=148 7, AL
WA RN, A /b e gL A% B Ol 20=50, 5
Ohno 5P [ 25 I — 3, [HA[E T Post™ 1y 44
(2n=48), W] RESEH G 4 R A A B B 1 5
PR Yy /N e o (R B0 H s T D 4 1 e e fk 28
R, TESE SRR A NG F AR R kB
A WA YA /R L o R B B A
[, FEPHZH gmpg BB H A, Bk, B fh
FEK AR BT LA U /INE it e 4 it 2%

PUHE /INE IR iR A B e, BRI RN,
SRV AR RS, R kAR R RS A
I o AW FEEE R DU /)N 2 R S e
JE DR 4 A st A A R A B SRl
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Embryonic development and phylogenetic analysis of Puntius tetrazona

CUI Wenyao ",  ZHOU Liqing*, YANG Jihui *’, XIONG Jiafeng **,
LI Weiming °, REN Jianfeng "***

(1. International Research Center for Marine Biosciences, Ministry of Science and Technology,

Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
3. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
4. Yellow Sea Fisheries Institute, Chinese Academy of Fishery Sciences, Ministry of Agriculture and Rural Sciences Key Laboratory of
Sustainable Development of Marine Fisheries, Qingdao 266071, China;
5. Department of Fisheries and Wildlife, Michigan State University, East Lansing 48824, USA)

Abstract: Puntius tetrazona is a small tropical ornamental fish with high economic value. In this study, the pro-
cess of embryonic development was observed. The chromosome number and DNA content of P. tetrazona were
detected with the small fish swimming method and the flow cytometry. Meanwhile, the phylogenetic analysis of
the Barbinae subfamily was performed with mitochondrial genome sequences. The results showed that the
embryonic development process of P. tetrazona was classified into 7 stages, including the fertilized egg
stage, cleavage stage, blastocyst stage, gastrula stage, neurula stage, organogenesis stage and hatching stage. Com-
pared to zebrafish which hatched out 48 hours post fertilization (hpf) with pigment, P. tetrazona hatched 24 hpf at
the water temperature of 28 °C without pigment. The chromosome number and DNA content of P. tetrazona are
2n=50 and 1.50 pg/2c, respectively. The phylogenetic tree showed that P. fetrazona appeared earlier during the
speciation of the Barbinae subfamily. These results will provide the basis for P. tetrazona breeding and genetic
improvement.

Key words: Puntius tetrazona; DNA content; chromosome; embryonic development; phylogeny

Corresponding author: REN Jianfeng. E-mail: jfren@shou.edu.cn

Funding projects: Special Funding Project for Basic Research Business Fees of Yellow Sea Fisheries Research
Institute of Chinese Academy of Fishery Sciences (20603022018004)

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries https://www.china-fishery.cn


https://www.china-fishery.cn

