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Effects of formaldehyde disinfection on the surface symbiotic
microbiota of tilapia eggs in different seasons
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Abstract: In order to investigate the effects of formaldehyde disinfection on the symbiotic bacterial community
on the surface of the tilapia eggs during artificial incubation, in the report, 16S rRNA high-throughput
sequencing technology was used to analyze and predict the surface symbiotic bacterial community of the
unsterilized tilapia eggs (pre disinfection eggs, EP) collected from tilapia parent fish pond and the eggs (post

disinfection eggs, E2) placed in the incubation system on the second day after formaldehyde disinfection. The
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results indicated that during spring, autumn, and winter, the number of OTUs in EP fish eggs were higher

than that in E2 fish eggs, and the Ace and Chaol indices of EP fish eggs were significantly higher than those of
E2 fish eggs (P<0.05), the Simpson index of EP fish eggs were significantly lower than that of E2 fish eggs
( P<0.05) . The PcoA analysis results indicated that before and after disinfection, there were significant
differences between the microbial community structure in all four seasons (P<0.05). At the phylum level,
compared to EP fish eggs, the abundance of Bacteroidetes on E2 fish eggs increased, and which was more
significant in autumn (P<0.05). At the genus level, the abundance of Cetobacterium, Bacillus, and Vibrio
genera on E2 fish eggs were significantly lower than that on EP fish eggs (P<0.05), while the abundance of
Flavobacterium, Pseudomonas, and Chryseobacterium significantly increased (P<0.05). The prediction of
microbial community functions showed that amino acid transport and metabolism, inorganic ion transport and
metabolism, and carbohydrate transport, and metabolism were the main predictive functions. After being

disinfected with formaldehyde and transferred to an indoor incubation system for 2 days, the surface symbiotic
bacterial community structure of tilapia eggs underwent significant changes and the species diversity
significantly decreased. The abundance of potential probiotics decreased. There were no significant differences
in the microbial functional characteristics. Our finding provided the theory guidance and the basis for disease
prevention and control in the artificial hatching system of tilapia eggs.

Keywords: tilapia eggs; disinfection; incubation system; 16S rRNA; microbial community composition
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% 4 £ (Tilapia) J& T il 15 14X ( Osteichthyes) , ¥ J& H (Perciformes) , i /£ WV H (Percoidei) , fifi fi F}
(Cichidae), ZHEf1J& (Oreochromis) , F 55345 T Hiy TN R ML IX, REGE T 52 (ISR EE, HA T Eh Pk e
PR SERR, AEARIR By 15 ~ 35 CMy BHARMIRSZ I 98 5 2%, A w] B, B AR 3R o B
FERAR HZUA R E 2, (B S /T, B ARl AR P A e 2 PR 25 5, i o SRR Y A AF T 5 it
VAN S SR s B R A S 7 W K (AN 1l = N i B3 S s o BT S R o e LN 2 o 8 (A SN o
et A A B i R A R R Z P, B ™ 5 5 58 E SR L R A P 3R 5 rh ™, BRBE TR i S E
ROFEf B9 b A7 8 4, 76 (N D A AR W%, Foue U W eV tam ol o5 6 . S B 3R D j ™
AR X R s i B R B T Ak B A D DR 0 B B 32 0 TR AR 1 42 285

T I B R U ) B, AR O B RS AR A0 O N TR A AR P BT AR . R R
PR T EA I A . AL B T A T S S, B R £ BRI AL 3R S0 % PRI AL K AR LA AR B R
FA HLET T AT, 445 0 IR AEREAAR N 0 BRI R A e 2 p i 41 O 1 JE ik SR BEOR, B R AR P B
JZAE N T R e, I A% 3 SR BT 25 1y =R 42 £ B0 RIRE Ak 22 48 N 1 B, AR B0 T A 4
AN 7 R BT BE AR AL 2 I R R T B . SR AU R ANUAE RIH R 4E, X SO R T e
FIE = AL B ) 26 22 OG22, (H TP R IR 0 O e A= S R EVR ™, BRARGIUE DTS Z R B T )
RETE 254, SE e R EY

LAk, DR 2R R W AR I 45 52 TR DR NAE B AR AR FIEAL T 2L 5 ~ 7 d, dEdp SR
I3 B AR TR RS, TR B ORI B R A0 DAL R AR o SR, B 0 B9 DA SR f0 E R AR S 248 H RV
B R E NI RS, HR A WS A iiE . FE T A0 16S rRNA (1) /57 & ¥ 5e g 4>
AT o RACHI S WA PR (R AR 2 R, Col) 32 i P 2 A B RE R IR 5T R 0, IR, AR SR
16S TRNA =738 7 7 5 AR WF5T 4 A~Z=715 Je B % 3E £ ( Oreochromis niloticus ) £ 5 P\ E fa 3 R AR I 248 F
THEE AT NIAL RS, 000 0 2R BHE A9 A8 4 I 24T £0 B0 TR RF 09 D Re 0, A &7 A £ £0 5P A 7
AT A T A0 TR s B 4 AL AR Al

il
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11 HRHURESRKRE 20T 20204 12 H (&) 20214 3 H(FF) ., 2021 4F 7 H (EZF)
2021 4F 10 7 (FKZE) 161 B 5 B K= A BRA Rl A THORE . BURESE 53R 8 4, 4351l oA DS #0308 SR A 1 R 0
BEAON (JHEERT @Y, EP 1), s H R BTN (SP_EP) . B M AT/ UY (SU_EP) . FKZIHEERI f
Y (A_EP) M4 ZEIH B R0 (W_EP) 3t 4 4H; 2 ir i /0800 1x107 B9 (AR) TH BE AL RS 74 A\ 22 % N
R RS 2 d )5 i BR AR 5 I 3 )5 80, B2 181, 46 F 204 % 5 f U9 (SP_E2) . H 2= 7 )5 fa Ol
(SU_E2) ., #kZ=iH e bl (A_E2) A ZEIH B8 fm (A B (W_E2) 4k 4 4, FR4IFESh AN S 1 25 £a 5 JO6) 1 i
R R G4 N BURE, B S A4 . £ BRERE 77955 IR Fariedah 25 A\ fO4RIE . £ FEAM SR K W5 1Y
PBS ZZ i (8 g NaCl, AR; 0.2 g KCl, AR; 3.58 g Na,HPO, * 12H,0, AR; 0.24 g KH,PO,, AR; 1 L H,0)
R 3 UK, v JE A B AE S E T IO B O . BT B O E R A A TR 3 d, SR JE AL E]-80 C
UKFEFH T 16S rRNA 155 38 5

1.2 = DNA B3REL PCR R SEEMF  f#H DNeasy” PowerSoil® Pro Kit #1417 & DNA $#£HL, ] H
NanoDrop2000 £ ll DNA 21 & Fk B2, 8 ik 19 B RliE i i Uk K U DNA 52 %81 . 16S rRNA KK 15
A R A V3 ~ V4 Xk 41 1 S 54T PCR 9738 M s, 355144 338F(5'- ACTCCTAC-
GGGAGGCAGCAG-3'), 51490 806R (5'- GGACTACHVGGGTWTCTAAT -3")"! PCR #4451 95 C
FiAE M 4 min, 95 °C 28 30's, 53 °C 1B K 30's, 72 °C ZEAH 45 s, HFFR 30 UK, 72 °C ZEAH 10 min, PCR =4
22l Al Ak S A 3 E % 2 b S A R 25 B B2 W] 1Y Tllumina Miseq PE300 ~F- & #E 47 5 18 1
T

1.3 HBAESHH I H QUME(version 1.9.1) X K45 44 J5 45 7 51 47 13 58 F1 437, IF 76 A L1 =
97% 1453 F AR T CBRIA A P R 7K 7 (0 AR AL ) X6 v I 1 9 3R A7 #4E 4» 2K 30T (OTU) 43 21, 7
97% FARIAKF- T fi 1 Uparse(version 11.0)"7 XA &7 44T OTU 22, A OTU £A% . #8J5FIH RDP
Classifier(version 2.13)" X} 97% LK) OTU 132 /3 1 #4770 222400 #1, 5 Silva(version 11.5) 2541
B 16S 8RR B VEAT F AT, £ 345 9003 2627 KO B AP B (5 8 . 35T OTU 7K P2 il i B i 28 Ay
it Venn &, o ZHEME 53 M7 158 BURE V% 22 AV (Shannon #8450 F1 Simpson 8 %0) F1#E % = & & (Chaol 8 U1
Ace F5H0) 3 4 P55, FLF OTU ZKF- 43 HI%F 4 A2 719 (1) 71 55 1 .00 5 78 35 )5 B U AE 5 R A Student’s
T W R K5, H1 Mothur(version 1.30.2) " 3145, g ZFE MR F 3 AL B8 73 7 (PeoA) , fifi A Qiime 1] 4 119
Bray-Curtis 5 25 #E 1 77FAk, i R 1575 2l (version 3.3.1) o 0 HI3ET [ 1ACEFUE K A R EF T HS
TR 75 4 b LR IR P (B = B < 5% 25 others) o i ] Kruskal-Wallis £ 1 563 501 78 1] K S il
IR X 4 ASZEAT I TR AR B 5 R OPRE S R T R) 25 5 WA AR S0 . PICRUSHL X VH 3 AT S5 1M 5
J ) £ BR R A T RE T .

2 & R

21 HBWEEANFEREHEYMERSEM  IrREN 40 NS MEOIFE ST, 37 5 42 H DNA 7
H 358 1 PCR 738 o 7 97% ARIMEACE T, 37 e an 3E45 3 1109 334 A #UF 41, 5273 4~ OTUSs,
TEYIF SR b, il OTUs FERTECZE 59 N1, 172 444, 405 AN H,L, 707 R, 1489 & .

22 HEWRENHRBEEYMMER MOV NERFYF Venn K BI/R, 7£4F 2 (Kl 1a), SP_EP Ff il
A 1823 OTUs, SP_E2 #£ & #h A 98 41> OTUs, L4 197 4~ OTUs; 76 & Z= (& 1b), SU_EP £ 4 ph A
842 > OTUs, SU_E2 ¥ Ay 969 4~ OTUs, L4 541 4~ OTUs; 7Rk Z= (1K 1c), A_EP ¥E Ay 2 647 4>
OTUs, A_E2 #£ 5 s A5 55 4 OTUs, 2247 120 4> OTUs; 764 Z (& 1d), W_EP £ 247 1 535 4> OTUs,
W_E2 BE A 126 4~ OTUs, 3645 1824~ OTUs., LA F45 SRR, fEF T Bk A 2, 14 500 Ao
OTU % H i TH 5 ta ), Mi7e & 2, I # AT @0P OTU £t BAR T 25 001

23 HEWRaNERBEBEARS T HMEFAR I E R TR, 7E1TKF LK 2a), HEERTHAEE S
TH B Jo H P TR A Y LU JE 1] (Proteobacteria) A LHEE T 514 B¢ i € IR AH LE, TH 75 5 (O rh 22 B
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PRI TAE 7 2 R A 2 = B SN0, T A0 32 2 FIRK 2 H: 2 B2 A1 4O T 1] (Bacteroidota) 75 4 /> Z% 715 42 B 243
i, B A EE RN 3, IR R 91.06%; JEEE T ] (Firmicutes ) 76 77 2= F R, Mi7E =2 =, £k
Z F14 22 B [RAIG; iR T 1] (Actinobacteriota) . #2AT B[] (Fusobacteriota) | # £l (4 ( Cyanobacteria) , £% 25
1] (Chloroflexi) = B ¥ F& I .

TEJE K- (L 2b), T8 75 I £ B0 TR A LT 18 25 5 BP0 R, S5 188 (Flavobacterium) 7= £ Y4114
I, HLAE Rk 4 in o 0 2, R Ak B B K AE 90.99%; 15 P B & ( Pseudomonas) F-ETE R T | KA
Wahn; 4 AT 8 (Chryseobacterium) E AR/ ZE | 2= R4 210 54T 18 )& ( Cetobacterium) F1 25 A AT R
J& (Bacillus) FJETE 4 DZ 15 R REAR; IR & (Vibrio) £ AR R . B MA BRI,
24 HENEENEREESHEEIW
241 a-ZHM HEENTAINRNN RS MU R R o 2RI INE | PR, fERR . BREMAE,
I % 7 B Ace. Chaol #8435 . % & T I 8¢ /5 fa 0P (P < 0.05), Hrp 7 & A8k 2=, 74 85 A 4 5P
Shannon 5% 2. 3 5 T 75 5 250 (P < 0.05), Simpson 580U K T 75 000 (P < 0.05) . 7%, 1
BERT 5 I 85 O OPFE A P A R B (R T B 22 7 (P> 0.05) .

F1 ANMENHESNSHEREER alpha ZHEMER(*:P <0.05)

Zy ZH 5 Shannon 5% Simpson 54X Ace 1581 Chaolf5%
o SP_EP 4.30+0.48" 0.07+0.04 834.78+273.44 846.65+272.64"
o SP_E2 1.54+0.48 0.3620.12° 177.75+107.55 150.65+89.51
. SU_EP 2.53+2.33 0.354+0.36 550.99+338.56 547.70+£355.16
2 SU_E2 2.85+0.64 0.16+0.06 584.43+324.29 592.214£334.37
A _EP 5.21+0.92" 0.02:0.03 1346.1+434.23° 1360.20+437.05"
b A _E2 0.46+0.07 0.82+0.03" 212.41£132.35 138.45+69.42
P W_EP 2.71+2.49 0.44+0.46 611.24+£393.42° 615.33+397.37
W_E2 1.09+0.55 0.54+0.21 172.16+£57.84 153.42459.71

242 p-3#M BRI EIR, FH2(E 3a) I HAT 55 M O07E PeoA [ PC1 R T 40 #E
KBRS 25.819%, PC2 it B T 4N B V% A8 10 20.39% (R=0.818 8, P=0.009); & 7= (& 3b) IH A1 5 TH
B J5 A DR 7E PeoA &l W PCI i B T 40 181 B 74 A8 S5 1Y) 31.81%, PC2 it B 1 4N B FFE VA B8 53 1 22.6%
(R=0.643 7, P=0.008) ; £k 2= (&l 3¢) I 5 Al 5 14 B2 J5 fA. P 7E PcoA v PCL Ml B 1T 40 1 A 7% 5728 5 11
73.47%, PC2 it e 1 40T FE T4 228 5110 14.35%( R=1.000, P=0.009) ; & Z= (& 3d) W R 115 W 3 )5 0 U7
PcoA &l PC1 fift B T 21 T E V% A 78 S 4 51.07%, PC2 R B 1 41 14 BE V% 725 5 Y 24.86%( R=0.987 5,
P=0.010), £ L, 4 N IHEERTS TH B 0P R m R R R R AL 2 B B 22 R (P <0.05),

25 HBNEANERBERERSW MRNERESSTESRER, TKOF L& 4), K, TS
HEEE OOV P A W T 8 A A 4 Db HEE ROV h TR T e RS T
THEERT BN (P <0.05), HIERKIH R R P e h & i . J@ACE E(B 5), 78 4 1, 1M
J5 A0 B0 G R B AT B R B R TS AT AIN (P < 0.05), HZERKZRI B 5 0 00 1 7 v He 3 3 B A s
PREKZE M OPRE S AL, e 2 . B EMATE, W o @O0 B R b & s o s = 5 B 383, i o e 3 &
BIREA; 76 4 A2 v, BT o RN ZE AT T8 -F B BEAE I 35 5 A0 DR TR Hh BRI

26 AHENEENESEBEINEETMSH PICRUSH 455 Box (& 6), MRS @00 B RE AR fb 4R
N, ZRARE . IR R E RN S S P e B R BT TiREZ —,
B FEIT A TE 8.28% ~ 10.45%, AN F 1 (5 e g i B T A . HLUk, oK AL Wiz S AR i o e 1
FEATE 4.03% ~ 6.10%, ToHLE T3 5 A D BE 34 3 5 A 7E 6.14% ~ 7.50%
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COG function classification

1.0—- i e e e s - == W A:RNA processing and modification

M B:Chromatin structure and dynamics

B C:Energy production and conversion

W D:Cell cycle control, cell division, chromosome partitioning
M E:Amino acid transport and metabolism

. . . . - M F:Nucleotide transport and metabolism
. . Il G:Carbohydrate transport and metabolism
W H:Coenzyme transport and metabolism
. . . . . . M 1:Lipid transport and metabolism
0.6F [l J: Translation, ribosomal structure and biogenesis

0.8F

K:Transcription
[/ L:Replication, recombination and repair

AR

M:Cell wall/membrane/envelope biogenesis
N:Cell motility

I - [l O:Posttranslational modification, protein turnover, chaperones

0.4r

W P:Inorganic ion transport and metabolism
Q:Secondary metabolites biosynthesis, transport and catabolism

B R:General function prediction only
S:Function unknown

0.2
T:Signal transduction mechanisms

M U:Intracellular trafficking, secretion, and vesicular transport
W V:Defense mechanisms

[ W:Extracellular structures

0 1 Z:Cytoskeleton
SP EP SP E2 SU EP SUE2 A EP A E2 WEP W_E2
I TRAL N
6 faiPREmEEFIIRETAI
TE: SP-# %, SU-BL %, A-Bk %, W-A2; EP-TH#E A 51, E2-11 2 (101 .
3 %W it

LA BRETE TS AR L B R v i e A AR, YT R 2B E R T TRk A SRR
K T RE D T, XK S A I AR S A IR IE . E N TR AT, 08 B R AR
S0 BRI 7 BB R, S BELAS DN Y % T R 2 3 a3 7 A B AR £ B A7 1) SRR S0 TR A IR, $2
AL, JE H A B S AR, I A AT B PRS2 A U0 b n] B SR AR A A .
Lahnsteiner ' & 3 G0 -T ., BUER 55 9 22 700 AT LA I 25 B (IRAR B85 ( Salmo trurta) 6051 3R 18] AT 35 5% 4H & 19 B0 i
Bone % A\ & PUAR IR TR B Bl D [ R 3k 461 (Labrus bergylta) ta IR RN U FEE . Maapea 25 A\
W kB, Ee-T, AR . A 4 FhiE 2550 mT LB & BRI 2 (Argyrosomus japonicus) 5245 YR 1 A]
AR DA MR o TH BRI AL B AT AR K AR B IR R L AE TR RE 454, L0 Zhang 55 NPV &3, SR 4R AL
A] LA AR ER B8 ( Cyprinus carpio) 88 TN I F & B, HIRIRZHEME . EARMIR Y, EEE . MEMELE, B
et DIE S AL RS 2 d iR AL AR RHE OTU 2 B IR TIH B A /A 0P, 1M 28 5 M 00 B 2 A
Ky A= e 34 0 AR T A A A B SR AR TR, p 2SS R R, KRR B R E AL RS
2dJ5E, PHEIE G 0 90 RO A e A RS & R B Y . R it Najafpour 55 P & B RK P fir £
(Dicentrarchus labrax) F¥ 8 (Sparus aurata) 6 P 2 R T8 75 B 5 08 FE 2 AR MR RN 32 & B2 2 0 B35 M 2 5%,
HAA R AT RE 2 i T IR IE 55 7 BRGNS, 8% 16S rRNA (i 07 Fr 34 (10 )7 51 BE T ok H FI% 1,
WAT LIk B FICE o JH AR AL PR AT DA G A W i s 8 4 Y, L £ B S A 00 1] 2 o A B AR i AR L R
AT HRIE o F g ) DA AR 45 R 6 T 2 £ A ft B R o 3 ™Y, AR W] NIRRT 2 B )
SRR AR EAL SR A5 T B LA AR RE BERSE (1) (0 B B RE S5 44, [ B A 0 AR5 0 B 3R T M A TR Bt OB £ i 1] 1Y)
B & A AR

MR &, T1KF L, © A MR R AR TE T TRIRK A2 & TR A LA T 12, ZEA
FEh R P ARt PR RS R T o EEIAET], 5 Maapea 55 AP (URIFSE A5 R — 2 MITIESE H A
¥ Uil £ (Argyrosomus japonicus ) SRR FEH ARSI 1 T RICHEEE ] @K L, F 2 4 © 2 80E B RE S 7E
0 B FRTA B, A4S — Lo A0 2 SRR, ANBEAT IR L AR TR . RIS (deromonas sp.) B FIHREE P o MR
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MYEREMHE M AWNEE T, BT P Ea A WHEXEZNER, WANITHE
(Acinetobacter) . ST & . ZFAUFT IR B 5 SR, 7EIH#E )5 B0 R AF b, X S0 45 198 1 R A
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