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(HL) (BH)
(YT) 1
0-20 cm
(2 mm) 4°C
1
1.2 RNA
509 120 mL
60%
28 °C
7d (29)
2.0 mL (05 g/ )
RNA later RNA -20°C
(MR) RNA
-80 °C
(KR) RNA
(MR) [10]
oy
20000xg 2 min
RNA later 2 05¢g

(0.5 mm:0.1 mm=3:2 Sigma) 700 pL

Fz 1 KB LeBCERERELMER
Geographic locations and physiochemical properties of paddy soils in this study

No.  Sampling site

Geographic locations  pH (H,0)

1 Hailun city
2 Binhai city
3 Yingtan city

N47°26' E126°38' 5.97+0.06
N33°59' E119°47" 7.95+0.04
N28°23' E116°82' 5.77+0.03

Total N/ Total organic carbon/ .

. - Soil type
(9/kg soil) (g/kg soil)
2.65+0.01 34.10+0.20 Mollisol, Sandy soil
1.44+0.07 25.10+1.42 Inceptisol, Sandy loam
1.38+0.02 13.17+£1.00 Quaternary red lay
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Table 2. The concentration and purity of RNA extracted by Manual method and Kit method

Replicate Concentration of RNA/(ng/uL) OD,50/ODjgy OD,60/OD53g

Soil sample Extraction method

Hailun of Heilongjiang Province Manual extraction method
Kit extraction method

Binhai of Jiangsu Province Manual extraction method
Kit extraction method

Yingtan of Jiangxi Province Manual extraction method
Kit extraction method

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

27.34
19.25
26.24
41.75
80.24
56.85
14.06
13.61
22.62
107.41
94.79
100.21
N/A
N/A
N/A
5.44
7.87
6.98

1.65
1.76
1.65
2.04
191
1.97
1.50
1.75
151
191
1.98
2.00
N/A
N/A
N/A
1.85
1.83
1.89

0.17
0.56
0.13
2.19
2.06
2.24
0.72
0.05
0.30
2.02
211
2.18
N/A
N/A
N/A
2.01
1.93
2.01
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Figure 1. Agarose gel electrophoresis of total RNA (A) and the number of 16S rRNA transcript (B) from three
paddy soils by Kit method and Manual method-based RNA extraction. Hailun, Binhai and Yingtan represent paddy
soil RNAs from Hailun city of Heilongjiang province, Binhai city of Jiangsu province and Yingtan city of Jiangxi
province respectively. KR: Kit method-based RNA extraction; MR: Manual method-based RNA extraction; M:

DNA marker.
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Figure 2. Bias assessment of microbial diversity associated with KR and MR methods for RNA extractions of three
paddy soils. A: The rarefaction curves of chaol richness index. B: Non-metric multidimensional scaling analysis of
soil microbial communities. C: The number of phylum biased in association with KR and MR extractions and the total
number of microbial phylum extracted. 8/27 indicates that 8 out of 27 phyla in paddy soil are statistically significantly
biased by KR or MR methods. D: The number of genus biased in association with KR and MR methods and the total
number of microbial genus extracted. 108/363 indicates 108 out of 363 genera in paddy soil of Hailun city are
statistically significantly biased by KR and MR methods. E: The total relative abundance of the biased phyla by KR
and MR methods. The value above the column refers to the number of the biased phyla by KR and MR methods. F:
Range of relative abundance in difference between KR and MR methods. KR means microbial taxa is favored by KR
method and the range of difference is calculated by KR minus MR; MR means microbial taxa is favored by MR
method and the range of difference is calculated by MR minus KR. G: The total relative abundance of the biased
genus by KR and MR methods. The value above the column refers to the number of the biased phyla by KR and MR
methods. H: Range of relative abundance in difference between KR and MR methods. The bias definition is based on
the statistically significant difference in relative abundance of microbial taxa obtained between KR and MR methods
for RNA extractions. All other abbreviations and definitions are the same as those in Figure 1.
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(A) Phylum biased by Kit method-based RNA (KR) extraction (B) Phyla biased by Manual method-based RNA (MR) extraction
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Figure 3. Biased phylum in three paddy soils based on RNA extraction by different KR and MR methods. A:
The statistically significant increase in the relative abundance of microbial phylum in paddy soil based on RNA
extraction by KR method when compared to MR method. There are 11 phyla with relative abundance statistically
significantly higher by KR methods than those by MR method. And 1 phylum is consistently detected in three
soils, 3 phyla appeared in two of three soils, and the rest 7 phyla appeared only once in either Binhai or Yingtan
paddy soil. B: The statistically significant increase in the relative abundance of microbial phylum in paddy soil
based on RNA extraction by MR method when compared to KR method. There are 11 phyla with relative
abundance statistically significantly higher by MR methods than those by KR method. And 1 phylum is
consistently detected in three soils, 3 phyla appeared in two of three soils, and the rest 7 phyla appeared only
once among the three paddy soils tested. C: The relative abundance of dominant phylum in three paddy soils
based on RNA extraction by KR and MR methods. These 10 phyla contributed to >90% of total microbial
abundance in the three paddy soils tested. All other abbreviations and definitions are the same as those in Figure 1
and Figure 2.
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(A) Genera biased by Kit method-based RNA (KR) extraction (B) Genera biased by Kit method-based RNA (KR) extraction
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Figure 4. Biased genera in three paddy soils based on RNA extraction by different KR and MR methods. A: The
statistically significant increase in the relative abundance of microbial genera in paddy soil based on RNA extraction by
KR method when compared to MR method. There are 94 genera with relative abundance significantly higher by KR
methods than those by MR method, while 30 genera having a difference of >0.5%. Among these 30 genera, 2 genera are
consistently detected in three soils, 14 genera appeared in two of three soils, and the rest 14 genera appeared only once
among the three soils studied. B: The statistically significant increase in the relative abundance of microbial genera in
paddy soil based on RNA extraction by MR method when compared to KR method. There are 108 genera with relative
abundance significantly higher by MR method than those by KR method, while 32 genera having a difference of >0.5%.
Among these 32 genera, 4 genera are consistently detected in three soils, 11 genera appeared in two of three soils, and the
rest 17 genera appeared only once among the three soils studied. C: The relative abundance of dominant 7 genera in three
paddy soils based on RNA extraction by KR and MR methods. Up to 409 genera were detected in all three paddy soils
and 72 dominant genera with relative abundance of >0.1% consistently appeared in three paddy soils accounting for
more than 80% of the total abundance of soil microbial communities. It is found that 48 genera out of these 72 genera
showed similar changing patterns of relative abundance between KR and MR methods, i.e., for each of these 48 genera
the relative abundance is ranked in the same order among these three paddy soils regardless of KR and MR extraction
methods. The rest 24 genera showed the opposite trend while accounting only for 7.63% of these dominant genera.
Presented in the figure are the 6 genera with relative abundance >5.0% among 48 genera showing consistent changing
patterns and 1 genera with relative abundance >1.5% among 24 genera showing inconsistent changing patterns. All other
abbreviations and definitions are the same as those in Figure 1, Figure 2 and Figure 3.
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Figure 5. The phylogeny of aerobic methanotrophs (A) and their relative abundances (B) in three paddy soils. A:
All methanotrophic 16S rRNA genes were screened from the three paddy soils and the phylogenetic analysis were
performed. The scale bar represents nucleotide acid substitution percentage. B: the relative abundance of individual
genus of methanotrophs in each of the paddy soil. The inset pie shows the trend of methanotrophic frequency of
dominant genera in the three paddy soils tested. Hailun, Binhai and Yingtan represent paddy soils from Hailun city
of Heilongjiang province, Binhai city of Jiangsu province and Yingtan city of Jiangxi province respectively. All
other abbreviation and definitions are the same as those in Figure 1.
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Assessment of method-specific bias associated with RNA
extractions for metatranscriptomics in three geographically
distinct paddy soils with different origin of parent materials

Jun Zhao', Yongliang Mo'?, Zhongjun Jia"

! State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, Jiangsu Province, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Objective] RNA extraction is considered the key for soil metatranscriptomics and it is expected that
different methods would have generated distinct resolution of active soil microbiome. However, it remains largely
unknown about the quantitative bias assessment of soil microbial communities associated with commercial Kits
RNA (KR) and Manual RNA extraction (MR) methods. The aim of this study was to assess the bias of
metatranscriptomics associated with total RNA extractions by commercial kits and manual methods from three
geographically distinct paddy soils. [Methods] Three kinds of paddy soils were collected, representing distinctly
different origin of parent materials including viscous black sand in Hailun city of Heilongjiang province, sandy
loam in Binhai city of Jiangsu province, quaternary red clay in Yingtan city of Jiangxi province. Total RNA was
obtained by commercial kit method and manual methods. The quantity and quality of total RNA were assessed by
ultraviolet spectrophotometry and agarose gel electrophoresis. The abundance and composition of soil microbiome
was analyzed by real-time quantitative PCR and high-throughput sequencing of cDNA reversely transcribed from
16S rRNA. [Results] The purity of RNA extracted by kit method was higher than that of manual method, but it did
not hold true for the quantity of RNA extracts. The kit method generated higher quantity of soil RNA extract from
paddy soils with higher organic matters from Heilongjiang and Jiangsu provinces, while the manual MR method
recovered more RNA from paddy soil in Yingtan city of Jiangxi province with lower organic matter.
High-throughput sequencing revealed a total of 27 phyla and 409 genera in three paddy soils, and 19 phyla and 181
genera were statistically significantly biased, i.e., the significant difference in relative abundance of these
phylotypes was observed between manual MR and kit KR methods. These 19 phyla and 181 genera averaged for
40.4% and 44.4% of the total microbial abundance in soils. There are 11 phyla with higher relative abundance by
KR than MR methods, and it is noteworthy that only Armatimonadetes phylum was KR-specifically biased, i.e., it
is consistently detected in three soils with higher abundance by KR than MR methods. Similarly, the MR method
also led to higher abundance of 11 phyla than KR method, and the Firmicutes is the only phylum for MR-specific
bias, i.e., it is consistently observed with higher abundance in three soils by MR than KR method. At the genus
level, the kit method consistently revealed two genera with higher relative abundance in all three paddy soils than
manual method, and five genera were preferentially recovered by MR method in all three soils. We further assessed
a total of 72 numerically dominant genera that could be recovered from all three soils having a relative
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abundance>0.1%. These genera accounted for more than 80% of total microbial abundance in the three soils. The
result suggested that 48 out of 72 genera have the same changing patterns of relative abundance among three paddy
soils regardless of KR and MR methods. For example, the manual RNA extraction method indicated that the
relative abundance of aerobic methanotrophs could be arranged in a decreasing order as Heilongjiang (1.68%)>
Jiangxi (0.90%)> Jiangsu (0.59%), while the kit KR RNA extraction method has the same order as Heilongjiang
(0.52%)> Jiangxi (0.18%)> Jiangsu (0.13%). [Conclusion] Among 27 phyla and 409 genera detected in paddy
soils, there are only 2 phyla and 7 genera that was consistently biased in all three paddy soils by either kits KR or
manual MR methods. It suggests that the biased phylotypes associated with the RNA extraction method itself could
be insignificant, accounting only for 7.4% and 1.7% of the total phyla and genera respectively. Although the
quantity and quality of RNA extracted from paddy soil are obviously different between manual MR and kit KR
methods, the bias associated with these two RNA extraction methods has no significant impact on the
biogeographic patterns of soil microbiomes in the three paddy soil tested. It is estimated that 70% of phyla and 22%
of genera detected were observed with statistically significant difference between KR and MR methods. However,
both RNA extraction methods could lead to the same conclusions regarding the changing patterns in relative
abundance of microbial phylotpes among the three paddy soil tested. Despite the fact that the detection of every
individual phylotype cannot be entirely reproduced by both methods and there are huge difference between these
two methods, it seems plausible that the difference among soil types is sufficiently large so that the recovery of
microbial communities would not be biased by RNA extraction method itself. These results imply that the
method-specific bias of phylotype detection is much less than expected during soil RNA extraction. For future
study the choice of RNA extraction method may not be of significant help, and the priority is to have experimental
manipulation and treatments that would select for microbiomes with difference significantly larger than the bias
associated with RNA extraction methods.

Keywords: prokaryote, metatranscriptomics, paddy soil, kit method-based RNA extraction, manual method-based
RNA extraction, 16S rRNA
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