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The absolute PCR quantification of microbial target genes in
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Abstract: [Objective] Fluorescence quantitative PCR can absolutely or relatively quantify the target
genes in soil samples. However, the accuracies of absolute quantification of target genes are influenced
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by DNA yields during DNA extraction and inhibition caused by co-extracted humic acids. [Methods]
Using prepared mutated plasmid DNA, this paper quantified the 16S rRNA gene from one paddy soil
by the methods of adding such plasmid containing mutated internal gene before DNA extraction.
Two-way primers amplification showed that the added internal gene inserted in this mutated plasmid
DNA was specific to studied soils when used as internal standards. [Results] The results showed that
DNA yields varied greatly among these paddy soil samples, leading to incorrect results from absolute
quantification. Using the mutated plasmid DNA, the precision of resulted data points has been
improved significantly. It showed that the coefficient of variation for absolute 16S rRNA gene copies of
these samples was 17.8, which was 66.7% lower than the values calculated for soil samples without
internal gene correction. It indicates that added internal gene can correct the effects of varied DNA
yields. Such tested methods were further used to quantify 16S rRNA gene from 6 wetland soils with
great spatial and physic-chemical differences in soil organic matter contents and water moisture. The
total bacterial abundance indicated by absolute 16S rRNA gene copies was linearly correlated
(R*=0.694, P<0.001) with soil microbial biomass carbon, demonstrating that after addition of internal
standards, the quantified 16S rRNA gene copies can accurately reflect the absolute microbial
abundance in soil samples. [Conclusion] The added internal gene can correct for DNA yields and the
effects of inhibition of humic acids on PCR amplification. Using plasmid containing mutated internal
gene as internal standards, this method, as a nucleic acid assay can be applied in soil ecology to
quantify soil microbial biomass and absolute abundance of microbial functional genes.

Keywords: Soil, Water content, DNA yield, Quantitative PCR, Absolute quantification, Internal gene,
Humic acids inhibition
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gPCR) AT LUXF + e i A W) B bR R i A7 Al As:
I, DT S R BEZE Bl Ay B e R BE (ke 16S
rRNA JEH 5} 18S rRNA JE T i) sk s
(anxt e [ e BE R SR AL BE R A T e 1) o Y
JE G I 5 320 AR O E R RN 4 6] i B
R, B A WA N A7 A8 B 5 3 X (House-keeping
gene), X EHE 7R A LA N 3R 58 A2 PR EE R 350
Mal /1N, PR E EAZ AR M AR D A 2 Ao
CIETReNSE T TREANE &= & TSk NG EHIaaIE]
KX FLAZ A AN [ A PR 2 [a] AR AR AT H A 2 ]
AR s RIS AN )T B A AN 2 5T
WA E BRI HIN A 5, ANETETHE
(7 Z LR I ARIE N TR Ee ) F g £
BESEPREERE AR E ) AR AR S i, A
b E A 3 PR D0 Gt DA% AR W A A /N T
rRNA (16S rRNA FEPR) K 7 51045 DB e k%
7K~ (Target gene/16S rRNA), #RIMAIH 16S rRNA %
PR 48 DU B s 56 R R A7 A X 3R 3K e 1 11 A2 3

AR BRI, BIEER o8 i H AR R =20k
HFEEAEY), 3 B AN E )] L2
WA, BOE AN ] SRR (8] JEAZ LR W BT o S
WP 4 AR TR

A R 5 b i bR i R 3 B 3 A A
Xt R DL ROk R RPY, SR i Sl s H ARt
(2%} e e ATI R AT B X, R4 X i i
W, ORF RHERES Z 0] . B A EE
6] DNA $#2HU5 4 (DNA yields) 22 56 i 2520 H
I R 26 %t R A 2 OSSR DL+
b2 T3 13 DNA SIS 322 SR R E R A
F K TR AN S R 43 B DL M A i 2
FEARICR T2 e b AR [ s (ks + 570 +), DNA
SR 2SR o S i 3 e . X
BT B RO 58 T DNA $2H, 2%
DNA 2B Z i, 5 B £ T HES R
ERRARUE YRR, Rk Ah, 24HEY DNA 1
OYES . A —RAIBENLN R Tk, e FEk
DNA #2022 R EZR A . 7358, H3A:

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



426 AEY) 4R Microbiol. China

2016, Vol.43, No.2

SEH4] DNA M3REAS AT, SEE YRR
ZERg 2 REVE BAT I 22 U0 HERRINSE +IERE S
AR D (AT . A 5ty DR AR 5 o B sl )
REFRE, X TS A Yre A S f
PrE e E,

MR ] - HEDNATE R 22 6t H AR K 45
X DU R, AN IR T — R508F58 . Moller
SEAE P X 11 RS Je Wi 41 TR (Cyanobacteria) F [ 41
DNAM luc B X6 A T —Bt37 bp K/ T
FIME NS, i etk BEPCRILI, XHigt et
IO T Y NurmiZ5 U2 i im A — Bt
HMEIEH TS, FEHESE SN S IR R A T
EA, TR R PR A iR . B AN
TN SDNAB S BN (i b, RS 1%
A5 Y e R A 20 A ) - SRR S v v Y TR
PEDNA— A, AT LLSEIEX HeE 1,9a- XU 42Ul
s Ak, Park % P T A PEGFP-N1 o
MR FT B IM OO ML E N S I A S -3, 58
1 qPCREXT H b F PR 10 & % # DL BGH AT R AL o
Daniell 5 F4 H 1% A 5278 KA FTF R DNA Fr B9 5t
Xk HERE A BRI N 7 B, SR AL
W R I, WA a5 itk SR s P S 0k
DR B 1 HARSE R A &1 T3, NS
HER A N R 2k o i Park Mg S A NS IR
JFRE G A A FT B TMULO9ZH i A 48 v (147 75 f e
TS @R IR, SRR SNEYE K
FF B 40 M rp ) B 26 3 P T BB - A B TR AE H
PRIFSIRE T, B TSR, Wi eSS A
BIIRZE . 5y LT [ Ny SCEkERE & B, H R
ST N 2 5L R S B 4 455 7 1ol 2 0 e A A i
S 00 1 A o w24 B 1) 1B A EE
WF5E N AT EREERE i B AR SE A T4t e i, /b
A I NS I B B BAR I A E, TR
PRI 28 IS AR v 6 3R A= ) H AR L R 446 X 45
DURGIEAT 28 A58 10 A LR

A SO FH B [ S 130T B 1 AF 5 9 (The James

Hutton Institute) T.J. Daniell 18-+ 424t 1 K Im T 5 2
A5 DNA R TRk i, 28 LAb Bl S/ N2,
TEHX 16S rRNA BEAVESN H bR #4746 00 i F A
%o 16S rRNA FER 4 x4 DUET DL R B v —
JE T IR L Th A AR A X R R IR
WEBRRUT N 2% . Bk 2 Rk LI,
FAE 1 AN TR L 21 P A 8 /K e A it (e
EBRG)M 6 ARIRA | YA AR b 43R 5 (2
WAERRG), W5 NS BRI RS s 5% 44
T, A=K R B FEA T 16S rRNA K 2%+
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Figure 1 DNA yields from paddy soils

TE: 1653 MR EK RN 31.2%, 39.2%, 47.2%, 55.2%,
63.2% L1 71.2%HY[Al— KR LA A s DNA S E DI
ANy IRZEERANTR 3 A EEAET Z H AR

Note: 1#-6# represent the identical soils with only varied water
contents, i.e., 31.2%, 39.2%, 47.2%, 55.2%, 63.2%, and 71.2%,
respectively; The DNA yields are normalized to dry soil mass; The
error bar indicates The standard deviations of three replicates for
each sample.
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Table 1 Variation analysis for DNA concentration
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Soil water-induced variation
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16S rRNA copy number (10 ” copies/g dry weight)

Paddy soil ID
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Figure 2 The quantified 16S rRNA absolute gene copies for paddy soils
TE: A NARIIARKAE LA, B W IIBR/KFE ARG 1#-6#: KRR 31.2%, 39.2%, 47.2%, 55.2%, 63.2%LLK 71.2% MR —/KF
AN 168 IRNA FERPE DIRS DL HIETHFOR, R RAER 3 AN E M Z R bR
Note: A: Paddy soils without added mutated plasmid as internal standards; B: Paddy soils with added mutated plasmid as internal standards.

1#-6#: The identical soils with only varied water contents, i.e., 31.2%, 39.2%, 47.2%, 55.2%, 63.2%, and 71.2%, respectively; The DNA
yields are normalized to dry soil mass; The error bar indicates the standard deviations of three replicates for each sample.
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Figure 3 The quantified 16S rRNA absolute gene copies
from six wetland soils by the methods of adding plasmid
containing mutated internal gene before DNA extraction

T NARRE IR SR B KR 32.6%, 35.1%, 55.0%,
54.5%, 64.5%LAK 68.7%; HAREEP S RLHHTHELIR; iR*
2B 3D EE ZAMARER; Hob, XZ $J2HRH) DNA KR
FikE 100 155 2E4T gPCR 5.

Note: The water contents for these soils are 32.6%, 35.1%, 55.0%,
54.5%, 64.5%, and 68.7%, respectively; Gene copies are
normalized to dry soil mass; The error bar indicates the standard
deviations of three replicates for each wetland soil sample; The

extracted DNA sample from XZ is diluted by 100 times before
¢PCR reactions.
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Figure 4 The liner correlations between 16S rRNA absolute gene copies and soil microbial biomass carbon
TE: A JRIMPRTH 3R, B A IMEMRH 3R BT TAEaok B 6 AbiH.

Note: A: Wetland soils without added mutated plasmid as internal standards, B: Wetland soils with added mutated plasmid as internal

standards; Samples are from six studied wetlands.
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