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S ETREE _ BRI REWAENEEERLIEEREHE
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B Z: [¥ %) B¥E(SuaedaglaucaBunge) £ &4 k T4 s tiE, BAREFH F)=ANL,
At FABER S AN, CNXTRAL NG EREAETEZY A, [Be] A EFAR
SRR G 69 B R L PR BAR S L T AR A B AT LR AR A, AR R R R R S R A et B
B RBAD K MA IRA DB R TG AEESF, (] AR LB R EFmE R EH
RATRAMARATH B A, AT 16SRNA LB F I T HEr BEMRGZLLT K
fi, PR AMRATE R A, MBAT. AT IAA g e aeml. [4R] BE—A
REEA AR AL MABEERES ALY, ABRREERAMEB L /ET 3N 155, HHhH
SR E BT A AT H /B (34.33%). 3 FAAT H B (13.43%) A2 H /5 (10.45%); B R LR A mE
5T AR 20 3, HMH BN EE RIS DATE B(12.77%). 3 04T H B (17.02%)F= ok % AT
H 5 (14.89%). BE AR EWRAEME FHMIEHAGEETF, ARR T4 Shannon % H
4. Margaef 5 A 484F Shannon ¥4 A B B ERKT B BARE; m A BREH
Berger-Parker 4 E 454 2 X S5 FBA RS, E_ARTRAMA LB . BH. 4. ~
SRBE IAA REERAE Btt LY ARG A B A E R R RALASH, A AlA B AR ¥ AR
= P ) ) S AR BB A5 B AR R AR AT AR T IAA B R ) L LA R ) R ALAS
o, AR REMBAFAMPT LI F ST BARE, @/~ IAA A BT & ILHI L HKT B
ARE. (L] RAAEMBREEA AR ARG 2AERRE, ARRAEXARZEA RE L
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The community composition and growth-promoting activities of the
cultivable epiphytic bacteria from the dimor phic fruits of
Suaeda glauca Bunge

XIE Yuan-Guo® WANG Ya-Nan* LIU Chang WANG Hong-Fei’
(College of Life Science, Liaoning Normal University, Dalian, Liaoning 116081, China)

Abstract: [Background] Seeds can harbor a lot of microorganisms and may influence a range of
seed traits. The interactions between seed type and microorganisms are important for
understanding seed germination and seedling growth. However, the interaction between different
type seeds and seed-associated microorganisms in seed-heteromorphic plant is poor characterized.
[Objective] To isolate and analyze community composition and growth-promoting activities of the
epiphytic bacteria of two distinct types of fruits present on the same plant, Suaeda glauca Bunge.,
which mainly distributed in saline-alkaline soil. [Methods] Conventional culture dependent
method was used to isolate the epiphytic bacteria from dimorphic fruits of S glauca. The
identification of the isolated strains was done based on 16S rRNA gene sequencing. The
growth-promoting activities of isolated strains were also analyzed qualitatively. [Results] The
epiphytic bacterial community composition of the type A fruits clearly differed from those of type
B fruits. The results showed that, 67 epiphytic bacteria were isolated from type A fruits, which
belonged to 3 classes, and 15 genus with Curtobacterium (34.33%), Bacillus (13.43%) and
Pantoea (10.45%) as the most dominant genus; whereas 47 epiphytic bacteria were isolated from
type B fruits, which belonged to 4 classes, 20 genus with Curtobacterium (12.77%), Bacillus
(17.02%) and Frigoribacterium (14.89%) as the most dominant genus. The diversity of isolates
were analyzed and compared using different diversity index, the shannon index, margalef index
and evenness index which showed type A fruits were lower than those of type B fruits; but the
Berger-Parker dominance index of type A fruits was higher than that of type B fruits. The
percentage of the isolates with nitrogen-fixing, phosphate-solubilizing, potassium-dissolving,
siderophore-producing and IAA-producing activity showed different changing trend in the
dimorphic fruits of S glauca. The high-proportioned nitrogen-fixing activity and the
low-proportioned phosphate-solubilizing activity presented in strains which isolated from the type
A and type B fruits of S. glauca. In addition, the percentage of potassium-dissolving activity in
strains isolated from type A fruits showed higher than that of type B fruits, whilethe
IAA-producing activity in strains isolated from type A fruits showed lower than that of type B
fruits. [Conclusion] Our results show thatthe diversity, the community composition and
growth-promoting activities of epiphytic bacterial communities in the dimorphic fruits of S. glauca
arevaries.

Keywords: Suaeda glauca Bunge, Fruit dimorphism, Epiphytic bacterium, Community composition,
Growth-promoting characteristics
[6-12] [13] [14]
[15] [16]
[1-2] [17] [18] [19]
(3 [2
[4] [20-21]

(5]
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) [22] 2

(Suaeda glauca Bunge)

[23]

IAA

1 ME5FE%
11 8
111 #HilEY

(121°36E  38°99N)

105°C =10°C
2500-2900 h
550-950 mm
75-115 mm
10% 350-550 mm
60-70%

112 FERFIFLEE
27F/1492R

Tag DNA

3500-3 700 °C
180-200d

dNTPs

S (CAS)
(HDTMA) (PIPES)

2216E

Thermo PCR Bio-Rad
113 oEiERE
5
(1) TWYE-1% NaCl (g/L)

0.25 K,HPO,0.50 NaCl 10.00 15.00 pH 7.2
2) - -1% NaCl
(g/L) 2.00 0.50
K,HPO, 0.30 NaCl 10.00 ZnSO,-7H,0 0.02 CaCl,

0.50 15.00 pH 7.2
3 - -1% NaCl (g/L)
10.00 L- 1.00 NaCl 10.00 K;HPO,
1.00 1.00 mL/L 15.00 pH 7.2
(4) 1/5 2216E ( 5 )
(5) 1/5 LB-1% NaCl (g/L)
5.00 Tryptone 10.00 NaCl 10.00 15.00
pH 7.2
(
50 mg/L)
114 “hikigsHE
1/2 YImM38*
YIM38* (g/L) 4.00 4.00
5.00 1.00 mL/L

15.00 pH 7.0-7.2
115 RERMEMLEEERE
(1) (g/L) 10.00 K,HPO,
0.50 MgSO47H,00.20 NaCl 0.20 CaCO;1.00
15.00 pH 7.0-7.2

(2) CAS 0.012 g CAS
10 mL 2 mL 1 mmol/L FeCl;
a 0.015 g HDTMA 8 mL
b a b
c 10xMM9 (NaHPO, 30.00 g

KH,PO,1.50g NaCl 250g NH4CI 5.00¢g
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500 mL) 20 mL (PIPES) 6.04 ¢

150 mL pH
6.8 3209 d c d
1 mmol/L CaCl, 1 mmol/L MgSO,4-7H,O 20%

10% (0.067 MPa

20 min) 50 °C
1 mmol/L CaCl, 0.2mL 1 mmol/L MgSO4-7H,O

4 mL 20% 2 mL 10%
6 mL d c

CAS
(©) (gL) 10.00 Cag(POxs)2

5.00 MgCl,:6H,05.00 MgSO,7H,0 0.25 KCl 0.20

(NH,),S0,4 0.10 1500 pH 7.0-7.2

(4) (g/L) 5.00
NaHPO, 2.00 MgSO,7H,0 050 FeCl; 0.01
CaC0;0.10 1.00 15.00 pH 7.0-7.2

(5) King-B (g/lL) 20.00
K,HPO, 1.15 MgSO,7H,0 1.50 15.00
L- 0.50
12 FH&E
121 WERILABHE

20
30
3

122 RERSIREMRHRTE

2 1.00g
30 mL 37°C 160 r/min
1h 10 mL
10! 10% 10°
100 uL 5 30 °C
5d
1/2
YIM38*
1/2 YIM38* 20%
-80 °C

1.2.3 Btk 16SrRNA EEFFIH 8L E
DNA Chun [24]

PCR 16S rRNA 27F
(5-CAGAGTTTGATCCTGGCT-3) 1492R (5'-AG
GAGGTGATCCAGCCGCA-3) PCR
(50 pL):10xBuffer ( 2.0 mmol/L MgCl,) 5 pL
dNTPs (25 mmol/L) 4yl 27F 1492R (10 mmol/L)

05uL Tag 5 (U/uL) 0.5 L DNA 1 pulL
ddH,0 38.5 uL 94°C5min 94°C30s
55°C30s 72°C1min 32 72°C 10 min
PCR 0.8%
1500 bp  PCR ( )

EzBioCloud (www.ezbiocloud.net)

124 REIRIREMENSHMEDTH
Shannon (H) Margdef
(Dmg) Shannon
(E) Berger-Parker (d)

[25]

S
H'=-)> RInR
i=1

_(S—l)
Mo InN
“Ins

125 REBERIREMBERERMLETE

[26]
30 °C 3-5d
5

CAS 30°C 3-5d
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1AA A B 2 (1
(27 1) A
30°C 3-5d
0.37£0.01 mm
30 °C 3-5d 0.34+£0.01 mm 3.77£t0.01g B
IAA
King-B 30 °C 160 r/min 5d
1 mL 2 mL 0.19+0.01 mm 0.17+0.01 mm
(Salkowski 50 mL 35% HCIO4+1 mL 2.97+0.05¢g
0.5 mol/L FeCl3:6H,0) 22 WERERIAIEFREMBENEHEAEN
30 min 5
IAA 16S rRNA
IAA 16S rRNA
2 R0 EzBioCloud  (www.ezbiocloud.net)
21 WIERSEAE 2
2
FR1 WEARSIARREFIE
Tablel Typesand characteristicsof Suaeda glauca Bunge fruit
Fruit type Perianth Color of seed coat Seed shape Length (mm) Width (mm) 1 000 seeds weight (g)

A 0.37+£0.01a 0.34+0.01a 3.77+0.01a

TypeA Pentagram Yellowish-brown Oblateness

B 0.19+0.01b 0.17+£0.01b 2.97+0.05b

Type B Oblong Black Spheroid

(P<0.01).
Note: Different letters mean difference at P<0.01.
AT Type A B%! Type B

WS Fruit w * % @ 9

FI¥ Seed . o .

Bl WEARSEAR
Figurel Thetypesof Suaeda glauca fruit

- o @
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F2 WEARMBE 2MEARIMEFREBENRENMNEELH
Table 2 Numbers and classification of epiphytic cultivablebacteria isolated from type A and type B fruits of Suaeda
glauca Bunge

A B
Group Genus TypeA Type B
a 0 (0.00%) 6 (12.77%)
Alphaproteobacteria Brevundimonas - 1(2.13%)
Paracoccus - 1(2.13%)
Rhizobium - 1 (2.13%)
Sphingomonas - 3 (6.38%)
y 17 (25.37%) 9 (19.15%)
Gammaproteobacteria Acinetobacter 1 (1.49%) 1 (2.13%)
Halomonas - 1(2.13%)
Kushneria 5 (7.46%) 3 (6.38%)
Pantoea 7 (10.45%) 3 (6.38%)
Pseudomonas 4 (5.97%) 1(2.13%)
39 (58.21%) 24 (51.06%)
Actinobacteria Actinomadura 1 (1.49%) -
Agromyces = 1(2.13%)
Aquipuribacter = 1(2.13%)
Curtobacterium 23 (34.33%) 6 (12.77%)
Frigoribacterium 5 (7.46%) 7 (14.89%)
Kineococcus 4 (5.97%) =
Microbacterium 2 (2.99%) 3 (6.38%)
Micromonospora 2 (2.99%) 2 (4.26%)
Mycobacterium 1 (1.49%) 1(2.13%)
Nocardiopsis - 1(2.13%)
Serinicoccus = 1(2.13%)
Sreptomyces 1(1.49%) 1 (2.13%)
11 (16.42%) 8 (17.02%)
Bacilli Bacillus 9 (13.43%) 8 (17.02%)
Lysinibacillus 1 (1.49%) _
Paenibacillus 1 (1.49%) -
Note: —: The strain is not present.
A 67 15 (Curtobacterium)
3 Y (Gammaproteobacteria) (Bacillus) (Pantoea)
(Actinobacteria) (Bacilli) 34.33% 13.43%
25.37% 58.21% 16.42% 10.45% Kushneria (7.46%)
A (Frigoribacterium) (7.46%) (Pseudomonas)
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(5.97%)  Kineococcus (5.97%)
5%
B 47 4
a (Alphaproteobacteria) vy
12.77% 19.15% 51.06% 17.02% B
20
12.77% 17.02% 14.89%
(Sphingomonas) (6.38%)  Kushneria
(6.38%) (6.38%) (Microbacterium)
(6.38%) 5%
A B
>50% 58.21% 51.06% a
B
12.77% A B
24 2 11
A 4 B 9

23 WEFERIWEFREARSHFEDN

16SrRNA 98.65%

(oTL) 2

3 B
Shannon Margal ef
Shannon 345 883 097

A 1.09 1.24

1.05 B Berger-Parker

A A 12

24 WEFBRLAEFREDEMREIGE
EESH

IAA
2 A
67 47
10 40 21 IAA
16 70.15%

1493% 59.70% 31.34% 23.88% B

47 29

3 15 13
IAA 21

61.70% 6.38% 31.91% 27.66% 44.68%

*3 WEAMBE2MABRILBEAREAEAFZHMN, FEE, HUEMRABEER

Table 3 Thediversity index, richness, evenness and dominance index of epiphytic cultivablebacterial communities from

typeA and type B fruits of Suaeda glauca Bunge

A B
Diversity analysis TypeA Type B
Diversity index
Shannon Shannon index (H’) 3.16 3.45
Richness index
Margal ef Margalef index (Dmg) 7.13 8.83
Evenness and dominance index
Shannon Shannon evenness (E) 0.92 0.97
Berger-Parker Berger-Parker dominance index (d) 0.12 0.06
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100
80
60

40 b

o

Percentage (%)

O Type A B Type B

Nitrogen-fixing

B2 WEFERIREMEEERE LG

Phosphate-solubilizing Potassium-dissolving  Siderophore-producing

[AA-producing

Figure2 Thedistribution of functional strains of epiphytic bacteria from type A and type B fruits of Suaeda glauca Bunge

2
IAA A
B
B 1.87 B
IAA A
A 1.81
25 BEBBAENRANERINEERE K
5
114 14 4 4
( 4 10 A
4 B 4 (LNNU507

LNNU509 LNNU546 LNNU563)
4  (LNNU550 LNNU551 LNNU552 LNNU586)
2 (LNNUS508 LNNU562)
2 (LNNU523 LNNU569)
1 (LNNU589) (Acinetobacter)
1 (LNNU598)

3 WHE&ER

31 FBIRSIXFREME AL
A B 2

Spinaciaoleracea
[29] A
3 Y
15 (34.33%)
(13.43%) (10.45%) B
4 o} Y
20
(12.77%) (17.02%)

(14.89%) 2

[30]
Suaeda aralocaspica A ( )
K* Na" K'/Na'
Mg*/Na’ B ( )

Fernandez 'Y

(12.77%—17.00%)

[32-33]
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x4 BEHBENRNMENIREREERERYE

Table4 Thefunctional bacteriawith great applied potential and their growth-promoting characteristics

IAA
oo ome o, "I CEN e et
LNNU507 Pantoea A - + + 4 e
LNNU508 Curtobacterium A + + + + -
LNNU509 Pantoea A = + + + ++
LNNU523 Bacillus A + + + 4 ++
LNNU546 Pantoea A + - + ¥ .
LNNU550 Pseudomonas A + + + + +
LNNU551 Pseudomonas A + + + + +
LNNU552 Pseudomonas A + + + 4 ++
LNNU562 Curtobacterium A + - + + +++
LNNU563 Pantoea A + + + + +
LNNU569 Bacillus B + + + - +++
LNNU586 Pseudomonas B + + + + +
LNNU589 Acinetobacter B + - + + ++
LNNU598 Microbacterium B + - + 4 ++
- + ++ +++ .
Note: —: Negative; +: Moderate activity; ++: High activity; +++: Very high activity.
32 FREBEIRIXREMESHMEIRERAIZND Shannon A
2
2
[34]
(36 A
Shannon Margal ef Berger-Parker B
Shannon Berger-Parker 2 A
2 Curtobacterium herbarum
2 Shannon 3.16-3.45 (8 ) C. pusillum (5 ) C. citreum (5 )
C. flaccumfaciens (4 ) B
(2.04- 2.74)1®) ( ) A 1/2
2 3 C. flaccumfaciens (3 )
B 33 RERINFREMEIRERMZ I
Shannon Margal ef
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(1

( )
( ) [37]
1AA
A
IAA A
70.15% 14.93% 59.70% 31.34%
23.88% B
IAA B
61.70% 6.38% 31.91% 27.66%
44.68% A B
2
IAA
A
B IAA
B
[38] Suaeda corniculata
2 A ( )
B () B
B
( ) A
Jha [*)
B
I1AA B
Tsavkelova IAA

Sphingomonas sp.  Mycobacterium  sp.
Dendrobium moschatum

114

14 10 A 4

Truyens U

Pseudomonas sp. SENDO 2 Acinetobacter

sp. SENDO 1 Bacillus sp. SENDO 6
[41]

[42]
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