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4175 %) # /& (Rhodoplanes, 0.94%)% 18 N4 & S#MNF EF 15.77%, 2EF KT, 8 AFEH
Bt B B K, 40K BT AT H & (Mariprofundus), “THE% %] FAR ST, ABAK
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AR B B R F) . R AZ A 4 o K F U Y 48 £ # (functional annotation of prokaryotic taxa,
FAPROTAX)Z e TR L I, LA RAZMAE M AL T ARMF A RMEE, LEMBAHELET,
& R F4X.49 Shannon 484k F= Simpson $84( ¥ R % 5 TH K, B RKF -2 5 AMFAA X 5 F A
KB R TFTARFIFE) 4K, 4o B-42 (unclassified Trueperaceae). Mariprofundus F= £4t &5  fitL
B (Sulfurimonas). HIEFAMFAR T, FREAFLFHN S EYNIEZRTEELR, — 57145
TERFEAAEE, wwmH 4 Mariprofundus = B-42, A& F 44 & & & (Aspergillus)fe 4L 5%
# & (Rhodotorula), £ FRFHH TR . [ KAFRA I TALIEARGRAEDNA#—FT
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Abstract: [Objective] To study the morphological and physiological characteristics of hybrids
compared with their parents and contribute to research on the mechanisms of speciation and
evolution. [Methods] Sonneratiaxhainanensis, a natural hybrid of the mangrove plants
Sonneratia alba and S ovata, usually presents hybrid weakness than its parents. In this study,
[llumina high-throughput sequencing was employed to compare the rhizosphere microbiomes
(including bacteria and fungi) between the hybrid and its parents, on the basis of which the
reason for hybrid weakness was explored. [Results] The principal coordinate analysis (PCoA)
revealed no significant difference in the rhizosphere bacterial or fungal community structure
between the hybrid and its parents. However, the rhizosphere microbiome of the hybrid was
different from that of the female parent S. alba with strong survival ability but similar to that of
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the male parent S ovata. The rhizosphere bacteria belonged to 388 genera, 320 families of 76
phyla. The dominant phylum Pseudomonadota had the relative abundance above 41.00% in the
rhizosphere of the three plant species, reaching 55.33% in the hybrid, which was higher than
that in the parents. At the genus level, 18 common genera including Desulfococcus (3.23%) and
Rhodoplanes (0.94%) in all the three mangrove plants showed the relative abundance of
15.77%. Among them, 8 salt-tolerant genera such as Mariprofundus showed decreased relative
abundance in the hybrid, which may affect the salt tolerance. The rhizosphere fungi were
dominated by Ascomycota and Basidiomycota with the relative abundance of 41.89% and
4.53%, respectively, which was significantly lower than that in the parents. Moreover, the
predominant fungal genera were different in the three mangrove plants. Functional annotation
of prokaryotic taxa (FAPROTAX) predicted that the mangrove prokaryotes were involved in
sulfur metabolism and nitrogen metabolism. Although the hybrid had higher Shannon and
Simpson indexes of rhizosphere bacteria than S. alba, some dominant taxa such as B-42
(unclassified Trueperaceae), Mariprofundus, and Sulfurimonas participating in the nitrogen
cycle were not inherited by the hybrid. The soil total nitrogen (TN) and total phosphorus (TP)
of the hybrid was significantly lower than that of S alba. TN was significantly positively
correlated with the relative abundance of Mariprofundus, B-42, Aspergillus, and Rhodotorula,
which, however, demonstrated decreased relative abundance in the rhizosphere of the hybrid.
[Conclusion] The results help to understand the mechanisms of hybrid weakness in
Sonneratiax hainanensis.

Keywords: mangrove; Sonneratia; hybrid weakness; rhizosphere microbiome; diversity

A R SRR A S R AR 2R
YRR, A KR, (B 23 B
NFE SRR S R A, B,

PIRIARASAE A SR IR ol A, FERE ) P oL
Hw L, 252 5y mh g AL R (L s U0 G, 2
— i R BEAL , B e SR T AR I B

g, RIEIE, K24 11%0 E R Y
PR e R ) B 1) 2258 TE A Y, 2 s ]
REELAT HL SR AR MR o 5 A BB 338 oy 1, R B 2y
FROEIA ) SO ARAEY BT R e B A B R
Mo ARSI H BRI 2458 45 #(hybrid
weakness), FTICHAERKZIR . AFEAEJIFEL .
Dy 2 MEAR RS, I A8 F o R I ST I
Wit s kb= mE R Nk, BaEaesg
PRl 5 R A AR PR IUAE R 22 5, BT 28 PR AE
LI IRBE RS N, A BT BEAR R TR R R
TRt i, XFFRY R RS2
EP S il

FARZRACAE 40%HITEYIRLAT 16% A9 IR

DERLIRIBRA KL 70 DFE, FUFR 18 MR
WHRE R B, LI T ANEERAAAER R 2RSS IS
R, X AT RES ZLARPR A b 22 18] A4 RO A1 E 5
A7 S5 b AN A6 1 T 7 D B ALl A G
RELLRAD 1 B IR A S Pl e BRASCRR
T FLARNY, TERE ) AR R AR, AR
HHRRBUE, T FRE T A SRR i SR
5K o T 5 (Sonneratia) J& £1 W AR HE 2L A9 I A
TARS A, HATELTE 6 DRI 3 DAALH, )iz
O3 TARAR . ENEE E R I, E R AR
AEER LR Y-S B0t LR R
P o TR RO MR R 2 5 R AR, BRIE AL T
R B 2R RAE SR IEEE S T 2 3%

http://journals.im.ac.cn/actamicrocn



2826

LI Ji et al. | Acta Microbiologica Snica, 2024, 64(8)

ARZ], s R A EAN ) B |,
Z 5 i e 1 5% 55 AC AR B I 1A 58 0 S AR AR, o XA
PIREVE M RBE 2 B, RIS A RF R B
2, SREARBN I SRR TR A, FORANEE
Bl e — D BEAR, A TR B fERA, B
ARl SRy A0 A B AR /N R B A A A R
ZsEM S BEARARE g SRR IR T, R
KE R R, WRIRRAE R
) FL ik 54.43%, 1R AME R IE 8.76%,
BT Ry 3.25%U0) 3k SR UE I 4% 5 Pl it B 1A
FHIAFAELFI L A G, PR TR Bl
T [ 7B AR I S35 T RR LR iR Ak, 24 Fh 45 4
X LT ARFI R KA A ASF], R 2y T T J 41
P PR ) o S5 ik ofF 5 Kok 20 A 40 %) 8 B A A L
e[S

ft B O AE AR 25 A P 2R Z R A )
K, eI bR AR | 3R S A IR S WO
it A PR iR 52 4 B S SR AR P IR v ST AR
Rt 1 20 B 32 B0 B A ) AR BE 22 18] 52 24 4
VEFISEN , TR HAE P A 5% K B0, MRS 1
REAE XS PR 5825 A Ay i S0 7 TR T LA g At
T FRER A 2 B AR PR g A AR
BRAd e P A BUE AR ) 8 R AR K B B Bl s
A, RAEE SR AR BRI R T30 I
i IS Vel e SR I E A
BT, AR BRI AR S AR DR P R 2
] A AR5, S [RIAE P i A AR B v F A
FEVE ST TR 020 S HAE AR PR AZ 0
A= IR /NER A A D A S A AR K B R R
URZCLL AR S B R R, Rt A
A 3R Y

15 5 D R 2 ) 9 352 % 25 5 T g S O B
T A 25 5, DT S Wi R 40 %) A K 3 3
71, BN, 16 E A58 S Bl T BEXT AR P i 2K
FIN e R0, 18 AT BER R A 40 B4 5 B R

<l actamicro@im.ac.cn, & 010-64807516

Yo I, T2 SS9 AR R IR AR W 4 R
X T PR AR O P A A S R G RE A A
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(conditionally rare taxa, CRT). &3 &P
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142 o ZEEMESH
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Kotk , REfB e S Z M FHREA G 22 71
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python IEF 45 T collapse tablepy FIEIA, ¢
OTU 432 it python B4 FI FAPROTAX %X
F J27 K UM P I A PRI T REDY . AR AN A
5 EW OTUs AHXF 4 B8 K yERAE S, ]
FAPROTAX U4 22 1 + 9t A= ¢ o RES)
1.4.7 HEGZIT

i ] QUIME 3R PEAG AR R A 3 40 b Al EL o
FETE ZRENE, ISR ZRErERR SR, )5,
SPSS # {417 ANOVA+Duncan i, A
[i5] ) 3 2 % 3 F 48 )7 X (Unweighted  Unifrac Fl
Weighted Unifrac)53illit5 . il R #HFi# T
PCoA Fl PCA 43#fr, FF4a i ZREE R EP,
fii 1 GraphPad Prism % il # X5 5 B Rhn &l s .
{di /] SPSS HEATIHRETIN K ANOVA+Duncan £
I AR A A AH S 23 B (ff - Spearman AH G HE
Ky, BEMEAKE R P<0.05. #Fh=EEdRoAl

F 1 HHEANFREBG

AR 2 8 R 3B EA TR

2 BRS04

2.1 NFFEE

Xf 3 FhZLRAE AR S A R VR R L AT
AT, BEFRREY) 3 NEE, IE 18 AMREA,
ZERERER 1), BAFEAHI PR A L T
3 1%, MiRRtEIT 208 T F S B EdE R R,
2.2 REREIRIBIUCIE R

W 2 s, AR I SR (SH) S AR
G R(SAL), IR (SO) AR B 1 42k &5
wIF LR EEST . TE2 %A (total nitrogen, TN), 4
#(total phosphorus, TP)L) M #%5 A (available
potassium, AK)H & b, BEAMEERIEE
T Al 2 Fhig . ERREL(C/N)IT T, A4
FHOAE R 1 AT P i 3> A0 A BRI i 2 >R AR

Table 1  Statistical analysis of soil sample sequencing data

Sample SH1 SH2 SH3 SAL1 SAL2 SAL3 SO1 SO2 SO3

Bacteria OTUs 6231 6 046 6141 1037 1 905 1336 6184 6 587 6 641
Reads 39429 37210 37 469 39702 37 969 37 147 39255 37220 37 443

Fungi  OTUs 639 187 604 436 437 424 326 365 213
Reads 46 387 34489 55934 45 146 45 669 58 082 35249 51720 35469

PEAE M8 50 OTUs S B 97% R AL BE X Al T 42 R 41 (O & 2P

SNHEFT OTU B2575 8B OTU R4

The operation classification unit OTUs represents the number of sequences obtained by OTU clustering non repetitive sequences

(excluding single sequences) based on 97% similarity.

*2 HEHERAEBAMRCEHESRERE)

Table 2 Physicochemical properties of soil samples (mean+SD)

TTAES RT3 TS FT 5
Physical and chemical factors SH SAL SO
34k TC (mg/g) 17.03+3.70a 15.60+2.30a 14.80+3.48a
+3E4% TN (mg/g) 1.69+0.05¢ 4.64+0.04a 1.90+0.04b
+I3E 20 TP (mg/g) 0.23+£0.01b 0.67+0.03a 0.14+0.01¢
HAET AK (mg/g) 0.20+0.01c 0.67+0.01a 0.30+0.01b
WAL C/N 10.02+2.00a 3.36+0.52b 7.82+2.00ba
WL N/P 7.36+0.55b 6.93+0.24b 18.86+0.94a

NEFEACERTE P<0.05 FEFBE

Different letters represent differences significant at P<0.05.
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[ '] (Bacteroidota) , ZFffiF [ ](Bacillota),
17 86.39%. AR B -1 5 HP AR YO BB TR ]
PIFFR1]. S#B5E T T(Chlorobiota), 42511,
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TR SR T A AR A BT

ME AR R b, i 1C 4 ml s,
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6.13%. 2.38%. 0.21%, 3tk 8.72%. FRAME
T S 5 HUET A9 R AR IO B-42 (unclassified
Trueperaceae) . Mariprofundus, Desulfococcus,
Oy 5 i H Sl 19.84% . 3.77% . 0.20% , 34
23.81% . SCAGP I S 7 AT =0 R IR 2
Desulfococcus, k4% (.41 #F B4 J& (Robiginitalea) |
A AL B PR B 8 (Sulfurimonas) , 43 91l 5 e
3.38%. 1.52%. 1.12%, 3L/ 6.02%. L7
Vi A Vi S RN AC AR B -1 35 1) Desulfococcus 33
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T R T RA LA WD, Hi B-42,
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TER A EM R ERR S Y, HE 1D 43
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AV R S B AT Y JE R R R R
(Talaromyces) . £ 54 J& (Acremoni um) 11 i 25 J&
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Figure 1

phylum level. B: Fungal phylum Ilevel.

Analysis of the rhizosphere microbial composition in three Sonneratia mangrove plants. A: Bacterial
C: Bacterial genus level.

D: Fungal genus level. SH:

Sonneratiax hainanensis; SAL: Sonneratia alba; SO: S. ovata.
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Figure 2 Analysis of the alpha diversity index of rhizosphere microbial communities in three Sonneratia
mangrove plants. A: Bacterial Observed OTUs index. B: Bacterial Chaol index. C: Fungal Observed OTUs
index. D: Fungal Chaol index. E: Bacterial Shannon index. F: Simpson index of bacteria. G: Fungal Shannon
index. H: Fungal Simpson index. Observed OTUs: Observed OTUs index. Chaol: Chaol index; Shannon:
Shannon index; Simpson: Simpson index. ***: Significantly correlated at the 0.005 level (two-tailed); **:

Significantly correlated at the 0.01 level (two.tailed).
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Figure 3

Analysis of rhizosphere microbial community based on different distance matrices in three

Sonneratia mangrove plants. A: Bacteria based on Weighted Unifrac distance analysis. B: Fungi based on
Weighted Unifrac analysis. C: Bacteria based on Euclidean distance analysis. D: Fungi based on Euclidean
distance analysis. Weighted Unifrac: Weighted group mean cluster analysis; Euclidean: Euclidean distance.
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Figure 4 Venn diagram of CRAT group. A: Bacteria. B: Fungi.
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three Sonneratia mangrove plants. A: Bacteria. B: Fungi.

xR3 ZSHOREYREDIRARRERE SRR FREXM
Table 3 Correlation between bacterial genera and environmental factors in the rhizosphere soil of three
Sonneratia mangrove plants

Strain + Lk TC +ELE TN +IE LW TP A AK AL CON  FWBik N/P
B-42 -0.084 0.867" 0.400 0.854"" -0.800"" -0.050
Desulfococcus -0.033 -0.833" -0.467 -0.921""" 0.700" 0.217
Desulfovibrio -0.218 -0.350 -0.917"" -0.435 0.483 0.817""
Mariprofundus —0.444 0.833" 0.517 0.795" -0.917"" -0.267
Rhodoplanes 0.209 —0.383 0.483 -0.418 0.267 -0.633
Robiginitalea -0.100 -0.400 -0.883" -0.393 0.567 0.733"
Sulfurimonas -0.276 0.417 -0.467 0.460 -0.283 0.567

FRATE 0.001 KU B4R A OG s #*7E 0.01 K-GO FAR R EAI O *7E 0.05 K- (CRUIN) b ARG
*** was highly significant at the 0.001 level (two-sided); ** was highly significant at the 0.01 level (two-sided); * was significant

association at the 0.05 level (two-sided).
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Table 4 Correlation between fungal genera and environmental factors in the rhizosphere soil of three

Sonneratia mangrove plants

Strain FHEARR TC LA TN THELH TP BEUH AK WA C/N A WL N/P
Acremonium 0.800"" -0.085 0.220 0.034 0.390 -0.203
Aspergillus -0.519 0.700% -0.100 0.661 —0.650 0.367
Candida -0.315 0.237 0.085 0.204 —0.458 —0.034
Fusarium 0.134 0.017 0.494 —0.034 —0.184 -0.536
Malassezia -0.770" 0.467 -0.133 0.268 —0.650 0317
Penicillium 0.183 -0.493 0.037 -0.413 0.146 -0.164
Rhodotorula -0.387 0.787" 0.561 0.807"" -0.879" -0.310
Talaromyces —0.184 —0.495 0.228 -0.298 0.119 —0.485
Trichophyton -0.067 0.267 0.367 0.243 -0.467 -0.283
Xenoacremonium 0.275 -0.137 -0.274 -0.138 0.274 0.274

R>0.7 (FHEME KT 0.7); **4E 0.01 JKF-CRUN) B A6 *7E 0.05 /KOO _E 2 40 3¢
R>0.7 (correlation greater than 0.7); ** was highly significant at the 0.01 level (two-sided); * significant association at the 0.05

level (two-sided).
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