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Molecular markers used for genetic studies in Japanese

Larch (Larix kaempferi (Lamb.) Carr.)

Jean-Charles Bastien!, Vanina Guerin!, Anna-Maria Szasz-Len?, Monika Konnert?

'INRA Centre Val de Loire - Integrated biology for the valorisation of tree and forest diversity, 2163 Avenue de la Pomme de Pin, CS 40001
ARDON-45075 Orleans Cedex 2, France
“Bavarian Office for Forest Seeding and Planting, Forstamtsplatz 1, 83317 Teisendorf, Germany

1. General remarks

Larch is one of the most abundant conifers in the
northern hemisphere where it grows at both high
latitudes and high elevations. It comprises around ten

species distributed over North America, Europe and
Asia.

Japanese larch is native on Honshu Island, where it
grows at 1300 to 2900 m elevation. Faster growing
than European larch at early stage, it has usually been
preferred in Western Europe's oceanic areas. Presently,
hybrid larch (Larix x eurolepis, hybrid between European
and Japanese larches), which is more resistant to cold
and drought, tends to replace Japanese larch in the
reforestation of northern Europe.

Since 2009, infection of Japanese larch by the Phyrophrora
ramorum has led to a severe decline of the species in
the British Isles. For this reason, the species is no more
planted there.

Natural distribution

I Densely distributed
area

Figure 1. Natural distribution of Japanese Larch in Japan
(in Hoshi 2004)

Due to literature scarcity on the use of molecular markers
to implement genetic studies on Larix kaempferi,
references in the present document are often given
for related species (Larix sibirica, Larix gmelinii, Larix
decidua, Larix eurolepis) when available.

2. Isozymes

Genetic studies on Larix kaempferi based on isozyme
markers have been generally used to identify interspecific
hybrid seeds (embryos) between Larix kaempferi and
Larix decidua (e.g. Bergmann and Ruetz 1987, Hicker
and Bergmann 1991, Trober and Hasemann 2000).
Isozyme patterns are very similar for the two species
in the number of scored loci, but for some loci the
relative position of bands differs. For both species the
same analysis method can be applied. As detailed studies
on genetic variation for Larix kaempferi are missing,
references in Table 1 refer not only to Larix kaempferi,
but also to Larix decidua.

Material for protein extraction (only Larix kaempferi)

Proteins were extracted from dormant buds and seeds
(both endosperm and embryos) (Bergmann and
Ruetz 1987, Hicker and Bergmann 1991, Tréber and
Hasemann 2000).

Protein extraction and separation protocols

separation by
electrophoresis and staining of gels were carried out
based on standard procedures decribed by Siciliano and
Shaw (1976), Cheliak and Pitel (1985), Hicker and
Bergmann (1991), Miiller-Starck and Starke (1993) and
Konnert and Maurer (1995).

Isozyme  extraction, starch gel

Important results (only Larix kaempferi and hybrids)

Estimation of the proportion of hybrid seed from seed
orchards consisting of Larix kaempferi and Larix decidua
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clones was possible (Bergmann and Ruetz 1987, Hicker
and Bergmann 1991, Trober and Hasemann 2000) based
on the loci SKDH-A and NADH-A. At these two loci the
two larch species could be unambiguously distinguished
by the position of bands in the zymogram and, therefore,
the proportion of hybrids and selfings (individual and

clonal) could be exactly determined.

Table 1: List of enzymes, scored loci and number of alleles for Larix decidua and Larix kaempferi

Enzyme system E.C. Number Scored loci aljl(:l;;f‘ References
Aspartate aminotransferase 2.6.1.1 AAT-A,-B -C 3,4,3 1,5,9
Diaphorase 1.8.1.4 Dia 9
Esterase 3.1.1.2 EST-A,-C 2,4 1,3,4,9
Glutamate dehydrogenase 1.4.1.2 GDH-A 3 2,3,4,5,9
Glucose-6-phospate dehydrogenase 1.1.1.49 G6PDH-A 3 2,3,4,9
Glyceraldehyde-3-phosphate-dehydrogenase 1.2.1.9 G3PDH-A,-B, 4,2 1
Isocitrate dehydrogenase 1.1.1.42 IDH-A,-B 1,3 1,2,3,4,5,9
Leucine aminopeptidase 3.4.11.1 LAP-A,-B 4 4 34,5
Malate dehydrogenase 1.1.1.37 MDH-A,-B,-C,-D 3,3,4,3 1,2,3,4
Menadione reductase 1.6.99.2 MNR-B,-C,-D 1,4,2 1,3,4
Phosphoglucose isomerase 5.3.1.9 PGL-A,-B 2,3 1,5, 6
Phosphoglucomutase 2.7.5.1 PGM-A 6 1,5,9
6-Phosphogluconate dehydrogenase 1.1.1.44 6PGDH-A,-B 3,3, 1,2,5,9
Triose-phosphate isomerase 5.3.1.1 TPLA,-B 1,2 1
Shikimate dehydrogenase 1.1.1.25 SKDH-A 6 b 6273§5
Superoxide dismutase 1.15.1.1. SOD-A,-B 1,3 3,4,9
Sorbitol dehydrogenase 1.1.1.14 StDH-A 2 3,4
NADH dehydrogenase 1.6.99.3 NDH-A 2 6

*- values for Larix decidua except SKDH-A and NADH-A which refer also ro Larix kaempferi

1-Beletti et al. 1996, 2-Maier 1992, 3-Lewandowski and Mejnartowicz 1988, 4- Lewandowski and Mejnartowicz 1992, 5-Miiller-Starck and Felber 2010, 6-Hicker and
Bergmann 1991, 7-Bergmann and Ruetz 1987, 8-Tiiber and Haasemann 2000, 9-Semerikov and Lascoux 1999




3. Organelle DNA markers (chloroplast (cp)
DNA, mitochondrial (mt)DNA)

Detailed information on markers used for DNA analyses
from organelle and nuclear DNA from Larix species is
given in Heinze et al. (2012). In the present guidelines,
the focus is on Larix kaempferi. Thus, only primers
working also for this species are included.

Loci and primers used

According to Heinze et al. (2012), chloroplast DNA
(cpDNA) variation has been studied based on PCR-
RFLPs (Semerikovand Lascoux 2003, Acheré etal. 2004),
sequence variation (Wei and Wang 2003, Gros-Louis et
al. 2005) and microsatellites (Semerikov and Lascoux
2003). Mitochondrial DNA (mtDNA) variation has
been studied using direct PCR, PCR-RFLPs (Semerikov
and Lascoux 2003, Acheré et al. 2004, Semerikov and
Polezhaeva 2007) and sequencing (Gros-Louis et al.
2005).

Acheré et al. (2004) applied PCR-RFLP markers on
cpDNA (paternally inherited) and mtDNA (maternally
inherited) to identify European x Japanese larch hybrids.
They used universal primers (Taberlet et al. 1991,
Demesure et al. 1995, Dumolin-Lapégue et al. 1997,
Petit etal. 1998). For cpDNA, ten out of 22 tested primer
pairs gave clear amplification products in Larix kaempferi
and Larix decidua. Only these primers are introduced in
Table 2. Amplification products were digested with five
restriction enzymes — Tagl, Hapll, Hhal, Haelll and
Bcll. For mtDNA eight of the eleven tested primer pairs
amplify (see also table 2).

For PCR-RFLPs, Semerikov et al. (2003, 2006) and
Semerikov and Lascoux (2003) used also published
universal primers (Taberlet et al. 1991, Demesure
et al. 1995, Dumolin-Lapégue et al. 1997, Parducci
and Szmidt 1999) to amplify cpDNA and mtDNA
fragments. cpDNA amplified fragments were cut with
Alul, Haelll, Hinfl, Hpall, Mbol, Rsal, SA13.

Material for DNA-extraction

DNA was extracted from buds, needles or germinated
seed (Semerikov and Lascoux 2003, Semerikov et al.
2003, Acheré et al. 2004, Gros-Louis et al. 2005, Wei
and Wang 2003, Polezhaeva et al. 2010, San Jose-Maldia
et al. 2009).

DNA-extraction and amplification protocols

Total DNA was extracted from the mentioned tissue

using:

* the CTAB protocol of Devey et al. (1996) cited in
Ostrowska et al. (1998) (Semerikov and Lascoux
2003)

* the CTAB protocol of Rogers and Bendich (1988)
(Wei and Wang 2003)

* the QIAGEN DNeasy Kit (Acheré et al. 2004, Gros-
Louis et al. 2005, Pluess 2011)

*  NucleoSpin Plant II (Macherey Nagel, used in INRA
lab, unpublished)

Examples for amplification protocols (PCR-RFLP)

*  94°C for 6 min followed by 35 cycles of 94°C for 45
s, 55°C for 45 s, 70°C for 3 min, 30 s (Acheré et al.
2004).

*  94°C for 5 min followed by 35 cycles of 94°C for
30 s, 65°C for 45 s (UBC460), 50°C for nad4-3/4,
55°C for nad5-1/2, atpAl-R, elongation 3 min for
UBC460 and 2 min for the rest of primers at 72° C,
final elongation at 72° C for 10 min (Polezhaeva et
al. 2010).

Examples for amplification protocols (cpSSR):

*  94°C for 5 min followed by 35 cycles of 94°C for 30
s, 55°C for 45 s, 72°C for 30s; final elongation at 72°
C for 10 min (Polezhaeva et al. 2010).

e 94°C for 5 min followed by 35 cycles of 94°C for 30
s, 55°C for 30 s, 72°C for 30s; final elongation at 72°
C for 6 min (Semerikov and Lascoux 2003).

Example for amplification protocols (cpDNA sequencing)

* 94°C for 3 min followed by 35 cycles of 94°C for 1
min, 56°C for 1 min, 72°C for 1 min and 20 s; final
elongation at 72° C for 10 min (Gros-Louis et al.
2005).

Example for amplification protocols (mtDNA sequencing)

*  94°C for 2 min followed by 35 cycles of 94°C for 30
s, 60°C for 30 s, 72°C for 1 min; final elongation at
72° C for 10 min (Gros-Louis et al. 2005).

Important results

*  Four cpDNA (matK, trnL-intron, trnT-trnL trnl-
trnF) and five mtDNA markers (coxI-1, matR-
1, nadl-b/c, nad3-1 and nad5-1) were developed
to distinguish unambiguously four larch species
(Larix laricina, Larix decidua, Larix kaempferi, and
Larix sibirica) used in intensive forestry in Western
Europe or eastern North America and trace forest
reproductive material (Acheré et al. 2004, Gros-
Louis 2005).
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By combining the mitochondrial PCR-RFLP marker

f13 and the chloroplast PCR-RFLP marker rbcL-
laql, Larix decidua and Larix kaempferi could be
discriminated (Acheré et al. 2004). The two markers
are sufficient to identify first-generation hybrid
individuals.

Japanese larch is found to be closely related to
populations of Larix kamtschatica inhabiting the
Kuril Islands and South Sakhalin (Polezhaeva et al.
2010).

Despite the restricted natural distribution of Japanese
larch, the mtDNA showed geographic structure (San
Jose-Maldia et al. 2009).

Table 2: PCR-RFLP markers (cpDNA, mtDNA) used for Larix kaempferi and other larix species
Type Al:fg) iﬁ:d ane;‘ s_eg:nence References Source of primer pairs
CATTACAAATGCGATGCTCT
trnT-trnF ATTTGAACTGGTGACACGAG 1,3 Taberlet et al. (1991)
T3 + TTTTCGAACTGCTAACCAACG Parducci and Szmids
oy | (T3 = AKTTAACCCTCACATAAGGG) . (?;9‘;3‘:‘ n o ﬁZZ‘L
P 17 ¢ ACCTACGGCATCAGGTTTTG ’ Semeril m‘t’ ‘1 ‘E S OYG)
(T7=GTAATACGACTCACTATAGGGC) emertkov et ak
anlocrnV CTGCTTCCTAAGAGCAGCGT ] Parducci and Szmidt
TTGACATGGTGGAAGTCATCA (1999)
bCotrnS GGTCGTGACCAAGAAACCAC 13 Parducci and Szmidt
bsbh GGTTCGAATCCCTCTCTCTC ’ (1999)
bD-16S CCACAAAAACGAAACGGTCT I Parducci and Szmidt
bsbL- ACTAACTAATCAGACGCGAGCC (1999)
bel ATGTCACCACAAACAGAAACTAAAGCAAGTA 3 Petit et al. (1998)
oA e CTTCACAAGCAGGAGCTAGTTCAGGACTCC curera
cp
wnK GGGTTGCCCGGGACTCGAAC 3 D tal. (1995)
m CAACGGTAGAGTACTCGGCTTTTA cmesure et ak
(K trnQ TAAAAGCCGAGTACTCTACCGTTG 3 Dumolin-Lapégue et al.
CTATTCGGAGGTTCGAATCCTTCC (1997)
e Q-trnR GGGACGGAAGGATTCGAACC 3 Dumolin-Lapégue et al.
IR ATTGCGTCCAATAGGATTTGAA (1997)
GAGAGAGAGGGATTCGAACC
trnS-trnfM CATAACCTTGAGGTCACGGG 3 Demesure et al. (1995)
CGAGGGTTCGAATCCCTCTC
trnS-trnT AGAGCATCGCATTTGTAATG 3 Demesure et al. (1995)
atpF-rps2 | Primer sequence not published 3 Acheré et al. (2004)
trnR-atpF | Primer sequence not published 3 Acheré et al. (2004)




Amplified

Primer sequence

Type region 50 3¢ References Source of primer pairs
TTTTTTCGGACGTTTTCTAG
nad5-1/2 TTTGGCCAAGTATCCTACAA 1 Wu et al. (1998)
nadd-3c/4r GGAGCTTTCCAAAGAAATAG 1 Dumolin-Lapégue et al.
A | GCCATGTTGCACTAAGTTAAC (1997)
CTGTTGGTAACTTGGGG ,
F13 GCGCCTCTTTCGGAATAG 3 Acheré et al. (2004)
AACCTAGAGCCAACAGCAGCACCT .
UBC460 CCCAACTTCCTCG GCAGATG 4,5 Semerikov et al. (2006)
GGATCGTAGCGTGGGAACTA .
C8 AGGGAACTTGTGAACGTTGG 4 Semerikov et al. (2006)
TACCCGCCTTAACCGTAAGA .
B11 GACCCGTAGTTTGGCTGAGA 4 Semerikov et al. (2006)
CATCCCGTCGCTTGTTTAAT .
R11 CCGGTTGGCACCTT TAGA Semerikov et al. (2006)
Cox2 TTTTCTTCCTCATTCTKATTT 3 Dumolin-Lapégue et al.
o CCACTCTATTGTCCACTTCTA (1997)
GCATTACGATCTGCAGCTCA
nad1-2/3 GGAGCTCGATTAGTTTCTGC 3,4 Demesure et al. (1995)
AATTGTCGGCCTACGAATGTG
Nad3-1ps12 | - TG (AZ) GTACGGTC(C=DGTGCG 5 W ecal. (1998)
CAGTGGGTTGGTCTGGTATG
mtDNA | Nad4-1/2 TCATATGGGCTACTGAGGAG 3,4 Demesure et al. (1995)
Nad4-2/3 CTCCTCAGTAGCCCATATGA 3 Dumolin-Lapégue et al.
: AACCAGTCCATGACTTAACA (1997)
Nad4-3/4 GGAGCTTTCCAAAGAAATAG 5 Dumolin-Lapégue et al.
ad GCCATGTTGCACTAAGTTAC (1997)
TGTTTCCCGAAGCGACACTT
Nad4-2/4 GGAACACTTTGGGGTGAACA 4 Demesure et al. (1995)
GAAATGTTTGATGCTTCTTGGG
Nad5-1/2 ACCAACATTGGCAT GT 3,4,5 Wu et al. (1998)
CACGGGTCGCCCTCGTTCCG
Rps14-cob GTGTGGAGGATATAGGTTGT 3 Demesure et al. (1995)
TTTTAGGGCCATTTGCCTGC
MhOZ L TATGGACAAGAGCCCGACCT 4 Jeandroz et al. (2002)
. CCATCCAGCCATGTCTCATC
Mh09 AGCCCTTCACATAGAGCATC 4 Jeandroz et al. (2002)
TGCTTTCCAATTTACCACGAG
Mh27 GATACGCTTTCCTGGCATAC 4 Jeandroz et al. (2002)
AGAATGGCAGCAACTAATAAGC
MhS0 | CTATGCACTTCCCTCCCTCA 4 Jeandroz et al. (2002)
GCTGGCAAATTCAACCATTT
Atpl-R GCAATTAGGCTGGCTTTCC 5 Polezhaeva et al. (2010)

1-Semerikov and Lascoux 2003, 2-Semerikov et al. 2003, 3-Acheré et al. 2004, 4-San Jose-Maldia et al. 2009, 5-Polezhacva et al. 2010
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Table 3: Primer information for amplification of chloroplast microsatellites (cpSSRs) and variable fragments
for sequencing (cpDNA and mtDNA) in genetic analysis of Larix species (including Larix kaempferi) (Ta=
annealing temperature)

Primer sequence [5'-3']

Size

Source of

Loss Typ ¢ F= forward, R = reverse (°C) (bp) et p rlmierl; pa-
D9383 F: AGAATAAACTGACGTAGATGCCA 4 s || Vendramin et
! R: AATTTTCAATTCCTTTCTTTCTCC al. (1996)

F:GACGTAGATGCTATGGGTA: Polezh
Pr9393 GACGTAGATGC GGGTACG 55 135 ) olezhaeva et
R:GAGAGCGGTATGAGGGAAGA al. (2010)
Pt9833 F:GACGATGGACGCTCTTTCTC 55 84 5 Polezhaeva et
R:GATCGGGCGGGATAATGTA al. (2010)
F: TCAATCCTAACCATATCAGGTG Polezhaeva et
P30 cpSSR R:TCATAGCGGAAGATCCTCTTT 55 139 2 | o10)
PGS F:CCCGTATCCAGATATACTTCCA 55 112 ] Vendramin et
R:TGGTTTGATTCATTCGTTCAT al. (1996)
F:AAATACCACGGGCCTCCTA Polezhaeva
TmlLV R:TTGACATGGTGGAAGTCATCAT >5 86 2 |etal. (2010)
TCATAGCGGAAGATCCTCTTT Vendramin
Pr30204 CGGATTGATCCTAACCATACC 55 145 U et al. (1996)
« F:GAACTCGTCGGATGGAGTG 56 5 | Wangetal.
ma R:GAGAAATCTTTTTCATTACTACAGTG (1999)

ol o F:CGAAATCGGTAGACGCTACG s 5 | Taberlet et
T pDNA | RIGGGGATAGAGGGACTTGAAC al. (1991)
cnToernl amplification | F:CATTACAAATGCGATGCTCT 56 3 Taberlet et

-t and R:CGAAATCGGTAGACGCTACG al. (1991)
ol enE sequencing | E.CGAAATCGGTAGACGCTACG 5 5 | Taberlet et
k-t RATTTGAACTGGTGACACGAG al. (1991)
T CATTACAAATGCGATGCTCT 48 4 | Taberlet et
-t ATTTGAACTGGTGACACGAG al. (1991)
Coxll F:-TTATTATCACTTCCGGTACT o ; Lu et al.
oxt- R:AGCATCTGGATAATCTGG (1998)

R F:CGACAGAAGCACGAAATTCC o 5 | Quecal
mati- R:ACCCGACGATAACTAGCTTC (1999)
L) mlt,[gN? F:GCATTACGATCTGCAGCTCA o 5 |Demesure et
hadi-bic | amp :mff 1O | R.GGAGCTCGATTAGTTTCTGC al. (1995)
. sequencing | F:CAGAAGTCGTTTCGATATACG o 5 | Soranzoet
RATTGATTCGATGTAGGCATCG al. (1999)
451 F:AGTCCAATAGGGACAGCACAC o ; CJaram‘Ho'l
fado- R:GCTTTGATAGCTGCTTTATCTGC O(I;)T);t) -

1-Semerikov and Lascoux 2003, 2- Polezhaeva et al. (2010), 3- Gros-Louis et al. 2005, 4-Wei and Wang 2003




4. Randomly amplified polymorphic DNA
(RAPD) markers

Primer used and important results

Scheepers et al. (2000) analyzed the following 11 markers

that differentiated Larix decidua and Larix kaempferi.

Two of these markers were mitochondrial (maternally

inherited) (DeVerno et al. 1993).

* OPH-11-2,2 kb — 100 % presence in Larix decidua

* OPD-15-1,4kb - 100 % presence in Larix decidua
(mtDNA)

* OPE-17-0.8 kb - 100 % presence in Larix decidua

e OPF-05- 2.25 kb -100 % presence in Larix decidua

e OPG-12 — 1.3 kb - 100 % presence in Larix
kaempferi

e OPH-14 - 1.45 kb -100 % presence in Larix
kaempferi

e OPC-16 — 1.38 kb - 100 % presence in Larix
kaempferi

e OPC-06 — 0.93 kb - 100 % presence in Larix
kaempferi

e OPR-08-1.2kb-100 % presence in Larix kaempferi
(mtDNA)

e OPD-10 — 1.2 kb - 100 % presence in Larix
kaempferi

e OPF-13-1.0kb- 100 % presence in Larix kaempferi

The following four markers were sufficient to estimate
the F1 hybrid (Larix X eurolepis) fraction in a seed lot:
OPH-14, OPC-06, OPH-11, OPE-05.

For DNA-amplification the following PCR-protocol was

used:

* 1 cycle of 3 min at 93°C, 1 min at 37°C and 2 min
at 72°C, 35 cycles of 1 min at 93°C, 1 min at 37°C
and 2 min at 72°C, followed by a final cycle of 10
min at 72°C.

Semerikov et al. (2003) used 4 RAPD primers to
develop PCR-based mitochondrial DNA markers useful
for phylogenetic studies in larch species. The following
four RAPD primers produced fragments considered for
further analysis:

UBC460 - 5-ACTGACCGGC-3

OPB11 - 5-GTAGACCCGT-3
OPC8 - 5“-TGGACCGGTG-3"
OPR11 - 5-GTAGCCGTCT-3

The RAPD fragments were cut out of a 1% agarose gel,
purified using a gel extraction kit (Qiagen), cloned into
pGEM-T easy plasmid (Promega) and sequenced.

Gros-Louis et al. (2005) tested 130 RAPD-primers
using the following kits from Operon Biotechnologies,

Alameda, CA:

« OPL-OPQ,
. OPC6,

« OPD-10, OPD-15,
e OPE-17,

«  OPF05, OPF-13,

. OPG-12,

« OPH-11, OPH-14,
« OPR-18.

For DNA-amplification the following PCR-protocol was

used:

* 1 cycle of 1 min at 94°C, 20 cycles of 15 s at 94°C,
15 s at 35°C, and 1 min 30 s at 72°C followed by 25
cycles of 15 s at 94°C, 15 s at 35°C, and 1 min 30 s
at 72°C, with a ramp at this extension step of 5 s per
cycle, final extension of 10 min at 72°C.

Amplification products (6 pl) were separated into a 0.5%
Synergel (Gordon Technologies, Mississauga, Ontario)
plus 1.0% agarose gels using 0.75x Tris—phosphate—
EDTA (TPE) running buffer. Amplification products
were stained with ethidium bromide and visualized

under UV light.

5. Nuclear DNA markers (AFLPs, nSSRs, EST-
SSRs, SNPs)

a) AFLPs (Amplified Fragment Length Polymorphism)

Semerikov and Lascoux (2003) and Semerikov et al.
(2003) used besides other markers the AFLP technique
(Vosetal. 1995) for analyzing larch species differentiation
at the nuclear level.

DNA was digested with EcoRI and Msel. Three selective
nucleotides were used in the case of the EcoRI primer

and four for the Msel primer. The EcoRI primer was
labeled by g*’P-ATP.

The following primer combinations were used:

e Frol+ ACG x Msel+CCCA, Msel+CCAC,
Msel+CCAG (Semerikov and Lascoux 2003)

e [Leol+ ACG x Msel+CCTC, Msel+CCCA,
Msel+CCAC, M;sel+CCAG, Msel +CCTG,

Msel+CCAG (Semerikov et al. 2003)

Arcade et al. (2000) analysed 114 AFLPs resulting from
5 AFLP primer combinations and constructed a single-
tree genetic linkage map of European and Japanese larch.
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More then 200 nuclear microsatellites were developed

for Larix kaempferi: 19 polymorphic simple sequence
repeats (SSR) markers in Isoda and Watanabe (2000),

165 SSR marker in Chen et al. (2015, Supplementary
Material), six expressed sequence tags (EST-SSRs) in

Yang et al. (2011).
transferability tests for Larix kaempferi (6 SSR marker

in Khasa et al. 2000, 13 SSR marker in Wagner et al.
2012 and 9 SSR marker in Zhang et al. 2015) (Table
4). Wagner et al. (2012) designed multiplexes for Larch
SSRs. Gros-Louis et al. (2005) tested the transferability

28 microsatellite markers were amplified in cross-species
of EST-SSRs developed by Perry and Bosquet (1998) to
Larix species, among them also Larix kaempferi

b) nSSRs (putatively neutral microsatellites) and EST-
SSRs (expressed sequence tag derived microsatellites)

Loci and primers used
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Material for extraction

Plant tissue used for extraction included seed, buds,
leaves (in general frozen needles), e.g. Isoda and
Watanabe (2006), Wagner et al. (2012), Nishimura and
Setoguchi (2011), Gros-Louis et al. (2005), Chen et al.
(2015), phloem (Wagner et al. (2012) and cambium
(Khasa et al. 2000).

DNA-extraction and amplification protocols

Total DNA was extracted from the mentioned tissue

using:

e NucleoSpin Plant II (Macherey Nagel, used in
INRA lab)

* the QIAGEN DNeasy Plant Mini Kit (Gros-Louis
et al. 2005, Pluess 2011, Zhang et al. 2015)

* a CTAB protocol after Shiraishi and Watanabe
(1995) (Isoda and Watanabe (2006) and after Doyle
and Doyle (1990) (Yang et al. 2011, Chen at al.
2015)

Examples for amplification protocols (nSSR)

*  94°C for 1 min followed by 10 cycles of 94°C for 30
s, 63-53° C (-1° C at each cycle) for 45 s, followed by
25 cycles of 94°C for 30's, 53° C for 30 s, 72°C for 1
min; final elongation at 72° C for 10 min (Isoda and
Watanabe 20006).

*  94°C for 4 min followed by 30 cycles of 94°C for 45
s, 56° C for 45 s, 72°C for 45 s; final elongation at
72° C for 7 min (Chen et al. 2015).

Examples for amplification protocols (EST-SSR):

*  94°C for 3 min followed by 40 cycles of 94°C for
30 s, Ta (Table 4) for 45 ,s 72°C for 1 min; final
elongation at 72°C for min (Yang et al. 2011).

e 95°C for 5 min followed by 25 cycles of 95°C for 30
s, Ta (Table 4) for 45 s, 72°C for 60s; final elongation
at 72° C for 20 min (Zhang et al. 2015).

*  94°C for 4 min followed by 40 cycles of 95°C for 30
s, 55°C for 30 s, 72°C for 1 min; final elongation at
72° C for 10 min (Gros-Louis et al. 2005).

SSR — Multiplexing (Wagner et al. 2012)

*  Multiplex 1 — Ld31, bcLK211, Ld30, bcLK228,
Ld50, bcLK189, bcLK253

*  Muldiplex 2 — Ld58, Ld45, Ld42, bcLK263, Ld101,
Ld56

*  Amplification protocol for multiplexes 1 and 2:

e 95°C for 15 min followed by 35 (multiplex 1)/30
(multiplex 2) cycles of 94°C for 30 s, T (Table 4)
56°C for 1 min, 72°C for 1 min; final elongation at
60°C for 30 min

Important results

*  New EST-SSR markers were developed for Larix
kaempferi (Gros-Louis et al. 2005, Yang et al. 2015,
Zang et al. 2015). The markers are transferable also
to other Larix species.

*  New SSR markers were developed and identified as
highly polymorphic in Larix kaempferi. Most of them
could be amplified in related Larix species (Larix
olgensis, Larix gmelinii, Larix principi-rupprechtii)
(165 nSSR between them 145 polymorphic
developed by Chen et al. 2015, 20 primer pairs
between them 19 polymorphic developed by Isoda
and Watanabe 20006).

* In a Larix kaempferi Danish seed orchards, SSR
markers were used to evaluate the selfing rate, the
paternal contribution to the progenies and the

pollution rate from external larch sources (Hansen
2008).

* A 34% introgression rate by spontaneous
hybridization between L. kaempferi and L. laricina
was observed in Québec (Canada), suggesting
to take into consideration the proximity of this
exotic species in the management of natural genetic
resources (Meirmans et al. 2014).

¢) SNPs (single-nucleotide polymorphisms)

*  Gros-Louis et al. (2005) used SNP in a study aiming
at distinguishing larch species (Larix decidua,
Larix sibirica, Larix kaempferi and Larix laricina).
The results were the identification of three gene
loci (Sb14, Sb48, Sb51) with fixed interspecific
polymorphisms implicating 17 SNPs and 2 indels.

* Li et al. (2014) identified many single-nucleotide
polymorphisms (SNPs) in a genome-wide marker
development for Larix kaempferi. Among these
SNPs, 364227 (78.6%) were determined from
transcripts with annotation information, and they
were distributed in 32453 known genes.
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