Systematic and Applied Microbiology 42 (2019) 448-456

Contents lists available at ScienceDirect

Systematic and Applied Microbiology

journal homepage: http://www.elsevier.com/locate/syapm

Genetic diversity of rhizobia associated with root nodules of white
lupin (Lupinus albus L.) in Tunisian calcareous soils

Check for
updates

Soumaya Tounsi-Hammami®*, Christine Le Roux "9, Sana Dhane-Fitouri?,
Philippe De Lajudie 9, Robin Duponnois 9, Faysal Ben Jeddi®

3 University of Carthage, National Agronomic Institute of Tunisia (INAT), Laboratory of Horticultural Sciences, Tunisia
b CIRAD, UMR LSTM, F-34398 Montpellier, France

¢ IRD, UMR LSTM, F-34398 Montpellier, France

d LSTM, University of Montpellier, CIRAD, IRD, Montpellier SupAgro, Montpellier, France

ARTICLE INFO ABSTRACT

Article history:

Received 24 December 2018

Received in revised form 26 March 2019
Accepted 4 April 2019

With a view to introducing white lupin (Lupinus albus L.) for cultivation in Tunisian calcareous soils, com-
patible indigenous rhizobia for nitrogen-fixing symbiosis were investigated and characterized. Two L.
albus varieties, Mekna and Lumen, were used to trap rhizobia in soil samples collected from 56 sites with
high active lime contents (0-49%). Nodulation occurred in only 15 soils. The local variety, Mekna, devel-
oped significantly more root nodules and had a trapping capacity in more soils than the imported variety

Keywords: Lumen. A phylogenetic analysis based on the partial 165-23S ribosomal RNA internal transcribed spacer
Lupinus albus . . ; .

region (ITS) and multi-locus sequence analysis (MLSA) of three chromosomal housekeeping genes, recA,
Calcareous X X . L. 2o X
soils atpD and dnaK, showed that strains were affiliated to Agrobacterium, Rhizobium, and Neorhizobium, with
Agrobacterium large internal diversity, including separate lineages. Infectivity tests highlighted some nodulation speci-

MLSA ficity at the plant variety level, since the strains originating from Mekna could only nodulate this variety,
Rhizobium while strains trapped in Lumen could nodulate both varieties. When inoculated, almost all strains resulted
Neorhizobium in a significant increase in plant shoot dry weight on L. albus. Although Agrobacterium sp. strains isolated
from L. albus could nodulate and had a plant growth promoting effect, no nodA and nodC genes could be
amplified. This is discussed together with the absence of bradyrhizobia and the general infrequency of
L. albus-nodulating rhizobia in Tunisian soils. The adapted and efficient rhizobial strains reported here
were promising candidates for inoculant development and represent a contribution towards successful

cultivation of L. albus in Tunisia, especially the most promising Mekna variety.
© 2019 Elsevier GmbH. All rights reserved.

Introduction

The genus Lupinus (tribe Genisteae) groups more than 280
species of annual herbs, as well as perennial herbaceous woody
shrubs distributed mainly across the American continent, the
Mediterranean region and Africa [9]. However, only 12 of the 280
Lupinus species originate from the Mediterranean region and North
Equatorial Africa. Only four species have been domesticated and
have agricultural importance, including the white lupin Lupinus
albus L., which has been known since the Late Neolithic period and
was probably already cultivated during the Bronze Age with other

Abbreviations: 1TS, 16S-23S rRNA internal transcribed spacer; MLSA, multi-locus
sequence analysis; PCR, polymerase chain reaction; PGP, plant growth promoting.
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lupin species in Greece, Cyprus and Egypt. Five lupin species exist
in Tunisia (Lupinus albus L., upinus angustifolius L., upinus luteus L.,
upinus micranthus Guss and upinus cosentinii Guss), but they are
scarce and restricted to a limited area in the north of the country
[16], and are not cultivated.

To date, livestock feeding in Tunisia has been dependent on
expensive imported soybean [49] and there is a need for alterna-
tive local resources, especially legumes, and Lupinus species are
good candidates because of their agronomic, food and feed values.
Recently, attention has focused on L. albus due to the high quality
proteins (33%-47%) and fat in its seeds [11], and this legume has
been considered a good alternative to soybean oilcakes [25]. Apart
from its potential as a forage crop, L. albus can also be used as green
manure [23]. When intercropped with wheat, L. albus has been
reported to improve wheat shoot growth and shoot phosphorus (P)
uptake by 33% and 45%, respectively, without significantly affecting
its own development and nutrition [54]. This may be due to its abil-
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ity to form cluster roots in response to phosphorus starvation [4]. —
The meta-analysis recently conducted by Cernay et al. [3] showed g
that preceding cultivation of L. albus improved the following wheat :Q
yield by 36%. Furthermore, this grain legume contributes to a sig- <
nificant increase in nitrogen content in wheat grain and to lower 7!; 8 °
crop disease incidence [45] through its ability to cover its nitro- Z|8S8EI-282REBEY
gen (N) requirements mainly from the atmosphere by symbiotic
interaction with rhizobia soil bacteria. -
Lupinus spp. are generally reported to be nodulated by z
slow-growing rhizobia affiliated to Bradyrhizobium [51,58], includ- E; cRozaeIggeyaagy
ing Bradyrhizobium canariense and Bradyrhizobium japonicum Fleeceeececeeeceeces
for European lupin species, and Bradyrhizobium japonicum and =
Bradyrhizobium elkanii for most American species [9]. Specifically, §
strains nodulating L. albus in Spain, the Canary Islands and Chile g
group into four different Bradyrhizobium lineages [58]. £
However, several reports have mentioned fast-growing rhizo- %
bia nodulating Lupinus spp. in Morocco and Poland, and 70% of 2 E» § § § 5 § E ‘g 5 § § E E % E
Lupinus-nodulating bacteria were found to be affiliated to Allorhi-
zobium, Mesorhizobium, Sinorhizobium and Rhizobium [10,44]. The .
Phyllobacterium trifolii [56] and Ochrobactrum strains [54] were %
also reported to nodulate L. albus L. in Spain, albeit not efficiently. @;
Recently, Msaddak et al. [38,39] affiliated rhizobial strains nodulat- b
ing L. luteus and L. micranthus growing naturally in North Tunisia to 5 u,'f § § RR8aL888 5 5 § 5 5 5:
Bradyrhizobium and Microvirga; in addition, two strains nodulating TmT NSO OoOoNNTMmAA
L. micranthus were found to be related to Phyllobacterium.
Similarly to soybean-nodulating rhizobial populations, whose ®
composition and distribution are related to environmental condi- Bl Rl RonmooRRB9S3
tions such as soil temperature [52], soil pH and climatic features | 28SRGS 39NI8YR
[61,1], the large rhizobial diversity associated with Lupinus spp.
may be explained by the soil and eco-climatic conditions prevailing £
in each region and country. Sloooo coocooo
To our knowledge, L. albus has never been cultivated or con- 5‘ E § § § § % § § § 5 g 5 § ; g
sumed by humans (seeds) in Tunisia and there is no scientific report H|mm = e 0 MmN e = N
describing rhizobial populations nodulating the plant in this coun-
. . . . .. . =N ANOOWNNO WO —O
try. Cultivation of this valuable legume in Tunisian calcareous soils T|XNOOMMA=AR O ®X R
requires information on potential local rhizobial strains adapted to <
itin calcareous soils, as lupins are reported to be calcifugous plants g <
adapted to poor acid soils [13]. ° ;
In this context, this study explored the diversity and distribution g E AR BN NAE N
of local rhizobial populations able to nodulate L. albus in different 9
geographical areas of Tunisia, where calcareous soils prevail. After %’ =
characterizing a strain collection by the 16S-23S ITS region, as well 2|z
. A . T S NN OO00O00ODOWmWLO
as recA, atpD and dnaK housekeeping gene sequencing, their PGP 5|2 maaaana N omomn
efficiency was tested on two L. albus varieties, one local and one =
imported. s | ¥
HEEREEEEEEEE R
Materials and methods g
2|2
Soil sampling and physico-chemical analysis =]
§ § — ] n © N 0 © O
As L. albus has never been cultivated in Tunisia, it was not 2| PR eTRIIE2RAATES
possible to collect nodules from fields. Soil samples were there- E
fore collected from the root zone (0-25 cm in depth) at 56 distant § %:’ o o "
sites scattered across northern Tunisia with no record of any rhi- g Eﬂ Hoymas 5 i 8 Do
zobial inoculation, in order to trap potential symbionts of white 2158|6520 00C056aana
lupin. The corresponding GPS coordinates, including altitude, lat- =
itude and longitude, together with the province name, were also § YlzzzzzzzzzZzZzZZZZ
recorded. The physico-chemical properties of the soil samples in CZ|EiaRRRIREIITIRBA
which nodulation was observed were recorded using standard pro- % R ooLoonno0On 0
cedures (Table 1). 5
Rhizobial trapping and isolation I &8 VE; 5 - E
£ |5828-~3858885.,5
o 8gEE FE8355282%
There is no commercial source for white lupin seeds in Tunisia. 2o g g 28 i'j E E %’ 05?:% g E’g 2 §
Therefore, seeds were collected from a local variety of white lupin, £ 0 - -
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Table 2
Primers and PCR reaction conditions used for amplification of the ITS region, and the recA, atpD and dnaK genes.
Target Primer Sequence (5’-3") PCR conditions References
TS Br5ITS CTTGTAGCTCAGTTGGTTAG 3min 96°C, 30 x (305 95°C, 305 55°C, [60]
23S-38 CCGGGTTTCCCCATTCGG 40s72°C),3min 72°C [43]
recA(63)f ATCGAGCGGTCGTTCGGCAAGGG . R R R . R
recA recA(504)r TTGCGCAGCGCCTGGCTCAT 5min 96°C, 35 x (305 96°C, 305 57°C, 30s 72°C), 7min 72°C [14]
atpD352f GGCCGCATCATSAACGTCATC . R R . R . .
atpD atpD871r AGAGCCGACACTTCMGARCC 5 min 96°C, 35 x (305 96°C,30s 57°C,2min 72°C), 7min 72°C [31]
TSdnaK3 AAGGAGCAGCAGATCCGCATCCA . R . N . . . .
dnak TSdnak2 GTACATGGCCTCGCCGAGCTTCA 1min 94°C, 35 x (1 min 94°C, 1 min 62°C, 40s 72°C), 3min 72°C [51]

known as Mekna, growing in soils of Sejnen located in North
Tunisia. The commercial variety Lumen was imported from France.
In order to trap soil rhizobia, the soil samples were used as a
substratum in sterilized 500-mL plastic pots. Lupin seeds were sur-
face sterilized by treatment with 95% ethanol for 1 min, 25% sodium
hypochlorite for 3 min, and finally rinsed with sterile distilled water
ten times, then soaked in sterile water for 1 h. The surface-sterilized
seeds were immediately sown in the different collected soils.
Seventy-seven days after sowing, the root nodules of the trap
plants were carefully collected, washed in water, then surface ster-
ilized by immersion in 95% ethanol for 30s, 15min in 15% (v/v)
H,0,, and finally rinsed ten times in sterile distilled water. The
nodules were aseptically crushed and streaked on yeast extract
mannitol agar (YMA) containing 0.025 g kg~! Congo red, then incu-
bated at 28°C for 2-20 days for colony development [50]. Single
colonies were picked and repeatedly streaked on the same medium
for purification. The pure isolates were maintained on YMA-Congo
red slants, kept at 4°C, and at —80 °C for long-term storage in yeast
mannitol liquid medium adjusted with 20% (v/v) glycerol.

Plant nodulation and symbiotic efficiency

All isolates were tested for their nodulating capacity on the two
L. albus varieties, Mekna and Lumen. Lupin seeds were surface-
sterilized by treatment with 95% ethanol for 1 min, 25% sodium
hypochlorite for 3 min, and finally rinsed with sterile distilled water
ten times, then soaked in sterile water for 1 h. The surface-sterilized
seeds were sown in sterile 500-mL plastic pots containing sterilized
sand.

After germination, lupin seedlings were inoculated with 1 mL
of culture (approx. 10° bacterial cells). Uninoculated unfertilized
plants were used as negative controls (T0), while uninoculated
nitrogen-fertilized plants (equivalent to 90 units of nitrogen
applied per ha) served as positive controls (TN). All treatments were
carried out in triplicate. A sterile nitrogen-free nutrient solution
containing 1.65 mM CaCl,, 1 mM MgSQy4, 0.36 mM KH,POy4, 0.7 mM
1(2504, 4 }LM HgBO3, 6.6 }LM MnSO4, 1.56 MM CUSO4, 1.55 }LM
ZnS04, 0.12 uM NayMoOy, 0.12 M CoSo4, and 1.26 mgL~! iron
(Sequestrene) was supplied to the plants twice a week [55]. Nodu-
lation was examined 40 days after inoculation and the nodule
number per plant was recorded. In the case of infective strains,
nitrogen fixing efficiency was estimated from the shoot dry weight,
and nitrogen content was determined in 100 mg of ground-dried
shoots using the Kjeldahl method [24] and compared to the positive
and negative controls. Symbiotic effectiveness (%) was expressed as
the test-plant ratio of the nitrogen content (mg) per plant to that of
the nitrogen-fertilized control plants (TN). Data were analysed for
variance using R statistical software version 3.5.1.

DNA extraction

Total genomic DNA was extracted from the isolates by lysis of
single colonies picked from yeast extract mannitol agar (YEMA)
plates. Colonies were suspended in 50 pL sterile ultrapure water,

then 10 L proteinase K solution (1 mgmL~') and 50 p.L Tris EDTA
(10 mM) were added. The mixture was maintained at 52 °C for 2.5 h
for cell lysis and boiled at 95°C for 10 min to inactivate the pro-
teinase K. The resultant lysate was stored at —20°C pending PCR
amplification.

PCR amplification, sequencing and phylogenetic analysis of the ITS
region, and the recA, atpD and dnaK genes

PCR amplification was carried out in a 25 pL final reaction vol-
ume containing 2 wL bacterial cell suspension, 1X reaction buffer
(final 1.5 mM MgCl,), 200 .M of each dNTP, 0.8 wM of each primer,
and 0.62 U of GoTaq® DNA polymerase (Promega Corporation,
Madison, Wi). The primers and thermal cycle conditions used for
each gene are listed in Table 2.

Sequencing was carried out by the Genoscreen Company
(France). Sequences were manually corrected using FinichTV soft-
ware (version 1.4.0) and blasted for phylogenetic relatedness with
reference sequences in the NCBI database (www.ncbi.nlm.nih.gov).
Sequences were aligned using Seaview software (version 4.6.2)
[17]. All the new sequences were deposited in the DDBJ (DNA Data
Bank of Japan) database with the following accession numbers:
LC436109 to LC436171 for ITS, LC436172 to LC436230 for recA,
LC436298 to LC436343 for atpD, and LC436231 to LC436297 for
dnak.

ITS-based phylogenetic reconstruction was carried out using
the maximum likelihood phylogeny method with 100 bootstrap
replications using Seaview software (version 4.6.2). MLSA was
performed with individual and concatenated sequences of three
housekeeping genes (recA, atpD and dnakK). Due to the lack of dnak
sequences for several reference strains in the NCBI database, a con-
catenated phylogeny tree based on the atpD and recA housekeeping
genes was also constructed. The percentage sequence similarity
was calculated using BioEdit software version 7.2.5 [19].

Results
Isolation of root nodule bacteria

Soils were sampled from 56 different sites mainly located in
northern Tunisia and they were examined for their nodulation
potential on two varieties of L. albus, Mekna and Lumen. Lupins
had never been grown at these sites, but other legumes, such as
Vicia faba, Pisum sativum, Cicer arietinum and Medicago sativa, are
traditionally cultivated at some of them, although there is no record
of rhizobial inoculation. No nodules could be detected on the roots
of either the Mekna or Lumen varieties grown in soil samples from
41 of the sites. However, nodulation occurred in 15 soil samples
for Mekna but only in 8 soils for Lumen (Table 3). Nodulation
records were heterogeneous for nodule numbers and fresh weights,
depending on the site and the lupin variety.

The largest numbers of nodules were recorded for the local
variety, Mekna, grown on soil samples from Mateur, Sejnen and
Mraissa, with 15, 20 and 42 nodules per plant, respectively. How-
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Table 3
Nodulation of white lupin and corresponding bacterial isolates.
Soil sample Nodule number Nodule fresh weight Number of isolates Isolates
(nodules plant~1) (mg plant~1)
L2 MP L M Site Plant variety

Mateur 2.00d 15.0b 19.33ef 290.00a 4 4(M) M:LAb4;LAb23;LAb24;LAb26

Oued Beja 12.00b 1.3c 81.20c 50.00b 7 4(L); 3(M) M:LAa25;LAa26;LAa27,
L:LAa30;LAa31;LAa33;LAa34

Sidithabet 1.66d 2.0c 29.30de 66.96b 1(L); 2(M) M:LAa35;LAa37, L:LAa38

Borjmassaoudi 1.33d 3.0c 44.19de 79.46b 16 9(L); 7(M) M:LAa7;LAa8;LAa9;LAa11;LAa12;LAa13;LAa14,
L:LAa15;LAa16;LAa17;LAa19;LAa20;
LAa21;LAa21;LAa22;LAa23;LAa24

Krib 1 1.66d 2.0c ND ND 0 0

Krib 2 0.00d 3.00c 0.00f 14.76b 1 1(M) M:LAb12

Azmour 6.66¢ 3.00c 51.15¢ 33.90b 2 2(L) L:LAb21;LAb22

Mraissa 14.00b 42.00a 113.79b 307.62a 10 6(L); 4(M) M:LAa39;LAa40;LAa41;LAa42,
L:LAa43;LAa44;LAa45;LAa46;LAa47;LAa48

Sejnen 21.00a 20.00b 391.25a 385.26a 7 4(L); 3(M) M:LAa50;LAa51;LAa57,
L:LAa53;LAa54;LAa55;LAa56

Tejerouine 0.00d 4.33c 0.00f 112.18b 6 6(M) M:LAb13;LAb19;LAb17;LAb15;LAb18;LAb14

Madian 0.00d 4.00c 0.00f 117.07b 3 3(M) M:LADb8;LAb9;LAb33

Zaghouan 0.00d 3.33c¢ 0.00f 9.40b 3 3(M) M: LAa3;LAa5;LAa6

Benouria 0.00d 1.66¢ 0.00f 18.68b 2 2(M) M:LAb29;LAb31

Jrissa 0.00d 1.66¢ 0.00f 3.51b 2 2(M) M:LAb30;LAb32

Teboursouk 1.00d 2.33c 2.10f 1.10b 6 3(L); 3(M) M:LADb34;LAb35;LADb6, L:LAb3;LAb2;LAb7

ND: not determined; Different letters indicate significant differences according to the LSD-test (p <0.05).

2 L: Lumen variety.
b M: Mekna variety.

ever, nodulation was rather poor and only a few nodules were
observed on this variety grown in soil samples from the other 12
sites, with averages ranging from 1.3 to 4.33 nodules per plant.

Only a few nodules were detected on the imported variety
Lumen in the majority of the soil samples (1.0-6.66 nodules per
plant), except those from Oued Beja, Mraissa and Sejnen, for which
12, 14 and 21 nodules were recorded per plant, respectively.

The nodules collected from the two varieties were few
in number, but were pink inside, indicating the presence of
leghaemoglobin and suggesting nitrogen fixation (data not shown).
It should be noted though that this efficient nodulation was
observed despite the adverse soil conditions of a high lime content
ranging from 0 to 31%. Further studies were conducted on a total of
72 strains, all fast-growing, obtained from 14 sampling sites, with
43 originating from Mekna and 29 from Lumen.

Plant nodulation and symbiotic efficiency

The symbiotic efficiency of the 72 isolates was tested on the
two L. albus varieties and 60 of them induced nodulation on Mekna
plants, of which only 25 nodulated the imported variety Lumen. The
positive and negative control plants did not develop any nodules,
confirming aseptic experimental conditions. Contrasting nodula-
tion scores were recorded for the two varieties: their average root
nodule numbers ranged from 1.7 to 16.3 and from 1 to 6.7 nodules
per plant for Mekna and Lumen, respectively. The effectiveness of
the strains was shown by the pink colour inside the nodules and the
dark green colour of leaves compared to the negative controls, as
well as the positive effect of inoculation on L. albus shoot dry weight
and the nitrogen content under controlled conditions, as an indi-
rect measurement of the nitrogen fixation benefit. Table 4 shows
the results for the 21 most efficient strains, and all the records are
detailed in Supplementary Table S1. Compared to the negative con-
trol, all the strains except La11 significantly increased the shoot dry
weights (SDW) of Mekna plants. Specifically, the highest SDW val-
ues were recorded with strains LAb15, LAa46, LAa38 and LAa42,
resulting in significant increases (+11 to 31%) compared to the pos-
itive controls. A significant increase in SDW (+2%) was observed
on Lumen plants inoculated with strain LAa43 in comparison to

the positive control. Based on the nitrogen content in shoots and
the negative control plant (TO) comparisons, all the strains could
be considered as efficient nitrogen fixing rhizobia, except LAa19,
LAa11 and LAb18. Specifically, by considering symbiotic effective-
ness, the negative control plants (TO) had 15% and 34% positive
control symbiotic effectiveness values for Mekna and Lumen vari-
eties, respectively.

ITS-based phylogeny

Sixty-three strains were successfully amplified and sequenced
for their partial 16S-23S ribosomal RNA internal transcribed spacer
region (ITS). All the strains were able to renodulate white lupin,
except LAal4, LAal16, LAa54, LAb2, LAb6, LAb9, LAb12, LAb29,
LAb32, and LAb34. In the phylogenetic reconstruction (Supplemen-
tary Fig. S1),and at a sequence similarity cut-off of 95%[53], the new
strains clustered into 34 different lineages inside three main clades
corresponding to Agrobacterium (49%), Rhizobium (49%) and Neorhi-
zobium (8%).In each clade, the majority of isolates did not align with
known reference strains and may represent new lineages.

Multi-locus sequence analysis (MLSA) (dnaK, atpD and recA)

The forty-five strains for which sequences were obtained for
the three housekeeping genes recA, atpD and dnakK, were further
compared by phylogenetic analyses based on either their indi-
vidual recA, atpD and dnaK gene sequences, including reference
sequences (Supplementary Figs. S2-S4), or on their concatenated
sequences (recA, atpD and dnakK) (Fig. 1). For greater detail and
resolution of the phylogeny of the new strains, a concatenated
phylogenetic tree was constructed based on two gene sequences,
recA and atpD, which allowed the inclusion of more reference
sequences (Supplementary Fig. S5). All representations were con-
gruent. White lupin-nodulating rhizobia grouped into three main
clades corresponding to Agrobacterium, Rhizobium, and Neorhizo-
bium. Consistent with ITS phylogeny, 53% of the studied strains
grouped in the Agrobacterium clade, but the majority of them sep-
arated from the reference strains at a 95% identity cut-off. Only
strains LAb6, LAb7, LAb12, LAb17, LAb29, LAa26 and LAa47 formed



452 S. Tounsi-Hammami et al. / Systematic and Applied Microbiology 42 (2019) 448-456

Table 4

Results of nodulation and efficiency plant tests on L. albus inoculated with the new most efficient rhizobial strain collection.

Strains Number of nodules Shoot dry weight Shoot nitrogen content Symbiotic effectiveness

(nodules plant~1) (gplant!) (mg plant~1) (%TN)

Mekna Lumen Mekna Lumen Mekna Lumen Mekna Lumen
Rhizobium
LAb33 12 0 1.63 ND 42.82 ND 99.48 ND
LAa34 9.33 3 1.71 0.65 4416 17.71 102.62 89.06
LAa43 7.33 7 1.76 0.73 45.46 22.48 105.66 113.02
LAb15 1033 0 1.77 ND 47.70 ND 110.87 ND
LAa48 12.33 6 1.72 0.74 45.28 20.35 105.26 102.29
LAa57 9 0 1.65 ND 43.72 ND 101.62 ND
LAb8 9.66 0 1.6 ND 42.60 ND 99.03 ND
Neorhizobium
LAa30 5 0.66 0.65 0.65 12.22 16.12 28.40 81.03
LAa46 12 1 1.86 0.44 49.90 9.24 115.99 46.44
Agrobacterium
LAal5 14 2 1.59 0.67 34.66 17.06 80.56 85.78
LAa6 11 0 1.64 ND 37.39 ND 86.91 ND
LAa21 7 533 1.66 0.56 35.73 11.87 83.06 59.67
LAa26 8 0 1.61 ND 37.67 ND 87.56 ND
LAa38 14.33 5 1.96 0.66 54.19 16.05 125.96 80.71
LAa42 16.33 0 2.1 ND 59.49 ND 138.27 ND
LAa44 12.66 0.66 1.65 0.39 44.35 6.16 103.08 30.97
LAa56 10.33 3 1.6 0.54 36.48 12.09 84.79 60.80
LAb7 833 1 1.75 0.45 48.42 9.05 112.54 45.53
LAb17 14.33 0 1.6 ND 41.80 ND 97.17 ND
LAb21 14 1 1.52 0.44 39.71 8.65 92.31 43.48
LAb31 8.33 0 1.72 ND 45.51 ND 105.78 ND
TN 0 0 1.6 0.72 43.024 19.8936 100.000 100.000
TO 0 0 0.52 0.42 6.4116 6.72 14.902 33.780
LSD at 0.05 level 2.331 2.004 0.2 1.336 4210 1.882

TO: uninoculated unfertilized negative control; TN: positive control (fertilization equivalent to 90 units of nitrogen applied per ha); ND: not determined.

a group with 98.9-99.9% internal sequence similarity and shared
only 85.1%-86.4% similarities with the most related strain Agrobac-
terium radiobacter LMG140". In addition, strains LAa5, LAa11, LAa6
and LAa9 formed two groups and were related, albeit distantly, to
A. rubi LMG17935T (79.6-80.7% sequence similarity).

A total of 40% of the studied strains could be affiliated to
Rhizobium, and the single strain LAb4 may be affiliated to Rhi-
zobium gallicum R602T (95.2% sequence similarity). LAa57 and
LAa41 formed two lineages sharing 92.6% similarity and they were
distantly related to Rhizobium etli CFN42T (76.5-77.3% sequence
similarity) and Rhizobium mesosinicum CCBAU250107 (77.6-78%
sequence similarity). Three groups were distantly related to the
most related strain Rhizobium leguminosarum LMG14904T. The first
group clustered the three strains LAb13, LAa22 and LAb19 sharing
98.2-99.3% similarity and they were distantly related to R. legumi-
nosarum LMG14904T (79.9-80.3% sequence similarity).

A second group was formed by seven strains, LAb33, LAbS,
LAb18, LAb15, LAa24, LAa20 and LAb19, which showed 95.6-99.9%
similarities with each other and 79.9-80.3% similarities with the
reference strain R. leguminosarum LMG14904T. The third group was
formed by the two strains LAa37 and LAa23, which shared 95.7%
and 78.6-78.9% similarities with reference strain R. leguminosarum
LMG14904", whereas LAb14 stood alone, separated from all the
new and reference strains, but was considered to be a Rhizobium sp.

Neorhizobium was represented by 7% of the studied strains. The
two strains LAa46 and LAb34 shared 97.3% similarity and were dis-
tantly related to reference strain Neorhizobium galegae LMG62147,
However, a single strain, LAa30, was separate and showed only
75.5% similarity with the most related reference strain Neorhizo-
bium huautlense LMG18254T.

Symbiotic genes
Several attempts were made to amplify the nodA and nodC

genes in 14 representative strains chosen for their efficiency (3
strains for Neorhizobium, 4 strains for Rhizobium and 7 strains for

Agrobacterium) using different primers and different amplification
conditions (Supplementary Table S2). Amplification of nodA and
nodC could only be obtained for strain LAb4 with different primer
pairs. This strain harboured a nodC sequence similar to R. gallicum
R602T (Supplementary Fig. S6) and a nodA sequence similar to R.
giardinii H1527 (Supplementary Fig. S7).

Discussion

Lupins have never been cultivated in Tunisia. Introducing L. albus
as a forage crop and grain legume preceding cereal cultivation in
Tunisia would: (1) reduce expensive soybean imports, (2) improve
soil fertility, and (3) increase cereal yields. Therefore, in this study,
local rhizobial strains adapted to calcareous soils in Tunisia were
isolated and characterized that had the capacity to nodulate white
lupin, display efficacy in promoting plant growth, and were likely to
promote the adaptation of lupins to these stressful field conditions.

Soil samples collected from 56 sites representing various geo-
graphical and eco-climatic conditions were used to trap local
symbiotic bacteria compatible with L. albus for efficient symbiosis.
Nodulation did not occur in the majority of the soil samples (41),
demonstrating a general lack of, or poor, lupin-nodulating rhizo-
bial populations in Tunisia, which is easily explained by the historic
absence of lupin plants in these soils [33]. However, although nodu-
lation was poor it was efficient in 13 soil samples and even profuse
on two lupin varieties, Mekna and Lumen, grown in the soil samples
from two sites, Sejnen and Mraissa. The presence of rhizobia that
were efficient on L. albus in these soils, which had adverse high lime
contents (7-31%), can be seen as promising for introducing lupin
growing in Tunisian calcareous soils.

Seventy-two trapped rhizobial strains were isolated from these
L. albus root nodules. 16S rRNA gene sequencing has long been
used for the molecular characterization of rhizobia, but many stud-
ies have shown its limitation in differentiating between closely
related rhizobial species [15,20,48]. In recent years, MLSA analyses
of housekeeping genes have proved useful for robust phyloge-
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of this article).

netic relationship studies in rhizobia [2,14,59,31]. In this current
study, phylogenetic analyses were thus carried out based on ITS (for
intraspecies diversity) and MLSA (for the taxonomic level) in order
to characterize new rhizobial isolates from L. albus nodules. They
were affiliated to Rhizobium, Neorhizobium and Agrobacterium but,
surprisingly, none were affiliated to Bradyrhizobium, which is gen-
erally reported as the main efficient symbiont of Lupinus species.
The absence (or low level) of Bradyrhizobium populations in Tunisia
has been documented, especially for nodule isolates from species
classically nodulated by this genus, such as Retama raetam, Acacia
tortilis, Astragalus corrugatus, Hippocrepis areolata and lotus species,
which are all affiliated to Rhizobium, Sinorhizobium and Mesorhizo-
bium [29,30,46,47], suggesting that soils in Tunisia are dominated
by fast-growing rhizobia. This also occurs in Morocco, since six
Lupinus species were reported to be associated with fast-growing

strains, some of which were affiliated to Mesorhizobium and Rhi-
zobium, and were able to infect the cultivated species L. luteus and
L. albus [10]. The high lime content, ranging from 7% to 31%, in
90% of the soils sampled in the current study may help to explain
the pre-eminence of fast-growing rhizobia known for their acid-
producing capacity, possibly developed as their leguminous hosts
became adapted to more alkaline soils [41], such as calcareous soils.

However, the results contrasted with those recently reported by
Msaddaketal.[38,39]indicating thatrhizobiaisolated directly from
nodules of spontaneous L. micranthus and L. luteus plants collected
at 3-5 different sites in northern Tunisia were slow- or fast-growers
depending on soil pH, since Bradyrhizobium were found in neutral to
mildly alkaline soils (pH 6-8) and Microvirga were found in alkaline
soils (pH 7.5-9). Only two strains affiliated to Phyllobacterium were
detected in mildly alkaline soil, and they were associated with L.
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micranthus. Most of the sample sites differed from those of Msad-
dak et al. [38,39], except Sejnen and Mraissa, although they had
different GPS positions. It may seem unusual that, in this study, no
Bradyrhizobium strains were found at these two sites, or at Krib2
and Azmour, where soils had acid pH and low lime contents. The dif-
ferent isolation methods used in the two studies cannot explain the
discrepancies [32]. Strong genetic divergences may occur in pop-
ulations at sites from a few kilometers to hundreds of kilometers
apart [57]. Given that the plant is a stronger modulator of microbial
richness than the soil type [6], that some rhizobial species are unde-
tectable in the absence of their leguminous plant host [22], and that
the root nodule forms a safe and favourable haven for soil rhizobia
to multiply [27], it can be argued that non-cultivation of L. albus
in the sampled soils mostly shaped their rhizobial populations. In
addition, the huge stress levels in the soil throughout the dry sea-
son (our soil samples were collected in autumn after a very hot
summer) may have contributed to the development of viable but,
if present, undetectable bradyrhizobia [35]. Lastly, the hypothesis
that slow-growing bradyrhizobial colonies may have been disre-
garded during the isolation process, to the benefit of fast-growing
ones, can be ruled out, since: (1) the Petri dishes were inoculated
with serial dilutions of the crushed nodule suspensions, in order not
to miss any minor colony types, (2) dishes were kept and regularly
examined for more than three weeks incubation, and (3) dishes
were never invaded by convergent colonies. In the isolation dishes,
the abundance of Agrobacterium sp. colonies ranged from 30% to
50% of the total.

On the other hand, and unexpectedly, Agrobacterium sp. strains
were observed as being dominant and they accounted for over
50% of the total nodule isolates. Most of them were related to
Agrobacterium rubi, Agrobacterium deltaense, Agrobacterium salin-
itolerans, Agrobacterium radiobacter and Agrobacterium nepotum,
and other Agrobacterium sp. isolates that were separated from
any described taxa. The members of Agrobacterium are ubiquitous
in soil and plant habitats [66], with different saprophytic, phy-
topathogenic or symbiotic forms. There are several reports on the
isolation of non-pathogenic opportunistic Agrobacterium strains
from surface-disinfected nodules, and their coexistence with rhi-
zobial strains inside root nodules in several legumes around the
world [2,28,29,62], but that lack the capacity to induce nodules
on their hosts. Experimental nodulation with double inoculation
(Agrobacterium-Rhizobium) may result in contrasting effects: no
effect on nodulation and effectiveness [34]; an antagonistic effect
[37]; enhanced competitivity of rhizobial strains; nodulation and
growth promotion and enhanced seed quality [5].

Similar predominance of Agrobacterium strains in root nodules
was observed on soybean in Egypt [65] and in northwestern China
[67], as well as on faba bean in Egypt [66], at 55%, 30% and 57%,
respectively. In this study, the nodules from which Agrobacterium
spp. were isolated exhibited a normal nodule appearance, with no
galls or proteoid roots, as mentioned for L. albus by Péret et al. [42],
and no pathogenic effect was observed. Nodulation tests on their
original host, L. albus, confirmed that these Agrobacterium sp. strains
were not only non-pathogenic but, surprisingly, induced nodules of
normal appearance according to Koch’s postulate, suggesting their
symbiotic characteristic. Such nodules were selected randomly for
rhizobial strain isolation and sequencing to confirm their identity
with the inoculated agrobacterial strains (data not shown). Dif-
ferent attempts with various primer sets failed to amplify nodA
and nodC gene sequences and only unspecific amplificates were
obtained (data not shown). Following Estrella et al. [12], it could be
argued that consistent sequence divergence in the symbiotic genes
of these isolates would explain their nodulation capacity. Positive
effects on L. albus shoot dry weight and nitrogen content with the
Mekna and Lumen varieties under controlled conditions indicated
that plants benefited from symbiosis with these bacteria. The litera-

ture reports nodulating non-phytopathogenic A. radiobacter strains
on several plants, such as Phaseolus vulgaris in Ethiopia [2], as well
as Glycine soja [67] and Sesbania cannabina [7,28,63] in China. The
nodulation gene (nodA) and/or nitrogen fixation gene (nifH) have
been found in some of them [64,65,67].

In the current study, the new strains were not equally effi-
cient and their efficiency varied with their genus affiliation and
the plant variety. A total of 83% of the new strains increased plant
growth of the local lupin variety (Mekna), while only 35% induced
efficient nodules with the imported variety (Lumen). Neorhizo-
bium sp. strains were more efficient on the local variety, Mekna,
with symbiotic effectiveness (SE) ranging from 27% to 121%, fol-
lowed by Agrobacterium sp. strains with SE varying from 11% to
147%, and 13% to 115% for Rhizobium sp. strains. Conversely, Rhi-
zobium sp. strains were more efficient on the imported variety,
Lumen, with SE varying from 35% to 119% versus 28% to 96% for
Agrobacterium and 42%-87% for Neorhizobium sp. strains, which
were equally efficient (Supplementary Table S3). To our knowl-
edge, there has been no previous scientific report describing such
symbiotic specificity at the variety level in white lupin, although
cultivar specificity has been observed in other legumes. This plant
variety-dependent efficacy of local rhizobia was also reported for
cowpea [26]. It is also documented that domesticated crop species
tend to have fewer compatible symbionts (higher specificity) than
their wild counterparts [40] and that symbiotic efficiency varies
according to the rhizobium x cultivar interaction match [21]. For
instance, P. sativum cv. afghanistanis is only nodulated by specific
strains of Rhizobium leguminosarum sv. viciae, occurring in soils in
their native range in Afghanistan/Turkey [40]. In this case, nodu-
lation is conferred by the plant sym2 gene and the specific nodX
gene present in some R. leguminosarum sv. viciae strains [8]. Other
examples of cultivar specificity are Medicago rigiduloides x Ensifer
meliloti sv. rigiduloides and Trifolium ambiguum x R. leguminosarum
sv. trifolii in their native region in the Mediterranean Basin and east-
ern Europe, respectively [ 18,36]. However, to date, the mechanisms
underlying this high cultivar specificity have not been understood.

Some of the new strains, such as Rhizobium sp. LAa34, LAb15,
LAb8, LAb33 and Agrobacterium sp. LAa38, LAa6, LAb17, LAb7,
LAb31 originating from alkaline soils with a high lime content
(12-31%), and displayed significant increases in shoot dry weight
and nitrogen content of L. albus plants similar to the positive con-
trol (chemical nitrogen fertilization). This indicated their efficacy
and designated them as candidates for further testing with a view
to developing efficient field inoculants adapted to alkaline soil con-
ditions and calcareous soils, in order to facilitate the introduction
of white lupin cultivation in Tunisia.

Conclusion

This study provided information on the genetic diversity and
phylogeny of local rhizobia present in Tunisian calcareous soils
likely to nodulate L. albus. All the new strains were fast-growing
rhizobia affiliated to Rhizobium, Neorhizobium, and Agrobacterium,
with a majority of Agrobacterium sp. members. Some strains rep-
resented new lineages requiring further characterization in order
to clarify their taxonomic positions. Symbiotic efficiency tests
revealed the potential of some of these indigenous adapted rhi-
zobial isolates as useful, efficient inoculants for promoting the
introduction of lupin as a crop plant in order to make use of cal-
careous soils in Tunisia.

Acknowledgement

We are grateful to Peter Biggins for English editing of the
manuscript.



S. Tounsi-Hammami et al. / Systematic and Applied Microbiology 42 (2019) 448-456 455

Appendix A. Supplementary data

Supplementary material related to this article can be found, in
the online version, at doi:https://doi.org/10.1016/j.syapm.2019.04.
002.

References

[1] Adhikari, D., Kaneto, M., Itoh, K., Suyama, K., Pokharel, B.B., Gaihre, Y.K. (2012)
Genetic diversity of soybean-nodulating rhizobia in Nepal in relation to climate
and soil properties. Plant Soil 357, 131-145.

[2] Aserse, A.A., Rasdnen, L.A., Assefa, F., Hailemariam, A., Lindstrom, K. (2012)
Phylogeny and genetic diversity of native rhizobia nodulating common bean
(Phaseolus vulgaris L.) in Ethiopia. Syst. Appl. Microbiol. 35, 120-131.

[3] Cernay, C., Makowski, D., Pelzer, E. (2018) Preceding cultivation of grain
legumes increases cereal yields under low nitrogen input conditions. Environ.
Chem. Lett. 16, 631-636.

[4] Cheng, L., Bucciarelli, B., Shen, J., Allan, D., Vance, C.P. (2011) Update on white

lupin cluster root acclimation to phosphorus deficiency. Plant Physiol. 156,

1025-1032.

Chihaoui, S.A., Trabelsi, D., Jdey, A., Mhadhbi, H., Mhamdi, R. (2015) Inoculation

of Phaseolus vulgaris with the nodule-endophyte Agrobacterium sp. 10C2 affects

richness and structure of rhizosphere bacterial communities and enhances

nodulation and growth. Arch. Microbiol. 197, 805-813.

[6] Costa, R., Gotz, M., Mrotzek, N., Lottmann, ]., Berg, G., Smalla, K. (2006) Effects

of site and plant species on rhizosphere community structure as revealed by

molecular analysis of microbia guilds. FEMS Microbiol. Ecol. 56, 236-249.

Cummings, S.P., Gyaneshwar, F., Vinuesa, F., Farruggia, F.T., Andrews, M.,

Humphry, D., Elliott, G.N., Nelson, A., Orr, C., Pettitt, D., Shah, G.R,, Santos, S.R.,

Krishnan, H.B., Odee, D., Moreira, F.M., Sprent, ]I, Young, J.P., James, E.K. (2009)

Nodulation of Sesbania species by Rhizobium (Agrobacterium) strain IRBG74 and

other rhizobia. Environ. Microbiol. 11, 2510-2525.

Davis, E.O., Evans, L]., Johnston, A.W. (1988) Identification of nodX, a gene

that allows Rhizobium leguminosarum biovar viciae strain TOM to nodulate

Afghanistan peas. Mol. Gen. Genet. 212, 531-535.

Duran, D., Rey, L., Sanchez-Canizares, C., Navarro, A., Imperial, J., Ruiz-Argueso,

T. (2013) Genetic diversity of indigenous rhizobial symbionts of the Lupinus

mariae-josephae endemism from alkaline-limed soils within its area of distri-

bution in Eastern Spain. Syst. Appl. Microbiol. 36, 128-136.

[10] ElHilali, L, El Jamali, ]., Thami Alami, I, Filali Maltouf, A. (2016) Characterisation
and biodiversity of a fast-growing rhizobacterial population nodulating lupine
in Morocco. Int. J. New Technol. Res. 12, 27-37.

[11] Erbas, M., Certel, M., Uslu, M.K. (2005) Some chemical properties of white lupin
seeds (Lupinus albus L.). Food Chem. 89, 341-345.

[12] Estrella, M.J., Munoz, S., Soto, M.]., Ruiz, O., Sanjuan, J. (2009) Genetic diversity
and host range of rhizobia nodulating Lotus tenuis in typical soils of the Salado
river basin (Argentina). Appl. Environ. Microbiol. 75, 1088-1098.

[13] Fernandez-Pascual, M., Pueyo, ].J., De Felipe, M.R., Golvano, M.P., Lucas, M.M.
(2007) Singular features of the Bradyrhizobium-Lupinus symbiosis. Dyn. Soil
Dyn. Plant 1, 1-16.

[14] Gaunt, M.W.,, Turner, S.L.,, Rigottier-Gois, L., Lloyd-Macgilps, S.A., Young, ].P.
(2001) Phylogenies of atpD and recA support the small subunit rRNA-based
classification of rhizobia. Int. J. Syst. Evol. Microbiol. 51, 2037-2048.

[15] Germano, M.G., Menna, P., Mostasso, F.L., Hungria, M. (2006) RFLP analysis of
the rRNA operon of a Brazilian collection of bradyrhizobial strains from 33
legume species. Int. J. Syst. Evol. Microbiol. 56, 217-229.

[16] Ghrabi-Gammar, Z., Puech, S., Zouaghi, M., Nabli, M.A. (1997) Le tégument des
graines chez les Lupinus (Fabaceae) de Tunisie. Acta. Bot. Gallica 144, 5-21.

[17] Gouy, M., Guindon, S., Gascuel, O. (2010) SeaView version 4: a multiplatform
graphical user interface for sequence alignment and phylogenetic tree building.
Mol. Biol. Evol. 27, 221-224.

[18] Gubry-Rangin, C., Béna, G., Cleyet-Merel, J.C., Brunel, B. (2013) Definition and
evolution of a new symbiovar, sv. rigiduloides, among Ensifer meliloti efficiently
nodulating Medicago species. Syst. Appl. Microbiol. 36, 490-496.

[19] Hall, T.A. (1999) BioEdit: a user-friendly biological sequence alignment edi-
tor and analysis program for Windows 95/98/NT. Nucleic Acids Symp. Ser. 41,
95-98.

[20] Haukka, K., Lindstréom, K., Peter, J., Young, W. (1996) Diversity of partial 16S
rRNA sequences among and within strains of African rhizobia isolated from
Acacia and Prosopis. Syst. Appl. Microbiol. 19, 352-359.

[21] He, Y., Guo, L., Zhang, H., Huang, G. (2011) Symbiotic effectiveness of pea-
rhizobia associations and the implications for farming systems in the western
Loess Plateau, China. Afr. ]. Biotechnol. 10, 3540-3548.

[22] Hirsch, P.R.(1996) Population dynamics of indigenous and genetically modified
rhizobia in the field. New Phytol. 133, 159-171.

[23] Jensen, C.R, Joernsgaard, B., Andersen, M.N., Christiansen, ].L., Mogensen, V.O.,
Friis, P., Petersen, C.T.(2004) The effect of lupins as compared with peas and oats
on the yield of the subsequent winter barley crop. Eur. J. Agron. 20, 405-418.

[24] Jones, ].B. 1991 Kjeldahl Method for Nitrogen Determination, Micro-Macro
Publishing Inc., Athens, Georgia, 79 pp.

[25] Jul, L.B., Flengmark, P., Gylling, M., Itenov, K. (2003) Lupin seed (Lupinus albus
and Lupinus luteus) as a protein source for fermentation use. Ind. Crops Prod.
18,199-211.

[5

[7

(8

[9

[26] Leite, J., Lima Seido, S., Passos, S.R., Xavier, G.R., Rumjanek, N.G., Vieira Martins,
L.M. (2009) Biodiversity of rhizobia associated with cowpea cultivars in soils
of the lower half of the S3o Francisco river valley. Rev. Bras. Ciénc. Solo 33,
1215-1226.

[27] Lemaire, B., Vandamme, P., Merckx, V., Smets, E., Dessein, S. (2011) Bacterial
leaf symbiosis in angiosperms: host specificity without co-speciation. PLoS One
6, €24430.

[28] Li, Y., Li, X,, Liu, Y., Wang, E.T,, Ren, C., Liu, W., Xu, H., Wu, H,, Jiang, N., Li, Y.,
Zhang, X., Xie, Z. (2016) Genetic diversity and community structure of rhizobia
nodulating Sesbania cannabina in saline-alkaline soils. Syst. Appl. Microbiol. 39,
195-202.

[29] Mahdhi, M., Houidheg, N., Mahmoudi, N., Msaadek, A., Rejili, M., Mars, M. (2016)
Characterization of rhizobial bacteria nodulating Astragalus corrugatus and Hip-
pocrepis areolata in Tunisian arid soils. Pol. ]. Microbiol. 65, 331-339.

[30] Mahdhi, M., Mars, M. (2006) Genotypic diversity of rhizobia isolated from
Retama raetam in arid regions of Tunisia. Ann. Microbiol. 56, 305-311.

[31] Martens, M., Dawyndt, P., Coopman, R., Gillis, M., De Vos, P., Willems, A. (2008)
Advantages of multilocus sequence analysis for taxonomic studies: a case study
using 10 housekeeping genes in the genus Ensifer (including former Sinorhizo-
bium). Int. J. Syst. Evol. Microbiol. 58, 200-214.

[32] McInnes, A., Thies, J.E., Abbott, L.K., Howieson, J.G. (2004) Structure and diver-
sity among rhizobial strains, populations and communities — a review. Soil Biol.
Biochem. 36, 1295-1308.

[33] Mhamdi, R., Jebara, M., Aouani, M.E., Ghrir, R., Mars, M. (1999) Genotypic
diversity and symbiotic effectiveness of rhizobia isolated from root nodules
of Phaseolus vulgaris L., grown in Tunisian soils. Biol. Fertil. Soils 28, 313-320.

[34] Mhamdi, R., Mrabet, M., Laguerre, G., Tiwari, R., Aouani, M.E. (2005) Colo-
nization of Phaseolus vulgaris nodules by Agrobacterium-like strains. Can. J.
Microbiol. 51, 105-111.

[35] Miller, M.S., Pepper, I.L.(1988) Survival of a fast-growing strain of lupin rhizobia
in Sonoran Desert soils. Soil Biol. Biochem. 20, 323-327.

[36] Miller, S.H., Elliot, R.M., Sullivan, ].T., Ronson, C.W. (2007) Host-specific regula-
tion of symbiotic nitrogen fixation in Rhizobium leguminosarum biovar trifolii.
Microbiology 153, 3184-3195.

[37] Mrabet, M., Mnasri, B.,, Romdhane, S.B., Laguerre, G., Aouani, M.E., Mhamdi,
R. (2005) Agrobacterium strains isolated from root nodules of common bean
specifically reduce nodulation by Rhizobium gallicum. FEMS Microbiol. Ecol. 56,
304-309.

[38] Msaddak, A., Duran, D., Rejili, M., Mars, M., Ruiz-Argiiesoc, T., Imperial, J., Pala-
cios, J., Rey, L. (2017) Diverse bacteria affiliated with the genera Microvirga,
Phyllobacterium and Bradyrhizobium nodulate Lupinus micranthus growing in
soils of northern Tunisia. Appl. Environ. Microbiol. 83, e2820-16.

[39] Msaddak, A., Rejili, M., Duran, D., Rey, L., Imperial, J., Palacios, J.M., Ruiz-Argueso,
T., Mars, M. (2017) Members of Microvirga and Bradyrhizobium genera are
native endosymbiotic bacteria nodulating Lupinus luteus in northern Tunisian
soils. FEMS Microbiol. Ecol. 93, 1-9.

[40] Mutch, L.A., Young, ]J.P. (2004) Diversity and specificity of Rhizobium legumi-
nosarum biovar viciae on wild and cultivated legumes. Mol. Ecol. 13,2435-2444.

[41] Norris, D.O. (1965) Acid production by Rhizobium a unifying concept. Plant Soil
22,143-166.

[42] Péret, B., Desnos, T., Jost, R., Kanno, S., Berkowitz, O., Nussaume, L. (2014) Root
architecture responses: in search of phosphate. Plant Physiol. 166, 1713-1723.

[43] Ponsonnet, C., Nesme, X. (1994) Identification of Agrobacterium strains by PCR-
RFLP analysis of pTi and chromosomal regions. Arch. Microbiol. 161, 300-309.

[44] Pudetko, K. (2010) Diversity among field populations of bacterial strains nodu-
lating lupins in Poland. Fragm. Agron. 27, 107-116.

[45] Reeves, T.G., Ellington, A., Brooke, H.D. (1984) Effects of lupin-wheat rotations
on soil fertility, crop disease and crop yields. Aust. J. Exp. Agric. Anim. Husb. 24,
595-600.

[46] Rejili, M., Lorite, MJ., Mahdhi, M. Pinilla, ].S., Ferchichi, A, Mars, M.
(2009) Genetic diversity of rhizobial populations recovered from three Lotus
species cultivated in the infra-arid Tunisian soils. Prog. Nat. Sci. Mater. 19,
1079-1087.

[47] Romdhane, B.S., Nasr, H., Samba-Mbaye, R., Neyra, M., Ghorbal, M.H., De Lajudie,
P. (2006) Genetic diversity of Acacia tortilis ssp. raddiana rhizobia in Tunisia
assessed by 16S and 16S-23S rDNA genes analysis. J. Appl. Microbiol. 100,
436-445.

[48] Santillana, N., Ramirez-Bahena, M.H., Garcia-Fraile, P., Velazquez, E., Zuniga,
D. (2008) Phylogenetic diversity based on rrs, atpD, recA genes and 16S-23S
intergenic sequence analyses of rhizobial strains isolated from Vicia faba and
Pisum sativum in Peru. Arch. Microbiol. 189, 239-247.

[49] Selmi, H., Bahri, A., Rouissi, A., Baraket, M., Jemmali, B., Amraoui, M., Rouissi,
H. (2014) Effect of the nature of the energy source (Barley or Triticale) on the
production, milk quality and fatty acid profile of Sicilo-Sarde dairy ewes in the
milking period. ]. New Sci. 2, 21-26.

[50] Somasegaran, P., Hoben, H.J. 1994 Handbook for Rhizobia: Methods in Legume-
Rhizobia Technology, Springer-Verlag, New York, 450 pp.

[51] Stepkowski, T., Czaplifiska, M., Miedzinska, K., Moulin, L. (2003) The variable
part of the dnaK gene as an alternative marker for phylogenetic studies of
rhizobia and related Alphaproteobacteria. Syst. Appl. Microbiol. 26, 483-494.

[52] Suzuki, Y., Adhikari, D., Itoh, K., Suyama, K. (2014) Effects of temperature
on competition and relative dominance of Bradyrhizobium japonicum and
Bradyrhizobium elkanii in the process of soybean nodulation. Plant Soil 374,
915-924.

[53] Thérsson, E.T., Sverrisson, H., Anamthawat-Jénsson, K. (2000) Genotyping Ice-
landic isolates of rhizobia based on rDNA-RFLP. Icel. Agric. Sci. 13, 17-25.


https://doi.org/10.1016/j.syapm.2019.04.002
https://doi.org/10.1016/j.syapm.2019.04.002
https://doi.org/10.1016/j.syapm.2019.04.002
https://doi.org/10.1016/j.syapm.2019.04.002
https://doi.org/10.1016/j.syapm.2019.04.002
https://doi.org/10.1016/j.syapm.2019.04.002
https://doi.org/10.1016/j.syapm.2019.04.002
https://doi.org/10.1016/j.syapm.2019.04.002
https://doi.org/10.1016/j.syapm.2019.04.002
https://doi.org/10.1016/j.syapm.2019.04.002
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0005
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0010
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0015
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0020
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0025
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0030
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0035
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0040
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0045
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0050
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0055
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0060
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0065
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0070
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0075
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0080
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0085
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0090
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0095
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0100
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0105
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0110
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0115
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0120
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0125
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0130
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0135
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0140
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0145
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0150
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0155
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0160
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0165
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0170
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0175
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0180
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0185
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0190
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0195
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0200
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0205
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0210
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0215
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0220
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0225
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0230
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0235
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0240
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0245
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0250
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0255
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0260
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0265

456 S. Tounsi-Hammami et al. / Systematic and Applied Microbiology 42 (2019) 448-456

[54] Trujillo, M.E., Willems, A., Abril, A., Planchuelo, A.M., Rivas, R., Luden, D., Mateos,
P.F., Martinez-Molina, E., Velazquez, E. (2005) Nodulation of Lupinus albus by
strains of Ochrobactrum lupini sp. nov. Appl. Environ. Microbiol. 71, 1318-1327.

[55] Vadez, V., Rodier, F., Payre, H., Drevon, J.J. (1996) Nodule permeability to O,
and nitrogenase-linked respiration in bean genotypes varying in the tolerance
of N, fixation to P deficiency. Plant Physiol. Biochem. 34, 871-878.

[56] Valverde, A., Velazquez, E., Fernandez-Santos, F., Vizcaino, N., Rivas, R., Mateos,
P.F., Martinez-Molina, E., Igual, ].M., Willems, A. (2005) Phyllobacterium trifolii
sp. nov., nodulating Trifolium and Lupinus in Spanish soils. Int. J. Syst. Evol.
Microbiol. 55, 1985-1989.

[57] Van Cauwenberghe, J., Verstraete, B., Lemaire, B., Lievens, B., Michiels, ].,
Honnay, O. (2014) Population structure of root nodulating Rhizobium legumi-
nosarum in Vicia cracca populations at local to regional geographic scales. Syst.
Appl. Microbiol. 37, 613-621.

[58] Velazquez, E., Valverde, A., Rivas, R., Gomis, V., Peix, A., Gantois, I, Igual,
J.M., Leén-Barrios, M., Willems, A., Mateos, P.F., Martinez-Molina, E. (2010)
Strains nodulating Lupinus albus on different continents belong to several
new chromosomal and symbiotic lineages within Bradyrhizobium. Antonie van
Leeuwenhoek 97, 363-376.

[59] Vinuesa, P., Silva, C., Werner, D., Martinez-Romero, E. (2005) Population genet-
ics and phylogenetic inference in bacterial molecular systematics: the roles of
migration and recombination in Bradyrhizobium species cohesion and delin-
eation. Mol. Phylogenet. Evol. 34, 29-54.

[60] Willems, A., Coopman, R., Gillis, M. (2001) Comparison of sequence analy-
sis of 16S-23S rDNA spacer regions, AFLP analysis and DNA hybridizations in
Bradyrhizobium. Int. ]. Syst. Evol. Microbiol. 51, 623-632.

[61] Wu,L]J., Wang, H.Q., Wang, E.T., Chen, W.X,, Tian, C.F.(2011) Genetic diversity of
nodulating and non-nodulating rhizobia associated with wild soybean (Glycine
soja Sieb. & Zucc.) in different ecoregions of China. FEMS Microbiol. Ecol. 76,
439-450.

[62] Xu, KW., Zoua, L., Penttinen, P., Zengc, X., Liu, M., Zhao, K., Chen, C., Chen,
Y.X., Zhanga, X. (2015) Diversity and phylogeny of rhizobia associated with
Desmodium spp. in Panxi, Sichuan, China. Syst. Appl. Microbiol. 39, 33-40.

[63] Yan,]., Li, Y., Yan, H., Chen, W.F.,, Zhang, X., Wang, E.T., Han, X.Z., Xie, Z.H. (2017)
Agrobacterium salinitolerans sp. nov., a saline-alkaline-tolerant bacterium iso-
lated from root nodule of Sesbania cannabina. Int. J. Syst. Evol. Microbiol. 67,
1906-1911.

[64] Youseif, S.H., Abd El-Megeed, F.H., Ageez, A., Cocking, E.C., Saleh, S.A. (2014)
Phylogenetic multilocus sequence analysis of native rhizobia nodulating faba
bean (Vicia faba L.) in Egypt. Syst. Appl. Microbiol. 37, 560-569.

[65] Youseif, S.H., Abd El-Megeed, F.H., Ageez, A., Mohamed, Z.K., Shamseldin, A.,
Saleh, S.A. (2014) Phenotypic characteristics and genetic diversity of rhizobia
nodulating soybean in Egyptian soils. Eur. ]. Soil Biol. 60, 34-43.

[66] Zahradnik, J., Nunvar, J., Parizkova, H., Kolarova, L., Palyzova, A., MareSova, H.,
Grulich, M., Kyslikova, E., Kyslik, P. (2018) Agrobacterium bohemicum sp. nov.
isolated from poppy seed wastes in central Bohemia. Syst. Appl. Microbiol. 41,
184-190.

[67] Zhao, L., Fan, M., Zhang, D., Yang, R., Zhang, F., Xu, L., Wei, X,, Shen, Y., Wei,
G. (2014) Distribution and diversity of rhizobia associated with wild soy-
bean (Glycine soja Sieb. & Zucc.) in Northwest China. Syst. Appl. Microbiol. 37,
449-456.


http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0270
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0275
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0280
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0285
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0290
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0295
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0300
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0305
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0310
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0315
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0320
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0325
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0330
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335
http://refhub.elsevier.com/S0723-2020(18)30531-9/sbref0335

	Genetic diversity of rhizobia associated with root nodules of white lupin (Lupinus albus L.) in Tunisian calcareous soils
	Introduction
	Materials and methods
	Soil sampling and physico-chemical analysis
	Rhizobial trapping and isolation
	Plant nodulation and symbiotic efficiency
	DNA extraction
	PCR amplification, sequencing and phylogenetic analysis of the ITS region, and the recA, atpD and dnaK genes

	Results
	Isolation of root nodule bacteria
	Plant nodulation and symbiotic efficiency
	ITS-based phylogeny
	Multi-locus sequence analysis (MLSA) (dnaK, atpD and recA)
	Symbiotic genes

	Discussion
	Conclusion
	Acknowledgement
	Appendix A Supplementary data
	References


