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Fig.1 Location of sampling sites in the
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Beibu Gulf, Guangxi

111 ABEXE RKE0.5 m il RAKFEAR, EREAN
SRAF AU 0 B A A ISCEE 3 AN KR (FHEE 30~50 mD o
SR IV R SR AL, A OR SR 4R R K R 4 34 T e o
B RIK RN 1B ISFERLL , B AR KRS 2 78 7 TR
Ao KA T P DL T A e s B KR AT . e
Bt yEAE E 2 AT, B IR AR RN T, IRE
FA T AEAT e o FH AR 98 1R KR o) 28 1 3R 4T7 2~
3URIIEYE . A £ 3 K B AL 0.22 pm ZRBR IR
[ (Millipore , 38 D AT I i€ , B3 P8 FE A B 28 R
b o S YETERUS K UE IR , BN 50 mL B O A
o R R R bR K B ETE R A P PO A
JCE AE-80 CHIVKAE T ORAF » LA J5 £252E 47 DNA $2 5K
e B 4ERE-80 CHUK AL, i PR AR B 76 2
112 FEHEFHFEXRERLA LNE T 181
B B4 B ONH,-ND (TP iR 2R (NO,-ND
VPAHIR £ (NO,-ND L /K (water temperature) -pH - ¥ fi#
A (DO #hJZ (salinity) « I 28 # a(Chl-a) JEHEAERL R
(active-SD JH B ER (active-P) AR HLIK (DOC) «
BIFYI(SS) VEA (TN LB A HLE (TOC) - EHLA (in-
org-N) /K% (depth) 1% B & (transparency) -



154 5 46 £ 55 5 W] Kk

P

AN

2025 49 H

7RI 1# F YSI ProPlus 2 2 50K i Il &A%
(YSI, S ED I 5E K I pH . & B FIVE 4. Chl-a 7
SIS FE AT FH A BUR GIE I E , FEASJEE-20 CIRAF
7 d HEELINE o 375 B E A A ZE A E o« NH,-N I
TP 43 73 R A IR BR A 12 (W et al , 2004) Fll it 1 iR
B AGIVEHEAT I 52 L NO5-N F1NO,-N {8 F 2 R )4 -
B IE JF M E (Wu et al, 2016) o 175 14l R 2k A1 V5 14
TR IR b 3 B2 43 1) K FH Wl 05 0 e b BE VR AR B B L
RN E . BIFY 8 E 2% & (Adjovu et al,
2023). TN.TOC #1 DOC f# H VARIO EL III JG % 43
HTX (Elemental , £ D AT € & . & 72 EhFF i 4 TR
£, 24 h N2 T
1.2 BHE
121 DNA# R 5 ZH H4A M F K H FastDNA
Spin Kit for Soil (MP Biomedicals, 5% [ ) 1% [ 15 B 13
F2 IS DNA. DNA i 8 A1 2 43 ilad i 1.5% Bl
W B¢ 1152 FEL YK  NanoDrop One %5 4h 43 )% 9% & 11 (Nano-
Drop Technologies, 3¢ [E ) & Qubit 4.0 % ¥ 11 (Life
Technologies, 5 ED #E AT WAl o A8 FH 5840 0 6
T, 7260 nm A2 280 nm P AL I E DNA WG EEAE
OD260/0D280 Lt Jii il i £ 1.8 £ 2.0 Z ] . DNA
I TH AR Y [ #E 20~100 ng/pL, H AR AT
1 ng/pL, X} TE 5T & DNA FEAR AT SO fE B . HLIk
TR %8 A 15 AR TE I, A G B BRI IR
W b s DT RH IR 25 A BR A 7] 58 1, 45 A Tlumi-
na NovaSeq 6000 - & HEAT XU 150 bp 7 3 K4 .
1.2.2 HAEAE W7 e R ih s B Je i H fastp
v0.23.2 (Chen, 2023a) 1 Bowtie2 v2.5.1 (Langmead
& Salzberg,2012) FEAT Jit B4 M . A K A4 7
TE RV GV B i Dy e B D], 8 Bk I 1) 2 3 KL A 7 )
EES 2R AH DG HHE i . POPs [ i 225 DR R B A1 4 i 25 A
73 9 2 %5 mibPOPdb £ ¥ &£ (Ngara et al, 2022) PL /¢
PlasticDB %{## /% (Gambarini et al,2022) . X T H
Aargs oap(Yin etal,2023), ZHUAERIN . 15 405 f#
FELR F=F & PL CPM (copies per million reads) [ /7 #Gidk
ATARAEA TR, DABRARIN iR 5 22 S 0 235 SRR 52 o
123 Sit et Git o HrER 4334T, {1
ggplot2 CLHEAT WAL o 15 B4 9% i 22k DAL 1) =5 B e
I 3T phyloseq B #4715 — 4k Ab BE AT SEAR XS F
JH 1 VennDiagram £ 22 ] Venn & , L %5 A~ [F] 43 4H 1]
YRR MR E R . S RYERERTB 2
FEPE A vegan 8 3E T Bray-Curtis H 25 115, i@ i
ape T AT 3 AL FR 79 M1 (PCoA) Al adonis 56 a %
FEE F8 %0, .35 % /& (Shannon) 48 % - £ & J¥ (Rich-

ness) $ 21ii# i phyloseq 15 , K FH ggpubr £ % il #6
Al A IA) 22 7 1) 8244 5K 52 H pheatmap 0,25 il AH X
=B R LI, 43 b ENURE R 3 B T 10 A B R 1A
FEHIRZ 1g A 5 i AT T Ak . R T 5155
W % fif 2 IR = B 2 [A) I AH DR M2 T Spearman AH 9 &
BOOEAL , A SCHE B A psych 115, 348 F ggcorrplot
AL HIAH SCPE AN o 5 G % fig 2k IR 4H 1) &6 ) 22 e
) 4 35 V4 48 | PERMANOVA 5 % , P 18 4 Benjamini
- Hochberg 1 1EZ IE

2 ZBRE5HM

21 SEYBRBERNEEST

A FE LA H 62 Fh POPs [ A2 Kl . TEFT A
FEAS A, AT =F B2 R /INHE 22 1 DU 1) 43 3 4 DDT [ g
FE K L 7N & 7K (Hexachlorobenzene , HCB) [ fif 3£ [K] |
1.5 7K (Pentachlorobenzene , PeCBz) [ fif 3 [K| Fll 1. &
2R3 (Pentachlorophenol , PCP) [ ff L A , AH X =F & 7y
518 33.06% 11.46% 11.45% Fl 11.45% (B 2A) . A
() 2= 5 A A T B SR B B S R DR 48 b, Horb B 2R
Fr B B B it B R AR R AL 22 K 31 60 Ffr o AN [F] 25 ]
FEAS LLBC AT A5, 5 5 A v % e 6 D] 5 3 T A A A
By UG AAH Ee e (B 20D

X T IR B MR BE DR, FEAS h A g HY 3 R SR
BB AR IEDR 1) 27 NP AL, R IR IR e B IR B A
JSC Rk % it ik DR AN 22 i G e 8 ) A A KL 40 ) 9
Tl 16 AR 2 MO AY . FE BT FFE AR H, Natural B fig 52
PRI G 32 G A, RO o B ik 89.19%, ik
& Synthetic Heterochain [ fi# % A, AH XJ =F FZ 5 LG
9.75% , Synthetic Homochain [ fif 32 P& AH % 3= B2 o5 b
1.06% (I 2B) o« AR Z= T AR A b T 36 AT 1) 208 B i
FEDR D 22 M, Hodh B 2R iy A () B R E A X R %
925 . A IE] b WA v SR fifR R DRI N L
Z (B 2D) . 15 A kIl R A rh , SR % At iy 2 [
AR = B R /NHEA /T DU 943791 8 3HV dehydrogenase
LR R 4 EE AR (PEG dehydrogenase) 2 [ L 5
F2 L IR 1 R fift SR ¥ (PHA depolymerase) 3 K] Fl i 4
¥2 1L g (Alkane hydroxylase) 2 [K] , #H %f 3= B 43 1 A
73.43%+14.39%-4.16% F12.23% (& 2E).
22 SHYRARERSHFENSETIZEZERFE

o ZFEVEFREUSC L 115 G I A 5k DR AE I [R] 5
22 [0 )] AR AR AE . POPs [% i % [A ) Shannon
TREE R, B R R ) 2 R EAE T R B 22
I Richness TR 47~ 7 2R 5L 8 4= 5 FE B 2K T ==
(K3A) . XFASEZ (8] () POPs [ fif 3k K o 22 FEME TR



2025 4RSS 5 TR EE, LBMBAKEF A RANT LY BN R EE SRR S0 AREHRT 155
A 5.00%434% ¢ 50, B
5.09% 1.06%
I\ < 9.75%
\ : 89.19%
®DDT ®HCB @PeCBz ® PCP @ PCDD Synthetic Heterochain © Natural
@®PCDF @ PCNs @ o-HCH @ others Synthetic Homochain
0000 6 5%
E .99% \ .85%
2.33% 4.11%
4.16% \\\//
o WE 0 BF e L eitiE o &b ‘
D
® 3HV dehydrogenase @ PEG dehydrogenase
® PHA depolymerase @ Alkane hydroxylase
' © PHB depolymerase Linase
o @it o Bls Esterase © others

oTWE o FF

A g B A A T PR R POPs 4Lk B X F 2 3B O A B 2 AL B i 4 R DAL B RO X F 5 C o BT R ] 25 Ao A [/ & B POPs [ 47 2
8 Venn [ ;D 4 2 T A [8 247 Fu 4 6] 2 18] 200} P A2 2 (K] 89 Venn [ E o B8} J A2 B 35 (R A A o 2
B2 SRUMEBEEARS
(A) Composition and relative abundance of degradable POPs in the samples; (B) Composition and relative abundance of degradation genotypes
for different types of plastics; (C) Venn plots of POPs degradation genes based on season and space; (D) Venn plots of plastic degradation genes
based on season and space; (E) Relative abundance of plastic degradation enzyme genes.
Fig.2 Analysis of pollutant degradation gene composition
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Shannon-Wiener index and abundance of POPs degradation genes detected in different seasons (A) and space (B);
Shannon-Wiener index and abundance of plastic degradation genes detected in different seasons (C) and space (D).
Fig.3 Comparison of pollutant degradation gene diversity indices
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(A) Principal coordinate analysis of POPs degradation genes at each site in different seasons; (B) POPs degradation genes at each site in different
spaces; (C) Plastic degradation genes at each site in different seasons; (D) Plastic degradation genes at each site in different spaces.
Fig.4 PCoA analysis of contaminant degradation genes
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(A) Heatmap of the relative abundance of POPs-degrading genes across seasons; (B) Heatmap of the relative abundance
of POPs-degrading genes across space; (C) Heatmap of the relative abundance of plastic-degrading genes across seasons;
(D) Heatmap of the relative abundance of plastic-degrading genes across space.

Fig.5 Analysis of intergroup abundance differences in pollutant degradation genes

PR T -co-3- ¥4 %&£ [ IR g (PHBV) . % 3- ¥ % L&
(P3HV) 55 PR B R E R LN B 4 R I B 2
(1R 2 45 M SLRRAIE o 2% [R] 43 21 45 S (I SDO IR
TEFT A FEA R, 3 Fh 38 kL BE f# 2% K] PHAL PHBV.,
P3HV BB, Sy USAEAS AN 513l st B A 32 TR
F R T A T, REUH R A B RS
2.3 MEREFESTLYMEMRERFEENMBXIH

XT T POPs [ fif 5 K = B 5 I DR 1 3R AT #H %
PRI BT, 45 SR BORTE MR IR 3 I AR 'R B
Y BE S BAA MU RLE B 5 POPs [ fil JE R F 1 2
B M. TEIERERR E KR RS R 2 AN R 26
EREE E B B A /KIR 5 POPs [ 3k R 2 8 5L .2 17
FH 5% . H o PCDD % fi# %5 K] . PCDF % fi %5 X Fi
PCNGs [ fifi 25 DR = B2 52 FR355 IR 152 M 80K (BT 6AD o

Xof T B BB AR L IR, T MR IR B T A A A
S HUBGCRT S 5 Y ) e i 5 DR 3 B W TR A
Ko MERE a WA HLBK KR  TE RS R 2L L A R 26
B R VR I ) I KR 5 SRR i R A
FEFREE M. Hdh P3HV BEARFIEE . PEG 4R
[N \PHA [% i 5 KR PHBV & i 32 8] 3 5 52 30 53
Al F- 52 R (B 6B o

3 Wip

3.1 deEBE KA RYIBERERE R IME R
AR N POPs 1 B fig i 72 v, 2 e AU B 4
E 2 O E B A A, T e AT P S B R E 1Y
POPs 73 AU R T 4 14 4 (Li et al, 20200 . IX LR
PRI Fig & B S B B RE 1 BRLE P R v Y
BARTReFIRLE , R X T~ 36 D5 D R i T AR E 2
AW LT 23 [ A1 ZE 15 3 2H Venn BIR B, JRE AN
SrHZ EERNBER —EER HENLE - MO
ARG o A 5T POPs A E A LA DDT ¢
fife B Ry 3= F , DDT P ffdik R 7E 5 Z R A AR o 2 2
(34.36%) KT MZEFEA A AOARRS F2 /2 (31.46%) , 75
A RESEE & DDT FEARE A . POPs PR (K]
(1) ZAEVERIRE 32 325 2L R B2 MR, IX M 22 R AT RE S
KR O RSP BT R AR A R, X — KI5
ISR RT T K A A P 2 FEPERIT R I S5 1R AW &, 5
— P UESE T 2R AR B AR ) 22 R A 1R s e 2
AAE L % (Djurhuus et al, 2020; Chen et al,2023b) .
- SR} i L K], natural [ i 2% K] 5 synthetic het-
erochain [ fif 2% [K] F1 synthetic homochain [ fif 2% [X A



158 46 55 5 1) X E A ¥ 3 X 2025 4 9 A

A D % Q. &“ﬁ&s s B $ & A v
o 3% Sl Do SE e & &Y \\°°“¢{:’ T, e e T B0 el »
SSRGS AR R R R e 1
Active_P Active_P
Active_Si 0.8 Active_Si 0.8
Chl_a Chl_a
bO 0.6 DO o 0.6
DOC DOC
Depth zZE= -] 0.4 Depth = - B 0.4
Inorg N Inorg_ N
NH4_N 02 NH4_N 0.2
NO2Z_N i NO2_N = 0
NO3_N NO3_N
§s 02 55 ‘
Salinity e Salinity 04
TN —0.4 ™ 04
TOC TOC
™ 0.6 TP i
Transparency 3 Transparency
Water_Temp x 0.8 Water_Temp ) 0.8
pH pH

-1

*,P<0.05: %%, P<0.01 : ***, P<0.001 . (A)POPs [ fift BE DK =F B2 RN IR IR AS 5 AR 5C 7047+ (B) B} Al ik DR = P2 AN BRI A8 B AR 5G40 # o
B 6 5% E 5B EF Spearman tAX1E9 47
* P<0.05; **, P<0.01; *** P<0.001. (A) Correlation analysis of POPs degradation gene abundance and environmental variables;
(B) Plastics degradation gene abundance and environmental variables.
Fig.6 Spearman correlation analysis of pollutant abundance with environmental factors
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Diversity and Distribution of Functional Genes for Degrading Persistent Organic
Pollutants and Plastics in Beibu Gulf

FANG Shiyun, GAN Lihong, HE Yuhan, GONG Chen, LI Jianing, ZHOU Lei

(College of Marine Science, South China Agricultural University, Guangzhou 510642, P. R. China)

Abstract: The Beibu Gulf waters in Guangxi are vital fishing grounds in China and the region most
heavily impacted by human activities. Persistent organic pollutants (POPs) and plastics have emerged as
severe environmental challenges for Guangxi's marine ecosystem. In this study, we explored the diversity
and spatio-temporal distribution of pollutant degradation genes in the waters of the Beibu Gulf of
Guangxi, aiming to provide a scientific basis for protecting marine ecology in the region. In October 2022
(wet season) and January 2023 (dry season), surface seawater samples were systematically collected at 40
stations in the Beibu Gulf, and the composition, abundance and distribution of pollutant-related degrada-
tion genes in water samples for different seasons (dry and wet) and spatial locations (island, bay and
coast) were analyzed based on metagenomic sequencing technology. A total of 62 POPs degradation-relat-
ed genes and 20 degradable compounds were detected in the samples. Among them, the abundance of
samples was higher in the wet season than in the dry season, and the relative abundance of the genes was
higher in the dry season than in the wet season. Spatially, the highest diversity was found in the island
samples. The degradation genes of POPs were dominated by DDT degradation genes, with a relative abun-
dance of 33.06%. In terms of plastic degradation, a total of 27 plastic-degrading genes and 33 plastic-de-
grading enzymes were detected, and the diversity and abundance of samples were higher in the dry season
than in the wet season, and the relative abundance of genes was higher in the dry season than in the wet
season. Spatially, the diversity of island samples was higher than that of coastal and bay samples. The rela-
tive abundance of natural plastic degradation genes was as high as 89.19%, and 3HV dehydrogenase
genes dominated among plastic degradation enzyme genes (73.43%). Environmental factors play a key
role in regulating the abundance of pollutant-degradation genes. Dissolved oxygen and nutrients positive-
ly correlated with pollutant-degradation gene abundance, while salinity and water depth showed negative
correlations with genes associated with pollutant degradation. The study indicates that the Beibu Gulf has
strong potential for degrading POPs and plastics and provides a crucial reference for functional gene ex-
ploration and regional ecological conservation.

Key words: metagenomics; biodegradation; persistent organic pollutants; plastic pollution; Beibu Gulf



