Research Paper EGiEEiES

WHEYZER Acta Microbiologica Sinica
55(7) :916 —925; 4 July 2015

ISSN 0001 —6209; CN 11 —1995/Q
http ://journals. im. ac. en/actamicrocn

doi; 10. 13343/j. cnki. wsxb. 20140581

Comparison of different PCR primers on detecting
arbuscular mycorrhizal communities inside plant roots

Shengjing Jiang', Guoxi Shi*, Lin Mao', Jianbin Pan', Lizhe An', Yongjun Liu'",
Huyuan Feng'*

'School of Life Sciences, MOE Key Laboratory of Cell Activities and Stress Adaptations, Lanzhou University, Lanzhou
730000, Gansu Province, China
*Key University Laboratory for Protection and Utilization of Longdong Bio — resources in Gansu Province, College of Life

Science and Technology, Longdong University, Qingyang 745000, Gansu Province, China

Abstract ;[ Objective | Communities of arbuscular mycorrhizal fungi ( AMF ) colonizing toots have been increasingly
investigated by molecular approaches with AMF-specific PCR primers. However, it is difficult to compare the species
diversity and species compositions of AMF communities across various studies due to the PCR primers used differently, and
also little is known if significant difference of community compositions is characterized by different primers. We aim to
compare the difference of efficiency of four primers for AMF. [ Methods ] We chose four commonly used AMF-specific
primer combinations ( NS31-AM1, AMLI1-AMI2, NS31-AMI2 and SSUmC{-LSUmBr), and used 18S rDNA clone
libraries to describe the AMF diversity and community. [ Results] Our results showed that the specificity and coverage
varied among the tested primers, different primer combinations would yield distinct patterns of species diversity and
composition of AMF community. SSUmC{-LSUmBr had the best specificity and coverage in amplifying AMF sequences,
followed by NS31-AML2 and NS31-AM1, and AMLI-AMI2 showed the lowest specificity towards AMF sequences.
[ Conclusion ] SSUmCf-LSUmBr is not the optimal primer pair for AMF community study in current stage due to limited
reference sequences and large DNA size. As an alternative, NS31-AML2 is more suitable in AMF community study,
because its target TDNA region could well matich the increasingly used virtual taxonomy database ( http://maarjam.
botany. ut. ee) and also its suitable DNA size could be efficiently used in high-throughput sequencing.
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Arbuscular mycorrhizal fungi ( AMF) in the
phylum Glomeromycota are one of the most important
root-associated microorganisms on the earth!'’. About
70% —-90% land plant species form mutualistic
associations with diverse AMF communities in natural
conditions'>’ | and through the mycorrhizal symbionts
AMF provide phosphorus and nitrogen to their hosts in

]

exchange for plant photosynthates'>. In addition,

increasing evidence shows that AMF could regulate

[45 6-7]

plant communities'*' and biogeochemical cycles'®”) |

and also influence many ecosystem processes via direct

8]

and indirect ways'®'. Although the importance of AMF
has been well accepted, the diversity and composition
of AMF communities in most ecosystems are not well
understood, and which is partly due to the difficulty in
identifying AMF communities in fields.

The study of AMF community is traditionally
dependent on the morphological identification of
asexual spores collected from soil”’. However, it is
obvious that the communities of dormant spores could

U9 In recent

not reflect the active AMF communities
years, PCR-based molecular approaches have been

studly of AMF

increasingly used in  the

5] because these methods can rapidly

community n
and accurately identify the diversity and composition of
AMF communities in both root and soil samples. Using
molecular methods to identify AMF communities are
highly dependent on the specific PCR primers, which
should amplify all members of AMF, but meanwhile
exclude sequences from other organisms''®’. In 1998,
Helgason et al''”’ designed an AMF-specific primer
AM1 from small subunit (SSU) rDNA sequences, and
successfully used it with a general eukaryotic primer
NS31 in detecting AMF communities in arable and
forest fields. The NS31-AM1 has been used to identify
AMF communities in many ecosystems“s‘lg'm, but
increasing evidence shows that AM1 could not amplify
the AMF members

within  Paraglomerales and

Archaeosporales''®’ | and it would also amplify non-

. 19,22
AMF sequences under some circumstances "', To

improve the specificity and coverage of AMF PCR
primers, several new primers and primer combinations
that target SSU rDNA region have been developed in
recent years. For instance, Lee et al. "' designed a
new primer pair ( AMLI-AML2) with higher specificity
and coverage than NS31-AMI ; Liu et al. '*' paired the
NS31 with AML2 and successfully used this primer
combination in detecting AMF communities from root
samples. However, some researchers proposed that
inclusion of the internal transcribed spacers (ITS) and
the large subunit (LSU) rDNA regions could largely
improve the species resolution of AMF than on basis of
SSU region'*!. On this basis, Kriiger et al. '**' design
four primer mixtures ( SSUmAf, SSUmCf, LSUmAr
and LSUmBr) that cover the partial SSU, whole ITS
and partial LSU regions, and they found that these
primers could be efficiently used in detection and
identification of AMF. All the PCR primers mentioned
above have been frequently used in detecting AMF
communities in fields, but which is the best primer
pair and whether different primers would yield distinct
AMF communities are poorly understood.

Several recent studies have evaluated the abilities
of different AMF PCR primers in detecting AMF
communities. For example, Kohout et al. "> compared
five AMF-specific primer systems using six plant
species with a PCR-cloning-sequencing approach, and
found that the primers covering the partial SSU-ITS-
partial LSU region tended to yield the highest AMF
Geel et al. >

evaluated six AMF PCR primer pairs using 454

diversity than the SSU primers.

pyrosequencing techniques and showed that the SSU
primers could work better than the LSU primers in
characterizing AMF communities colonizing apple
roots. The above two studies clearly show that different
primer pairs would lead to different results, indicating
that the choice of target rDNA marker region was
crucial in analyzing AMF communities. However,
inconsistent PCR primers recommended in both studies

make it is difficult to choose the suitable primers in
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future AMF community study, moreover, single plant
species tested in both cases may not reflect the
difference of the primers accurately, because AMF

. e 21,23
often show host preference in natural conditions'>*".

To fully address

differences of community compositions characterized by

whether there have significant
different PCR primers, we compared four commonly
used AMF-specific primer combinations using mixed
root samples collected from undisturbed grassland. Our
results will greatly facilitate the choice of primers in the

community study of AMF.

1 Materials and Methods

1.1 Selection of tested primers and root samples
We NS31-AM1'7) | AMLI-
AMI2™ | NS31-AMI2™ and SSUmCf-LSUmBr'*

as our tested primer combinations, because they were

selected  the

frequently employed in AMF community researches.
The former three primer sets target SSU rDNA and have
an overlapped region of ¢. 550 base pairs (bp), and
the SSUmCf-LSUmBr cover partial SSU, whole ITS and
partial LSU rDNA (¢. 1500 bp; Figure 1).

NS31 AMI
LSUmAr
¢ 550Dbp | SSUmAF
_ e I -

- ¢. 1500 by

¢.560bp | ggumcr P LSUmBr

<. 800 bp

AML1 AML2

Figure 1. The location of each primer combination on target nuclear ribosomal DNA regions. The amplified DNA length is about 550, 560, 800
and 1500 bp with primer pairs NS31-AM1, NS31-AML2, AMLI-AMIL2 and SSUmC{-LSUmBr, respectively.

Our root samples were collected from the Walaka
experimental site of the Research Station of Alpine
Meadow
University, which is located in the eastern Qinghai-
Tibet Plateau of China (33°59’ N, 102°00'W, 3500

m a. s. I. ) and belongs to a typical alpine meadow

and Wetland Ecosystems of Lanzhou

ecosystem. The major reason we chose the tested root
samples from this experimental site is that the species
diversity of both plants and AMF are relatively
high'™'. On August 2011, five tested root samples
were collected from five (2 x 2)m’ plots with similar
vegetation and soil conditions, and in each plot, five
soil cores were taken randomly and mixed as one
sample. All active fine roots were isolated carefully
from each soil sample and washed clearly for DNA
extraction.
1.2 Molecular analysis of AMF community

DNA was extracted from 50 mg fresh roots of each
sample using a Plant DNA Extraction Kit ( Tiangen
Biotech, Beijing, China) and subjected to nested PCR
with four primer systems respectively. For the former

three SSU primers, the first PCR was performed using

the universal fungal primers of GeoA2-Geoll'”). For
the SSUmCf-LSUmBr primer pair, we used SSUmAf-
LSUmAr primer mixtures as the primers of first PCR.
The first PCR was carried out in a final volume of 25
pL including 2. 5 L 10 x PCR buffer, 2 pL extracted
DNA dilution, 0.2 mmol/L dNTPs, 0.2 pmol/L of
each primer and 1. 5U Tag polymerase ( New England
Biolabs, MA, USA). The first PCR product was
diluted with ddH,0 (1:100) and 2 L of this dilution
was used as template for the second PCR. The second
PCR conditions were the same as the first PCR except
that the final volume and reaction reagents were
double.

We constructed 20 clone libraries using the
purified DNA fragments of the second PCR products (5
samples X 4 primer sets). For each clone library, 48
putative positive clones were screened using PCR and
restriction fragment length polymorphism ( RFLP )
analysis with the restriction enzymes Hinf 1 and Hinlll
(Fermentas, Vilnius, Lithuania). RFLP patterns were
only compared within the five samples in the same

primer system. One representative clone of each RFLP



FEHESESE . AN PCR 51I7EAR R A A AR B REE A9 b B 0 b, /U E W2+ 42 (2015)55(7) 919

type was sequenced (138 in total) , and the remaining
clones were classified by RFLP typing. All sequences
were checked for chimeras using Chimera-Check
program'**’
using BLAST. All obtained AMF sequences (113 in
total ; these sequences were submitted to GenBank
database KF939879-
KF939919 and KF939921-KF939992 ) were used in

phylogenetic

and compared with GenBank database

under accession numbers

analysis and phylotype delimitation.
Considering that the SSUmC{-LSUmBr sequences have
no overlap with the sequences obtained by the three
SSU primer sets, their phylogenetic analysis and the
phylotype delimitation were separately preformed.
Sequences from the SSU fragment were blasted against
the MaarjAM database (http://www. maarjam. botany.
ut. ee/) and grouped into the corresponding molecular
virtual taxa (VT; similar with named AMF phylotypes)
with the sequence identity = 97% . For the SSUmCf-
LSUmBr sequences, we used the monophyletic clade
approach to combine sequence groups into phylotypes

clades (29301

that formed monophyletic manually
Representative sequences of each AMF phylotype and
some reference sequences from GenBank were aligned
using ClustalW 2.0, and the maximum-likelihood tree
was constructed using MEGA 5.0 with Kimura two-
parameter model and 1000 bootstrap replications'™"” .
1.3 Statistical analysis

of AMF were

calculated on the basis of the relative abundance of

The community compositions

each phylotype in each clone library. Rarefaction

curves were generated with EstimateS 9. 1.0 for each

[32]

primer combination ™, and the Shannon’ s diversity

and Evenness of each detected AMF community were
calculated using PAST version 1. 61", The effects of
PCR primer on amplification efficiency and phylotype
abundance were tested by one-way analysis of variance
(ANOVA ). To determine whether different primer
combinations would yield distinct AMF communities,
the communities obtained by the three SSU primer sets
were compared using a principle component analysis
(PCA) and an Adonis analysis with R package

[34]

‘Vegan’
2 Results and Discussion

The proportion of detected AMF clone/sequence
varied among primer combinations; the primer pair
SSUmC{-LSUmBr had  the
amplifying AMF sequences from our samples, followed
by NS31-AM1 and NS31-AML2, and AMLI1-AMIL2
was the lowest ( Table 1). About 26% sequences
amplified by AML1-AML2 were related to plant

corroborating  a

highest

specificity  in

community study in

.. . . . . [35
semiarid Mediterranean using the same primer pair > |

sequences,

in which 34% of sequences were plant origins. It is
possible that AML1-AML2 could excellently exclude

190 but our

non-AMF fungi and some plant sequences
findings indicate that more cautions need to be paid
when using this primer combination to analyze AMF

community colonizing roots.

Table 1. Proportion of AMF clones and AMF diversity indexes identified by different primer combinations

Primer Proportion of Phylotype Shannon’ s

Total number of detected phylotype (family) Evenness
combinations AMF clones (% ) richness diversity
NS31-AM1 98.5+0.6 a 9 ( Glomeraceae) 7.0+0.6 ab 1.55+0.06 a 0.71 £0.06 a
NS31-AMIL2 94.8+1.9 a 10 ( Glomeraceae) 8.2+0.6 a 1.65+£0.09 a 0.64 £0.02 ab
AMLI-AMI2 74.1+4.4 b 11 ( Glomeraceae, Acaulosporaceae) 7.8+0.5a 1.66 £0.07 a 0.68 £0.04 a
SSUmCf-LSUmBr  100.0 +0.0 a 12( Glomeraceae, Acaulosporaceae, Ambisporaceae) 5.8+0.6b 1.15+0.11 b 0.56 +£0.02 b

All data are means = SE (n=5), with exception of the total number of detected phylotype. Significant differences across different primer combinations

within each variable were determined using Least Significant Difference at the 5% level and indicated by dissimilar letters.

Even though the majority of AMF diversity was
captured by each primer combination, the total

numbers of AMF phylotypes and families as well as the

mean phylotype richness, Shannon’ s diversity index
and evenness were highly dependent on the used

primer combination. The SSUmCf-LSUmBr detected
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higher numbers of phylotype and family, and followed
by AMLI-AMIL2 (Table 1). Surprisingly, the lowest
phylotype richness, diversity index and evenness were
synchronously detected by SSUmCf-LSUmBr. This
might be attributed to few common phylotypes were
detected from our root samples, and emphasizes that

more clones need to be analyzed when using the

SSUmMC-LSUmBr in community study. Nonetheless,
higher AMF lineage coverage of SSUmC{-LSUmBr
observed in our case supports the idea proposed by
%! who recommoned the SSUmC{-
LSUmBr rDNA region as a barcode region for AMF
species identification.

NS31-AMI2

Stockinger et al. '

All sequences identified by
and NS31-AMI

were belonging to

Relative abundance of AMF phylotypes (%) Summary of one-way

in different primer combinations ANOVA
711 AML-3 (KF939881) NS31-AM1  NS31-AML2  AMLI-AML2  F-value P-value
97 NSL-59 (KF939937)
REIIEX) (IEEE09) VT166 402443 023+44 39.445.0 0105  0.901
92l u. Glomus (AB556929)
0 F NSL-64 (KF939942)
8 NI EO TR E22) VTI35 133434 8.6%2.0 54422 2323 0.140
NSL-67 (KF939945)
NSM-29 (KF939907)
u. Glomus (AB556928)
| NSM-43 (KF939921) VT159 2.6+1.2 33+1.6 3.4+1.7 0.069 0.934
NSL-49 (KF939927)
g3~ NSM-26 (KF939904)
—{ - VT304  62+18 0 13.041.8 20666 <0.001
Glomus || AML-11 (KF939889)
97 NSL-68 (KF939946)
] L AVTLLTERE) VTIS6 05405 5.6%+2.6 97423 5205 0.024
NSM-33 (KF939911)
—»ERECE ) VT199 0 2.840.8 0 10.858  0.002
Glomus macrocarpum (FR750376)
NSM-37 (KF939915) New VT _ 0.5+0.5 0 0 1.000 0.397
] u. Glomus (EU340307)
AML-5 (KF939883)| VT129 0 0 9.8+5.7 2.950 0.091
u. Glomus from Tibet Plateau (GU238379)
AML-7(KF939885)
R (W) VI371  L1+06 11.3+1.7 3.8+1.8 12245 0.001
0 NSM-38 (KF939916)
AML-22 (KF939900)
NSL-73 (KF939951) VT373 0 2.4+0.8 0.7+0.7 4.501 0.035
Rhizophalgus NSL-46 (KF939924)
AFNSM"" G VT83 14.0+2.0 18.6+4.2 1.1+0.7 11.200 0.002
\ NSM-30(KF939908) — I N ' .
M AML-24 (KF939902)
99 Rhizophagus irregularis (FR750223)
31| 89’_2 NSM-34 (KF939912)
NSL-50 (KF939928) VT113  20.6+3.1 42+1.4 12.7+4.1 7.293 0.008
Funneliformis Rhizophagus irregularis (F1009612)
0 Septoglomus africanum (HM153419)
Funneliformis verruculosum (AJ301858)
9 o2 [RSIaCCESRE ) VI6s 0 0.90.6 0 2666 0110
Acaulospora Funneliformis caledonium (Y17635)
Diversispora spurca (Y17650)
L 72 : — AML-17 (KF939895)
= Acaulospora sp. (AJ306440) VT231 0 0 1.1+1.1 1.000 0.397
Acaulospora rugosa (214004)

Ambispora fennica (AM268192)
Archaeospora trappei (Y17634)

1001 Paraglomus occultum (AJ276081)

Paraglomus brasilianum (AJ301862)
Mortierellapolycephala (X89436)
Endogone pisiformis (X58724)

Claroideoglomus etunicatum (FR750216)

0.01

Figure 2. Maximum-likelihood tree inferred from the SSU representative sequences of each AMF phylotype obtained in this study and reference

sequences from GenBank. Bootstrap values above 70% are shown. The relative abundances of each AMF phylotype in different primer combinations

are means = SE (n=5). The results of one-way ANOVA for each phylotype were joined onto this figure.
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Glomeraceae, indicating that the sequences of

Ambisporaceae and  Acaulosporaceae that  were
successfully detected by SSUmCf-LSUmBr could not be
amplified by these two primer sets. In fact, the
coverage limitation of NS31-AM1 has been well
reported '* | but rich evidence shows that NS31-AMI.2
could detect near all AMF families' "> 740)

A total of 14 AMF phylotypes were detected by the
SSU primers, with 3 — 5 phylotypes missed by each
primer combination ( Figure 2). Relative abundance of
half phylotypes was significantly affected by primer
combination ( Figure 2), and the AMF communities
detected by the three SSU primer combinations were
different in their phylotype compositions ( Figure 3;

Adonis analysis: all P < 0.01).

H NS31-AM1 A NS31-AML2 ® AMLI-AML2
[ ]
2 —
,‘_\
- 1
I’ Il
’ ’
4 ’
~_~ ’ ’
< 14 A / K
2 | I
g : A ‘\ ! /I’ .
& ) \ ’ L’
g 0 Al \ (3Pl
\ \
oA
~ (AN |
7 F \\\
1+ '\- M
\\\- ;
\\--’l
u
T T T T T
2 | 0 1 2

PC1(33.50%)

Figure 3. Principal component analysis showing distinct
community compositions of AMF detected by three SSU primer
combinations. Ellipses with different colors indicate 95%
confidence ellipses for each primer combination. Adonis
analysis also indicates significant difference among different

primer combinations (all P < 0.01).

Such distinct communities detected in this study
should be related with the primer sensitivity to less-
represented DNA  populations in the mixture;
furthermore, as the NS31-AM1 preferentially amplifies
Glomeraceae' '’ | it is possible that other primer
combinations would also have a certain degree of taxon

or sequence preference. It is impossible to compare the

AMF communities identified by SSUmCf-LSUmBr and
SSU primers, but we can expect that the community
detected by SSUmC{-LSUmBr might be largely different
with that by other three primer pairs. For example, the
SSU  primes hosted a
Rhizophagus (13% —34% ) in the AMF communities,
but none was detected by the SSUmCf-LSUmBr
(Figure 4).

In conclusion, our results showed that different

high percentage of the

primer combinations would yield distinct patterns of
species diversity and species composition of AMF
community.  Among the four tested primer
combinations, the SSUmCf-LSUmBr should be the first
choice in identification of AMF species, because it has
relatively higher coverage, specificity and taxonomic

%) However, the major problem of using

resolution
the SSUmCf-LSUmBr in community researches is that
limited reference sequences have been published;
furthermore, long DNA region covered by SSUmC{-
LSUmBr would also double the experimental expense
compared with other works on
of AMF taxa and
sequences using the SSUmC{-LSUmBr are encouraged
in future, and only this can SSUmC{-LSUmBr be used

as an efficiently AMF barcoding primer set. As an

primers.  More

identification environmental

alternative choice in current stage, the NS31-AML2
might be more suitable in the studies of AMF
community. The sequences obtained by NS31-AMI2
can be well grouped into the virtual taxonomy of AMF
SSU sequences, which was established by Dr. Maarja
Opik and is gradually improved and increasingly
41

used!

NS31-AML2 will also facilitate the application of next-

. In addition, suitable DNA size amplified by

generation sequencing techniques in AMF community
studies, and indeed this primer pair has been widely

14,38, 4245
L14.38.4245] - Nonetheless, as

used in 454 pyrosequencing
the primer design is highly dependent on published
sequences, we can expect that with more environmental
DNA sequenced, new primers with reliable and robust
resolution in AMF identification will be designed in

near future.
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CFB-90 (KF939968)
Glo-1 (17.8%)
CFB-95 (KF939973)
Glomus sp. (JF439156)
CFB-77 (KF939955) Glo-2 (2.8%)
CFB-94 (KF939972)
CFB-106 (KF939984)
Glo-3 (24.8%)
CFB-107 (KF939985)
I CFB-96 (KF939974)
- o,
0.02 CFB-101 (KF939979) Glo-4 (1.1%)
74 Glomus sp. (JF439191) Glomus
CFB-83 (KF939961)
Glo-5 (1.1%)
CFB-109 (KF939987)
- 9399
JE CFB-78 (KE939956) | Glo-6 (40.3%)
77 CFB-76 (KF939954)
_{——CFB-93 (KF939971) Glo-7 (1.1%)
CFB-97 (KF939975)
EEl 100 — CFB-82 (KF939960) | Glo-8 (2.3%)
L Glomus sp. (JF439161)
CFB-108 (KF939986) | Glo-9 (0.7%)
76
a4 Glomus macrocarpum (FR750539)
100 ——100[—CFB-102 (KF939980)
0,
CFB-112 (KF939990) Glo-10 (1.8%)
4]00? Rhizophagus irregularis (FM992377)
08 Rhizophagus proliferus (FM992398) Rhizophagus
N 100 Septoglomus constrictum (JF439167) | Septoglomus
—mr Funneliformis mosseae (FN547483)
Funneliformis caledonium (FN547499) Funneliformis
Claroideoglomus sp. (FM876807) | Claroideoglomus
CFB-98 (KF939976
100 — ( ) | Aca-1 (1.1%) Acaulospora
88 I—Acaulo.\‘pom sp. (HF567932)
100 Gigaspora rosea (FN547575) | Gigaspora
—|j Racocetra weresubiae (FR750134) | Racocetra
Scutellosporanodosa (FM876836) | Scutellospora
Diversispora spurca (FN547643) | Diversispora
09 Archaeospora trappei (FR750036) | Archaeospora
100 CFB-81 (KF939959) |Amb-1 (5.1%)
. . Ambispora
Ambispora appendicula (FN547532)
Paraglomus brasilianum (FR750052) | Paraglomus

Figure 4. Maximum-likelihood tree of our representative sequences (in bold) identified by the SSUmCf-LSUmBr primer pair

and the referenced sequences.

5% ik
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