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2019; ,2020) 1000 / 1500g/ )
, 19.2 m* (4 mx4 mx1.2 m),

(Edwards, 2015) , (8:00  19:00),
3%
(Buck et al, 2018) 1.2
, , 30d 60d ,
(Kang et al, 2008; , 2020) (average weight
, (Cladophora flexuosa) gain, AWG) (percentage of weight gain, PW)
( (specific growth rate, SGR),
, 2021), :
( . 2017; , (8= - . (1)
2021) , (%)=100x[( - )/ 1.
( (%)=100x[In( )—In( )](/2)
, 2019) ,
3)
’ ( 1.3
,2021; ,2021) , 30d 604, « »
ARGs
, —80 °C ,
ARGs s
(Gracilaria bailinae) 1.4 DNA
, (Yang et al, 2015), DNA ( i )
16S rDNA DNA
Real-time gPCR R (BioTek, ) DNA
ARGs ; (D BioRad S1000 (Bio-Rad
; (2)  Laboratory, ) 16S rDNA V4
V5, barcodes,
ARGs NE)) PCR PCR . 1.5%
ARGs 16S rDNA [llumina MiSeq
) ( , ) 16S rDNA
1.5 ARGs MGEs
LightCycler® 480 Instrument II (Roche, )
1 20 ARGs 4 MGEs Real-time qPCR
1.1 , : [aac(6')-1b-01, aac(6')-1b-02,
2019  7~9 aac(6')-1b-03, strB, aac(6')-1I, aadA-01, aadA-02,
, aadA2-01] B- (blaOXA10-01, blaOXA10-02,
(Litopenaeus vannamer) (Gracilaria bailinae) cphA-01) MLSB  (mphAd-01, mphA-02)
(Epinephelus fuscoguttatus (floR, mexF) (sul2) (tetG-02,
Q x E. lanceolatus 3) , e tetG-01, tetA-02 tetR-02) (tnpA-02,
(FA; 100 / , 1500 g/ ) tnpA-04) (cIntl-1, intl-1) ARGs/MGEs

“« . " (FSA; 100 / qPCR 1
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%1 ARGs/MGEs #3054
Tab.l Primers for detection of ARGs/MGEs
16S rRNA GGGTTGCGCTCGTTGC ATGGYTGTCGTCAGCTCGTG
aac(6')-1b-01 GTTTGAGAGGCAAGGTACCGTAA GAATGCCTGGCGTGTTTGA
aac(6')-1b-02 CGTCGCCGAGCAACTTG CGGTACCTTGCCTCTCAAACC
aac(6')-1b-03 AGAAGCACGCCCGACACTT GCTCTCCATTCAGCATTGCA
aac(6')-11 CGACCCGACTCCGAACAA GCACGAATCCTGCCTTCTCA
aadA-01 GTTGTGCACGACGACATCATT GGCTCGAAGATACCTGCAAGAA
aadA-02 CGAGATTCTCCGCGCTGTA GCTGCCATTCTCCAAATTGC
aadA2-01 ACGGCTCCGCAGTGGAT GGCCACAGTAACCAACAAATCA
blaOXA10-01 CGCAATTATCGGCCTAGAAACT TTGGCTTTCCGTCCCATTT
blaOXA10-02 CGCAATTATCGGCCTAGAAACT TTGGCTTTCCGTCCCATTT
clntl-1 GGCATCCAAGCAGCAAG AAGCAGACTTGACCTGA
cphA-01 GCGAGCTGCACAAGCTGAT CGGCCCAGTCGCTCTTC
floR ATTGTCTTCACGGTGTCCGTTA CCGCGATGTCGTCGAACT
intl-1 CGAACGAGTGGCGGAGGGTG TACCCGAGAGCTTGGCACCCA
mexF CCGCGAGAAGGCCAAGA TTGAGTTCGGCGGTGATGA
mphA-01 CTGACGCGCTCCGTGTT GGTGGTGCATGGCGATCT
mphA-02 TGATGACCCTGCCATCGA TTCGCGAGCCCCTCTTC
strB GCTCGGTCGTGAGAACAATCT CAATTTCGGTCGCCTGGTAGT
sul2 TCATCTGCCAAACTCGTCGTTA GTCAAAGAACGCCGCAATGT
tet4-02 CTCACCAGCCTGACCTCGAT CACGTTGTTATAGAAGCCGCATAG
tetG-01 TCAACCATTGCCGATTCGA TGGCCCGGCAATCATG
tetG-02 CATCAGCGCCGGTCTTATG CCCCATGTAGCCGAACCA
tetR-02 CGCGATAGACGCCTTCGA TCCTGACAACGAGCCTCCTT
tnpA-02 GGGCGGGTCGATTGAAA GTGGGCGGGATCTGCTT
tnpA-04 CCGATCACGGAAAGCTCAAG GGCTCGCATGACTTCGAATC
Real-time qPCR (Suzuki ef al, 2019; Wu 2
etal,2019) 384 12.5 uL qPCR
, 6.25 uL SYBR qPCR Master Mix ( , 2l
) 425uLddH,0 0.5 uL e 2 ) » FSA
DNA gPCR £ 95 °C 10 min, 95 °C 15 s, (final weight, FW) (average
60 °C 60 s, 40 ARGs/MGEs weight gain, AWG) (percentage of weight gain,
10x[(31-Ct)/(10/3)], 31 PW) FA  (P<0.05) 30d ,FSA
, MGEs FS (P<0.05),
16S rRNA MGEs /16S rRNA ~ 60d (P>0.05)
), (Han et al, 2018) 2.2
1.6 la , (Proteobacteria, 42.81%~
MOTHUR 1.37.6 58.65%) (Cyanobacteria, 9.32%~28.10%)
R 97% (Planctomycetes, 6.65%~17.46%)
(OTUs) SILVA , (Bacteroidetes, 6.86%~11.29%)
MOTHUR 80% OTU 1b ( 0.5%)
SPSS 20.0 , Origin ,
9.0 Canoco 4.5 Pleurocapsa_ PCC-7319
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Tab.2  Growth performance of G bailinae in two polyculture methods
FW/g AWG/g PW/% SGR/%
FA-1 347.66+12.45% 47.66+12.45% 15.89+4.15° 0.48+0.12%
FSA-1 434.84+27.60" 134.84+27.60" 44.95£9.20" 1.20£0.21°
FA-2 386.96£17.49™ 86.96+17.49" 28.99+5.83% 0.41+0.07°
FSA-2 511.31+49.81° 211.31+49.81° 70.44+16.60° 0.84+0.17%
:FW: s AWG: ; PW: ; SGR: ;FA: < - ;FSA: < - ;1 30d; 2: 60d
B Pleurocapsa_PCC-7319
@100 i b 400 B Moorea_3L
mm Proteobacteria B Alteronmionas
L B Cyanobacteria L = Endozoicomonas
I Planctomycetes 3 Blastopirellula
80H 3 Bacteroidetes 80 3 Fuerstia
\P/atesmba_ctertl)a = ’\Aﬂgg’i‘;‘ﬁggﬁa
o T errucomicrobia x|
N 60H E Chloroflexi ﬁ( 60 %ltrosomqnas
1 Omnitrophicaeota I o Noseovarius
HooL 1 Actinobacteria B = Yayinomonas,
s = Acidobacteria =% istonia o
@ 40 1 Epsilonbacteraeota & 40 E B Gimeain
L Dothers L B Rhodopirellula
I Persicirhabdus
20 20 3 Arcobacter
| 3 uncultured
= Unassigned
0 0 [ others
FA-1 FSA-1 FA-2 FSA-2 FA-1 FSA-1 FA-2 FSA-2
IKE Rk
1 (a) (b) ( 0.5%)
Fig.1 Relative abundance of bacterial communities at phylum (a) or genus (b) level (first 0.5%) of G. bailinae
R 28.07% FA
23.50% 8.48% 9.90% , FA-1 ( 2.3 ARGs MGEs
>2%, ) 7, Moorea_3L (2.60%) Pruden (2006) ARGs
Endozoicomonas (6.90%) Blastopirellula (5.55%) , ARGs

Fuerstia (2.77%) Muricauda (2.30%) Roseovarius
(2.66%)  Sphingorhabdus (2.63%); FSA-1
9 , Moorea 3L (2.42%)  Blastopirellula
(291%)  Fuerstia (2.26%)  Muricauda (2.45%)
Roseovarius (2.07%) Marinomonas (5.09%) Gimesia
(2.08%) Persicirhabdus (2.29%)  Arcobacter (2.02%);
FA-2 3, Alteromonas (16.32%)
Endozoicomonas (7.02%)  Aquimarina (4.21%); FSA-2
6 , Moorea 3L (17.59%)
Blastopirellula (2.99%) Fuerstia (5.47%) Muricauda
(2.95%) Aquimarina (2.34%)  Nitrosomonas (4.90%)

, TFA FSA
(FA-1 FSA-1 2 ,FA-2 FSA-2
3 ) ,30d
60 d  (FA-1 TFA-2 4
,FSA-1 FSA-2 3 ) ,
, FSA

FSA-2: 1.68x107")
(FA-1:2.68x107%; FA-2: 4.90x1077),

FA

FSA-1

[

aac(6')-1b-03, aac(6')-11

ARGs R

FSA  (FSA-1: 9.23x10°%;
ARGs

, ARGs
30d , FA-1 ARGs
( 2 3 4 53, 13
4 2 aac(6')-1b-01,
strB; B- 3

1 blaOXA10-01, blaOXA10-02  cphA-01; MLSB

tetA-02]
FA-2
ARGs

1

:mphA-01  mphA-02; 1 : floR;
ssul2; 2 : tetG-01
FSA-1 (P<0.05) 60 d
B- MLSB
FSA-2 (3, 4, 5)
12 , 6
4 :aac(6')-1l, aadA-01, aadA2-01,
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Fig.6 Relative abundance of mobile genetic elements [transposase (a, b) and integron (c, d)]
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FA FSA-1  tnpA-04 FA-1 3
(P<0.05) , clntl-1 FSA-1
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( , 2012;
FA, (P>0.05)
4 , 2014),
' K 2021 , Codi il
ARGs/MGEs ang ( ) (Codium fragile)
(Ulva pertusa)
RDA 7 .
. . o . , Nardelli
| Ralstonia M?mca.u a  Fuerstia (2019) ,
Nitrosomonas Moorea 3L Aquimarina , (Ulva lactuca L.),
Blastopirellula Sphingorhabdus Endozoicomonas
Alteromonas Moorea_ 3L Nitrosomonas FSA
Fuerstia  tetG-01 mphA-01  tnpA-04 FA
, Alteromonas aac(6')-1b-01 aac(6')-1b-03
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Pleurocapsa_ PCC-7319  Gimesia Endozoicomonas (Nicholaus et al, 2019),
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Fig.7 Correlation between bacterial community (genus level, relative abundance > 0.5%) with growth performance (a) and
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EFFECTS OF TWO TYPES OF POLYCULTURE MODE ON GROWTH PERFORMANCE,
SURFACE EPIPHYTIC BACTERIAL COMMUNITY AND ANTIBIOTIC RESISTANCE
GENES OF GRACILARIA BAILINAE

LI Wen, ZHANG Ming-Qing, LAI Xing-Xing, ZHANG Cui-Ping, QIN Wei-Jian,
YANG Jin-Lin, ZHU Ya-Ting, SHU Hu
(School of life Sciences, Guangzhou University, Guangzhou 510006, China)

Abstract To study the effects of “fish-algae” and “fish-shrimp-algae” polyculture on growth performance,
antimicrobial resistance genes (ARGs), and surface bacteria community of Gracilaria bailinae, and to elucidate the
correlation between bacterial community with growth performance and ARGs, the composition and differences of bacterial
communities and ARGs of G. bailinae were analyzed by 16S rDNA high-throughput sequencing and real-time qPCR. The
correlation between bacterial communities with growth performance and ARGs was investigated by redundancy analysis
(RDA). The results show that (1) the polyculture of “fish-shrimp-algae” promoted the growth performance and increase the
diversity of surface epiphytic bacterial community of G. bailinae. (2) The main phyla of the epiphytic bacteria community
were Proteobacteria, Cyanobacteria, Planctomycetes, and Bacteroidetes. The composition of dominant genera was different
in different types of polyculture. The diversity of dominant genera was higher in “fish-shrimp-algae” polyculture. (3) The
relative abundance of ARGs/MGEs in G. bailinae cultured with fish and shrimp was higher than that in G. bailinae cultured
with fish. (4) RDA analysis showed that the growth performance was significantly correlated with Ralstonia and
Blastopirellula, and ARGs/MGEs was significantly correlated with Nitrosomonas, Alteromonas, and Pleurocapsa
PCC-7319. Therefore, the polyculture of “fish-shrimp-algae” could enhance the growth performance and improve the
diversity of surface epiphytic bacterial community of G bailinae. It should be noted that “fish-shrimp-algae” could
increase the relative abundance of ARGs and MGEs of G. bailinae, may pose an ecological risk. Therefore, attention should
be paid to the possible harm to human health while improving economic benefits. This study contributed to the
optimization of mariculture environment and provided a theoretical basis for the application and promotion of macroalgae
in mariculture.

Key words polyculture; Gracilaria bailinae; bacterial community; antibiotic resistance genes



