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N 1.2
, pH (PT-10, sartorius)
/ (1+25, w:v) ;
S e , C/N 2100S (Ele-
; , mentar Vario-EL, Germany) , 0.5 MK,
SO, M8, 1:5(w s v).
Ll (17 1.3
N : KH, PO,
, 0.2g, MgSO, » TH,0 0. 2 g, NaCl 0. 2 g, CaCO;
nifH nifH 5g, 10 g, CaSO, » 2H,00. 1 g, 18 g
, 1L, pH?7.0.
nifH ni fH 2 g,
; 18 mL (0. 85%) ,
s 250 rpm 15 min; s
107% 10779, 200 plL.
3 ; 20 C ., 7d
1
1.1 1.4 DNA
2011 8 DNA MO BIO PowerSoil
4 DNA Isolation Kit
3 5 , 1.5 (nifH) PCR
0~10 cm, 10~20 cm  20~40 cm (ni fH) : i fHF
, , nifHR [5’-AAAGG(C/T)GG(A/T) ATCGG (C/
, 4 °C TYAA(A/G)TCCACCAG3’  57-TTGTT(G/C)GC
1. (G/C)GC(A/G) TACAT (G/C)GCCATCAT -3’ ],
1
Table 1 Sampling locations and situation of the soils
/m /E /N /% /(g +m™?%) /em /(g+0.1m™?)
AQl 2 631 100°10'51. 3" 38°15'33.5" 30 250 0~10 1564
10~20 1088
20~40 289
AQ2 2 749 100°09'42" 38°15'21" 38 145 0~10 833
10~20 986
20~40 177
AQ3 2911 100°13'05" 38°15'03" 96 469 0~10 1768
10~20 901
20~40 418
AQ4 3001 100°0835" 38°15'46" 71 257.5 0~10 425
10~20 1360

20~40 0
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DNA 460 bp
’7197.

PCR (25 pL) = 25 pL 10 X PCR
Buffer(+ (NH,),SO,, -MgCl,), 0.5 xL 10 mM
dNTP, 3 pL 25 mM MgCl,, 2 uL 10 M ,
0.2l 5 U=« 7! Tag DNA (Thermo Sci-
entific). PCR : 94 °C 3
min; 94 C 30 s, 56 C 30s, 72 °C

1 min, 30 ; 72 C 10 min.
1.6 (nifH)

1.6.1
L5% PCR , ,
Axygen AxyPrep DNA
DNA.
1.6.2 DNA
DNA pMDI18-T vector
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1.6.3
(10 uL) 200 plL : 30
min; 42 C 90 s, 5 min; 800 uL LB
, (150 r * min ') 37 C 1
h; 8 000 r » min ! 1 min R

Amp(100 pg + mL™") LB
, 37 C 14 h.

1.6. 4 ni fH
Amp
(100 pg « mL™") 37 C (150
remin ') 5 h, nifH
, 25 uL 1L PCR,
pMD18-T M13 . 94
C 5 min; 94 C 30 s, 50 °C 30 s, 72 °C 45
s, 33 ; 72 C 10 min. 1L5%
PCR , 620 bp
nifH
1.6.5
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, Alu | Haelll. 20 pL
Alul Haell 05pL 0U-
pl7h), H,O 2 pL, PCR
15 L, 10X 2 4L, 37°C 16 h.
2%
1.7

1 n OTU ; N

b

BLAST search

NCBI , ni fH
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Joining ni fH ,
Bootstrap L2ol
1.8 GenBank
nifH GenBank
, : KC412099-KC412135.
2
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Table 1  Physicochemical properties of the studied soils
/cm pH /(g kg 1) /(mg + kg™ /% /(mg+kg™') /(mg-kg D
AQl 0~10 8. 40 23.97 74.00 7.261 2.50 79.2
10~20 8.70 14. 88 64.65 9. 605 0.74 74.3
20~40 8. 86 8.19 31.40 7.626 0.24 114. 2
AQ2 0~10 8.24 83.68 109. 50 0.488 3.78 223.9
10~20 8.27 54. 24 76.25 1.532 1.58 188.0
20~40 8. 37 35. 82 67.85 3.283 0.17 110.5
AQ3 0~10 8.08 49, 37 194. 00 0.513 7.16 463.0
10~20 8.37 44.10 211.50 0.595 3.34 320.6
20~40 8.94 13.01 91. 60 1. 436 0. 46 127.0
AQ4 0~10 8.19 38. 30 152.10 0.568 3.42 435.1
10~20 8. 60 26. 37 92. 30 0.158 0.74 117.8
20~40 8.83 15. 31 34.75 1. 747 0.24 75.7
5r RN , OTU.
% | =mio2omm nifH 4
é C320~40 cm 5 . OTU
S 3t
< s
% 51 - nifH
g 37 nifH
ot ;
= C 2. 2 , ni fH
(Cyanobacteria)
e e #ibh/m el i 41%, (Proteobacteria) 8%,
1 (Firmicutes)  14%, (Unidentified bac-
Fig. 1 The number of culturable nitrogen-fixing terium) 37%.
bacteria in the soil samples 87 % ~90% , 3 . (Nos-
ni fH , 48 toc) (Anabaena) . (Cylindro-
, DNA spermum) , 47% ., 47%
3

Table 3 Correlation analysis between the number of culturable nitrogen-fixing bacteria and physicochemical factors

pH

1 —0.76** —0.51 —0.339 0. 344 0.387 0.483 0. 34 0.653*
1 0. 759 ** 0.163 —0.597* —0.578* —0.752** —0.564 —0.75**

pH 1 0.393 —0.796** —0.638% —0.775%* —0.714** —0.472

1 —0.549 0.555 0.387 0.556 0.027

1 0.498 0.622* 0.521 0. 275

1 0. 807 ** 0. 868** 0.43

1 0. 851** 0.602%

1 0. 266

1
w o p<0.01; % p<C0.05.
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35
4 nifH AQ4 10~20 cm ,
Table 4 Clone library index of ni fH 0~10 cm s
AQl AQ2 AQ3 AQ4 1360g+01m*C 1),
48 48 48 48 [25—26] 2
/% 94 96 96 98 AQ4 nifH ,
OTUs 13 7 12 5 , 10~20 cm
AQ4 10
6%, .
~20 cm
AQI1-8. AQl 3 , 5 5
.4 AQ2 ’
3 : AQ3 2 ' ) )
Q . pH .
, 1 .
AQ4 .
3, AQ3 ’ ’ ’
, 98 %, (Meso- ' [21—20]
rhizobium) (Rhizobium). .
OTU 37,
5 AQ2 4, .
AQL ) 049 —05 % ni fH OTU
’ ’ o ni fH OTU
(Paenibacillus). H
s p
 fH , 72%~99%.
nif /h~99%% 7. 66, pH
3 8. 08 , [30—32] .
s 3' 6 X 105 —~ ’ pH nsz
0. 21X10°CFUs » g~ . oy ; pH OTU : .
) pH 6. 5~7.5, 8 0
11 7X10°~89. 4X10°CFUs » g ! ’
; [14] 100 ’
CFUs -+ g ! ’ AQ4 »
, (Cyanobacteria)
pH : [1e] 1982 : B
2003 AQ1 . (Cya-
, , nobacteria) Bl
pH ,
[13—14, 2224 | Ll (Cyanobacteria)
( 1) , [37] y
SR AQ4
, , , AQ4-3 (KC412133). AQ4-4
, (1] (KC412134)  AQ4-5 (KC412135) nifH
(13, 167 GenBank s AQl
5 OTUs
Table 5 Correlation analysis between OTUs and physicochemical factors
pH
OTUs 0.329 0.242 0. 644 —0.425 —0.136 0. 255 —0.371 0.970%* 0.513

: 7 p<<0.05.
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Abstract: The physicochemical characteristics, the
number of culturable nitrogen-fixing bacteria and
the community structure of nitrogen-fixing (ni fH)
genes in the alkali soils of alpine steppe in the Qil-
ian Mountains are investigated in the present stud-
y. It is found that the number of culturable nitro-
gen-fixing bacteria is between 3. 6 X 10° ~0, 21 X
10° CFUs.g ! within the depth of 0—40 cm. The
number of nitrogen-fixing bacteria decreases with
soil depth in three soil samples, except one sample
(AQ4) at the altitude of 3 001 m.

The number of nitrogen-fixing bacteria has a
significant positive correlation with the under-
ground biomass, and positive correlations with or-
ganic carbon, soluble organic nitrogen, rapidly a-

vailable phosphorus and rapidly available potassi-

um. However, it has negative correlations with
soil pH value and total salt. Gene sequencing
shows that in a community structure of 37 nitro-
gen-fixing (nifH ) genes there are Cyanobacteria
genes (41% ), Proteobacteria genes (8% ), Firmi-
cutes genes (14% ) and unknown bacterium genes
(37%). Cyanobacteria genes exist in all soil sam-
ples, except for the sample AQ4, and are dominate
nitrogen-{ixing (ni fH ) genes in the sample AQI.
It is also found four new nitrogen-fixing (nifH)
genes. They are AQIl-12 (KC412109 ), Q4-3
(KC412133 ), AQ4-4 (KC412133 ) and AQ4-5
(KC412133 ), among which AQ4-3 (KC412133),
AQ4-4(KC412133 ) and AQ4-5(KC412133 ) are the

dominate genes in sample AQ4.

Key words: alpine steppe in the Qilian Mountains; alkali soils; nitrogen-fixing microorganism ; nifH

genes; community structure



