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x1. ERERZI

Table 1. Information of pit clay samples
A'ging level of Number of samples  Cellar age
pit clay
New 5 1-2 years
Aging 5 4-8 years
Aged 5 Over 10 years
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Figure 1. Prokaryotic community structures with two types of internal controls. A: genomic DNA of
Clostridium acetobutylicum was used as internal control; B: cells of Clostridium acetobutylicum were used as
internal control. Level-1, Level-2 and Level-3 represent three internal gradients, and R1 and R2 were duplicates.

®2. FAMHARRINIARTERMEVEVEESEHE

Table 2. Absolute quantitative of biomass of pit clay with internal standard by two different addition methods

DNA Cells amount/ Relative abundance of Absolute biomass in pit  Relative standard
Sample amount/ (<10° cells/g) internal standard/ clay sample/ . df:viatiog of absolute
(ng/g) (Mean£SD, %) (Mean£SD, x10° cells/g) biomass in each level/%
Adding genomic DNA
Level-1 25.08 - 0.17+0.04 35.30+8.11 22.97
Level-2 250.80 - 0.77+0.05 74.05+5.16 6.96
Level-3 1254.00 - 2.20+0.36 129.74+21.64 16.68
Adding cells
Level-1 - 5.68 0.33+0.03 17.09+1.67 9.80
Level-2 - 56.80 2.93+0.36 19.11+2.39 12.51
Level-3 - 284.00 14.23+1.54 17.35+2.19 12.61
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co-ordinates analysis), FL 5[] & 20 BE 2R T )
FRAEIY B-ZAEME . PCoA T4 RERH], F i 1
FRLSY 2 e T B 52.09% 75 5, ANOSIM
2] 6] 2 FR I 45 R {H4 0.6542 (P=0.001), A
EREEE PN RARLH B 2R EREE . X
L 25 FR 3 W AR 28 2R 2 X 2 YR R AT 23 2H Y 5 3
PE, HBE R e A E e id i, e el
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Figure 2. The diversity of prokaryotic communities of pit clay at different aging status. A: Shannon index of
a-diversity. B: Principal co-ordinates analysis of B-diversity. Sample 1 to 5 were new pit clay, sample 6 to
10 were aging pit clay, and sample 11 to 15 were aged pit clay (**: 0.001<P=<0.01; ***: P<0.001; determined

by #-test).
(A) . (B) . - 1
100 ew o) ew ging | ge 25 %
i) ©
< 3 ' | P
S 80f g 2 14 New Aging 120e
] S 12 m X
< == X 10 ~
< 60| 1 <% E 15 3
5 S - =
<
) s 4 o
< I < 2 o
o 40 < 10 3
2 50.5 G
= < 0.4t ®
o 20+ o 0.3+ 15 5
~ 502} . S
0 — 8 OIHH [ -1 1 ! 0 5
1234567809101112131415 < 12345678910 1234567 89101112131415
[Cothers [ Corynebacterium_1 [ Brevibacterium & Proteus
[ Aneurinibacillus [ Microbispora [CJNovibacillus [ Massilia
[ Acholeplasma W Micromonospora @ Rhodococcus [ no_rank f Marinilabiliaceae
[Cno_rank f norank o DTUO0I14 [] Acinetobacter [C1DMERG64 [ no_rank f Syntrophomonadaceae
[ A4topobium [ISporosarcina [CJPediococcus [ LNR-A2-18
[ Prevotella 7 [Munclassified_f Micromonosporaceae [ Caloribacterium [ Anaerocella
[CIno_rank_f Anaerolineaceae W [Eubacterium)_fissicatena_group  [] Kroppenstedtia [Junclassified f Clostridiaceae 1
[1Brevibacillus [Eno_rank f Heliobacteriaceae [C1 Bacillus [ Aminobacterium B
[CGeobacillus [CJCandidatus Methanoplasma [Ino_rank_{ Lachnospiraceae [ Methanocorpusculum
[(Tissierella [ Lysinibacillus [@no_rank f Family XI [ Fermentimonas
[ Thermoactinomyces [ Planifilum [[]Paenibacillus [[] Sedimentibacter
[Cno_rank f Dysgonomonadaceae B Methanoculleus W Syntrophaceticus W Syntrophomonas
DunclaSSIﬁed o_Clostridiales  [] Hydrogenispora W no_rank_f Promicromonosporaceae g Caldicoprobacter
W Clostridium_sensu_stricto 12 [C1Sphingomonas [ Proteiniphilum [ Petrimonas
[ Methanobrevibacter [ Methanosarcina W no rank f Clostridiaceae 1 [ Methanobacterium
= Caproiciproducens [ Lactobacillus

3. EMEEASEMEEB)SNEREAIENEIEN
Figure 3. Relative abundance (A) and absolute abundance (B) of the dominant genera in pit clay. Sample 1 to 5
were new pit clay, sample 6 to 10 were aging pit clay and sample 11 to 15 were aged pit clay.
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Figure 4. The comparation of functional microbes in pit clay with different aging status by relative abundance
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Figure 5. Physical and chemical characteristics of pit clay. A: lactic acid; B: pH; C: butyrate; D: caproate.
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Figure 6.

prokaryotes at genus level.

Spearman correlation analysis of the physicochemical characteristics and the abundance of important
A: Correlation between relative abundance of genus and physicochemical

characteristics. B: Correlation between absolute abundance of genus and physicochemical characteristics. *:
0.01<P<0.05; **: 0.001<P=0.01; ***: P<0.001, the correlation significance.
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Profiling the community structure of pit clay during aging
process with the combination of relative and absolute
quantitative approaches
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Abstract: [Objective] Based on the traditional relative quantitative method, the microbial community in pit clay
with different cellar ages was investigated by using the absolute quantitative method with addition of an internal
standard at the DNA extraction step. [Methods] According to the relative and absolute quantitative results, the
microbial community and physicochemical factors of pit clay were profiled by using Clostridium acetobutylicum as
an internal standard through 16S rRNA gene high-throughput sequencing. [Results] With the increase of cellular
age, the diversity of microbial community in pit clay increased, and the relative abundances of representative
genera such as Caproiciproducens, Methanobacterium, Methanosarcina, and Syntrophomonas significantly
increased. By using the absolute quantitative approach, the biomass in the aged pit clay was 600 times and 28 times
as much to that in the new pit clay and the aging pit clay, respectively. Compared with the relative quantification,
on the contrary, the absolute abundance of Lactobacillus in aged pit clay did not decrease rather than increase
during the aging process, with 20 times as that in new pit clay. The absolute abundance of Caproiciproducens in
aged pit clay was 25000 times as much to that in new pit clay. Moreover, the absolute abundances of other
functional microorganisms such as Methanobacterium, Methanosarcina, Methanobrevibacter and Syntrophomonas
also increased across the aging process. The absolute abundance analysis indicates that the aging process of pit clay
is a process with increased diversity as well as biomass of microbial community, contributing to lactate depletion
and thus maintaining the stability of pit clay microbiota. [Conclusion] With the combination of relative and
absolute quantitative approaches, the dynamic changes of species members in microbial community were profiled
during the pit clay aging process. This study will help to provide a new quantitative and causal correlation analysis

method to decipher the composition and function of pit clay microbiome.
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