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Abstract: [ Objective ] To alleviate the global climate change is one of the most important environmental challenges facing
mankind. Autotrophic microorganisms, especially those in forest ecosystems, have been reported to have a strong ability to adapt
to environmental changes and a high potential to sequestrate carbon. However, how their carbon-sequestrating effects vary with
type of forests vegetation remains unclear. To explore this complex relationship, investigations were made of populations and
community structures of soil carbon-sequestrating bacteria in the soils of four typical subtropical forests. [ Method ] Soil samples
were collected from the surface (0-20 cm) and subsurface (20-40 cm) soil layers in the four types of forests, that is Moso banboo,
Broad-leaved trees, Chinese fir and Masson pine for analysis of ¢hbL as indicator gene with the aid of quantitative PCR and
MiSeq high-throughput sequencing technology. [ Result] Abundance of the bacteria with 16S rRNA genes and those with chbL
genes varied in the range of 5.40x10'°-2.81x10" copies-g™' dry soil and of 4.55x10% to 3.53x10° copies-g ' dry soil, respectively,
in the four types of forest soils, and was the highest in the soil under bamboo groves (P<0.05); among soil physico-chemical
properties, soil available P and soil pH was significantly related to the abundance of c¢bbL genes in the two soil layers under the
broad-leaved forest (P<0.05). The soil under the Chinese fir forest was significantly lower than the others, and the subsurface soil
was higher than the surface soil in diversity of carbon-sequestrating bacteria (P<0.05). Double factor variance analysis shows that
the diversity of soil carbon-sequestrating bacteria varied significantly or ultra-significantly with forest type and soil layer. All the
soils had similar dominant species of chbL-carrying bacteria, which, however, differed in relative abundance beteween the four
types of vegetations. The soil of the Moso bamboo groves and the Chinese fir forest was signiticantly higher than that of the
Broad-leaved forest and Masson pine forest in proportion of Methylibium and Nocardia. Redundancy analysis (RDA) shows that
soil pH, organic carbon, available P and total N were the main factors affecting the formation of community structure of the soil
carbon-sequestrating bacteria in the soils. [ Conclusion ] To sum up, all the findings in this study indicate that population and
community structure diversity of the soil carbonsequestrating microbes varied with type of the vegetation. Comparison of the four
forest soils in soil physico-chemical property, and genetic abundance, diversity and community structure of the
carbon-sequestrating bacteria shows Moso bamboo groves are the best type of vegetation benefitting soil fertility and
carbon-sequestrating bacteria. Contribution of the bacteria to accumulation of organic matter was higher in the soil under bamboo
groves than under broad-leaved forests, but as to how much, further investigations should be done.

Key words: Carbon-sequestrating bacteria; chbL gene; Subtropical forests; Real-time quantitative PCR; High-throughput
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ML 2R BRI A TR IRIRRIE. 24T
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bp MY 1= W E AN 16S rRNA SR 3%
V%0 514 % 4 338F/518R, 16S-F ( AGAGT
TTGATCMTGGCTCAG ), 16S-R( GCTGCCTCCCGT
AGGAGT) B fdif] CFX96™ Real-Time System
( Bio-Rad, USA) {X#8X} chbL FERFEATHEEE &
PCR 3 . S 1A 5 A8 5 UL SCHiR[25-26]

FE R . SR L K2f/V2r 5l9%E, Xt
B DNA #4791, # PCR P=#aifb )ik = LR
RN A, R Tllumina MiSeq “F- & X BE7% DNA A
Bttt 47 X ( Paired-end ) P ¥ o T ALELHE BEFE NCBI
( National Center for Biotechnology Information )4 ¥
SRR T SN AT X b, SEAT R RS 3 4y 2
MELER
1.4 FiELE

FFHl Microsoft Excel 2010 4 X %54 £ 1 7w 4k
L, SRH SPSS 21.0 H A% Eh s 4T FOBUA 2R Oy 22
8T ( Two-Way ANOVA ) Flifi /N #2488 (LSD)
AT B EEMEZ E K (0=0.05), RHEIKE

(Pearson ) FEATHHOCHE T, RIE OTU R o £
FEYEFE . FIH Origin 22 il 56 X 3= B2 IR R 7%
gERFEEE . I Canoco 5.0 B4 XF [ Bk 20 p A 7%
R SIS TR DG E#ET TTUA /30T ( Redundancy
analysis, RDA ).
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2.1 AEMSLEBAMR

4 MY B KT TR —HE, AR etk
JREFFEZE S (1), BATMAM M ARRIE L4
TR bn BRI R, TAZ PR B AR AR - 3 1A
B, JUHOERZ AR LIERR pH A6 2 oM i H Al
FEAR P AR, WA JR 4 2 MR Z a] ) 22 5 AN
WMRZEWE, MRS TEPR (pH RSN )
IR M. RZELIERA LSS TEXRZ, H
B S, HPBATARMZ T HEm R o8 i
iR WARRIEREKM, Morxt 5 A AL

F1 FREMKSTIIBAMER (EHREE)
Table 1  Soil physico-chemical propert ties relative to type of forest ( mean + SD)
APk Ko RS A Ak A
+2 oy AL
pH Organic carbon Total N Alkalytic N Available P Available K
Layer /cm Forest stand C/N
/ (gkg™) / (gkgt) / (mgkg’) /(mgkg') /(mgkg")
0~20 MB 4.77£0.15aA  17.68+2.87aA  1.55£0.17aA  11.57£1.87aA  34.0+4.42abA  6.47+1.31aA  102+22.0aA
BL 4.38+0.06cA  23.90+4.21aA  1.95+0.37aA  12.16+1.59aA  40.6+4.39aA 6.05+0.72aA 97.0£12.2aA
CF 4.60+0.14abA  14.43+2.23bA  1.30+0.14bA  11.19+2.20aA  27.0+7.68bcA  2.15+0.98bA 76.0+5.35aA
MP 4.42+0.11bcA  15.05£2.86bA  1.25+0.13bA  12.23+2.48aA  25.4+1.75cA 4.45+2.34aA 82.0+20.3aA
20~40 MB 4.74+£0.09aA  13.48+2.82aA  1.4840.22aA 9.12+0.81aA  25.7+4.90aA 4.71£0.65bB 76.3+12.8aA
BL 4.42+0.10bA  12.60+3.60aB  1.20+0.36aA  11.3+4.32aA 25.9+3.86aB 4.13+0.80abB  83.3+8.26aA
CF 4.67+£0.06aA  11.93+5.49aA  1.05£0.37aA  10.6+1.42aA 23.242.17aA 1.37+0.66¢B 74.5+7.72aA
MP 4.37+0.13bA  12.93+2.45aA  1.18+0.29aA  11.0+1.57aA 20.7+2.58aB 3.12+1.28bA 83.5+13.5aA
F {H F value
M43 Forest stand 21.3%%** 3.33* 4.46* 0.64 8.99%** 1.97 15.9%*
1 )2 Layer 0.05 16.9%** 8.84%* 2.60 26.3%%* 4.08 11.4%*
ZZH. Interaction 0.59 3.04* 2.72 0.27 2.62 1.63 0.35

. MB: EAT, BL: WA, CF: A, MP: HEMMK; *,

P<0.05, **, P<0.01, ***,

P<0.001; /NG FEEFERA
UMD 2 R 5, K3 R R LR 2 2558 (P<0.05 s LB A IRBLA BT, nd, EIERIAAMHTI nel6.
TIF. Note: MB: Moso banboo grove; BL: Broad-leaved forest; CF: Chinese fir forest; PM: Masson pine forest; Different lowercase

letters indicate significant differences between stands, and different uppercase letters indicate significant differences between soil layers, the

significant difference at 0.05 level analysis of stands, and the number of samples is 4 for analysis of stands, the number of samples is 16 for

analysis of soil layers. The same below.
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FHzE (E 1A), FEBMEFEEE 4555108~
3.53x10° copies-g' T+ (K& 1B), BT L%
2 MEMEFEEERE ., WRZ P F IR
sz, HEESTHAM =M (P<0.05), it
b =AM AN BB TC B 25 5, AN TR S R A
MO 2 = T AR AR (P<0.05). 4 Fhbksy 435
cbbL 5 16S rRNA KK =F B i LUAE 45 5 3% 2 1
FTREZE (B 1C); W2 3 E S 2 D AR
M, BB, DRI S T R AR
AHk (P<0.05).

o
= 40 5.0 2§40
3 a [ 10-20cm = - <
Z 35 2 (1 20-40cm z . o Z g st D)
5 .
T . a 240 a =
w3 = 0 K 9251
£ g = Dol 23 a
® 2 20 = & b < 20l
<2 b S b E g b ab
£ 3 b o 220f i £ 3 |
& 225 b b T 23 . g a"r b b b
g = b ° 5 o < b
- < 1.0 0 c T g 1.0
z b = 1.0+ ¢ c 2
Z 05 k] g 05
2 22
200 0.0 2 2 00
MB BL CF MP MB BL CF MP ° © MB BL CF MP
AL Treatment AbFE Treatment AbFR Treatment

He ARG FRRR2ZER B (P<0.05), Note: Different letters in the same column meant significant difference at 0.05 level.

BT ARG AN 16S tRNA (A ), [EERANER cbbL FEIH (B) FREXILHAE (C)
Fig. 1 Abundance of 16S rRNA ( A ) and chbL genes ( B) and their ratio relative to forest stand ( C)
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RZ TR HE PRI R FEEY S pH 2B E
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436 598, 33599, 35093 F135 129 5551, W
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BT, B S5 R AE 97% ML ME AT 2K
OTU WREFH, 15 NCBI EH 4 Lo % #E47 1y il
WR, BEERMEEN 0.8, INNIFRE D ZRA

15 SRS T RN L 2 XSS E R B 4 41T
6 M. 12 41~H . 20 NFF, 35 NE L 40 R T
A AR E R
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VR HE VR 25K () Z M6 o INZRZE L IR B 40 TR o Z 4
PE 4 NMERE (£ 3), EAMITERRREMN, H
B E AR T HAD 3 Fhobksr (P<0.05), BEWIAZAMK
- A8 T Rl 4 P 1) R E e R I SRR 22 . R )R
RIS Z B E RGBS, Hoh 52
MR R . A2 AR MR AR, P Z IR 7 3 25 5
( P<0.05), D RAMKREYFTA F8hR(E Y h fe v, Ui BH
I R P PRI 36 )2 - M [ B A0 A 0 R T £
FEME R o Al — M A L2 Z 22 R a5 1L R
B, B2 ARMR LI 26 2 0 BT A FE b iR 2 R TR )2
(P<0.05), MHEKELERLEY, Aok LEX 4
Pl o ZREPEFR AR IR R T B F R (P<0.05), i
PR 22 BAE R AN 3 A 16 5005 o 5 AR 50 B
FHRm (P<0.05), HEMH/DNTERLET, UM
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*2 TIRME 16S rRNA FIERME chbL EFEINEEEE SRS 2 18 8K REME X R E
Table 2 Pearson’s correlations (r) of 16S rRNA and ¢hbL genes abundance with environmental parameters
oy REHEIA
pH SOC ™ C: N AN AP AK
Forest stand Functional gene
MB 16S rRNA 0.673 0.142 —0.047 0.269 0.394 0.498 0.423
cbbL 0.391 0.538 0.448 0.407 0.427 0.373 0.032
BL 16S rRNA —0.406 0.333 0.161 0.250 0.462 0.826%* 0.017
cbbL —-0.253 0.154 -0.183 0.479 0.315 0.767* -0.291
CF 16S rIRNA 0.252 0.123 0.209 —0.042 —-0.236 -0.323 0.042
cbbL 0.614 -0.272 —-0.054 —0.426 —0.484 0.022 -0.395
MP 16S rIRNA 0.167 —-0.328 —-0.656 0.332 —-0.064 0.0439 0.519
cbbL 0.768%* —-0.098 -0.524 0.539 0.181 0.587 0.744%*
LA
1+ )2 Layer/cm pH SOC TN C: N AN AP AK
Functional gene
0~20 16S rRNA 0.720** -0.227 -0.173 —0.098 —0.028 0.362 0.439
cbbL 0.683** -0.221 —-0.256 0.073 —0.158 0.368 0.394
20~40 16S rRNA 0.525%* 0.126 0.281 -0.146 0.224 —-0.003 0.444
cbbL 0.514* 0.196 0.369 -0.172 0.321 0.210 0.378

W DM R Mt , n=4, +)2 NELI50H7HEF n=16. Note: n= 4 for analysis of stands, n= 16 for analysis of soil layers.

* 3 TEMSLRERMAE chbL RS HEERFITR EHREES)

Table 3 ChbL gene diversity of carbon sequestrating bacteria relative to forest stand ( mean *+ SD)

T2 sy
2 Simpson Chaol ACE F4& Shannon
Layer/cm Forest stand
MB 0.97+0.01 aB 1345 +171 aA 13 64+140 aA 8.11+0.10 aA
BL 0.97+0.00 aA 1366+10.2 aB 1472+17.0 aB 8.03+0.23 aA
020 CF 0.63+0.07 bB 872.4+268 bB 961.2+294 bB 4.21+0.88 bB
MP 0.98+0.02 aA 1302+129 aA 1379+£168 aA 8.47+0.54 aB
MB 0.99+0.00 aA 1 638+305 aA 1 737+£323aA 8.73£0.54 aA
BL 0.96+0.01 aA 1 522+60.2 aA 1 613+24.5 aA 7.94+0.11 abA
20740 CF 0.89+0.10 aA 1 4434323 aA 1 5554353 aA 7.13£1.51 bA
MP 0.99+0.00 aA 1 7824421 aA 1 965503 aA 9.04+0.34 aA
F {f F value
K3 Forest stand 51.4%%x 5.27%%* 4.54%* 39.7%%*
+ = Layer 26.5%%* 27.9%%* 28.5%** 25.8%**
%X H. Interaction 23.6%** 1.83 1.88 11.8%**

HF BE AR A Z A CHPOCR” (- 2),
Kl 2A SRR, KRM (RS AR ) £
SR A1 B 200 T ) 2 v T N AR CBATARFIAZ AR ), 2

2.5 AEMS T EEEREE R EE U LE
I 4 A TR bR 53 - S5 1tk 200 T A 7 2L FC Y
225, LIEBRAN OTU FRECH I, XF Har 4
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Fig.2 OTUs Veen of soil carbon sequestrating bacteria relative to forest stand
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