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Tl BHAFRESHIBABNISEES
Table 1. Locations and climatic information of sampling points of each sample

Samples ID LL AL/m RF/mm 7/°C Max 7/°C Min 7/°C ST/h pH OM/(g/kg) TN/(g/kg)

FJ 25°50'30"N 700 1674 19.5 40.6 —4 1840 7.3+0.06 12.57£0.86  0.62+0.08
118°56'45"E

XJ 37°1527"N 1325 35.6 11.6 42.7 237 2654.6 7.1+0.15 15.68+1.64  0.85+0.04
79°36'40"E

NM 39°46'47"N 1054 130.54 8.3 41.7 —36.4 3200 7.5+0.22 18.59+1.82 1.76+0.15
106°42'53"E

GS 35°2426"N 1996 390 6.3 343 271 2500.1 7.240.13  25.06+2.35 1.32+0.11
104°56'32"E

HN 19°3125"N  168.7 1815.6 23.2 33 3.2 2250 7.2£0.08  28.62+1.23 1.92+0.16
109°34'42"E

QH 35°36'45"N 2720 265 4.7 34.5 ~13.6 2798 6.7£0.16  30.14+£2.55 2.27+0.05
101°45'50"E

LL: Latitude and longitude; AL: altitude; T: Average annual temperature; RF: Average annual rainfall; Max T: Annual maximum

temperature; Min T: Annual minimum temperature; ST: Average Annual sunshine time; pH: Soil pH; OM: Organic matter; TN: Total

nitrogen.
1.2 HmEREHEE

W B R EARAE I CEK R IRFEA 30 s, #5555
TE 70%F) 2B F IR 2 min, T 2.5% NaClO (%
0.1% Tween80)iZ 1 5 min JGH B R 70% JCH £
B 30 s, mEHHCERVKGEREYAHL 3 K,
WU Ji — IRV IR T LB Bi e it AR IR,
DA SH A 30 2 D= A ARG TR 25
1.3 FF4 DNA MRE. ERIIEEEE nifH 7]
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{8 i} Magnetic Soil And Stool DNA Kit (K,
W EDI S T L R 4 . DNA R, 52
JEEIAZH DNA i35, A 1%B IR B BRI H vk
K42 AL 4 DNA . DL BUA A 9 3 I8 41
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RINBEFER niH W94 3G R Be, A7 )5 20 ey 3
o 518K - nifHF (5-AAAGGYGGWATCGGY
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RTACAT-SGCCATCAT-3")*!, PCR JZ W4 £ (20 pL):
5xFastPfu buffer 4 pL, 2.5 mmol/L dNTPs 2 uL,
Forward primer (5 pmol/L) 0.8 uL, Reverse primer
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(5 pmol/L) 0.8 pL, FastPfu Polymerase 0.4 uL, S-A
0.2 uL, DNA Template 2 uL, dd H,O 9.8 uL, PCR
LR 95 °C 3 min; 95°C 30s, 55°C 30,
72 °C 45 s, 37 MEH; 72 °C 10 min, § LR
BT 2%BAR M EE It Uk, THCH 09 BoR A
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Table 2. NifH gene diversity of endophytic nitrogen-fixing bacteria community in Pennisetum sp. roots in typical

habitats
Sample ID Shannon ACE Chao Coverage/%
FJ 1.524+0.22 101.31+8.72 100.50+7.62 99.86+0.15
XJ 3.12+0.54 226.27+15.34 222.03+14.36 99.78+0.35
NM 2.70+0.17 150.13+£10.72 149.56+11.19 99.86+0.26
QH 2.80+0.28 104.60+12.56 103.27+£10.53 99.87+0.59
GS 2.80+0.35 160.44+14.68 171.11+12.46 99.78+0.23
HN 3.76+0.26 249.01£10.32 247.5+10.34 99.80+0.46
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NifH gene diversity of endophytic nitrogen-fixing bacteria community in Pennisetum sp. roots in typical

habitats. A: Rarefaction curves; B: NMDS community diversity; FJ: Fujian Minhou County; GS: Gansu Anding
District; HN: Hainan Nada Town; NM: Inner Mongolia Alashan Zuoqi; QH: Qinghai Guide County; XJ: Xinjiang

Moyu County.
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Figure 2.

Composition of endophytic nitrogen-fixing bacteria in Pennisetum sp. roots in typical habitats. A: At the

phylum level; B: At the genus level. FJ: Fujian Minhou County; GS: Gansu Anding District; HN: Hainan Nada
Town; NM: Inner Mongolia Alashan Zuoqi; QH: Qinghai Guide County; XJ: Xinjiang Moyu County.
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Analysis of the composition of endophytic nitrogen-fixing bacteria in Pennisetum sp. roots in typical
habitats. A: Heatmap analysis at the genus level; B: Correlation analysis of CCA environmental factors; FJ: Fujian
Minhou County; GS: Gansu Anding District; HN: Hainan Nada Town; NM: Inner Mongolia Alashan Zuoqi; QH:
Qinghai Guide County; XJ: Xinjiang Moyu County; T: Average annual temperature; RF: Average annual rainfall;
pH: Soil pH; OM: Organic matter; TN: Total nitrogen.
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Diversity of endophytic nitrogen-fixing bacteria community in
the roots of Pennisetum sp. of typical habitats
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*National Engineering Research Center of Juncao, Fuzhou 350002, Fujian Province, China
? College of Life Sciences, Longyan University, Longyan 364012, Fujian Province, China

Abstract: [Objective] To explore the diversity and differentiation of endophytic nitrogen-fixing bacteria community
in Pennisetum sp. in different habitats. [Methods] High-throughput sequencing of nitrogen-fixing enzyme nifH target
gene method was used to study the endophytic nitrogen-fixing bacteria in Pennisetum sp. in 6 typical areas of China,
including Fujian Minhou County, Xinjiang Moyu County, Inner Mongolia Alashan Zuoqi, Qinghai Guide County,
Gansu Anding District, and Hainan Nada Town. The environmental driving mechanism of nitrogen-fixing bacteria
diversity was analyzed by combining geographical and climatic factor statistics. [Results] A total of 64122 valid
sequences of nifH genes were obtained, 640 OTUs belonging to 6 phyla, 10 classes, 17 orders, 24 families, 33 genera
and 39 species. The species and abundance of predominant endophytic nitrogen-fixing bacteria in Pennisetum sp.
from different regions were quite different. At the phylum level, Proteobacteria were the dominant bacteria in the five
areas of Fuzhou Minhou County, Gansu Anding District, Xinjiang Moyu County, Inner Mongolia Alashan Zuoqi and
Qinghai Guide County, whereas Proteobacteria and Cyanobacteria were the dominant phylum in Hainan Nada town.
At the genus level, the most dominant endogphytic nitrogen-fixing bacteria groups in Pennisetum sp. in different
regions as below: Minhou County of Fuzhou province (undetermined genus of Proteobacteria, 80.56%), Moyu
County of Xinjiang province (undetermined genus of Proteobacteria, 33.14%), Alashan Zuoqi of Inner Mongolia
(undetermined genus of Proteobacteria, 76.23%), Anding District of Gansu Province (undetermined genus of
Alphaproteobacteria, 53.78%), Nada Town of Hainan (undetermined genus of Proteobacteria, 38.79%), Guide
County of Qinghai (undetermined genus of Proteobacteria, 46.12%). The analysis of alpha-diversity and
beta-diversity showed that the diversity of endophytic nitrogen-fixing bacteria communities in Pennisetum sp. in
different regions was different. The diversity and richness of endophytic nitrogen-fixing bacteria in Pennisetum sp. in
Nada Town of Hainan Province were the highest, while those in Minhou County of Fujian province were the lowest.
The canonical correspondence analysis (CCA) showed that annual average rainfall and annual average temperature
were the main factors affecting the change of endophytic nitrogen-fixing bacteria in Pennisetum sp., followed by soil
organic matter, soil total nitrogen and soil pH. [Conclusion] The composition and abundance of endophytic
nitrogen-fixing bacteria community in Pennisetum sp. in different areas were quite different. The species and relative
abundance of endophytic nitrogen-fixing bacteria in Pennisetum sp. in Nada town of Hainan province were relatively
high. This research can provide theoretical supports for the development of endophytic nitrogen-fixing bacteria in
Pennisetum sp. and the breeding and production of nitrogen-fixing microbial fertilizers.

Keywords: Pennisetum sp., high-throughput sequencing, endophytic diazotrophs, microflora, diversity
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