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1 MESIHE

1.1 ZBREFEAIRE

S Fir FH % 58 9 H SR AS SR A T A A M T
HEVLHESE, TEITHEERAR N SR, & 0 EROR
1. % (Gracilaria verrucosa). W (Laminaria
Jjaponica) S5 RAIEZ

1.2 MERR

1E 26 A [l 0 Ab 7 O 1~2 mL ¥R B2 2 0.5
mol/L ) KCl #4747 o MRAEHE T2 M55k . o
TR FORDIR A HRF AL, S AR X R 5
TEHL 9 X NEAE Ry oA, MBOMERE—XF — 32 KE 4 6
B ONMRRMBER, 4T 19, BIMRREAR
MEENRSEAR 2928 7 em,  MfEME™ D& 200~300 JT L.
B Z RGO 500 LA, BN R R P —
AEACAT . TR ET, BURAS R R MEEA R
20~30 TR IR A5, SHEMERRRA RS TR,
P — A H LR S B VE XTI, 5 0. #F
)5 £ K &R SARG BEAR ST IAE 4 mx1 mx1 m &
R

1.3 #hiriEs

SZKG O AE At A rp e R EL RERR 1 h A
Pish 1 YOKIE, BAFHMBUEIMA 1t B uEE
7K (0.01 pm AT UEMET ), AEF ERAET. P 5
VA 2 AR A o IR P A R 4l A e T
W AT R M. G E M aks i A B
MK KR 50 em &b, BeAEZIARBY B e A, Bl
PRI R B B W AR . PRI B IR o R
i 3 K, B M A RN 400 L BRI K o 5
4 RIFUR, BFR#K 400 L, —Bigh kB BOIT a4
W B3 (Chaetoceros), H HHAH R 3~4 A%
W, BRI 6K, 128, T 6,
ARSI R T NS YA BT IS Y AR DY
FN B 2 RS B 4 0 2x10% L 3x10% I
4x10*~5x10* 4~/mL 4}l . FEghikR B ZABAIA,
B 2 K5 3% & TS o A LA
FHRTE IR IR TG U, R R RN,

14 IEFRNE. HTEREELIE
TR EWALR I 2K 15minJ5, T4
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it 20 7K A TR AR A Hh BEHLER 100 mL AZ A5 B . F
M\ 100 mL 5ZK5 51 EL 50 ul Ge it & AE B0 2L 1 52k
DR E, EEBRFE IR, HEZEE. ZFR
(%)=(3Z K& IR/ B IR0 100%., 2 K5 )5 24 h, 3%
KON e kB Bk, WM. Wit
7 ORE R HURE iR BORE R B 5U

IBEAE R (Yo)=(VU 8 411 1A /32 K5 B A0 < 100%, T
EN R

IR E K AT B B, fes
REDEKEEN B, ICRSERR TN KT T
WBfE, EFE WA, P F 3V E, i
100 mL FEErKIRR 2. 2. IRIZSH 100 mL,
(1N I O =3 7N RN % ey N R D N W e =
BEMLELH 50 mL GEitah iR . &8 I 3 1k
St ahiRBE, BOFHEIT RS LA BB A Wit
WA IR B ECE: . AR BRI R R A

LA LA I AE 15 22 (%o)=(7 I B 1A B 301 1) %
et/ D S AR B I B R ) < 100% , - R BT 400 Ak 1) A7 3
B (%) =(/\ Ji 41 AR B 390 1) B33 /7 g &40y A s 0 1) 0
17)x100%

AR GHEATE 1R B ALIEH 30 4~ /\ i %h
i, BBA 2L Bedrr . BEMIEHRHECA 10 om® FHAT
I fiE % (Bacillariophyceae) ) PVC I Uitk 4 748
BFRME, BIFEREHEANEE, 2K
SERAEATT, A HERAEE. BN AE
W R ERAE 4x10°%~5x10° A~ /mL JE N, & H
/K 300 mL. MARM TR, KBgh, &
HEAERIE, WA WRAES, RiEAX. BER
(Yo)=(HE IR £/ /\ i 4l 1R £50) %< 100%, RS R,
AT dJE, DASERE R T JRC R A o e
HRFEARAE R, ENAIIF O bR . Bt Fif
b G R/ W ) 1 A S

LABTT 3R (%)= I 4l I8 %5075 25 4 B %50 <
100%

HIAERKR N1, 2, 3. 5. 7T9RAEH 05
BEALIE T 30 NFEARAE 0.55~0.60 cm T5 BN O4HE,
AT N g5 11 80 H/NMIFE R 7% . f RAR MR
WA, 7AW, BN RREE 44
R, ICREANMENGIRR R, ENIGTE
s TEr ISR 20, 40 d USRS, LB
RARNBIMES, IMESRRNERE:

KR (%) =(Fe RIS K AE/PI IR 57 48) < 100%

IR R R B 2 25 S5 R IR R AT BRI
R M, HAE R 27 H4 Duncan £ 8
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AR/, DL P<0.05 K BEWE S, rEBHEY
HFE R

L5 REMEMSHEMESH

Yt LB A A ERBENLRE T 120
H5efeh 1.0~1.2 em B, BAFRRE 14
THH, VXA, GHIANEYFEL,
NEEGUE 20 RYIH, GUETE 3 LA TR
SCERAH AT 72 h YURALEE X R IE H BT
TFE 72 h, BEJEERLLE 15 /NI RS2 B A B
W, A 3NRAEE, BAOREERS Ry
RREIRAIE , AR AR

EEMNFFRERLE 2 % Magen
DNA 5] & B9 4 T0F, 4R HORE A &L DNA, R
Pt il DNA BYPRSFIX BT 51, 7251 AR s
MR RS, #E4T PCRYHE, XF PCR &34 4
AT AL . AT — R ST Y SO . A
- ZE 3R ) SCE A Tllumina Novaseq 6000 #E77 0 ¥,
153 19 J A G S . Aemdi LR 1 (base call-
ing) 73 B R Jit A BEAGR ER A e A6 R s i 0 7 ) 91
(sequenced reads), i i Trimmomaticv0.33 % 1,
X T A I P 8 SEA T 0, 459 2 clean reads RfI
R SR . {1 Usearchv10 #4317 9F2%,
PRz JE Bl AT K B g . T UCHIMEv4.2 %
e, 153 B B (effective reads). b3
SRR A EEAEYRHA R A F SE A

A T i 3 G G W F 81 (raw
reads). effective reads. Q30 Xl 7 %5 4 i & i 47
PEAL, A IR R M1 2 (Rarefaction Curve) FI Wl
PR ES AR, EAERERS. B
Usearch ZXF%F Reads 7E 97.0% HIAHALL ) K SEF 3
PR ZE . M8 OUT, AMrredhm 25, A
QIIME2 /4, XJHEdh Alpha ZHEMEFE AT 1FAs ,
P I ¢ KBRS [F] A PR [E] Y Alpha Z2FE 145 FiE
1722514k . LA SILVA 525 50 ds A AR D
o3 R AR XTRRAE AN AT A 2 e R,
o HRE RS ] 22 5%, H QUIME # 4 2:
il UPGMA IR SHARE S S 2K,

2 4R

21 ZHEERSEHER

FENV9TEZHEIR F B EN AR, 2k
RINTE 95% L b o WA 1-a i, &% R4k
R 2 (P<0.05), IREHIRAIFIL R 97%,
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WEBT INEER (P<0.05), HIEINHEEZEF, 3
SRAMPLREE N 58%, BESTHMER
(P<0.05); 85 H9OSHKRAMMILERZ, ¥H
52%, HHABR R BIGFE R EFMEZER (P<0.05); 4
SRAMBLRA N 47%, 5HME R FTEAE R
FEF (P<0.05); 2. 5. 7T SHRZMIFILR
R 2%, 42%. 43%, —FH LR EEES (P>
0.05), 5HAhZK R [ FEAE B 22 7 (P<0.05);
1 SR ANBLTRA N 34%, SHMWRRATE
PEZER (P<0.05); 6 TR RZKGIS A FEIN AL/ Bt
KAEWHL, WLRK 0%,

22 FHNEKEE

6 5 K FHZAE 24 h 5 LWL 4 FET . BR
6 FRFRIN, BRREITFWNIRAEK KT W%
B, B 24 h R E B E R, DY B gk
R 2dERE 2B, SEaiAfRmE 2d 5%
BEABLER; BRI 6 d 5B AR,
W 4 d S5 ETRAES, 7 dJE R4k
SEMAED; ARG 2 dEAMEIT OHBE, A
J& 3 d KB HERRTF G4 o

B G IRAERE R A 1-b s, IR S HHELE
TH N 93%, BEEHT INKR (P<0.05). 7 9
MERZEP, 1 SEZRWAEE RN 83%, HH
R ZA BEMELEST (P<0.05); 5 SR AR R
Wz, H9H63%, H25FXRZTLEENEER (P>
0.05), SHMRRABEMNEES (P<0.05); 25K
RILENE RN 61%, HBr 4, S SIMNIHAMMERE
B ENEZE T (P<0.05); 4 5 R AZAMIETE RN 59%,
525 XA LB EMNEZER (P>0.05), SHMKRAR
HBEMNER (P<0.05); 755 9 5FRMEER
SN 53%. 54%, WA TR EEZES, SH
R ZA BEMEEST (P<0.05); 8 SR AWML R
HA4T%, b5 7T SRR ILEEEZES (P>0.05) 4,
5 HMRRZEAAAE B ENEZER (P<0.05); 3 5RA
TEG RN AR N 42%, SHMWRRE REE2ER
(P<0.05).

W B AR AR TR N 8] 1-c PR, 4 5K 20T
RN 90%, 57, SERALBENLES
(P>0.05), H5HAMZERA W EHEER (P<0.05);
1. 3. 5. 99RARZ, SHMWEZFA B EHME
5 (P<0.05); 2 SHXRINFTERERMN 76%, SR
AR (80%) TC I & ME 25 5 (P>0.05), {H5 HAth
KEEA B ENER (P<0.05),
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Fig.1 Growth and development indexes of each genealogy

(a)-(g) are hatching rate of fertilized eggs of each genealogy, survival rate of early planktonic larva, survival rate of late planktonic larva, metamorphosis
rate of each genealogy, initial feeding rate of juvenile sea urchin in each genealogy, shell diameter growth rate of 0.55-0.60 cm juvenile sea urchin for 20
days, shell diameter growth rate of 0.55-0.60 cm juvenile sea urchin for 40 days; 1-9 represents 1-9 genealogy, 0 represents mixed population; different

superscript means significant difference (P<0.05), while the same superscript means no significant difference (P>0.05).
23 FHSFRESE 24 HEREERFOFE

TSR S RNE 1-d iR, 25F &N WE 1-e PR, 9 SRRMTFIRERN 100%,
BRI HN 5%, SHMERAFREH LS SHMOEXRAREEZER (P<0.05); 755259%
(P<0.05); 75 HRIKZHN 60%, SHMKRA L RIRZ, 0N 74%. T2%, TG W2
FHER (P<0.05), 15, 8 SRAMBEEHMAET =, SHMWERA B EZES (P<0.05); 1. 3. 4
BEEER, BS5HMERAREEER (P<  SERHRZ, 2918 67%. 66%. 59%, —#
0.05); 35 HXAMANT AT 42%, HSHAMAM  HIEREEER, SHMOXRAREEES (P<
FEHBEMELR (P<0.05); 4. 5. 99 FRRE  0.05); 8 SFERMHEIF RN 32%, KTIRS
PR TIRABHA (P<0.05), = HEAAFEREWNLE  BHEM 46%, SHMWRFRE B EMHEZET (P<0.05);
5, SHAWRRA BEEZES (P<0.05), 59K EZN 25%, SHAFEFA BEMEZES (P<0.05),
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2.5 #HPERIAEK

B R R ZE LRI b6 7172 T & 25 5
(P>0.05). 0.55~0.60 cm [ 4 4@ 3% 20 d J5 ,
Bl 1-f R, 35 HKAZM PR 5aRE RN 1.12 em,
KRR N 104%, SHMRAZA R EEES
(P<0.05); 1 5525 RAKZ, | SXRZFEHE
#4099 cm, HEKEN 84%, 2 SRRV HFR
2590 1.00 em, A K EN 85%, WA JC M2
5t (P>0.05), {H5HAMKRZA WEMEER (P<0.05);
SEHTSRABFRZ, SHRAFHREA N
0.86 cm, 4 KE N 57%, TSR R VFRTRAN
0.87 cm, EK RNy 62%, WHEN LR EHELER
(P>0.05), HHAZKRZA REMEES (P<0.05),

0.55~0.60 cm [ 4 07 5% 40 d J5 , WAl 1-g
iR, 2553 5 RZRNPHZERMIE, 25K R
20 1.31 em, SHIIRFEEM LA KRN 137%,
3SRAAN 135 cm, SWIHFERA A KR
A 146%, Wi TG k22 5 (P>0.05), 5 HAll
FEALEMEZER (P<0.05); 1 SRXARKZ, 4
H1.27 em, SHIEG AR LA KRN 134%,
HHAR 24 B ETE2ER (P<0.05); 7 SR RZHIK

Z, AN 087 om, SHIRTERM LEE KRR

100

80
8
X g

@é 60
ke

EZ 40

20

0

S mm

El2 3SRA52SRANYBRERLIE
a R
Fig.2 Anatomy of juvenile sea urchin in genealogy
No. 3 and genealogy No. 2

a represent sea urchin gonads.

105%, SHAMZERA &2 (P<0.05); 5%
RAV¥seih, 220096 cm, SHILRTEEAH
AR R 76%, SHMAERA B EMEER
(P<0.05), X PHFRBEAMER 2 5K ARG 39X R
RIS, BEAR AR 10 DT
f, WE 2R, 39K RMLGEER KT RT
25 FFR,

2.6 MEMSEESH

HRBZWBWAEY EE LT R
Fifse
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PERE ]
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IR AT
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SN
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Ff it
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A BABRE 1 BFRIUA. MRS C. DABINK 2 SFRIUK. BORIRE: E. FAMNK3 SERIR, B-RE: G HA
BARE S SRRV, BMRE: 1 JRRE T SRAUIR. BORRE: BrREm¥EL.

Fig. 3 Distribution map of various strains of microbes at phylum level

A and B respectively represent the state of starvation and feeding in genealogy No. 1; C and D respectively represent the state of starvation and feeding in

genealogy No. 2; E and F respectively represent the state of starvation and feeding in no. 3 genealogy; G and H respectively represent the state of starva-

tion and feeding in no. 5 genealogy; I and J respectively represent the state of starvation and feeding in no. 7 genealogy; numbers represent biological

repetition; the same as fig.5.
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Fig. 4 Relative abundances of Proteobacteria and Bacteroidetes in each strain under starvation and feeding conditions

(a)-(d) are relative abundance of Proteobacteria in each strain under starvation condition, relative abundance of Proteobacteria in each strain under feed-

ing condition, relative abundance of Bacteroidetes in each strain under starvation condition, relative abundance of Bacteroidetes in each strain under feed-

ing condition; numbers 1, 2, 3, 5 and 7 are respectively 1, 2, 3, 5 and 7 families; The same letter means no significant difference (P>0.05); the same as

fig. 6.

(44.8%) SIUFF ] ((Bacteroidetes))(28.3%)(1 3).
NI RYUAR S LR MORE , FEBTEAT ] 5k
PIFFRTT L, S HE R B EE TR
H IS (P>0.05)(1&] 4-a~d); (HIER K RMEY
IR A B AR A (1 5), &l 6-a,b Fras
R L, 15 R R PURCIR A (9 9B A X 3
H17.7%, HHAME R A B EH 2R (P<0.05);
2. 7% K RZYUECR A 09K B A X =E 50 R
15.1%. 15.0%, Wi# [ TG W& 225 (P>0.05),
BEHAWR RFE R EME2ES (P<0.05); 3. 5%
K RIS BB AR 2N 3.9%, P ]
o FEMEZE R (P>0.05), (H5HADLK RAF1E L F
PR (P<0.05), HEHRBECRET, SFXRMEAIN
ARXTE T 225 (P>0.05).
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Fig. 5 Distribution map of various strains of microbes at genus level
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Fig. 6 Relative abundance of Vibrio in each genealogy under starvation and feeding condition

(a) (b) are relative abundance of Vibrio in each genealogy under starvation condition, relative abundance of Vibrio in each genealogy under feeding con-

dition.
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RNE, XRPHEAN T HA 2GS, Wk
TEJE R B BE AT BB IA T A 35 Rav ik S5 A i A 2 3
IRRGFET o BIAH 7 Ak R B s 1 3 5 R R WALH
58% IR EfL, WEIRTIRARHA, XWHRE
B R FHA MK IR IG K5 T A F Rtk 55
PLFEA . H S IR i AR 7 2 A AR R B
MRS IR G, MHEITHENE, MR 80%",
EZOS VN W R WOE DI IBiE 27 )5 iE e iEA =2 i
W EREAR T A H R EA NS LR, XA fE
ST R m R N . 7E 25~28 °C, SR IHAE
ZHEE 24 h WELREMAL . IR A B R A Y
R, AT AR R R R 25 7 R R wfE
HNZESE, X5 Plough Z" KW S AHAT

AR, RIHEE B BB 5L )2 il
B 225y LRI PR R85 A0 o
TEIRARR A G, IGNRRIR R B 225y S H TR R,
DU fi 41 1A AN A 200 B2 4 0E %, T EL 4R i Ak A
. JLT A 094 2H 2R 3 43 v R i S 4k T
ERAEIZ W BOE 052, A S 50 3R W1 53K W 1> B B 1Y)
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Comparison of early development, metamorphosis, growth and intestinal
microbiota in different families of Heliocidaris crassispinas

ZHONG Youping ',  FENG Wei '?, ZHANG Lili ¥, HUANG Shiyu ?, WANG Guodong "*

(1. Fisheries College, Jimei University, Xiamen 361021, China,
2. Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture and Rural Affairs,
Jimei University, Xiamen 361021, China)

Abstract: In order to compare the differences of larva growth and development among different families of
Heliocidaris crassispinas, 9 full-sibling families of H. crassispinas were constructed. The important indicators of
larval growth and development, including fertilization rate, hatching rate, larva survival rate, metamorphosis rate
and initial feeding rate, were compared in the 9 families. The results showed that the fertilization rate of every fam-
ily was over 95%, without no significant difference (>0.05), but there are significant differences in other indicat-
ors in 9 families (P<0.05). The highest hatching rate, early larval survival rate, late larval survival rate, meta-
morphosis rate and nitial feeding rate are family No.3 (58%), family No.1 (83%), family No.4 (90%), family No.2
(75%) and family No.9 (100%), respectively, and the lowest are family No. 6 (0%), family No.3 (42%), family
No.2 (76%), family No. 9 (6%) and family No.5 (24.5%), respectively. The growth rate of family No. 3 is 146%,
which is the fastest in all families. While, the slowest one is No.5 families (76%). At the end of the experiment, the
gonad development of family No.3 was obvious; the other families were not, yet. The Proteobacteria proportion of
family No.3 is high, but Bacteroidetes proportion is low. The proportion of the two phyla of family No.5 is oppos-
ite to that of family No.3.The results show that there are differences in production traits among different families of
H. crassispinas, which has the potential for breeding and improving, and this study accumulate relevant data for
the cultivation of H. crassispinas.
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