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Tab.1 The resulis of the single factor experimental design by cold-shock treatment in P. fulvidraco

ﬂfﬁgﬂ% nﬂfa (:;:1) (rr'?in) T(C)  Se(®)  n(%)Y 3a(%) 3% ) RH (%) RD (%)
A 1 30 3 30 0 0 26 22 12
B 2 a0 3 37 5 5 70 46 10
SR A c 3 30 3 28 0 0 45 42 8
(TA) D 4 30 3 15 6 12 12 17 10
B 5 30 3 12 0 10 10 10 5
F 6 30 3 10 0 s 5 10
A 2 a0 0 10 0 0 0 0
B 2 30 3 30 5 12 55 12 13
BE C 2 a0 6 58 0 6 0 48 6
(T) D 2 30 9 66 0 0 0 51 2
E 2 30 12 67 0 0 0 54 0
A 2 5 5 62 0 0 10 30 0
B 2 10 5 38 0 0 56 40 8
eS| c 2 20 5 35 0 6 75 47 5
(D) D 2 30 5 16 8 10 70 20 11
B 2 40 5 5 0 0 0 0 0
F 2 50 5 0 0 0 0 0 0

& TA(min) FRW TR T(C ) RAAIRE ; D (min) R MR I EEE ] ; Se( % ) BRFHHRERMTFEE 0 % ) BRAR
AL 3B £H 24 PR R BRI AL %  3n-( B ) Fom AR S AR SR B A 1 P ik SR I BRI 3 (% ) TR R IR AL B0 A X vh = 51K,
AR AR O B AR  RE( % ) Fom IR i Ab IR B AR R L BT AR TR I 38 RD (% ) oK FeAb FE S B 40 24 o o A T R P I T 1
BRI [1 1 &R RUR SRR, e b Sakter i i

Notes; TA indicates treatment after fertilization; T indicates shock temperature; D indicates shock duration; Se (% ) indicates relative survival
rate in stage of pastrula; n (% ) indicates haploid rate; 3n-( % ) indicates aneuploid rate; 3n (% ) indicates the sum of triploid and aneuploid
rate; RH (% ) indicates relative survival rate in stage of post haich; RD (% ) indicates deformity rate; [1] indicates ploidy identification by
chromosome counting using mix embryos as sample.

*2 BEFEANRRITHBER
Tab.2 The results of the orthogonal experimental design by cold-shock treatment in P. fulvidraco

2
nﬁir (iﬁ) T(T) (ﬁn) Se(%) MN(%)Y 3 (%)) 3n(% ) RH(%) RD(%) ﬁ_f&gl)]
A 1 4 25 18 5 15 a0 28 15 13(13)
B q 5 s s4 0 0 22 44 6 13(15)
C | 6 20 50 0 0 a8 34 0 0(25)
D 2 4 s 23 0 0 62 40 8 0(25)
E 2 5 20 0 3 6 70 2 5 25(20)
F 2 6 25 35 0 0 50 33 6 0(20)
G 3 4 20 15 0 5 43 19 10 15(20)
H 3 5 25 42 8 12 32 26 8 4(25)
I 3 6 s 58 0 10 26 30 0 0(25)

B TA(min) Fmfk e HEHE]  T(C) Fon A il s D (min) o ih LRGeS ( % ) Fom IR A IR RAR M 7RG 3850 % ) R R
ShFRST G AR 4 o AT AU 3n-( B )RR AR FEAR TR 4R 2 P R = AR R B AT UL 30 (% ) R FE AL SR B0 40 2 p = 54K,
IR R LR, RA( % ) TR AR AL SR 0 L AT 35 38 RD (% ) RARAR AL IR SR B0 24 v 52 2 U5 W T -1 1
BRRHLEE 30 % ) [2 ] CREAREE) FOm T M g B PR op AR A (I Ra ) MR, [ 1| fom LIRS IR e g, R fhdy
A LR (212 DU MR AR, R A B A . R 4 TR 2.

Notes; TA(min) indicates treatment after fertilization; T () indicates shock temperature; D ( min) indicates shock duration; Se (%)
indicates relative survival rate in stage of gastrula; n( % ) indicates haploid rate; 3n-(% ) indicates aneuploid rate; 3= (% )[1] indicates the
sum of triploid and aneuploid rate using mix embryos as sample; RH(% ) indicates relative survival rate in stage of post hatch; RD( %)
indicates deformity rate; 3n (% ) [2] indicates the sum of triploid and aneuploid rate using frys as sample; [1] indicates ploidy identification
by chromosome counting using mix embryos as sample; [2] indicates ploidy ideatification by FCM using red blood cells as sample. The notes
of Tab.4 are the same as Tab. 2.
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Fig.1 Chromosome photos of the diploid, friploid, haploid and aneuploid in P. fulvidraco
A, diploid with chromosome number 2n =32; B. tripleid with chromosome number 3r =78; C. haploid with chromosome number n =

26; D. aneuploid with chromosome mumber 60 —70).
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Fig.2 Flow cytometry { FCM) histograms for ploidy determination of P. fulvidraco
A, the FCM histogram of diploid; B. the FCM histogram of heteroploid; C. the FCM histogram of triploid.
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Fig.3 The curves for relative survival rate in stages of gastrulae and post hatch, and the rates
of triploidy induoction and deformity under different treatment methods
A. cold shock starting time at 2 min, shock temperature of 0 —12 1, shock duration of 30 min; B. cold shock starting time at 1 —6 min,

shock temperture of 3 C, shock duration of 30 min; C. cold shock starting time at 2 min, shock temperature of 5 °C, shock duration of

5 =50 min.
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Tab.3 Statistical analysis for the induction of triploid in P. fulvidraco by cold shock
. 3n( % ) RD( %) RH( %)
TR H items - - . - : :
TA(min}) T(T) D (min) TA(min) T(T) D( min) TA(min}) T(T) D (min)
K 2 135 110 21 33 14 106 87 114
K, 182 124 151 19 19 15 125 122 105
K; 1M 114 112 18 6 20 75 97 7
R 92 21 41 3 27 15 50 35 27

KA ARA T =SSR S ARSI TIE R S mE=-BAE -B/ME. £5 AR
Notes . K indicates the mean values at different levels by different treatment factors; K =Max —Min. The notes of Tab. 5 are the same as Tab. 3.
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HEWRE B PRI, 7 L 0 R B
EAIPIY LN
2.2 ANRREEXRBERRSH

REFERRFHEFLEN SRS, G TR
R = f A 2 %, Rt R 5 B 2R
A BB SN R X X RR A AT TR BSR4 T
W, E 2500 i) — AR iR T 2 L R L Ry

BI=AE R R LR, SR LR AR 2 &
HREAR, LA ZAF)G 2 min, 40 CALHE 2 min fF
HERIAIEAR. 3k 4 BEATRE AT, DA
F&S £FS5 P, HTRERWHERNEEN
R, R =R R TR 2R SR A A 3 2R
“HME A RRESEERRR, W NER
PRTEBS IR, DA R AP SEmt B SRR, E ik T
AR o M) 2 min, fRTTIEEE A 40 C, FFEEM
1% 2 min, B i = £ 40 2 01 25 I S A 3 A7 5 2
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Tab.4 The results of the orthogonal experimental design by heat-shock treatment in P. fulvidraco
3% number (:ﬁ]) T(C)  D(min) Se(%) (%) 3n(%)0) 3a(%)1] RH(%) RD(%) i’;ig’gg;]
A 1 38 3 46 0 0 8 30 0 4(25)
B 1 4() 1 30 0 0 30 24 [\] 13(13)
C 1 42 2 21 0 5 33 4 6 40(10)
D 2 38 1 50 0 0 5 41 [\] 0(25)
E 2 40 2 43 3 0 58 39 0 40(15)
F 2 42 3 12 0 7 60 6 8 50(10)
G 3 38 2 61 0 0 6 33 0 0(25)
H 3 40 3 46 5 10 51 20 2 20(15)
I 3 42 1 20 3 1 28 12 [\] 5(20)
®5 ARRBESENESGHEIBNERI N
Tab.5 Statistical analysis for the induction of fripleid in P. fulvidrace by heat shock
. 3n( % ) RD( %) RH( %)
T H items - - - - - -
TA(min) T({T) D(min) TA(min) T(T) D({ min) TA(min}) T{T) D min)

K, 71 20 64 6 0 0 58 104 76

K, 124 138 97 8 2 6 105 83 75

K, 84 121 119 2 14 10 135 21 56

R 53 118 55 6 14 10 77 B3 21

2.3 RUEEEGTHESRERR
ZHES 2 min, ZET %5 CT,DH20 min f T

RARAAPIEEE 202 000 B.1 700 B, FEdREP
WER|, BN BRI T2 EE — TS E, K

J40 °C,D 2 2 min W FRAALIZRE, 4+ F 16 ~18 mm B LH MR AT g, R
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Comparative studies in the induction of triploidy for
Pelteobagrus fulvidraco by cold and heat shocks

SONG Li-min'*, WANG Wei-min'* , ZHOU Xiao-yun', YAN Li-qing®, WANG Yu-fen’
(1. Key Laboratory of Agricultural Animal Genetics, Breeding and Reproduction of Minisiry of Educaiion,
College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;

2. Beidaihe Central Experiment Station, Chinese Academy of Fishery Sciences, Qinhuangdao 066100, China,
3. Fisheries Company of Zhanghe Reservoir, Jingmen 448156, China)

Abstract : The yellow catfish Pefteobagrus fulvidrace has become a valuable aquaculture species in China and
the possible use of sterile triploids is an interesting option for its culture. The optimal conditions for the
induction of triploidy for P, fulvidraco by means of cold and heat shocks were investigated and compared in
the present study. Three treatment variables were considered ; the time after fertilization when the shock was
applied, the temperature and the duration of the shock. Ploidy was determined by chromosome counting
and flow cytometric analysis. The diploid, triploid, haploid and aneuploid ( or heteroploid ) were all
identified in the P. fulvidraco eggs (or juvenile individuals) after cold and heat shocks. The survival rate in
stages of gastrulae and post hatch, the rates of triploidy induction and deformity under different treatment
methods were evaluated. The results indicated that optimal treatment conditions for cold shocks were 5 T
for 20 min at 2 min after fertilization, which resulted in about 70% triploidy embryos, 50% relative
survival at hatching stage, and 25% triploidy individuals in juvenile period. The optimal treatment
conditions for heat shocks were 40 T for 2 min at 2 min after fertilization, which results in 58% triploidy
embryos, 39% relative survival at hatching stage, and 40% friploidy individuals in juvenile period. The
orthogonal design analysis showed that the time after fertilization when the shock was applied was the most
important factor to the rates of hatching and triploid induction at embryonic stage in cold-shock groups,
while in heat-shock groups temperature was the most important factor to the inducing rates of triploids,
deformities and relative survival at hatching stage. The results demonstrated that cold shock was less
effective in inducing triploidy in P. fuluidrace for its serious injury to embryos and lower survival rate after
hatching compared with heat shock. In conclusion, this paper presents the optimal conditions for triploidy
induction in P. jfulsidraco using cold and heat shocks and indicates that it is possible to mass-produce
triploids of this commercially important species.
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