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Endophytic diazotr ophs composition of Pennisetum sp. at different
growth stages

LIN Biao-Sheng*? FAN Jin-Lin*®* SONG Zhao-Zhao'®* ZHANG Li-Li*?
ZHANG Yu-Long*® LIN Zhan-Xi**

(1. College of Life Science, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China)
(2. College of Life Science, Longyan University, Longyan, Fujian 364012, China)
(3. National Engineering Research Center of Juncao, Fuzhou, Fujian 350002, China)

Abstract: [Background] Many endophytic diazotrophs can be found in gramineous plants and
play important roles in promoting plant growth, nutrient utilization and stress resistances.
[Objective] This research aims to reveal the composition and variation of endophytic
diazotrophs in roots, stems and leaves of Pennisetum sp. at different developmental stages.
[Methods] High-throughput sequencing technology was used to analyze the endophytic
diazotrophs flora in roots, stems and leaves at different growth stages of Pennisetum sp.
[Results] About 40 000 to 60 000 useful sequences were obtained from 15 samples in the roots,
stems and leaves of Pennisetum sp. at different growth stages, and were mainly distributed
within about 360 bp. At maturity period, the abundance of endophytic diazotrophs from the root
of Pennisetum sp. was the highest whereas at jointing period, the stem and leaf samples showed
the highest abundance. In the same growth period, the trend in abundances was observed thus:
root > |leaf > stem. This trend of variation was consistent with the trend of nitrogenase activity in
plant samples of Pennisetum sp. The major bacterial communities identified belong to the
Proteobacteria, Cyanobacteria and Klebsiella, Herbaspirillum, Bradyrhizobium. As a whole, the
composition of the microbial community present in root and leaf samples was similar, whereas
that from the stems had a cross with the roots and leaves. At maturity period, the abundance of
associated nitrogen-fixing bacteria was highest in the roots. CCA analysis showed that the
endophytic diazotrophs from different samples were mainly affected by environmental
temperature, followed by moisture and pH. [Conclusion] There were great differences in
composition and abundance of endophytic diazotrophs from roots, stems and leaves at different
growth stages of Pennisetum sp. Our findings provide important information for development
and utilization of endophytic diazotrophs resources from Pennisetum sp.

Keywords: High-throughput sequencing, Pennisetum sp., Endophytic diazotrophs, Microflora
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DNA
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Tablel Theenvironmental indicators of each sample at sampling time
Sample number and growth period Humidity (% RH) Temperature (°C) Sail ::
( 1-3) Seedling (serial number 1-3) 48 22.3 7.2
( 4-6) Tillering (serial number 4-6) 52 25.4 7.1
( 7-9) Jointing (serial number 7-9) 58 26.3 7.2
( 10-12) Mature (seria number 10-12) 54 26.7 7.3
( 13-15) Decay (serial number 13-15) 46 304 7.1
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Figure 1 The nitrogenase activity of Pennisetum sp. in
different growth periods
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Figure2 Theresultsof DNA eectrophoresin each sample
1-3 4-6 7-9
10-12 13-15
.M DL15000 marker.

Note: 1-3: Roots, stems, leaves in seedling stage; 4-6: Roots, stems,
leaves in tillering stage; 7—-9: Roots, stems, leaves in jointing stage;
10-12: Roots, stems, leaves in mature stage; 13-15: Roots, stems,
leavesin decay stage, same as below. M: DL 15000 marker.

1 2 3 45 6 7 8 9101112131415
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Figure 3 The amplification results of nifH variable range
in each sample
1-3 4-6 7-9
10-12 13-15
.M DL2000 marker.
Note: 1-3: Roots, stems, leaves in seedling stage; 4-6: Roots,
stems, leaves in tillering stage; 7-9: Roots, stems, leaves in
jointing stage; 10-12: Roots, stems, leaves in mature stage; 13-15:
Roots, stems, leavesin decay stage. M: DL2000 marker.

Table2 nifH sequencing data, OTUsand diversity index statisticsin each sample

Diversity indexes

Targets Samples Numbers of valid sequences OTUs ACE Chaol Shannon Simpson
1 (Root sample 1) 48 321 1242 598.65 598.72 6.90 0.95
Seedling 2 (Root sample 2) 57 960 308 222.76 207.50 1.37 0.90
3 (Root sample 3) 54 653 466 372.66 367.82 5.61 0.91
4 (Root sample 4) 40 693 1286 686.29 693.52 6.85 0.96
Tillering 5 (Root sample 5) 48 389 424 294.03 283.52 4.00 0.92
6 (Root sample 6) 58 398 495 393.56 388.51 5.18 0.94
7 (Root sample 7) 41 431 1339 732.00 732.00 6.85 0.98
Jointing 8 (Root sample 8) 64 079 535 364.33 357.90 4.82 0.95
9 (Root sample 9) 66 024 540 480.78 477.82 4.98 0.98
10 (Root sample 10) 46 865 1397 739.99 759.88 7.73 0.99
Mature 11 (Root sample 11) 66 203 447 359.11 358.64 6.64 0.94
12 (Root sample 12) 58 159 483 439.82 432.97 5.48 0.96
13 (Root sample 13) 52 098 1071 628.98 625.24 6.45 0.97
Decay 14 (Root sample 14) 62 424 436 278.57 273.95 5.53 0.93
15 (Root sample 15) 62 592 469 403.08 401.65 5.16 0.95

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1484 (D G/ =S ik Microbiol. China

( 4 Observed species: Description
2 .
360 bp Mothur g 800
& 700
Rarefaction <
600
( 5 15 §
< 500
£ 400t
&
g 300+
S 200}
18] % 100
o
£ 0 ; ; i
56405 | 5000 10000 15000 20000 25000
& Sequences per sample
§ de0s 5 15 MERWEREE L%
“g’_ S Figure5 Rarefaction curvesof 15 samples
(o]
5
§ 20 24 BHEARYMEERBERELIH
§ le+05 ﬂﬂ ( 6
0e+05 7.___J LI..“‘LIA_“..UJ L . -
200 300 400 5.9%-02.3%
Length (bp) (Proteobacteria)

B4 BHRAFIKESHE (Cyanobacteria)

Figure4 Length distribution in each sample 0.9%-42.8% 0.1%-6.8%

100
80
B Unidentified
¥ Proleobacterla
u Cyanobacteria
B Firmicutes
B Planclomycetes
B Chlorlflexl
B Deinococcus-Thermus
B Acldobacterla
B Bacteroidetes
B Spirochaetes
20 B Actinobacteria
0

234567 8 9101112131415

(=2}
[=}

s
(==}

Relative abundance (%)

El6 BHEARTE NIRRT LHEEMFEARL

Figure6 Comparison of themajor bacterial classin each sample on phylum level
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Figure7 Comparison of themajor bacterial classin each sample on genuslevel
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Figure9 Heatmap analysis of microbial community under the genuslevel in each sample
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