44k H s Wl B % U R Vol.44, No.5
2023 4 10 H PROGRESS IN FISHERY SCIENCES Oct., 2023

DOI: 10.19663/j.issn2095-9869.20220506001 http://www.yykxjz.cn/

FEAE, AR, R T EL T RS T R AR AE RCE RIS AL BT kB A B, 2023, 44(5): 219-230
LI Y Q, SHAN T F, PANG S J. Composition of epiphytic microbial communities in gametophytes and sporophytes of Undaria
pinnatifida. Progress in Fishery Sciences, 2023, 44(5): 219-230

R KB S IR RIBR A&
M MBEEER ST

ZEEY B4 'Y gHhE W
(L. EBEGG AR P EREBE AR Y E AR E IR HE 266071
2. MEBERE RS dtal 100049)

W= #WE(Undariapinnatifida) 2 —#EZZ W AR E R, EARGWHELFAE AN E, 2EH
MAMENRERLIRHTDEEEEELNEKAT, BEAGTXTHRIRFE. THETX
VI AE ok 2 A0y B 5 A R BT AR A 3 G M AR A AR A 1B B A LA R L R SRR B R R OR AR DA R 96 R K
RESHEER, RAARKSEFTHEGTMEE, X TETENHAGEY, HAHZTREEE
S R ER D, AR T 16SRNA EEFREENF LI, B LT F AR FEREH A
MEBEARANEZR, RFEAFETNAFHEFEMSFEARTRTER BRFERFELHE
|7 (Proteobacteria)(66.67%) 4 % — % & |1, H XK b #L4F & |1 (Bacteroidetes)(13.48%) 1 15 28 7 |
(Cyanobacteria)(11.13%), a-% # & 4% (Alphaproteobacteria)(34.58%) X & —th HEW N, HK N y-Z
# %Y (Gammaproteobacteria)(31.01%); T . F & & 3 40 17(95.67%) & & x4t th %, H RN H & H ]
(Actinobacteria)(1.65%)#1 /& & B | ] (Firmicutes)(1.48%). &4 34 & % 18S rRNA # F | 74 1l o 4%
# 18 4 (Streptophyta) . 4 & # |7 (Intramacronucleata) . 2 F H | (Basidiomycota) . il & I [
(Apicomplexa), B30 4 |1 (Arthropoda) . % # |7 (Bacillariophyta) . % % 3i 4 |1(Chordata) . fg & 3¥
47 I'1(Gastrotricha) . F % 7 | 1(Ascomycota)# & & W | ] (Mucoromycota), &, #-FH [T, FEH |1
FEHIETEW, BTHRNESMENBEEEATR TR, AHXHE TETERTFEMATHE
WA A A B AR A R R A A AL A A £ B, £ RR W, 2 MR FEREE R,
HNEEHREREESHMAEDZ BN LER ., REEW EBEMRFRARME T a0y B e 2.
KR Bk, WaEMEY; SEENTF; BFE; BFE

hESES S917.1  XHEERAEE A XEHS  2095-9869(2023)05-0219-12

¥y 32 (Undaria pinnatifida) & — ff 8 2 4 £ 1% TE 2805 4 e v SR T TR T (Al AR A 388 vt Ml e 1B A P
TR, TS S ORI TR R R B RS R JRIER, 2020), S AR S H AL 2 TR AL,
A, HoREE AR EE L FEAEA, 42020 4 T IRGH RIS B A RN DL R SR EE AL, BT
WO ST AR SEGE |, TR R AR s 20 7 t, SR ENE KA, IR R BRI TR B
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KSR E R AR | RS B
Y. LR RS A Y (RO AE, 2019), Hrp
P 20 TR A5 A W5 | e e T B kR L

Bell 45 (1972)42 ) “PEPRGOAME” MMES, HiEE
FEAE A A A i v ) S LA R A WL I, A
A& BRI B — PRk ) B BRI B, W5 | 2k W 5 7
PR , IS ARUE Y Z e R Y], B
B A 4 PR R 2R K T B ML, R A 2 e e AR
FEY) R B AR IR 3R ) SR A K I F (Singh et al,
2014), WM EP KT AR, FLL4HR L AT LIRS
Bl ¥ i 31K 0 0 T PR BT b S0 40 TR 1 1R 28 (R A
2005). MEEPREIABEAE RS AT AT, A R
M, HREERKER; Y ECRAM, G, wikz
IS IR BT R & 2L AR s, B R 25 A T R &k
Asfl, HE R EEZEAYE FE (Egan et al, 2014; 23,
2019), HEFTEM, MM 5ifEtr . $RERT
VRS T T VO (MR B4R, 1981) . ARIERE (K,
1996a) . R TR (5 K, 1992) FI LR BESG (F A 4%,
2019)%5 B BAHG . BRG] & 1200 5 K5
RN e e e AN G o O 17 (1 ol = N (O
(Alteromonas) , # T 1 (Flavobacterium) . i 5. g i
(Pseudomonas) . &A% 5L /il 1 (Pseudoal teromonas) .
&5 TSR e T (Sayprospira) AR & (Vibrio) %5 (Ashen et al,
2000), ZEFRFIAF(1997)4GE T H XA EE (Vibrio logei)
SRR RER N, ZWIREIE T - Y E N
(Gammaproteobacteria) i) I & J& o E Bk 55 (1997) W 5%
FeW, 261 H] 7 (Del eva venusta) i ki S BE S RS 5
PRI o BRI, T i i R A ke A 2 %) A L 1 %ot
B I6 B2 A R S, HLAN, AR SRR TR IR R
IR TR I AR AT, T i FLB A S v A
BT FF % BB PRAF 7 2% DL P B 37 TG B M RE 25
BRI TE G o

B A 2L P RV AR S 2R R R G, Y R
B —F A A (n) B L F AR AR Qo) TR SR B AN
[P T B AR S W BV AT BB AP AE 25 57 B &
HEMTFEANERE, DAY RHEY DNA Mirid
¥ BUAE R 4 FEAR A oK 7 BT ik 2 0 o 8 235 4 N 2 R 1
BN BRI HE D . iR RNA #5907 7E4i b
XS R, [RIEE S A PR P 9 Rl sy al AR e 4, SR E
A ) 2R B2 53 28 1) SRR (4 B8 5%, 2005), 168
rRNA  JE (R 2 4 i SR A% AR DA B AR /D IS RNA (1)
DNA 751, TR i ZEPE; 18S rRNA A
SOt EAZAE YRR /NI SE RNA 19 DNA J751,
T BB

AHWFFEF A Nlumina HiSeq 2500 1 3 & il 77 -
&, J#t 16S rRNA F1 18S rRNA it P 15 3 1 I 7 %of
T S A8 1A FIBC 1A 1 B AR A W S B R AT 5
S, BT A [ AR Al 3 B 2B A TR S HE Al A= 4
VR B AR Z5 4, B o8 4 28 -5 Ik A sk 2 B 1)
FIAR B AR . ol 9% R A A PR A LA B B 3R 2
ERMESE

1 #REFE
1.1 SEIgHE

S5y it HH A 4 T SR T - R A AR AR R TR
BRI, 25 3 Y EE A . o, MEE L MEE
FIMERE [ AR C TR 45 14>, 2523900 HB1-21-2F
HB2-15-1M #1 7-3-3FM (Frich G1. G2 #1 G3). E
TR TR EM EREIE R R, 40k A F “1BE
157, “BE25" MMk 757 BER, L
25 2017 4F 6 H o RAF R NIRIE 16 C | Jli<
5 umol photons/(m*s), BT F 15 5% 3 0 Fl & b 14 F1 SRt
JKECHIAY PES (Provasoli enriched seawater)(Provasoli,
1968), HUFERT, P HAChE A, A TEFRARIRE,
Bram a2y 1 g/100 mL(fFE), fi 74k 5 157
1 3 N MERGERICHA ST, S2 il S3)., MFHAKAEIKEL H15%
IR MEE 157 R, BERESATSIN 70 mg/L NaNO;
H1 10 mg/L NaH,PO, 1 F SR /K , BUREIHE K 1R
16~18 ‘C, 5 A) HAELAE 0~120 pmol photons/(m*s).
HFRR/NN 15~20 cm, EFHW 6, B
HF G40 DNA $#HL,

1.2 BENF

FHREER 1 MR N4 DNA $2HGAF &
(RAAALRHE A PR F], DP712)#2HUEE S & DNA,
HE4T 16S/18S rRNA F A 14 Jy> i Af 1) 2 Ak S A
38T o Horpr, 16S rRNA JE [F I T IX (8] A V3~V4 X,
18S rRNA JEH B 7 X [6] 2k V4 X, 41 16S rRNA
PR HH 43 B v i B 2B TRTRE 5 FH Y 514 338F: 5-AC
TCCTACGGGAGGCAGCA-3'Fil 806R: 5-GGACTAC
HVGGGTWTCTAAT-3'(Hong et al, 2015; FhAEEE,
2017; JERER4E, 2020), 18S rRNA K v4 5191k
TAReuk454FWDI1 : 5-CCAGCA(G/C)C(C/T)GCGGT
AATTCC-3'#l TAReukREV3: 5'-ACTTTCGTTCTTGA
T(C/T)(A/G)A-3’ (Stoeck et al, 2010), 7E5|HA I hnN
ISk, #EAT PCR 478G, X8 e My kAT a4k
8 1 A — A8 B Ty SCFE . TR A A 1 SCE
Illumina HiSeq 2500 #47 XA I i 7
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1.3 HiESH

i H Trimmomatic v0.33 #X{F(Bolger et al, 2014)
Xt 45 2 B9 JELAG F 5) (raw reads)WEAT I UE ; f# A
cutadapt 1.9.1 (Martin, 2011)E RS9 51, i/
FLASH v1.2.7 (Mago& et al, 2011), jf i 8 2 X 5 4] 5
FiEAT PR, 153 clean reads; ffif] UCHIME v4.2
(Edgar et al, 2011) LRk & 1&F 5, 13 EH 075

i FH Usearch v10.0 £k {4 (Edgar, 2013) % 3K 15 (94
BT HNTE 97.0% M AL EE K- T Ef TR 2, RIS w4
{E/r 28 ¥ g0 (operational taxonomic unit, OTU), &4
OTU X i —F Rt FE 51 . LA SILVA132 5 % 5 P
it VAN 2R DL 307 53 2 28 X RRAE 32 51 164 T 40 2522 40 T o
fdi il QIIME2 2020.6 (Bolyen et al, 2019)%} & k47
Alpha Fl Beta ZFEPE53 T .

2 HRE5HH

2.1 16SrRNA EFEFEIIHHER

211 AHFFIA OTU  PrHUE 6 A
20y J5 3L 3RS 460 754 XFREG P, JPAE LR
% H B R AW ARE B 0B P2 (https://www.nebi.
nlm.nih.gov/), J¥5'5 & PRINA823903 . 4 WU 4% |
PrE s 2= A= 455 735 4% clean reads, 14 &SRS
RNE ST I 446 932 4%, 7E 97.0%A9AHALEE /K
TRAEAR OTU, B IARHE S 1 OTU % H (259)
ZFHRFRA10)(E 1)

&1 16SrRNA EREMFER S
Tab.l Analysis of sequencing results of 16S rRNA gene

b i = HRFHE TR ST
Sample ID Effective reads OTUs

Gl 76 932 235

G2 76 979 276

G3 75 147 267

S1 79 062 109

S2 59 858 123

S3 78 954 98

NI A A e B AL A R — B 9 7 81, el
BUFSE S K OTU B fy @i Bkt Ze (& 1), B
AT HNEL B AN, 2 AR IR Rt 2B ks T
WGz, RAGAFFINFESY, T LA S e i b
YR I ZAEPE
212 Alpha $#M 454 BTG ACE
F8%0. Chaol #8%%. Shannon 5% . Simpson §%UF
B ROk AHIR Alpha ZFEVE(R 2). FHMFE R M
B B IR H) 99% LA b, BTN 5 25 AL R 5 4 b s e

FE S AR RS O ELSCE B ;. ACE Rl Chaol $8%URE
B Rh £ R, R SR BCTRRE A ) ACE Fl Chaol 4§
A B T FARREf (P<0.01), BEBARC FHARE 5 b
RS F K FHIFK; Shannon F1 Simpson F54H
T YR ZFEE (Grice et al, 2009), ZREVE YR
R RS R, R R R AR RSB,
BRI Th A RN A S BE RO, BEVE B 2R, BT
K #y Shannon FI Simpson 8% i % K T F 1k
(P<0.01), UdBHECFHEE S Al 2R KT T
(E 2).

»n 200 S
§ E RTFk2 G2
5 — RT3 G3

S 100t —HF1 81

—faTHR2 $2
—fa T3 $3
0 L

0 20000 40000 60000 80000
P34

Number of sequences sampled

Bl 1 16S rRNA JE PRI A7 B 1 T 2%
Fig.1 Rarefaction curves of 16S rRNA gene sequencing

®2 HEBER Alpha ZHMEIEE

Tab.2 Alpha-diversity index of bacterial communities

g Sz o 2
e ACEE S e Lt R
ID Chaol Simpson %

Gl 24323 245.00 3.41 0.80 99.97
G2 279.44  279.75 4.46 0.90 99.99
G3 27436  275.00 4.52 0.92 99.97
S1 130.37 123.77 0.21 0.03 99.97
S2 136.90 136.13 0.89 0.20 99.96
S3 119.18 114.67 0.26 0.05 99.97

213 mABEELEMAAMESY  EF RS
HT(principal coordinates analysis, PCoA)XJ 7 S il T
AN AR A0 R 255 K4 (R AR L BE R4 T R 3o #T o 36T
Weighted-Unifrac 57511 Beta ZFEPEHTE5 R UL 3,
w3 i, AR 3 MRS RE, ST
A 2ZFII R, PC1 255 AVEHH 92.00%, PC2
ZE 5 BB 5.68%.

2.1.4 T AE LR A SEC TR AL (AR
s E OTU 0 H My 145, BFIARMMA OTU $H
149, AT EEIA OTU X H o 7,
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Fig.2 Comparisons of alpha-diversity index of bacterial communities between gametophytes and sporophytes

Q2 7] 22 7 I 2 (P<0.01), T A,

** indicates significant difference between two groups (P<0.01), the same as below.

0.15 °

o il T-{& Gametophyte
0.10 - « 73 7+{4& Sporophyte

0.05

—0.05 -

PC25+5.68%
PC2-Percent variation explained 5.68%

—0.10

—0.4 -0.2 0
PC12:592.00%
PC1-Percent variation explained 92.00%

3 %:T Weighted-Unifrac 582 A IC T4 M 16 744k
A #EYE PCoA 43 #T
Fig.3 PCoA result of bacterial communities in

gametophytes and sporophytes based on
Weighted-Unifrac algorithm

TETIAKOF L, 07 SR B 2 A TR Y 3 2 1) 2 i 4
I [ J(Cyanobacteria) . ZZJE 1 [ ] (Proteobacteria) . fUUFT
T ] (Bacteroidetes) . JEBER | ] (Firmicutes) . L ]
(Actinobacteria) . ¥ | ] (Planctomycetes) . PCillbd
I"J(Verrucomicrobia) Fl14% 25 B | ] (Chloroflexi) (&l 4A).
TERC TRMEE A T, ZETE T 171(66.67%) M 5 — L3
BT, HUCHIFTE](13.48%) . W40 E T 1(11.13%);
e F b, EANTT1(95.67%) N5 — LR EI,
HR M R TR 1 (1.65%) R BERE ] (1.48%) .

TEA G AR b, BT SR B AR 0 R R s 32 e 2k
6 M B W (Oxyphotobacteria) . o- 28 B T 4
(Alphaproteobacteria) . y- 2 JE W N . AT W OH
(Bacteroidia) . # H 44 (Clostridia) . Jit & i 24
(Actinobacteria) il - F1 AT 4 44 (Bacilli) 41 (&l 4B). 7E
Bl IR R A FES T, 0BT T AN(34.58%) M 5 —
RHEBN, KRR y-ZIRRNG1.01%) . BUFF# N
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(13.16%) . =LA (11.13%); 111 18 T B 71
RFES A SN TR 49(95.67%) A A — I B R 44,
FR A TR R 9(1.64%) . 2FFATF B 20(0.92%) . v-78
T2 18 44(0.90%)

HEFOCAIAN . oSBT . TR L y- BRI 2N

100% - A

%40 Cyanobacteria

[ Z5JE #4171 Proteobacteria
B #FT 5] Bacteroidetes
S E%H ] Firmicutes
B4R 1] Actinobacteria
7771417 Planctomycetes
I Pet4 1] Verrucomicrobia
B %258 Chloroflexi

2
G
X

RISy
3
X

Relative abundance/%

25%
[ 257 B Epsilonbacteraeota ¢
HAth Others

0%

i F ik
Gametophyte Sporophyte

5 Sample

RS

Kl 4

ERIES: 3

elative abundance/%

[Mluncultured _ bacterium_k_ Bacteria

Negativicutes. OM190. FRIUFZ(Acidimicrobiia) . F+
221 2¥(Erysipelotrichia) . P8 2¥(Planctomycetacia) ., J
T3 24X (Verrucomicrobiae) 10 ™44 1Y 3 & 78 4 417 52 fic
TR R 5 22 [RAEAE 2 25 5 (P<0.05), o,
OM190 AW T2 29 F11 7 2 T 9 2 L T AT

100% B

ARG BE 49 Oxyphotobacteria

7|
0 = I 44 Alphaproteobacteria -
3% B A # 49 Gammaproteobacteria y-
B AT 48 Bacteroidia
B iﬁgﬁg Clostridia
B 2EAUFT B 4 Bacilli
[ R 4N Actinobacteria
B FRTH(E 99 Acidimicrobiia
& 25% [ OM190
’ [ 2T i 40 Deltaproteobacteria 3-
HAth Others

W

S

B
T

"R R
Gametophyte Sporophyte

#£4% Sample

IT(A)RIEN (B3 2K S 4N B 2 B A0 A

Fig.4 Distribution of bacterial communities on phylum (A)and class(B)levels

Bt R BE & ARG A R KO R B R AN
5737% , © F 04w KA B KR E B
(Lewinella)(10.06%) . & & I & (Leucothrix)(5.99%) .
W% 2 AT B @ (ulfitobacter)(4.06%) . W I #T i &
(Bifidobacterium)(0.02%); #1 7 IAFE R B IR 5
95.68%, MUECFTF & (5 1.41%.

2.2 18SrRNA EFERFEIHHER

221 H#JFF A OTU 6 MEEAN 4 18S rRNA
K] i P 5 3R 15 480 390 X} raw reads, 28 X
Jds . B s rm A 475 128 4% clean reads, i JERR
HSREE R A ROFE I 473 770 4. TE 97.0%AH1
BEKE R RS OTU, FEFIAREE A9 F OTU £
QT)DTFATFIRE®T)FE 3)o £ LR S R B i 26
TFE 5), BHRMSET I

% 3 18SIRNA ERENFHERSHT
Tab.3  Analysis of sequencing results of 18S rRNA gene

WA AP ARRE L Y ACE Al Chaol #5803 & = T
e RFE A (P<0.01), 156 W6 —F AR it B % 2 B K
TR BT AL HE 5 Y Shannon F1 Simpson
FRE2E 5 A 3 (P>0.05) (] 6).

75+
— FEF£1 G1
" — FiF2 G2
8 50| — 743 G3
& 'g — HFAL SI
S —HITA2 52
°op — #IF143 S3
25
o -
0 i 1 1 1 1 1
0 20 000 40 000 60 000 80 000
AR
Number of sequences sampled
IS5 18S rRINA i[RI 7 4 A R 1 il 4%

Fig.5 Rarefaction curves of 18S rRNA gene sequencing

GRATE RS HRFIE ATHRAE AT R4 HZEWMEEN Alpha SHMEIER
Sample ID Effective reads OTUs Tab.4 Alpha-diversity index of eukaryotic communities
Gl 78 593 29 K g2 ACE Chaol AR TR LR
G2 79 263 28 Sample  THAX B¢ Sham?on ¥ Coverage/
G3 79 436 23 ID ACE  Chaol Simpson %
S1 78972 76 Gl 49.00 3833 1.09 0.32 99.99
S2 78 697 95 G2 30.15  28.86 0.62 0.22 99.99
S3 78 809 89 G3 28.76 2633 0.28 0.06 99.99
S1 78.70  78.00  0.47 0.08 99.99
2.2.2 Alpha % FE5H Alpha ZFEPEFEHCINE ) 9579  96.00 0.74 0.13  100.00
4 I, AL 4l SR A B 5 R A E] 99.99% LA I, S3 89.67  89.33  0.60 0.11  100.00
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Fig.6 Comparisons of alpha-diversity index of eukaryotic communities between gametophytes and sporophytes

2.2.3  FBEE AR ST T Binary-Jaccard
BILH) PCoA SrHra R iR, TR 3 A I
BRE, PCl Z5HEERN 67.63%, PC2 25/
RARS 16.47% (B 7).

04F o

o fit F{A& Gametophyte :

#3774 Sporophyte
0.2} 1

PC2£5716.47%
PC2-Percent variation explained 16.47%

—0.25 0 0.25
PC1£567.63%

PC1 -Percent variation explained 67.63%

El 7 T Binary-Jaccard Bk TR KA FIRE
AW 2 RE PCoA 43 H

Fig.7 PCoA result of eukaryotic communities in
gametophytes and sporophytes based on
Binary-Jaccard algorithm

224 FEHMR MRS TR T AR R
A OTU %[ o 22, BETAMA ) OTU £ H o 23,
fFARIA OTU £ H H 87,
12K A5 R R (B 8A), BL TR 97.22%
AT 94.95% 2 RIPERYFARZRA Y, M Hi )
Hi LR Z 1 10 T REEIEARY) (Streptophyta) . £FEH
I"](Intramacronucleata) . [ ](Basidiomycota) . il 5
W] (Apicomplexa) . T3 B 8h¥ 1] (Arthropoda) . it
I"J(Bacillariophyta) . A& 319 ](Chordata) . & E 5l
Y111 (Gastrotricha) . F#E R [ ](Ascomycota) Fl E 57 [
I"T(Mucoromycota), M, HFHET., FRETHE
HWITETER., KA ERDEEIEEY . TESTT.
B HOTTRRE B DT A A XL, A e g o
0.82%. 0.62%. 0.51%F01 0.50%; T &PEEFEAHY) |
WFE] TE W T BRI TR saL, B di
OTUs HA1453 514 0.97% . 0.96%. 0.91%F1 0.78%.
TE 53K E (18] 8B), TERCFIARES T, BRAR
T SE HT I8 1) 46 3 4K (Phaeophyceae)(88.77%) 2 #h , 17 Jik
YRS L 4R (Copepoda) . Fifk 3 ] 14 7] 38 4%
(Mediophyceae). &9+ I 7L49(Mammalia) |
ZFE TR 20 (Prostomatea) . F A 2X(Liliopsida)
A FOEHHAL, 5 0.62% . 0.50%. 0.25%.
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100
B 5432468 Unclassified

[ 4844 Streptophyta
Br B #8774 Basidiomycota
B T ] Apicomplexa
B S5 B3hY Arthropoda
[ 7 Diatomea
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100
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A4+ H Unclassified
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FEA: Sample
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Fig.8 Distribution of eukaryotic communities on phylum(A)and class(B)levels

0.23%F1 0.23%. AT, BRIHEEAN(94.49%) 2
A, JEAE s P ) A9 4K (Conoidasida) . FH-F 1]
oY < T 44 (Agaricomycetes) . £F T HUTTH Y iE S 40
(Spirotrichea) LA L B R ST TH B ZLA S8, 0 31
i OTUs 9 0.91%. 0.83%. 0.51%F1 0.24%.

% & 29 (Chytridiomycetes) . {7 I14%(Nassophorea) |
Colpodea . % H 4 (Tremellomycetes) . % 7¢ & 4
(Sordariomycetes) . ZHE{R M (Conoidasida) . <44 |
k¥ 24X (Arachnida) . {677 4% (Chromadorea) 9 40V AF
FE TR SRALTIRRE S v, TR 40 1 3 B AR L TR
I61 P& Z (A A7 7E B Bk 25 5 (P<0.05) .

3 e

ARG KB, A S C A RN 96— (A B A= 40 TR
TR 22 R UL, BRI R R 2
FEVES R F A4 B A= 20 3= 2550 A AE 20 T
AEHT] . SWFFEETT, Ak, AR BRI )&
BETE T TR AT e T T s ST ],
TR ] A T R T AN A RV AR R B, AR A
T 5 SN, 2017, FERERSE, 2020;
IR, 2016; sk, 2012),

CA IR, AR T 1] b i L i A= 4 TR Al DA
R EMERMAT, Fl, oZBR N HEL
AL B (Hyphomonas sp.) 1] L) FEAIE 45 BE 45 5% (Porphyra
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Composition of Epiphytic Microbial Communitiesin Gametophytes and
Sporophytes of Undaria pinnatifida

LI Yugian'?, SHAN Tifeng'”, PANG Shaojun'”

(1. CASKey Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy
of Sciences, Qingdao 266071, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Undaria pinnatifida is a brown alga with high economic value. Its annual production is
second only to Saccharina japonica among economically important brown algae in China. Due to climate
change and increased cultivation density, the occurrence of diseases in cultivated seaweeds has become
more frequent and serious in recent years. Most diseases are directly or indirectly related to the
interactions between the seaweed host and the epiphytic microorganisms such as bacteria. There is a close
relationship between algae and epiphytic microorganisms. When the phycosphere niche maintains a
dynamic balance, the two rely positively on each other growing and developing together. When the
balance is disturbed, the structure of the epiphytic microbial community may change, possibly resulting in
algal diseases. The absence of certain microbes may also lead to the failure of key biological processes
such as the morphogenesis of the host algae. Therefore, understanding the composition of the epiphytic
microbial community is of great significance for the study of the interaction between U. pinnatifida and
epiphytic microorganisms and the better control of U. pinnatifida diseases. In addition, stock resources of
U. pinnatifida are usually conserved in the form of gametophytes, which can persist for a long time under
controlled conditions. Hence, understanding the composition of the epiphytic microbial community will
also facilitate the development of efficient conservation methods and help remove microbial
contaminations when axenic cultures need to be established. The life history of U. pinnatifida consists of
the alternation between heteromorphic macroscopic sporophytes and microscopic gametophytes. The
stark morphological and physiological differences between these two phases suggest that the composition
of epiphytic microbial communities between them is likely different. However, studies on the composition
of epiphytic microbial communities, especially comparison studies between sporophytes and
gametophytes in U. pinnatifida are limited. The advent of high-throughput sequencing provides robust
and efficient tools for studying the composition and relative abundance of the microbial community
associated with the algae. In the present study, sporophytes and gametophytes (each with three biological
replicates) of U. pinnatifida derived from the cultivated population in Dalian China were selected as the
study objects. After DNA extraction and PCR amplification of the v3—v4 region of 16S rRNA gene and
the v4 region of 18S rRNA gene, Illumina HiSeq 2500 high-throughput sequencing platform was used to
sequence these specific regions. We identified and classified the composition of epiphytic microbial
communities of the gametophytes and sporophytes of U. pinnatifida based on the sequencing results. A
total of 446 932 effective reads were obtained through 16S rRNA gene sequencing. The raw reads have
been submitted to the GenBank database (https://www.ncbi.nlm.nih.gov/) with the accession number
PRINAS823903. The bacterial community composition of gametophyte and sporophyte was revealed to be
significantly different, and the diversity of the bacterial community in gametophyte samples was higher
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than that in sporophyte samples. In gametophytes, Proteobacteria (66.67%) was the most dominant
phylum, followed by Bacteroidetes (13.48%) and Cyanobacteria (11.13%). At the class level,
Alphaproteobacteria (34.58%) was the most abundant, followed by Gammaproteobacteria (31.01%),
Bacteroidia (13.16%), and Oxyphotobacteria (11.13%). Cyanobacteria (95.67%) was predominantly
detected in sporophytes, followed by Actinobacteria (1.65%) and Firmicutes (1.48%). The distribution of
Oxyphotobacteria, Alphaproteobacteria, Bacteroidia, Gammaproteobacteria, Negativicutes, OM190,
Acidimicrobiia, Erysipelotrichia, Planctomycetacia, and Verrucomicrobiae were found to be different
between gametophyte and sporophyte samples, among which OMI190, Acidimicrobiia and
Planctomycetacia were unique to gametophytes. The genus-level bacterial groups detected in gametophyte
samples were Lewinella (10.06%), Leucothrix (5.99%), Sulfitobacter (4.06%), Bifidobacterium (0.02%),
while Bifidobacterium accounted for 1.41% of the bacterial genus of sporophyte samples. There were
57.37% and 95.68% uncultured bacterium in gametophytes and sporophytes, respectively. We obtained a
total of 473 770 effective reads through 18S rRNA gene sequencing. A major share (97.22%) of
microeukaryotes in gametophytes were unclassified, while in sporophytes, the number was 94.95%.
Streptophyta, Intramacronucleata, Basidiomycota, Apicomplexa, Arthropoda, Bacillariophyta, Chordata,
Gastrotricha, Ascomycota, and Mucoromycota were detected both in the gametophytes and sporophytes.
Among them, Basidiomycota, Ascomycota, and Mucoromycota belong to fungi. The community
abundance of sporophyte samples was higher than that of gametophytes. In gametophyte samples, except
for Phaeophyceae (88.77%) to which U. pinnatifida belongs, Copepoda of Arthropoda, Mediophyceae of
Bacillariophyta, Mammalia of Chordata, Prostomatea of Intramacronucleata, and Liliopsida were
dominant, with a proportion of 0.62%, 0.50%, 0.25%, 0.23%, and 0.23%, respectively. In addition to
Phaeophyceae (94.49%), Conoidasida of Protozoa, Agaricomycetes of Basidiomycota, Spirotrichea of
Intramacronucleata and Mammalia of Chordata were predominant in sporophytes, accounting for 0.91%,
0.83%, 0.51% and 0.24% of OTUs, respectively. Chytridiomycetes, Nassophorea, Colpodea,
Tremellomycetes, Sordariomycetes, Conoidasida, Agaricomycetes, Arachnida, and Chromadorea were
only detected in the sporophytes, and there was a significant difference in Spirotrichea abundance
between gametophytes and sporophytes. In conclusion, the composition of epiphytic microbial
communities and the relative abundance of different bacteria and microeukaryotes in the sporophytes and
gametophytes of U. pinnatifida were determined through high-throughput sequencing of the amplicons of
the v3—v4 region of 16S rRNA gene and the v4 region of 18S rRNA gene. Remarkable differences were
revealed between the two life stages, indicating that their growth and development are associated with
different microbial communities. The results of this study provide valuable information for sustainable
cultivation and stock culture conservation of this important kelp species.

Key words Undaria pinnatifida; Epiphytic microorganisms; High-throughput sequencing; Sporophyte;
Gametophyte



