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P/ -1 P strain-1
P -2 P strain-2
Pf:%-3 P strain-3
P R4 P strain-4
P R-5 P strain-5

|| P&:%-6 P strain-6
[ | P Z-7 P strain-7
|| PH:&-8 P strain-8

[ | P&, &9 P strain-9

P4 %&-10 P strain-10
Pf%%-11 P strain-11
P#h%&-12 P strain-12
P %-13 P strain-13
P %&-14 P strain-14
FFAEE/AK-1 wild population-1
A FEA-2 wild population-2
BPH:¥/AK-3 wild population-3
Bp A= #E/A-4 wild population-4
BPAE#EK-5 wild population-5
Ep A F#A-6 wild population-6
BPH: B4AK-7 wild population-7
B A= ##/K-8 wild population-8
BFAEBEK-9 wild population-9
B A F#A-10 wild population-10
BFH:FA&-11 wild population-11
B A= ##/K-12 wild population-12
BFAE#EA-13 wild population-13
BfH:F¥/AK-14 wild population-14
BFH:F{AK-15 wild population-15
B ##4A-16 wild population-16
| SH:%-1 S strain-1

SHhZ&-2 S strain-2

Sfh -3 S strain-3

SHhZ-4 S strain-4

SHh -5 S strain-5

Sih -6 S strain-6

SEhF&-7 S strain-7

Sfi -8 S strain-8

Sfh &9 S strain-9

SEkFR-10 S strain-10
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Fig. 1 Heat map of genomic relationships among three strains of Litopenaeus vannamei
F1 AHEINRAERREHEEXEROLEE
Tab.1 Comparison of reproductive traits among different strains of Litopenaeus vannamei
W% strain
B MR reproductive trait - fi &

B A BEfR wild population P 5t & P strain S & S strain
1A /g weight, W 51.24+5.855° 49.46+5.00%° 62.77+9.35%
A4 /em length, L 15.68+0.835% 15.57+0.925° 17.20+0.924¢
A BE /% fullness, K 1.35+0.20 1.3340.20% 1.24+0.13%°
ZE WL /% mating rate, MR 76.74+21.05 65.82+28.50"° 49.30+39.63
IB#4L % /% hatching rate, HR 49.49+28.78% 36.57+26.98"¢ 41.61+£21.414%°
B %R /% reproduction rate , RR 60.00 59.04 24.35
§li4%/mm egg diameter, ED 0.237+0.006 0.232+0.010%° 0.232+0.0075°
77 H8/x10* egg number, EN 27.83+7.13M 24.81+7.71%° 28.86+8.90*
7750 & 1/d spawning cycle, SC 4.61+2.81%° 8.01+3.70% 4.25+1.985°

T FATEE EARA R KRS FRERR 22 70 .3 (P<0.01), EARANR/ING FRERIR 25 57 1 3 (P<0.05).

Note: Data within the same row with different uppercase letters indicate highly significant difference (P<0.01), and different lowercase letters
indicate significant difference (P<0.05).
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PR 3 K (P<0.01), PR 5r=0pdE 22 (b, oy
2 5 Ak 3R 2 TRl AH DG 1 34 A2 W 35 7K F-(P<0.05)
Horp, R 570X RECN 0364, DS
AR A OC R ECH 0.279 (3% 2).

232 MNHEXE P mAZSZEEMEREAHECE
AT FLANEXT R Pl 2R 45 A 1 R ] 1 R G 1
iR R, EXTIMAE SR K 20, hES
BN 2 (] A AE SCE E AR B 2K (P<0.01) o H:
W, RIS IR R IEAHSE, MXERECh 0.278
(# 3),

233 NHMEIE S mAZZLHAEERERHEKXE
SAAT PLINTEXTER S il R 4 SE0E PR 18] i AH DG,
g WoR, JLNEXMIMATE 5K 20, AES
RO Z A RS IR A O ]
2 2Z A A 56 (P<0.01), A K 548K 2 )
AEHL A5 77 O 22 () 1 1 35 AH DG (P<0.05) . iy,
TR 577 P (AR OC R ECH 0553, (KK 57760
HAHISE R BN 0.569, RK 58 HRAHC R
B0 —0.453, SCHLE 5 7 O R A OC R BCH
-0.389 (¢ 4),

&2 FLONEXEREF & BHR S AR BA XS T

Tab. 2 Correlation analysis among reproductive traitsin wild Litopenaeus vannamei population

AN R R e MR

W% iz

i i 759 L

trait weight, W length, L fullness, K mating rate, MR hatching rate, HR egg diameter, ED egg number, EN spawning cycle, SC

hE W 1

L 0.484™ 1

REWE K 0.325" —0.663" 1

ZHA MR —0.044  —0.133 0.070 1
WL HR  —0.136  —0.044 0.069 -0.053
JifE ED 0.058  0.096 —0.032 -0.110
FEEIE EN 0.364" —0.067 0.178 0.148
FEEREM SC -0.035  0.257 —0.269 -0.022

1

0.279" 1
-0.150 -0.085 1
-0.014 0.261 -0.268 1

1 TFRIRAR D A OE(P<0.01), "R A 6 (P<0.05).

Note: " indicates highly significant correlation (P<0.01), and "indicates significant correlation (P<0.05).
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Tab. 3 Correlation analysis among reproductive traitsin Litopenaeus vannamei P strain

ERIN {LSc2S (LSS JIE6 2 FAIES s Rz 77O R
trait weight, W length, L fullness, K mating rate, MR hatching rate, HR egg diameter, ED egg number, EN spawning cycle, SC
hE W 1
BE L 0503 1
NEWEE K 0.124  -0.782" 1
ZWHE MR —0.108  —0.176 0.125 1
IFfE# HR —-0.213 —0.156 0.103 0.134 1
§i#% ED 0.051 0 -0.091 0.053 0.067 1
F7UIEE EN 0278 0220  —0.120 0.055 —0.049 —0.129 1
IR sC -0.226 0.046  —0.240 —0.085 0.228 0.210 0.241 1
T TR G (P<0.01).
Note: ~"indicates highly significant correlation (P<0.01).
24 AEBRRDEEHRESKERK R ARE S B WA & 22 5 (P>0.05); M

M F R BRER AR T, LU 0] R JE 45 4))
PRI 52 J0E 285 0 G2 T I 18] A9 36 A i, AN T i R L
IR UR LN R4S B BE A AR SIS (RN SR 5 o &5
RN, MR AR E ZHEIFR, 256

MR & B ZAFUREE, P S RIS L FRHE
W 25 E TR AR S S S RAARP<0.01), MIE
K ER, MIRRARAS S B AU, P i RAES A
B B E S TEARES S & &K (P<0.05),
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Tab. 4 Correlation analysis among reproductive traitsin Litopenaeus vannamei Sstrain

ERN G [ZSIS JIE 6 i QR [l IR iR 7 B JE

trait weight, W length, L fullness, K mating rate, MR hatching rate, HR egg diameter, ED egg number, EN spawning cycle, SC
E W 1
i L 0.766™ 1
JEWRE K 0.030  -0.615" 1
LHIE MR —0.044  —0.453"  0.168 1
JiFfb® HR  -0.247 0.151  —0.086 0.009 1
§i#: ED 0.089  —0.033 0.165 —0.141 —0.154 1
PO EN 0.553"  0.569" -0.210 -0.389" 0.153 -0.216 1
FEHRE SC 0.084 0.034 0.136 -0.747 -0.287 0.936" -0.203 1

T IR B G (P<0.01), "FE% B2 A 56 (P<0.05).

Note: ~"indicates highly significant correlation (P<0.01), and " indicates significant correlation (P<0.05).
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Tab.5 Metamorphosisduration of different strains of
Litopenaeus vannamei larvae

KB AR5 % B BT /d metamorphosis duration
doveormenal " ganik paa S 7
wild population P strain S strain
Z,—>M; 4.93+0.38%  4.93+0.38%*  5.00+0.33*°
M —P, 4.36+0.84%°  4.89+0.45%  4.32+0.67°°
Z,—P, 9.29+1.00""  9.82+£0.61""  9.32+0.75%°

W FATEEE EARA R RS b 3R0R 25 5 W 3% (P<0.01), 4%
RIE/NG FRER R 2% 5 B35 (P<0.05); Z HERLA 11, Mk
BRIRZh R T 1015 PyOAAFIRES 1 K.

Note: Data in the same row with different uppercase letters indicate
highly significant difference (P<0.01), and different lowercase
letters indicate significant difference (P<0.05); Z; is zoea I; M; is
mysid I; P, is the 1st day of postlarve.

25 AERRYNGBENBRTSESHEEE

AN i 28 FLAR T X R Sl A 45 & B AR 2R A
6 iR FLANEEXTHR M TETT 4RI & B =ik
iR, BPAERRNIRNESEREST P M
75 S MARP<0.05); MERL AT K E ZHRIF
W, BPAERARGARNEERRERT S MAR
(P<0.05), P fib RAK AL AR G A BEUR A S
FRYTC W 2 57 (P>0.05); MHEEF & F ZAFAR,
3 Tl R Al AR 35 R R) O I 3 22 57 (P>0.05) . B
AN KT WE, FLANEERT IR TG 4 ik 2 30k 4h
TR (N1 > Zy) 1 728 285 2R 38 3 1% F 380K 4 1k 28 4 i
(Zi—>My) SRR 2 AFER M- P) AR, X
R Mk R B BRI, 25 AR B
T KRR S TR

#*6 AEMAANEWNTHEZEETHESE
Tab.6 Metamorphosisrate of different strains of
Litopenaeus vannamei larvae at different
developmental stages

a2 AR 25 /% metamorphosis rate
developmental B AR P PME S S E
stage wild population P strain S strain
N—Z, 66.05£19.48%  53.56+22.08%° 50.04+24.67"°
Z—M; 77.79+18.55% 73.87+18.69*™ 66.13+22.17"°
M ,—P, 67.71x21.31%"  68.08+27.44"  66.71+24.90"

T FATEE LR RS TR 22 Rk 3 (P<0.01), L%
RIRVING FRF R 22 5 .35 (P<0.05); N R G ah ik 13); 2, i
PR T MO RIR LR T3 PO AFERER 1 K.

Note: Data in the same row with different uppercase letters indicate
highly significant difference (P<0.01), and different lowercase
letters indicate significant difference (P<0.05); N;is nauplius I; Z;
is zoea I; M;is mysid I; P, is the 1st day of postlarve.

% 7 AN R LG XTIR LT T S A 1 3
RER S R B W B R, S5SR BN, Lt
MR LT B RRIE, B&KE BT,
NBe R E BATER, B BRI G A AE 15 AR
m, WEET P M ARYIEP<0.05), HEEST S
i R A (P<0.01),

26 BEEMREHELENLER

S BRSO R & BB R NE 8
MR GERAR, PN SR Y 20 U0 ik R 5 H:
RS R B IR (Z 1 —P)) 2 3 1A 56 (P<0.05),
ISR —0.211, 3% 72 B PLYA I3 XoF 32 4 U1 i
T, HARARS L H A
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Tab.7 Cumulative survival rates of different Litopenaeus vannamei strains at different developmental stages

ZHAEIE 2 /% cumulative survival rate

&7 H developmental stage

PR wild population

P i & P strain S /&R S strain

TAT4A nauplius, N

RS zoea, Z

BREEFZIK mysid, M

{FUF55 1 K 1st day of postlarve, P,

100+0.004*
66.05£19.48%
51.90+19.58%
34.08+16.34

100£0.00"°
50.04+24.67"°
35.25+22.345°
22.71£15.62%°

100+0.00%*
53.06+£22.0848°
38.69+18.1548°
24.44%13.6245°

T AT AR RS R R 22 5 35 (P<0.01), _EARAR RN FHE3OR 22 5+ 18 3 (P<0.05).

Note: Data in the same row with different uppercase letters indicate highly significant difference (P<0.01), and different lowercase letters

indicate significant difference (P<0.05).

®8 NMEMMTEEUREDELEHEXRE
Tab. 8 Correlation coefficient between reproductive traits
and larval development of Litopenaeus vannamei

L JT-1E RN MG RN-P) ARSI (Z—P))

reproductive character survival rate metamorphosis duration

S E=A

PO 0.166 0.034

egg number, EN

WELoH ~0.038 ~0.211°

hatching rate, HR

Moz

oot 0.143 ~0.065
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Compar ative analysis of breeding characteristics of different strains of
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Abstract: In the commercial production of Litopenaeus vannamei, the reproductive performance of female shrimp
and the development of larval offspring have been used as important indicators to measure the quality of shrimp.
In order to evaluate the reproductive performance and larval development of different strains of Litopenaeus van-
namei, 103 families were constructed by selecting 90 wild female shrimp, 166 female shrimp of strain P and 115
female shrimp of strain S under the same culture conditions. There were 56 wild population families, 28 P families,
and 19 S families. The experiment lasted for 30 days. Reproductive parameters such as mating rate, spawning rate,
hatching rate, metamorphosis duration, and survival rate were recorded for each female shrimp. The results
showed that compared with the P and S strains, the wild population had significantly more desirable mating and
hatching rates. In terms of female spawning performance, the spawning volume of the P strain was significantly
lower than that of the other two strains (P<0.01), and the spawning cycle was significantly higher than that of the
other two strains (P<0.01). In terms of larval development, the wild population showed certain advantages in
terms of larval survival rate and metamorphosis duration. By analyzing the correlation between reproductive traits
of Litopenaeus vannamei, it was found that there was a significant positive correlation between body weight and
egg number in all three strains (P<0.05). The correlation coefficients between body weight and egg number of the
wild population, P, and S strains were 0.364, 0.278, and 0.553, respectively. In addition, this study also found that
the hatching rate of fertilized eggs of Litopenaeus vannamei was significantly negatively correlated with duration
of metamorphosis (Z:—P;) (P<0.05), and the correlation coefficient was —0.211 which indicated that the higher
the hatching rate of fertilized eggs, the shorter the metamorphosis development time of the larvae. The results
showed that the breeding performance of females of different strains of Litopenaeus vannamei carry significant
potential for manipulation. During the process of selecting parental shrimp strains with high breeding performance,
it is possible to select according to the reproductive capacity of female shrimp and the development of larval off-
spring.

Key words: Litopenaeus vannamei; strain; reproductive trait; larval development; continuous spawning; correla-
tion analysis
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