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Rk 8k, X IERLAA BT Bk FIA FIE Y-
TR A 3L AR UK R s 2 bt B R
I FL IR AR e A FE DR AH N e 1) SE R, BATRYLZLAE A
HEXAE W), 14T ) -5 A W0 AH AR F A A 25 it
FOH 23R R e >,

IE304EK, A5G Ja MY 2L 1 - i B0 -
EREFEHEE =AM —dE . BS
B — R TIHILam BN ES RS .
1M FAE201H 2290 AR, 64~ K951 56 = ik 50 &
YL E SR T BT L0 AE BT 58 VL 21 N AR 40 R 1
FEEL, K A& Gi -~ AR 35 7515, AN )i
ST rp oy B % E OB IS AR 2k g 2 A
S22 A e 25 T SR OB E T 1 AR I
LA AN TR IR E B L A fE AR gl .
Nierzwicki™" 7 F 84 AR VT 20 0 fis 7 A=
B 7 N6 N BTSSRI, IR ST S WA &5
M7 TR B T AR 1 2 A . HEA21H 4G,
B E 7> T A2 AR HE 5, 32 E Raensallae K 2%
[ Lechnos " FHrDNA-PCR % J5 7 M -EH 141
(I v 23 B % o HE AR AR AT 1A L AR TR S 4Rl
o RSzt S i F 45 I PCR-DGGE R HL 8 3
ARG VT 21 [ I s A AR SR P9 4 B R R AT 1 R
FIEE, 7~ T /N VL 20 s DA T 11N
Z P AT RE IR AN AN ] RE IR AN B, OV 2L N AR A
(IR L R AUHEE T — 5. B, M rast
B /N T ) ) A2 1 442168 tDNA-PCRY™ 1 5
T-RFLPE AR FIPATH A 73 A7, I8 I LU g X e
A BT 10R142)8

AR SCHGE A S I A R RO B R
FUEE A A BT L0 AR P DL AR 05 41 B o A A 1)
VA A 20 T T T8 A 4L RSO RN ) 3 25 M s, R
KT LL T2 E B[R] B2 308, 3% B i o oy AE e
TR S B R 1 R T o AR e R AR KR B R AL
MR 5 K.

1 RS

11 #RBRIESHI&

AT T ) SE B R R AN VL AL (Azolla mi-
crophylla Kaulfus), -5 M E Fr/K F& Wt 75 B (Interna-
tional Rice Research Institute) 5| 12, Jii 45 ANIRRI
4018,

FE R E R H & 9 7 HEBR S5 48
BRI T, S8 TR R S,
A B, BARQ R : BX100 g(ff ) 7E HARMF T
AR, B RKIE B, 24 20 B 1) L1 55 %
vy, O BTEM R e U R FEAR OB K

Ve BRI AR, BT KB BB
TINE B 190, 1% TR, K AR, K R 1)
B G £ 3min30s, LA . ZERER
785 5, A OR KB ROR . BE S S TR
VW, TR FH T B KIS P & K AR, 2 /00E T
4R, B 3min, KPR AR LK. 18
SRR S B AN ET BRBOE I AR
I A, AR 22 AR L SURI L —2 A R, S
BN KH FIRRITE G TR0 =M N - IRRIFE
FEIRHIEC 77 M (mg/L): NaH,PO,-H,0 89; K,S0, 89.1;
CaCl,-2H,0 147; MgSO,-7H,0 405.3; MnCl,-4H,0
1.8; Na,Mo,-2H,0 0.38; H;BO; 1.14; ZnSO,-7H,0
0.04; CuSO,-5H,0 0.04; CoCl, 6H,0 0,04; EDTA-
Fe (FeSO,-7H,0 0.249, EDTA 0.261, KOH 0.157).
i #=ippH6.5.

TEMmILAMEE WU ERERmKE
FHVF IRER, 4% Bk B 2R A HLUEA
O3 S N B Nickel 1R 9% W10 = A 85 9% .
Nickell®; F# 3 TR /5 /2 (mg/L): KNO; 202; KCI 150;
KH,P0O4 136; Cu(NO;),-4H,0 708; CaCl, 167;
MgSO,-7H,0 246; MgCl, 96; H3BO; 0.1; MnSOy-
4H,0 0.1; ZnSO,-4H,0 0.3; CuSO,-5H,0 0.1; Na,MoO,
2H,0 0.1; EDTA-Na, 370; FeSO,-7H, O 280. 375
HpH 6.5.

A 45 A 35 75 AW 5 it 4H 8% S 56 =5 1K G 1 2F
B R (M SW-CI-2F ) 58 it 5577 5644 9: 26°C/
18°C(H /%), J638550 pmol/(m*-s). 10—15d % s
T FFEHERE S NFIERHT T 20
1.2 PEBEEERIEEWE

TEH IRV LR IR 008 IR A, 7R AR B T A
OERR ARG, B3 B R MR 2.5% % R
(0.1 mol/LEFER 2% i ¥, pH7.4)7E %7 T [E £ 4h,
[ A5 P 10 R 2 R R I 3R, T2 % RIRE4°C R
] 58 2h, X AWM G2 TR 78 /0 ek Ja, L lE 4
7K, A BB 3P . R FHHCP-2 8 Iy
Tt TR T, B & TR BTN T4 & -,
T A5 AR BT R BT AR, ARV £ fis A B 1k
ARV T80y B 55, T IB-5 780 B8 1k S5 e i 4
H8, FHIEOL JSM-63801v 7444 Hi 1 . fal B3 WL 8% JF:
1k, E F 15 KV,

1.3 HIZIDNARES16S rRNAEE MnifEH
BIPCRY 1&

K HIDNA$EHGR ) & (LA ) M B E
BB IR AR EURE A FIDNA, FH0.7%E5 i B 5t 52 LIk
o K BT HE EXDN A F) 52 9
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AR B A6 VT 241 22 R A DN A A B AR, 72 ABI
GeneAmp” 97007 Jz WX _F 3 4TPCRIR M« 4H B4
16S rDNA 5| #1°4: 338F(5'-ACTCCTACGGGAG
GCAGCAG-3"), 806R(5'-GGACTACHVGGGT
WTCTAAT-3"), )R M.AK 20 uL, B5: 4 pLi5x
FastPfu Buffer; 2 uL[2.5 mmol/L dNTPs; #%-0.8 pL
I IE 38 519 (5 pmol/L) J R 1A14™ 36 51 43(5 pmol/
L); 0.4 mL TransStartFastPfufE 4 ; 0.2 uL BSA; 10 ng
i DNA; #hddH,O% 20 uL. PCRZ M ZHN:
95°C AR 4 3min, 2798 3R (95 C A 14:30s, 55CIiE K
45s, 72°C ZE{H 1.5min); 72°C ZE4H 10min.

nif 5 K 4 48 51 9 AnifH-F(5'-AAAGGYGG
WATCGGYAARTCCACCAC-3"), nifH-R(5'-TT
GTTSGCSGCRTACATSGCCATCAT-3"). PCR
S ZHUCN: 95°C TAE M 3min, 3595 34(95C AR 4
20s, 55°CiR ‘k45s, 72°C ZE{# 1min), 72°C ZE{# 10min.

PCR“WI481.8% Bt i Wil e JI L vk Asn il /5, B4
3R E YR A PR 2 F] A lumina IMiSeqill
JFEACR TRN A R (147386 15 51 3047 s & 07
14 HELEBSEMERFESH

FFlash# £ X Miseqill 7 #53 21| {{)PE readsti 4
overlapo R AT HHEZ, Trimmomatic A4 Xt B4 7
F R = AT A RS R, 34T T K Tags /741
fEUsearch(vsesion 7.0)F &, % 97%AH L1 X HE
HE T Y (A BT ) AT H:AF 4 28 5. 76 (Opera-
tion taxonomic unit, OTU)ZE 2K, 78 F It fe i L R
A, RBEIOTUMREK Y. N T 15 EEA
OTUXS ML () Fh 43 2545 I, 2T silvaitdls &, K
RDP classifier U1 B 575497 % ALK P FIOTUAR
FFHNEAT 53 2555 M, FF53 mIAE N IF(Domain) 2]
Fli(Species) &A™ 73 2K GE ik % FE A 1 BETE 41
Beo AMTTEEE EMRIH A RAR M EN =T &
(i-sanger)_ | 5E il o

2 HR

21 REALENSEHILSTEHIOANES
Sl

13 B R R TH JC AN A= P Y, (B s AT
H A5 (R FRsymbiontB{.cyanobiont) AL # Fi
V) P 25 G0 T T R PR30 Y 20 R AS 2 3R AT ASHIF 7T 1A T
R, AP E, S H iR m
ZUREFR, WS T IEIRRUC BB IR 0E & A K 1/ i
WL LLRER, IR N10%. WA 7 EE = (1)#
Fr60dJ5, B TR (FIEFE, R W55y, QHARHE
BrBE ARG 25 100K 1R S HAR &, PR F, U2
R ) B A LB AT AT 40 1 (P 1), T o e DA A

WS TR A BN ARG R BT S AR S BT A
i B v e (B 3) T AE AR 25 N AE K IV AL,
AT DL R P A TR, JCH R R R (B 1),
T 2R ARG RS T FENickell & &S 77 )
TR KA. IR N5%. Wil ik E L.
BIREFR60d )5, 45A &8 F B M Nickel 115 772 KR
VRV, I AR R R WA AE A AR, L s
K W.Nostoc azollaefF{EWIILE (S W.2.2); (3)HnifH-
PCRAFIIN PP (P WL.2.3F12.4) 0 HLAE WL % Al nifH-
PCR I &5 5 35 32 B A A 58 % H 1 07 325 72 B 2D
Mo ARSCKRMAHE . M H & H LNostoc azol-
lae N B AEDDRETE « nifH-PCRAS I BH 14 1113
VAL, fRiFR A& B TT 4L (Azolla with symbiont), I
i H oA AL 3 A g HLI 3 A JE Nostoc azollae# W)
FRNTCEE T 4T (symbiont-free Azolla).

BRI VL L0 R W35 1 2 A B B 1 52
W o A0 2PN, R AR N A KL A

1 JVLALAR AR T T e e e
Fig. 1 Images of the root surface of Azolla by SEM

BN AR AT AR IR, B Ela gy AR 780K
Bl &A@k R B, BIbELH LR R IR o
CHA R FRHNHLAARIE . KA KTy HERIBOR K.
KA #FRm R B, /N7 AR AR L (] B A 23 e
F 4R =100 pm

Upper part is a portion of the root surface of Azolla growing under
natural conditions. a is a magnification of the box on the left of the
upper picture (b). The long white arrow shows root hair cells, and
the short arrow points to rod-shaped bacteria on the root surface.
The lower part of the picture (c, d) shows the root of the Azolla
frond generated by shoot tip tissue culture. The right one (d) is a
magnified view of the box of the left one (c). Long white arrows
indicate root hair cells, and small arrows illustrate secretions at the
inter space of root cells. Scale bar=100 pm
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(AmA) AR K /INFI I F 18] 25 43 531 U T 388 35 VL 21
(AmB) KZ120%M115%. 1M #& & A LRk
ARG (papillae) B 2 kD, B A0B& 57 A
FEAE T I W Z2 R BH : NS B B R IEAR
TWRVL 20 s AR B 1 & 2R, (B0 FL P AR A I e AR R
#:Nostoc azollaeH J 4 1 AT S A2 4k, BIYE H 28
KRR ST B ST LA e A W 5 4 9 Ak
22 SEBILASTEHTIAMIEMEEZH
RASLEMELER

DA ES T AEER R ot A P ARARS b ob AR AN
Jis HR AR A T ()R S A — 2D 82 (] 3—6), 1T
CLE B P A W N ZE 50 (1) BT 20 s v B
Nostoc azollae AR TN AT b3 7 K& 4> 1 m]
Rz 0] BT/ T2 AR ) FIE 7R 40 M 2 Rl
WA B LR AR G S8 T I i 20 154 PR S IR B 4 2 1),
AR S 422 1 X 288 AR S 1 5 A5 Byt (e R B 2 3
B S, s P AT B K 2 P TR R A L, B
PE TR BT i 2R AL A 0 45 P (biofilm) I A4 3, JE &4
1 umeo A% 22 I T 5 R0 40 6 440 6 37 ER 22 b o b
VIR R R P CR B TEAR &, B 4). 7R AR
Jis (s — EEEAE B 6— 7 DL L, BeR ks O 1 58
A DA TR A TR S AR ) S I R B R
ghih, TE R — AN R/ 5 I s A O B BR T 5 3
(Algal pocket), #FH— 2150 nm ¥ AL 22 (& 6).
FIOTF e %E, Al WARBAE .. WESM L8, BRE
FEIR RS AEYIRRR, B TTiA2—S5 pm(
SCHRIB); (2)TC TR AL (NG 221, B T35
TE i JE Bl I IR B4, ¥R WNostoc azollae. TEAK
K I LB L BT v s SRR S (] 3)
TE RS ORI F B AT b, o] DU BT A % 10 40
T B T J0 SR T T A s 1 iR B 4 R 2R T B0
TEI i N BE b (R WA= P09t BB A7 A, BV T Bk

2 BEEHILAL(a) 5 TR TLLL(b) R B A (R g
J, Ar =1 mm)

Fig. 2 The morphological appearance of Azolla with the symbiont
(a) and symbiont-free Azolla (b) by SEM (Scale bar=1 mm)

HRA(H 5).
23 FMEREYAI16S rRNAFIRiHEE FIPCRY 1S

7 FH 2 R 2 35751 50 %o - 9 0 G Y8R T VT 41 2 X
JMDNA, 73 3 LLZH T 9168 rRNAJE K Al nifH3E A
X B i+ 519, ULAREU I DNA N 3E 47 PCR Y™
B, P g Rl 7] WL YKOE 1—438 78500 bp
g3 B — I DNA ST, R WILE VL AL 1) 3 77 2
MW SHRMER, HNAENMEREYAES
16S rRNAJE K FllnifH L PR XIS (00 R S 1 4 31
24 TN ME16S rRNAEE FniHEF
HE FEAE A O B R

XF o SAE O RN & 2 ko IR U B L
ZLREAN [F) 40 B B VR I PCR Y 14 7= i 47 v I 2
(I 7 43 A, K45 21 (140 16S rRNAZE K FlnifH 2
BRT IX. B (AR AR 7 4l i S5 7R 1

FHE% 10] WL: JE A 640 B 16S rRNAZJE A f m] 4%

K3 AR R & AR 2R X I A B
V) 2R

Fig. 3 The inhibitory effect of conbined nitrogen on the symbionts
at the apical region of Azolla frond analyzed by SEM

PlaZy & BT 2L I 22 AR KSR T, 77 LBHE T 22 2R (A, apex) B
I 4143 3 BB (PBH, primary branched hair) ) 15 7 A5t = 57
T M 20 SOV K 2 24 18 77 4l I (U Rk 8 B, Bl Homogonia,
H)IEHEA (YL, young leaf). FbATEHEHITAMZERX
ST, AR RIS, (T R AT RIS RS
4 IR 23 SCRREAR ELAZ ST, 51 B M e 4y o s (PR v
B X 38)i8 3l (Fi k). EIbM & H I SSH(secondary simple
hair) HIEER B MR AERIRE . HRK B JE A
LP(leaf promodium)bz7R. A7X=20 pm

a shows a profile of the apical region of Azolla with the symbionts,
The cyanobacteria attached to the primary branched hairs (PBH)
near the apex are vegetative cells (also known as Homogonia, H)
lacking heterocytes but actively dividing and moving into the
young leaf cavity (YL). b is the apical profile of the Azolla without
the symbiont, showing the PBH occurring at the apex interlaced
with the PBH within young leaf, and leading the cyanobacterial
cells gliding into the young leaf cavity (elliptic region in the
picture) (arrow). The developing secondary simple hair in the
leave cavity on the right picture was marked as SSH. Leaf
primordia at apex region were labeled with LP. Scale bar=20 pum
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Fig. 4 The profile of the fourth leaf cavity within the Azolla with
symbiotic caynobacteria by SEM
Vela g 585 TG I s B R0 T, S s A U 0 22 R K 2 i 5%
FEM R EE A # k). Eby EEDTHERBOCE ). NTLA
B EER TN, BlcbEITHERBORIE . F& =k
N AR A BB T A R AN B AR 1 B W S SRR T AR
Y EEE R . VU A B S ARoR AR R FE A A . bR R %
EIAM. EREbRR=100 pm
a indicates that the symbiotic cyanobacterial are mostly entangled
in the hair cells (white and thin arrows). b is a magnified image of
the box in the upper one (a). The small stars mark the heterocytes
of the symbiont. The lower right photo (c) is a magnified photo of
the box in the left one (b). The thick arrows indicate that
endophytic bacteria adhere to the surface of cyanobacterial cells or
integrated with the secretions, forming the biofilm. Asterisks
indicate the matrix structure of the biofilm. The bar appears on the
right side of each picture. All scale bars above=100 pm

DX R[] S50 TR i H 2 AT X B B 7 38 7 4 33 A T v e i
T, 5T 2L 5 PE readsiE AT HF4%, Ji 44 Fid g€
J&, PR3 Tags [P 41 WAEK T R3S 77 L 1
TLAFE S (AmA) LA AR K T8 R 75 T 41
FE Al (AmB) BT 15 2 (1 bR 25 7 51 30 &, 23, |7
B350 B B K B Y BB e &, R ) 22 S O
AR, B A B 22 St T sk br & X . {H7EUsearch
(vsesion 7.0) V&, #% 8 97% ML XT HE & 7 %)
(A& 57 51 HEAT #AF 43 25 5. 76 (Operation taxo-
nomic unit, OTU) XK 5, LA H, T E &4 &8
A I Nickel 13 77 5 o A K I TH VL 2L (AmB), H A&
T =97%HIABALEE K, il R L3RG A

ROTUsHIHE H KR FE /D, ForfrBL16S rRNAKE
RAARIE FIOTUM > T 53%; LhnifH 5 R br i i)
OTUJE/> T 64%. HTIRRIN: 75 ANickell 3 77
FEBREFE SN, HRREFR R FEAAE . W7 a5 RE
B : 25 A ARV ZL N AR 20 B T0 18 A2 Je B R 3]
B B 2 FEME IR R ) T OB IIAEH
25 BiEWmILASIEHILIANMEEEEHER
R T AR BB OTUXS B 41 T 0 ) 53 2R A5
B, I Fsilvaidi E, K FHIRDP classifier D1 H- 7 5332
XF97% ALK F FIOTUR T 7 FI AT 73 22 0 ¥,
T HTERAN 53 F5 /K F: Domain(3%). Kingdom(5t)-
Phylum([]). Class(4¥). Order(H). Family(%}).
Genus(J&). Species(Fi) Gt 11 H & FEA A V& 2H K,

P 5 Toasdst v 4158 DY e J A 30 T 4 i PR B

Fig. 5 The cross profile of the fourth leaf cavity of the cyanobiont-
free Azolla by SEM

Plamy T i 9 R B A (R k), (BRI R . b EaZk
77 R TBOR P, T DTS 285 4 S A A B (A7 S ) B T R T 2 2
Mt R . ey Elats 77 HE MR ], BT 0 A AR 40 B (i Sk ) 43
BT IR BRI E N BER T . Eabi =50 um, EbA
chrN=10 um

a shows the hair cells (arrows) occupying the leaf cavity and no
cyanobacteria could be seen. b is the enlarged view of the left box
in the upper photo (a) indicating bacteria (arrows) with various
shapes attached to the surface of the basal cells of the hair. c is a
magnified one of the right box in the upper photo (a), illustrating
endophytic bacteria (arrows) scattered on the inner surface of the
leaf cavity. The scale bar in a=50 pm, in b and ¢=10 pm
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6 EERLALE-EM R I R R A
Fig. 6 The profile of the seventh leaf cavity within Azolla with
the symbiont by SEM
77 B R R A ER AR B VT AR G AR AT P AR T B
SR R B, AR EREEAE. F5R=200 pm.
Kb Bl HETBOK B, 5 Sk 6 1] 70 (0 34 15 o, o (00 T I 1 3
SRR 2K), 20T (R 40 Sk ) Al B R Am i e T (T 2 T .
FrJL=10 pm
a shows that the leaf cavity is mostly occupied by an algal pocket
(ellipsoid-like structure) that was formed by the hair cells,
symbiotic cyanobacteria, endophytic bacteria and their secretions,
and the surface of the pocket is enveloped by a layer of membrane.
Scale bar=200 pm. b is an enlarged image of the box in the left
one (a) with arrows pointing to the ruptured zone of the mem-
brane. The cyanobacteria (pentacle) and the bacteria (triangle)
covered by the membrane are visible clearly. Scale bar=10 um

DL2000
2000

1000
750

500

250

100

B 7 ST P9 ARG ((PCRY 3 7= 1y ik %
Fig. 7 PCR products amplified from endophytic bacteria of
Azolla

DL2000. DNAZ: TS ARHE; 1. &5 #HILL016S rRNAKER; 2. 7
BERTLnifHEE ) 3. R nifHEE ;4. TG ILAL
16SIRNAZJEA; CK. 2 1 % i

DL2000. DNA molecular maker; 1. PCR products of 16S rRNA
gene amplified from Azolla with symbiont; 2. PCR products of
nifH gene amplified from Azolla with symbiont; 3. PCR products
of nifH gene amplified from symbiont-free Azolla; 4. PCR
productsof 16S rRNA gene amplified from symbiont-free Azolla;
CK: Control

TEEN KT BT BETE S5 R 50 T o

XT16S TRNAJE K bric (1) 4 24 B 1 V& 10 4544 4y
FraR A (& 8): A KAE LB E B A5 7 564 T
{0 L £ s o 4 R R VR A R SRR R . R

1 NEFTLAEA FFRAH R £ E 1 X B A A 8RSt
Tab. 1 The summarized sequencing data of amplified fragments
of two bacteria genes from different Azolla samples

AmA IRRITGCZAE:F% AmB Nickell & %% 77
SEA LA SEFRT AR AR Azolla
Azolla sample sample growing in
growing in IRRI Nickell nitrogen-
nitrogen-free medium  abundent medium
16S  JFHI%L Seq. 32923 40112
rRNA No.
Basic No.
T
£ Seq.
average
length
ST
The range of
length

HFeS (e
FITEL

OTUs
. 1

mifil (IS e 36959 38869
Basic No.
RRIRSORS
¥ Seq.
average
length
KT
The range of
length
pss
LS

OTUs

WAE R
o Sequencing

Gene . .
information

14305020 17250702

434.5 430.06

421-453 283-474

17 8

15973812 16898104

432.20 434.74

246-534 265-528

14 5

BT EK BT (AmA) PR H1740TU, 4
J& T417: %5 ]Cyanobacteria(52.5%) ZEHE ]
Proteobacteria(47.4%)~ H#EE [ JFirmicutes(0.059%)
FIHAT B | 1Bacteroidetes(0.0016%) . A 27M0TU%>
) J T W5 4H 1 1 ] Cyanobacteria ) 15 40 5 H (10.44%)
A A % 1 Subsection IV H; A 1147 5 g T A2
I T ) OME 1] J& Herbspirillum(28.54%)~ Niveis-
pirillum B J&(6.78%) FIARJ& 15 J& Rhizobium(4.42%);
DL FLBR M B8 )8 Lacibacterium« ¥4 5 % M0 i &
Sphingomonas~ Kt B &5 1 J& Escherichia-Shi-
gella W& W LT J& Methylophilus 41456 J&Rhodospi-
rillales A 8 1A J& Pseudomonas; 437 & T & EE
W | JFirmicutes ¥ /N B4 J& Dialister(Wg MLFF B %)
BEER T & Streptococcus T2 {F 1 Faecalibacterium .
WA 14 & T #UATF B Bacteroidetes 11 Bacteroides )&
TS I EUE 77 W2 IS 7 WL L0 N AR 0 B 1) 2 4
Mo AN B FP SR B Bk b, N8NOUTSs, 41 &
F417. BRI ] Cyanobacteria(86.79%), ¥JJ& T ¥
#: H Cyanobacteria, F R N TEH [1(13.12%) K
L 17(0.061%) 1 EEER171(0.038%). 5 AmAFH
b, J& T K i % Section IV H B AN R H L T I
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Fig. 8 Percent of community abundance of the endophytic bacteria
in two Azolla samples based on 16S rRNA gene at genus level
AmA. 7E TR MTRRIKE 77 J A A K K VLA R S Azolla sample
cultured in nitrogen-free IRRI medium

AmB. & 45 A BRI Nickell 1% 75 3 4B K VL LR fh Azolla
sample cultured in combined nitrogen-containing Nickell medium

Ab, ININGE G AR FWBRAR T2 T B T4 B 0 2 R,
Horb B A [ A Ge 7T W SR B (Herbaspirillum) - Ni-
veispirillum AR IR B (Rhizobium)25 J& 1 41 B 3 A7
I, T AR Bl T (Pseudomonas) J& F R 3 A% T A8 34
(12.9%). Bl =#F W EAmAF 7371 5 F28.6%. 6.7%
AN4.4%; JrE N 53.67%.

2.6 niHEREERINAERERFEAEMNK

16S rRNAZE R 14 =) ()0 e 45 AL W, 2
R TR 5 AR K I T I VL 20 R S (AmB) HATI S H
THEME, H G005 X5 40 56 2 5 1 A Nos-
toc azollae? ASHIF 5T T ] Z6 g 5 PRl niH R A P 45 H
TEHEZR.

M 45 3R BH, B BT LR i (AmA) 15
369592 7 41, 1M i L 2L (AmB) t1 15 £
388692k )T 41 AH W (] B A= 1 (1) T 45 A 7 25 5
JG(OTU) B A [, B3 ni I 7 5 51 % 1144 20
P HIOTU, J VLA A AR I nifH B TR 32 225k B 5 5
11, AT TTANR F A G 1128 P i e
nifHEE R R A TR BE VR o5 T 88.44% AR 3%, Xl 43 2 Fh
J& KX VLA ) 3 AR W B Nostoc azollae, 25T
BT T B niHE DR 4R R BV o 1 11.32%, B35
B HME I (Herbaspirillum) Niveispirillum TR
JE R (Rhizobium) . 1E117KF I\ € i & 2w

0.23%. JaFH VA SMNOTUSs, K HATEHE1(99.71%)
FARFITTZEHIANTE (0.29%), Pseudomonasstutzeri
1599.54%, 1450.16% 5 A nifH A D5 1 40 B V& Toi%
NG B Ko (B R A2 W T 1] (M nifH
RIARASE H o 3 A2 0 AN TG R 21 (AmB) 16S rRNA
S = A R R OS2 B B M Nostoc
azollae(F4 9).
3 iTig
3.1 SEBRXINostoc azollaeBI 3N R
EVNEE ALt VI E S = 7 N 2
A S5 5 0 ek it S — R R RS S T
41, HARIRRIFINickelles% 77 W (AL 2 4L RR, &
B ERNE G E S AR EZ M6 5% [KNO;,
Ca(NO3),], ZIL A AT B R B2 MHE- . A
SR AT L ) 2 E SR R G, ik Nostoc
azollae 5NO; MCu™ 770 4k, EIRAIMEL, W&
T2 U A B (Homogonia) I A 5 57 TF i
(K 3), HAM J198. WA 2 785 %55 TNO;, E
1T BEAEIE ROk . Li Fay-Wei%s 118, £ 5 35
HH R ITNH, N O 5 AT A 35 Y 21 4 P f 3 A 0 9 0 2,
DA PCRAS i nifH . FRATTH 85 i 1 RIRE ) 2
W, (B0 % 2L gk ARES 77 J St AR W i T
T o TMifENickelle F# A K B TE BTN T
ZUIRRIES TR M LAAE S o X UL IHIE S G B A
R SA M N PARA NG i e sEZ N ) R ik S S ST

[ unclassified k norank d__ Bacteria
- [ unclassified P Proteobacteria
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Fig. 9 Percent of community abundance of the endophytic
bacteria in two Azolla samples based on nifH gene at genus level
AmA. 7E B R IRRIE; 753 b AR K VLA FE W Azolla sample
cultured in nitrogen-free IRRI medium; AmB. FEEEEREN
Nickell 17 77 2 A2 K VL 408 i Azolla sample cultured in
combined nitrogen-containing Nickell medium



1294 K& A& Y ¥ 44 %

RS Bl 2 5 1) R s A A T oK

EAFHE tH )72, 78 T VL Z0AR N R AR
It & I Nostoc azollae, {EBAT3 A HH 24408 HAh AN [ 4
A, X85 RIE 7 KRR ANTR
TV AL N A B8 & Nostoc azollaefJINFT . 3R
AT FH 5% 5 S R B R H R U % B s o G SR T L
(U BE (59 SCHRIE) o FT AR SR, BT IS <
YL ZT RN TG T VI 21 7™ A it & 7 Nostoc azol-
laeFIAE Nostoc azollael L 4L . T LA SCHR A
% H i1 Azolla-Anabaena symbiosis 5{Azolla-Nostoc
symbiosis ] #2ik tHAH 3 R .

32 HESEXNHILAMIEFMEEZERR
A

AW FE I 1umina MiSeq =y 18 &0 7F & %] 4
IrRNAZE P (1) AT 32 X BEAT 1 FeAlE » X AEIR
RFERE B4R & 1 0 20 581 A % 2H btk AT e 1k 5 5 B
(ARSI RE o I 7 A SR i, AR R R R &
Brim &4k, mr DL RHE i 1 A3 B O TU I AR SR 7 41,
T B AB0R i b A o 6 B B0 A3 IR, 38 ] UK
P 7 5 Fllread AL EL, STt e AT TRIAENT 5

AHIE T A5 R B B, FETCEGR A R A KR/
MBI LL(A. microphylla) & A BE A Z 1 LA
WA SRR N R E . A EEE N TR
RS YA TSR A, R TEH T 1AM E,
A REATEEFEAE M, H A1k AL
SO RO E ST & AN NS R e8I e o
T-RFLPECARMPATEF, 7341 &8 R W /N T
AR F4NERAE, (HRHMyE TREI.
Lacruas™"" 7 32 PR 400 52 AR RURE 2 8 1 3 H,
MBRIRIFLLAL(A. filiculoides) WA i PANostoc azol-
lae AR FH(60%—T75%), BLFEAZTEE 1. AT B 1]
IR 1B N AE A0 B o 3 9 R VL 20 9 AR B 1Y
FERBEAEAL

E AR B2, TAVE S B B 1
[t % F\I Nostoc azollaehb, WAS H T [ % MR B (Her-
basprillium)~ Niveispirillum FIHLIE B (Rhizobium)
S A B . Laeruas U HR3E 7 ALFE BRI
AR NG RGP IRAR S p: > w2 e ki A RAN
Jias v 2076 AR 98 B8 (Rhizobium)AFAE, {HIR A i & 15
A At [ 2040 P W 40 R e At . 2 T E - Nick-
el 155 TR 35 77 (AR A i niHEE (K 5K H Pseudo-
monasstutzeri, L IEEAE ARG 5 — W 7.

b RTIR, TG VL AT 35 R A [E & Nostoc
azollae UL J¢ |8 B H MR B (Herbasprillium)~ Niveispi-
rillum AR IR 1 (Rhizobium) 2 [H B 40 % . B F=
XL S ] DA 255 A BB AE Y, 0 W78 T

PRIV LT M 9 A= 4 o A AR U B, AT AR AR |
AR PN AR AN B I REVE A . T TR AR S AR
W, P AR TR A S AN B R AR E T e A
33 FESRMNHILRELEMNEN
MIESHHIAERE, &R FHILERE
Nostoc azollae WL L1 i P9 ¥ 2%, 3t 1 4 5 Nos-
toc azollaeFL A7 [P N AL B B0 E PR IR W B kb, K g
T RRAE DD BRI E 2 . AR )4 IR (Biofilm) & 2 il
A TR AR H AR B 5 43 WA 1) B 4b i 43+ 2
(Extracellular polymeric substances, EPS)H ] —F
P i, H i 58 A AN R T H B ECE PR P 20 B R
R BT LB S 0L 4L IR (A A T
ReLb— P AR I AR R B S R R 2 o RN T IR
L NSRS, EIR S AL E E R B
S 53 WA o TR Tl A A R ) T BSRR e AR AN
BRTHAEY B SREKERMYR. F R,
WG EWILAMAERKKE BRI E 71
#AF B PR ER . I EES MYt
A B AR R ORI R A g . BN R
By WEE. MEEZ MY EAZZ, BRI HE,
] S I EE PN ) ISR AR A A X ST 1 S AR g A, Nl
T IRE S5 1E E ATV RS BT e, T RS S AR
IR E N4 X TC BRI e n] Eh i . FrbA&
FETLLL MR L TEEE e L2 K H AR JE A R NE T o
BRI, 45 A BRI Azolla-Nostoc azollaett
A ] AR RO S Al B R A . i S L LR
ok AR R OABAFAE . BT AL 5 24K
HAMR G A AR BeAEiE . MR EH, JTLEEiL
CLAMERAR /N T, W DR A il i 3 7 AR 4G B K8
T, HL A A L SR R A SRR BT A
Mo X A FRANT: J8 e DO AR A ) S AR AR A A
A TR B VR S5 M A T Re OB R A Y R B R AR AR T
/YN Sa A N MIRARS /st 3 PARAR
AR E TR S L R A AL, A
VRGP A T o R AR BT 2R R AR B
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THE EFFECTS OF COMBINED NITROGEN ON THE MICROBIAL
COMMUNITY COMPOSITION AND STRUCTURES
WITHIN AZOLLA MICROPHYLLA

CHEN lJian, CHEN Bin, ZHENG Si-Ping, ZHENG Yi-Ping, ZHU Bing-Yao and ZHENG Wei-Wen
(Biotech Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China)

Abstract: The aquatic fern Azolla is symbiotically associated with N,-fixing cyanobacterium, Nostoc azollae, which
resides in the leaf cavity of its host and supply total N requirement of the association by fixing atmospheric N,. It has
been demonstrated that addition of combined nitrogen significantly inhibits the N,-fixation activity of the cyanobiont to
negatively affect the growth of Azolla. Since the 1980’s, more and more bacteria species have been found in the leaf
cavity and are thought to be the third partner, bactbiont, of the symbiotic association. We explored the effect of com-
bined nitrogen on the microbial community dominated by cyanobiont within Azolla at molecular and ultrastructural
levels. To exclude the exotic contamination and retain the native endophyte, both the sterilized Azolla containing micro-
bial community dominated by Nostoc azollae (AmA) and the sterilized Nostoc azollae-free Azolla (AmB) were ob-
tained by using stem apex culture and adding combined N in the medium. The SEM showed that compared with AmB,
the phenotype of AmA fronds was modified to some extend by morphology, and the structure of the microbial com-
munity within the leaf cavity of AmA was characterized by both the formation of biofilm and the algal pocket which
were composed of cyanobiont, bactbiont, the host hairs and their secretions. In contrast, no biofilm and algal pocket
were found in case of AmB. High throughout sequencing based on 16S rRNA and nifH gene indicated a remarkable di-
versity of microbial community within AmA cultured in N-free medium with totally 17 operational taxonomic unit
(OTU) sequences, belonging to 4 phyla. A diazotroph endosymbiont consortium including Herbaspirillu, Niveispiril-
lum, Rhizobium dominated by Nostoc azollae was found in AmA samples. Compared with AmA, the diversity of the
bactbiont community in AmB samples was dramatically reduced with only 8 OTUs and the diaozotrophic consortium,
particularly Nostoc azollae, were completely disappeared. These findings showed for the first time that it is possible to
improve the growth and development of host plant by altering its endophyte community composition and structure
through adjusting N nutrient supply.

Key words: Azolla; Cyanobacterium; Nostocazollae; Microbial community; High throughout sequencing; Electron
microscopy



