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BE & T #F % | % (Apostichopus japonicus) B4kt & 2 F7 . BB BT 5 B R B Fr ik 5% oA T fE
A = A1 (MPPA), R 54X B B LA ERKK)., ZR 8 £#KDD). Uk B LAKRSS) M =71
REHR(DK) 4 MR SBER, RAREREFFTEMEITT 12-17 ARASRENEL L, WHEF LK
T ANBERBRB T FEWNEERE . MPPA R E GRS KENMEX R B ERE T, £ 12-17 A,
4 ANBEERA S0 E A A NS MR K B DD(0.29)>DK(0.28)>SS(0.20)>KK(0.19), E# A1k &
£ 715 *t DD #1 DK ZAOREN & 5 0k, M EAEXTER £ 80% LA E, T SS f KK BN F %
ME 8 KA LR 80%A EERE; 4 NEFERASMREN MPPA & 2 KKK % DD41.3)>
DK(40.8)>KK(39.8)>SS(39.1), 18/ DD #1 SS Z{k A & £ & £ F(P<0.05); & FK AR Sk
MPPA 5 (R & 3 2 3§ %ty % A E A X (P<0.05). VUREIE N &M BARMER, HEE 7 MPPA 7
1B h B BRI RYE, AR LW, DD DK BAEWBRE L T A2 M BER, FHEAEEWAET
wA, EFATHERNE., Bk, TENEABERETH P HET,

XA R A W, EE 0, REFMH
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73 (MPPA) it 31 (5K Wi 25, 2008; Tk # B 45, 1992;
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2 Q)< E 2 (3)E, DD R “UKBE 157 #Ek
BEFE 2 fRHIZ(Q)x “/KBE 1 57 BERER: 2 01D
JEAL, SS MINARRZ (xR HZ(S)EM, DK
ROKBE 157 BEARERE 2 RIS (Q) < E H 2 (F)

JaAte Horfr, OKBE 157 FEARCH I MER S S R
RIS 228 3R

1.2 FEFHE

BEALIN 4 A HI S A P4 50 Sk, K dgk il =
HUMMFRIETE 1 2R FREE N AR TN 41 om x
35cm x 11.7 cm, LK 0.8 cm, &2 25 HigH),
MR HEFRAEZE N 20 t KRB PN, SEE IR 45 00 =
HUMBIE, H SR A RIS TR AR R 2 5%
SR — KR, BERE 3 d ok 1k, BRREK 172,

SRS I AR AT, DU A S A BRI . R
I 2R ] Chang 55 (201130 5 iR %) 75 1, 0 4 5% AR
J& , KR SRR T, T RO 0.01 g)
MR, SR mE S 150 d, e 5 v, IE
4350 %5 0. 30, 60, 90, 150 K(5 120 K T
JEPE AR =2 1 A A T ) o
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Tab.1 Phenotype variance analysis
78 S A U F A 7 A ¥175 LUL Ry
Source of variation =~ Degree of freedom Sum of squares Mean square Expected mean square
Y| 33
X X
NN i Lt £t 7]
| {Z'SIEJ df. =n—1 0 j=1 3 i=1 j=1 2 M — $0 A2 A2
=n- - _ = K
Between individuals b S5 IZ:; k n K S df, Gut %
i-1
S
A o, = df; — df -ss - M, = 52
Within individuals wemTome B=5-% S df,, Tw
n ok
n n k ZZX”
N Total dfr = k -1 ss =YY xp -~ 4
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1.3.3 A4k MPPA ik FFH SPSS 17.0 #44, %
FHEA R 25 77 2543 T (One-way ANOVA), S BE(A i) i 5k
MPPA 11925 5 b AT Fe A o T 28 20 B i x50 1)
IEAHERTT 255 Wb TR G, AR 7 25 r ik B 2 &
Fb A58 7 7 0P AN TR AR (1] 79 38 MPPA 647 22 8 L3
i KRR R P<0.05,
1.34 MPPA LtkEeagtak &4 RO =Y
RIS MPPA, FIIF SPSS 17.0 {418 Mk
MPPA 5 AREMAHC R, BEHKFREN
P<0.05, i E /K& R P<0.01,
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ZH A BN 314, IR B BB = o2 s
¥ 30 Ao BEAESCIR AT, 4 ASHEARRS 00
B RBERINE NS, IR, 44
BRI S R 2 20k R . sl E A SRR AR>Z 0l
H BRI = o2 SR> IR A BREA

22 ANTBUERSRENEES

4 AR S B EE T8 0.19-0.29, ¥R1IK
HE I 3). 4 DR, DIl A BRI ER )
2 (0.29), FHE A EHHIAE T RA80.19), &HEHA
HE IR ZRUN, AARIERR, & tRRk
) 2 #E K-,

23 ANEGEHRSH MPPA Lk R EEXRHNHE

FEMPEER TR, 4 ADFHARS EE0Y MPPA
Z 5 B (P<0.05), W I 20 HrA i L ST 2k,
WK Tamhane’s T2 #6567 X BEAAR 0] %0 MPPA i
T @B (E 2), IWE 2 i, L2l HERHAS 1
&K H BERHA TS 50 MPPA A I 3% 25 5(P<0.05), H
AT AR (1] 22 548 {35 (P>0.05) .

4 AT A 2 TR B ARG A B AT R B
R R I 4, B2 4 0751, 52RO AT
HER AT 80%, N KK, DD, SS. DK 4 4~Rf{A ]
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Tab.2 Phenotype statistics for body weight in four populations (Mean+SD)

i H Items

B4R Population

GhEE A SR KK ZHAZRE DD INRAZRIASS =JodsciiAk DK
VIR AEA & Initial sample size (ind) 45 50 50 50
LR FEA R Final sample size (ind) 32 41 42 32
I Survival rate (%) 71 82 84 64
2 YK B Measure time 5 5 5 5
WA AT Initial body weight (g) 18.41+8.30 21.52+8.34 28.7446.57 20.4349.62
R {KTE Final body weight (g) 16.02+8.01 15.36+7.07 19.40+8.63 18.2249.19
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Changes in papillae numbers with age in four populations

A BEE BRI, B: ZHIAERHA; C IWARAZERIA; D ZIuAscib ik
A: KK; B: DD; C: SS; D: DK

K3 ATRSEHERENEEN

Tab.3 Repeatability coefficients for papillae number in four populations

FEIR Population
Il H Items — - - ——
i E R KK Ll [/ E# & DD IR A R4 SS =LA BE R DK
mE . 0.19 0.29 0.20 0.28
FrifEIR SE 0.07 0.08 0.07 0.07
t K58 t-test 2.60%* 3.83% 3.03% 3.82%
* RN 22 TR B 1 2E UK (P<0.05)
* denoted significant difference (P<0.05)
2 a a L L EREPR 13 IS VR 5 B8 MPPA AR G 2 50
o [ [ T L AR ST R =8 A S B O 2 R S
R g ab 15 H s o A 5 A0 OC R B K.
BEal »
32 . 3 g
= % 'I'
= EY A5 B 5 1 1 2 OB T 42 058 0.19-0.29,
§ < sl KRS PR ES INREERE . EEZ NIRRT
s 6 UCRE R 2 (8] B A SRR RS, BRI TR, 02 s
37 . ) , U T 2 (AR PR, BRI P 458 YK B 2 (8] 1)
HEBAE ZHIBE IWRAE ZILHER ? 3 S ) St C
BAKE DD FEIRSS ﬁﬁgﬁ T EBRK X—T5 20 LIRSS IR A T 25 o AT

B2 4 RIS BB MPPA AL CE I H PR TEZE)
Fig.2 Comparison of MPPA among four populations
(Mean+SD)

T ARE/NE P RER IR 4] 22 5 B35 (P<0.05), ARG
FRRRIR A R) 22 AN
Note: Different letters indicated significant difference
(P<0.05) and those with the same letter were not significantly
different

G2 R 2 SR R R IR BT 7 22 — 05 TR IR T 0 2 0
WOBEAF e A3 R A ALK 1), O — 7 DR IR
TG B R E . AR AT Chang 2#(2011) A
TR (R /A >0.05 DA ), THBR T
UNICECRYS - A TN NG I Y B 2UN ST U VR N R
o, BB 40T R 2 % (4 BORI R BE 23 Hh BEAS U
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Tab.4 The relative accuracy of measure time in four populations

JEHR L K

Bt R B AR X ERR B Relative accuracy of measure times (%)

Measure times e A 2R A KK Z il H /A DD IR B EHEA SS =ILARASHEA DK
1 43 54 45 53
2 56 67 58 67
3 64 74 66 74
4 69 79 71 78
5 73 82 75 82
6 76 84 78 84
7 79 86 80 86
8 81 87 82 87
9 82 89 84 38
10 84 90 85 39
0 100 100 100 100
R5 AMEERSHBME MPPA 5&ARGEMHEXRE
Tab.5 Correlation coefficients between MPPA and body weights in four populations
RN H ¥ Age of month HIE 28
Population 12 13 14 15 17 Correlation coefficients
i H ZHEHA KK 0.500%* 0.625%* 0.605%* 0.586** 0.407* 0.407-0.625
ZH H Rk DD 0.475%* 0.552%* 0.538%** 0.420%* 0.424%* 0.420-0.552
7R H B RER SS 0.304* 0.360* 0.299* 0.370* 0.168 0.168-0.370
—JLIRSCHEA DK 0.535%* 0.570%* 0.556%* 0.658%* 0.450%* 0.450-0.658

*FRIORTE 0.05 /KL B MK, **FI/RAIE 0.01 /K LK

* denoted significant correlation at the 0.05 probability level, ** denoted significant correlation at the 0.01 probability level
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Estimates of Repeatability Coefficients for Papillae Number in Four
Populations of Sea Cucumber (Apostichopus japonicus)

ZHAO Shuai', HUANG Xu', WANG Haifeng', ZHANG Weijie', LIU Yongqi’,

SONG Jian', WANG Zengdong®, JING Chenchen', CHANG Yaqing'"

(1. Key Laboratory of Mariculture & Sock Enhancement in North China’s Sea, Ministry of Agriculture, Dalian Ocean University,
Dalian 116023; 2. Shandong Anyuan Aquaculture Co., Ltd., Yantai 264000)

Abstract Sea cucumber (Apostichopus japonicus) has become one of the major aquacultural species
in China. Genetic improved seeds of sea cucumber play a key role in the ever-increasing profit.
Information on the genetic parameters of papillae number, the important economic trait of sea cucumber,
however, has been lacking. To investigate the repeatability, required measure times, and the most probable
producing ability (MPPA) of sea cucumber, we applied quantitative genetic methods to determine the
repeatability coefficients of papillac number of four sea cucumber populations in the age of 12—17 month,
including Korean self-propagated population (KK), Duoci self-propagated population (DD), Shandong
self-propagated population (SS), and Three-way cross population (DK). Based on the estimates, we also
calculated and compared the required measure times, MPPA, and correlation efficient between MPPA and
body weight of the four populations. We found that the repeatability coefficients of papillae number were
low in all four populations. The repeatability coefficients of the four population followed the order:
DD(0.29)>DK(0.28)>SS(0.20)>KK(0.19). For population DD and DK, the papillac number needed to be
measured for 5 times to reach a relative accuracy above 80%, while for SS and KK populations 8 measure
times were required. The MPPA for papillac number followed the order: DD(41.3)>DK(40.8)> KK(39.8)>
SS(39.1), with the significant difference between DD and SS only (P<0.05). The phenotype correlation
between MPPA and body weight in each population was significantly positive. Therefore, repeatability
and MPPA could be used as criteria in population selection for papillae number. Our results suggested that
DD and DK populations might have higher papillac numbers, higher potential for selection, and less
measure times needed than the other two populations, hence they could be the key populations for papillae
number selection.

Key words Apostichopus japonicus; Papillaec number; Repeatability; Selective breeding
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