Supplementary Table 1. Relevant data about proteomics and metabolomics regarding ZE and SE research reported in the reviewed literature
(To see further information about SE experiments such as type of explant, medium formulation and growth conditions go to Supplemental Table 2)

dicots _ gymnosperms

1st STAGE: Ontogeny . ZE = early stages (before globul

rect SE= induction; indirect SE = induction and prolifei

on (monocots: induction to early embryogenesis (embryogenic phase); gymnosperms: EC to PEM

Species Sampled stage Protein extraction Separation MS identication ™ Identified elements’ Type of analysis Reference
Acer platanoides L Morphogenesis (10 WAF) :gﬁ;x{x)gzc(ﬁ:;;e‘l:ne 2DE (in-gel) LC- MS/MS 17 proteins ZE proteomics i;a;'z:‘:(’:gsz 014
Gossypium hirsutum L NEC, PEC, GSe NA NA UPLC-MS/MS 581 metabolites SE metabolomics Guo et al., 2019
Gossypium hirsutum L NEC, PEC, GSe Phenol-ammonium Liquid (TMT) LC-MS/MS 9369 proteins (6730 SE quantitative Guoetal.,2019b
sulphate/methanol chromatography quantified) proteomics
precipitation
Medicago truncatula Induced and proliferating calli Acetone 2DE (in-gel) MALDI-TOF/TOF MS 136 proteins SE proteomics Almeida et al., 2012
Nothapodytes nimmoniana ~ NEC and EC Phenol-ammonium acetate  2DE (in-gel) MALDI-TOF/TOF MS 46 out of 97 spots SE proteomics Isah and Umar, 2019
Persea americana NECand EC Phenol RP TMT-LC-(SPS)-MS3 3841 proteins SE proteomics Olivares-Garcia et
chromatography al., 2020

Cunninghamia lanceolata
Cunninghamia lanceolata

Araucaria angustifolia

Araucaria angustifolia

Araucaria angustifolia

Picea balfouriana

Early embryogeny
Early embryogeny

Pseudotsuga menziesii [mirb.] Proliferating EM

Pseudotsuga menziesii [mirb.] Proliferating EM and NEC

2nd STAGE: Development

Lysis buffer
Lysis buffer
Acetone-chloroform

Methanol—chloroform
Methanol—chloroform

NA
Extraction buffer

Extraction buffer

ular to coleoptilai

2DE-DIGE
2DE-DIGE

2DE

2DE

Liquid
chromatography
NA

1D-SDS-PAGE
1D-SDS-PAGE

(in-gel) LC-MALDI-TOF MS/MS
(in-gel) LC-MS/MS

(in-gel) MALDI-TOF /TOF MS
(in-gel) LC-MS/MS

LC-MS/MS

GC/TOF/MS
(in-gel) LC-MS/MS
(in-gel) LC-MS/MS

71 proteins, 136 spots
11 proteins, 153 spots
11 deps

1932 (576 were annotated
with Pinidae subclass data)
1518

123 metabolites
4813

3028 total; 2619 dep

ZE proteomics
ZE proteomics

SE proteomics

SE quantitative
proteomics

SE quantitative
proteomics

SE metabolomics
SE proteomics

SE proteomics

Shiet al., 2010
Zhenetal ., 2010
Joetal., 2014
Fragaetal., 2016

Douétts-Pereset al .,
2019
Lietal., 2015

Gautier et al., 2018
Gautier et al., 2019

Species Sampled stage Protein extraction Separation MS Identification Identified elements Type of analysis Reference
Cyclamen persicum Globular (3WAP), torpedo (SWAP)
and endosperm Phenol 2DE (in-gel) LC-MS/MS 62 ZE proteomics Mwangi et al., 2013
Cyclamen persicum Torpedo-staged zygotic and somatic NA NA GClon Trap MS 52 metabolites 2E Metabolomics Winkelmannet al.,
embryos 2015
Cyclamen persicum Torpedo zygotic embryo, Globular . . Winkelmann et al .,
SEITEE @i Phenol 2DE (in-gel) LC-Q-TOF/MS 23 Comparative 2006
Cyclamen persicum Torpedo zygotic embryo, globular
" a p e . L Phenol 2DE (in-gel) MALDI-TOF/TOF MS 10 of 35 deps Comparative Bianetal., 2010
and torpedo somatic embryos
Cyclamen persicum Torpedo-staged zygotic and somatic
embryos Phenol 2DE-DIGE (in-gel) LC- MS/MS 247 proteins out of 300 spots Comparative Rode et al., 2011
Cyclamen persicum EC, and globular, torpedo, 5 108 deps (using a proteome .
cotyledonary somatic embryos Phenol 2DE (in-gel) LC- MS/MS B S——— SE proteomics Rode et al., 2012
Gossypium hirsutum L Globular and cotyledonary somatic ~ Phenol iTRAQ-HPLC LC-MS/MS 6318 O [pretaeiles Geetal.,2015
embryos
[leciopaceag VG- e el e ST Phenol 2DE (in-gel) LC-MicroTOF-Q MS 32 proteins out of 53 spots Comparative Noah et al., 2013

3rd STAGE: Maturation. Zygotic: accumulation of storage reserves. SE: cotyledonary stages (establishment of conversion potential)

embryos

Species Sampled stage Protein extraction Separation MS Identification Identified elements Type of analysis Reference
Acer platanoides L . 10% (w/v) TCA in acetone . 33 spots; 30 homologued . Staszak and
Maturat 14- 22 WAF, 2DE -gel) LC- MS/MS ZE t
2titonl ) containing 20 mM DTT (in-ge) / proteins proteomics Pawtowski, 2014
i L i i 11,1 B
Tl GBS lwéf‘;;r;::::fziy;::)e BRE(E, I, Boiling water - GC/MS and LC-MS/MS 112 metabolites ZE metabolomics ';;olt;gtbatar Gkl
Theobroma cacao zygotic embryos: torpedo (14WAP),
Ealectedan (15’18\A{AP)’ mature oy enol 2DE (in-gel) LC- Q-TOF MS 49 proteins, 72 spots Comparative NIETEEL B Clle
(20WAP). Late-torpedo in SE 2015
Carica papaya Somatic embryos maturation Methanol chloroform - LC-MS/MS 522 SE proteomics Almeida et al., 2019




Araucaria angustifolia Mature zygotic embryo vs torpedo  TCA-acetone 2DE (in-gel) MALDI-TOF MS 8 differentially expressed ZE proteomics Silveira et al., 2008
stage polypeptides P

Araucaria angustifolia Mature and germinated zygotic Acetone-chloroform 1-DE, 2-DE LC-MS/MS 32 in mature, 24 in ZE proteomics Balbuena et al., 2011
embryo germinated

Cunninghamia lanceolata Cotyledonary zygotic embryos a) TCA-acetone, b) SDS 2DE (in-gel) LC-MS/MS a) 40, b) 47,¢c) 83 ZE proteomics Zhen and Shi, 2011

extraction/acetone
precipitation, c)
Phenol/methanol-ammonium
acetate

Pinus pinaster Cotyledonary-staged somatic and Phenol 2DE (in-gel) LC-MS/MS 23 significant proteins Morel et al., 2014b
zygotic embryos overaccumulated in both Comparative
embryos
Pinus pinaster Cotyledonary somatic embryos Phenol 2DE (in gel) LC-MS/MS 56 proteins, 1428 spots SE proteomics and Morel et al., 2014a
ABA
determination by
Picea abies Mature zygotic embryos NA NA GC-TOF/MS 97 compounds SE metabolomics Businge et al., 2013
Picea glauca Maturation of somatic embryos NA NA NMR spectroscopy 35 compounds . Dowlatabadiet al.,
SE metabolomics
2009
DEVELOPMENTAL SERIES
Jatropha curcas Development at 5, 10, 15, 20, 25 and TCA 2DE (in-gel) MALDI-TOF/TOF MS 104 deps ZE proteomics Liuetal., 2013
30 DAF
Gossypium hirsutum L Explant, NEC, EC and somatic Phenol 2DE (in gel) MALDI-TOF/TOF MS 155 deps SE proteomics Zhou et al., 2016
embryos (globular, torpedo and
cotyledonary -staged)
Silybum marianum L. NEC, PEM, globular or cotyledonary ~ NA NA TOF MS 20 metabolites SE metabolomics  Khan et al., 2015
somatic embryos, plantlet
germination
Quercus suber L. Proliferative, cotyledonary and Phenol-ammonium acetate- 2DE-DIGE (in-gel) MALDI-MS/MS 44 proteins,66 spots SE proteomics Gomez-Garay et al.,

mature somatic embryo

acetone

2013

Araucaria angustifolia proembryo, globular, torpedo, early- TCA-acetone 2DE LC-MS/MS 96 proteins Balbuena et al., 2009
cotyledonary, late-cotyledonary and ZE proteomics
mature

Picea abies PEM proliferation, embryo NA NA GC/TOF MS 52 compounds SE metabolomics  Businge et al ., 2012

differentiation (early and late),
maturation

days after pollination (DAP); differentially accumulated proteins (dap); differentially expressed proteins (dep); germinating somatic embryos (Gse); non-embryogenic calli (NEC); not applicable information (NA); primary embryogenic calli (PEC); synchronous
precursor selection (SPS);weeks after flowering (WAF).

Tthe type of mass spectrometry analysis carried out; we indicate in parenthesis the experiments that based the MS identification in the “in gel” digestion of the spots visualized.

# indicates the number of proteins (or metabolites) that had a match in the databases, which is usually different to the total number of proteins quantified or spots visualized.




Supplementary Table 2. Experimental data reported in the papers reviewed about somatic embryogenesis

dicots _ gymnosperms

1st STAGE: Ontogeny . ZE = early stages (before globular). Direct SE= induction; indirect SE = induction and proliferation (monocots: induction to early embryogenesis (embryogenic phase); gymnosperms: EC to PEM)

Species Sampled stage Explant, starting material Media formulation and conditions

Reference

MSB containing 0.46 pmol/L kinetin and 0.45 pmol/L 2,4-D. NEC were maintained in MSB medium for 6 weeks at 28 °C, 16/8
Hypocotyls h light/dark photoperiod, were subcultured in fresh MSB medium without hormones. After 3—4 weeks of growth, the somatic-
to-embryogenic transition progressed to induction of PEC and globular structures.

NEC, PEC, globular
somatic embryo

NEC, PEC, globular

Gossypium hirsutum L

Gossypium hirsutum L . Hypocotyls MSB containing 0.46 pmol/L kinetin and 0.45 pumol/L 2,4-D. Calli were subcultured in MSB medium without PGRs
somatic embryo
. Induced and proliferating Induction medium:MS salts and vitamins supplemented with 3% (w/v) sucrose, 0.4 uM 2,4-D, 0.9 uM zeatin, 0.2% (w/v) gelrite.
Redecosil e calli e Proliferation medium: MS salts and vitamins with 3% (w/v) sucrose and solidified with 0.2% (w/v) gelrite.
Nothapodytes nimmonianc NEC and EC Mature zygotic embryo Callus subculture: MS medium with 2,4-D + BAP (9.04 + 4.44 uM); then induction of pinkish EC: a) medium devoid of PGRs, or

b) medium with BAP +2,4-D (4.44, 6.66 or 8.88 + 2.26 uM), which resulted in the induction of globular embryos.

Induction: MS medium with 30 g/L sucrose, 4 mg/L thiamine HCI 4, 100 mg/L myo-inositol, 0.41 uM picloram, 3 g/L gellan gum;

Persea americana NEC and EC Immature zygotic embryos
pH 5.7, in darkness at 25 C. Subculturing every two weeks on fresh medium over seven months.

Guoetal., 2019

Guoetal .,
2019b
Almeida etal .,
2012

Isah and Umar,
2019

Olivares-Garcia
etal. 2020

Globular-staged zygotic

Araucaria angustifolia EC embrvos Phytagel. PGR-supplemented induction medium: 4 uM 2,4-D, 2 uM BAP, 2 uM KIN-BM4, 2 g/L Phytagel, pH 5.8 in darkness at
4 22 £ 2 °C. Subcultures after 30 days of induction, every 21 days in solid BMO or BM2 culture medium.
Embrvogenic suspension Embryogenic suspension cultures in MSG medium. Subculture: fresh MSG liquid medium with 30 g/L sucrose, 1.4 g/L
Araucaria angustifolia EC Yog P glutamine and 0.1 g/L myo-inositol (pH 5.7, orbital shaker at 100 rpm in the dark at 25 + 2 °C). MSG medium was

AU supplemented with 10 uM Mpsl inhiibitor SP600125. Control medium was inhibitor-free.

Induction (PGR-free): BM medium with 1 g/L glutamine, 1 g/L myo-inositol, 0.5 g/L casein hydrolysate and 30 g/L sucrose, 2 g/L

Fragaetal.,
2016

Douétts-Peres
etal. 2019



Picea balfouriana

Pseudotsuga menziesii
[mirb.]

Pseudotsuga menziesii
[mirb.]

EC

Proliferating EM

Proliferating EM and NEC

Zygotic embryos from
mature seeds

Cotyledonary somatic

embryos from 1ry and 2ry

embryogenic lines

Cotyledonary somatic

embryos from 1ry somatic

embryos

Induction: solidified half-strength LM medium with 10 uM 2,4-D and 5 pM 6-BAP, 1% sucrose, 500 mg/L glutamine, 1 g/L
casein hydrolysate, and 2% Gelrite at 24 + 1°C in the dark. Proliferation: induction medium with three different concentrations
of 6-BAP (2.5 uM, 3.6 uM, and 5 pM); in darkness at 24 + 1°C. 2-week intervals subculturing of EC (sample collection every 7
days for metabolite extraction). Early embryo differentiation: half-strength LM without PGRs for 1 week. Promotion of late
embryo development and maturation: half- strength LM medium + 61 pM ABA, 0.4% active charcoal, 6% sucrose, 500 mg/L
glutamine, 1 g/L casein hydrolysate, and 4% Gelrite, in the dark at 24 + 1°C. Somatic embryos generated from 100 mg of EC
tissue with 3-5 cotyledons germinated were counted. Germination: 1/4 strength LM medium with 0.5% active charcoal, 2%
sucrose, 500 mg/L glutamine, 500 mg/L casein hydrolysate,and 3% Gelrite at 24 + 1°C in the light (30 pEm-2s-1, 16 h
photoperiod). Germinated SE with elongated root and hypocotyl were counted.

Repetitive cycles of EMs subculture in Glitz initiation/proliferation medium: Litvay medium with 4.5 uM 2,4-D, 2.2 uM BA,
0.087 M maltose, 4 g/L gellan gum; pH 5.8

Initiation medium from 1ry cotyledonary somatic embryos: Glitz medium supplemented with 4.5 uM 2,4-D, 4.4 uM BA, 0.087
M sucrose, 4 g/L gellan gum (darkness, 23 2C). The developed EM and NEC from the hypocotyl region were sub-cultured every
2 weeks on Glitz proliferation medium wih 4.5 uM 2,4-D, 2.2 uM BA and 0.087 M maltose solidified with 4 g/L gellan gum
(darkness, 23 °C).

Lietal. 2015

Gautier et al .,
2018

Gautier etal .,
2019

2nd STAGE: Development . Zygotic = globular-torpedo transition/ globular to coleoptilar/gymnosperms: after suspensor elongation |Indirect SE = globular-heart-torpedo transition; monocots: late embryo; gymnosperms: after PEM llI

Species

Sampled stage

Explant, starting material

Media formulation and conditions

Reference

Cyclamen persicum

Cyclamen persicum

Cyclamen persicum

Cyclamen persicum

Gossypium hirsutum L

Theobroma cacao

Torpedo zygotic embryo,
Globular somatic embryo

Torpedo zygotic embryo,
Globular and Torpedo
somatic embryos

Torpedo zygotic and
torpedo somatic embryos

EC, and globular,
torpedo, cotyledonary
somatic embryos

Globular and
cotyledonary somatic
embryos

Torpedo zygotic and
torpedo somatic embryo

Embryogenic suspension
culture initiated from
PEDCs

Tubers of seedlings

Embryogenic suspension
culture

Embryogenic suspension
cultures

Hypocotyls

Immature floral buds

Auxin-free medium: MS medium, Fe EDTA full strength, 2 g/L glucose, 250 mg/L peptone, 0.5 mg/L nicotinic acid, 0.1 mg/L
thiamine-HCl, 0.5 mg/L pyridoxine- HCl, 100 mg/L inositol, containing either 30 or 60 g/L sucrose. 242C at 100 rpm in darkness

Induction: half-strength MS medium with 3% sucrose, 2 mg/L 2,4-dichlorophenoxy-acetic acid, 0.2 mg/L benzyladenine, 100
mg/L casein, and inositol. EC establishment on growth regulator-free medium of the same composition.

Basal medium: half-strength liquid MS medium, full strenght FeEDTA, pH 5.5-5.6, 30 g/L sucrose, 2 g/L glucose, 2.0 mg/L 2,4-D
and 0.8 mg/L, 2iP. Induction of SE: growth regulator-free medium of the same basal composition with 4 g/L Gelrite; 242 C in
darkness.

Basal medium: half-strength liquid MS medium, full strenght FeEDTA, pH 5.5-5.6, 30 g/L sucrose, 2 g/L glucose, 2.0 mg/L 2,4-D
and 0.8 mg/L, 2iP. Induction of SE: basal medium, PGR-free, solidified with 4 g/L Gelrite and sucrose (30 or 60 g/L). Cells and
developing somatic embryos were harvested after 0, 1, 3, 7, 21 and 28 days of incubation. 28-day-old embryos developed on
medium with 30 g/L sucrose were transferred to basal medium, with or without 10 mg/L ABA; the embryos were incubated for
further 28 days at 24°C in the dark.

Induction: MS medium plus B5 vitamins, supplemented with 0.05 mg/L IAA, 0.05 mg/L kinetin, 0.05 mg/L 2,4-D, 25 g/L glucose,
2 g/L gelrite, pH 5.8. EC emergence: MSB medium supplemented with 25 g/L glucose, 2 g/L gelrite, 0.5 g/L MgCI2, 0.16 mg/L
kinetin, 0.08 mg/L IAA, pH 6.5; changed monthly, for 4 months. Somatic embryo induction: MSB supplemented with 25 g/L
glucose, 2 g/L gelrite, 0.5 g/L MgCl2, 0.08 g/L kinetin, 0.12 mg/L BA, pH 6.8. Concentration of treatments: ABA (0.01, 0.04, 0.2,
0.4, and 2.0 uM), GA (0.28, 1.4, 2.8, 14, and 28 uM), paclobutrazol (0.01, 0.03, 0.1, and 0.33 uM), and JA (0.1, 0.5, 1, 2, and
10 pM).

Petals and staminodes (starting material) of immature floral buds were cultured in PCG (primary callus growth) medium
supplemented with 250 mg/L glutamine, 100 mg/L myo-inositol, 1 ml/L DKW vitamin stock (100 g/L myo-inositol, 2 g/L
thiamine-HCl, 1 g/L nicotinic acid and 2 g/L glycine), 20 g/L glucose, 18 uM 2,4-D and 45.4 nM thidiazuron). Developed callus
were transferred to SCG (secondary callus growth) supplemented with 0.5 ml/L DKW vitamin, 20 g/L glucose, 9 uM 2,4-D and
1.2 uM kinetin medium for 14 days. Then, calli were maintained for 21 days in embryo development medium which is a PGR-
free medium supplemented with 1 ml/L DKW vitamins, 30 g/L sucrose and 1 g/L glucose.

Winkelmann et
al., 2006

Bianetal., 2010

Rodeetal., 2011

Rodeetal .,
2012

Geetal., 2015

Noah et al .,
2013

3rd STAGE: Maturation. Zygotic: accumulation of storage reserves.

Species

Sampled stage

Explant, starting material

SE: cotyledonary stages (establishment of conversion potential)

Media formulation and conditions

Reference

Theobroma cacao

Carica papaya

Late-torpedo staged
somatic embryo

Secondary somatic
embryos from EC

Somatic embryos maturatic Mature zygotic embryos

Embryo development medium: DKW salts, vitamins (0.1 g/L myo-inositol, 2 mg/L thiamine—HCI, 1 mg/L nicotinic acid and
2 mg/L glycine), 30 g/L saccharose and 1 g/L glucose. Bioreactor cultures were kept at 28 + 1 ° C in the dark

Induction: MS medium with 20 uM 2,4-D, 30 g/L sucrose, 2 g/L Phytagel, pH 5.8, in the dark at 25 2C. Maturation: MS medium
with 0.55 mM myo-inositol, 30 g /L sucrose and 60 g/L PEG at 25 + 1 °C in the dark for 7 days, under a 16-h photoperiod.

Niemenak et al .,
2015

Almeida etal .,
2019



Araucaria angustifolia

Pinus pinaster

Pinus pinaster

Picea abies

Picea glauca

DEVELOPMENTAL SERIES

Explant, NEC, ECs and
somatic embryos

(SEEHR6 (globular, torpedo and

Silybum marianum L.

Quercus suber L.

Proliferating EC Immature zygc.>t|c em.bryos
of embryogenic cell lines
Cotyledonary somatic and

. Immature zygotic embryos
cotyledonary zygotic Ve ¥

of embryogenic lines
Cotyledonary somatic Immature zygotic embryos
of embryogenic lines

R B RES EC from embryogenic cell

Maturation of somatic .
Mature zygotic embryos

NEC, PEM, globular or
cotyledonary somatic
embryos, plantlet

Petiole explant from in-
vitro germinated seedlings

cotyledonary and mature
somatic embryos

Immature zygotic embryos

Induction: BM medium (Gupta and Pullman, 1991) with 5 uM 2,4-D, 2 uM 6-BA, 2 uM kinetin (darkness at 25 2C).
Proliferation: subculture in semi-solid MSG. Maturation medium I: 100 mg (fresh weight) EC on filter papers transferred to
basic MSG, solidified with 3 g/L Gelrite®, 1.46 g/L glutamine, 30 g/L sucrose, 3 g/L activated charcoal, 70 g/L maltose, 90 g/L
PEG 4000 (in darkness at 25°C). Maturation medium Il: maturation medium | with 120 uM ABA.

Proliferation medium: mLV supplemented with 3 g/L gellan gum, 0.087 M sucrose, 2 uM 2,4- D, 1 uM benzyladenine (BA).
Maturation: mLV without PGR, supplemented with 0.2 M sucrose, 80 uM ABA and 9 g/L gellan gum.

Proliferation medium: mLV supplemented with 3 g/L gellan gum, 0.087 M sucrose, 2 uM 2,4- D, 1 uM benzyladenine (BA).
Maturation: mLV without PGR, supplemented with 0.2 M sucrose, 80 uM ABA and either 4 or 9 g/L gellan gum.

EC subculture (2-week interval): half-strength LP solid medium with 9.0 uM 2,4-D and 4.4 uM N6-benzaldenine; proliferation
of embryogenic structures after 5-8 weeks. Early embryo differentiation from PEMs: half strength LP-medium lacking PGRs.
Promotion of late embryo development and maturation: DKM medium with 29 uM ABA, with either 3% (w/v) sucrose or 3%
(w/v) maltose and 7.5% (w/v) PEG.

Induction: AE medium with 10 mM 2,4-D, 5 mM BA, 5% (w/v) sucrose, and 0.4% Difco Bacto-agar, pH 5.8. Embryogenic tissues
were transferred on maintenance medium: AE medium containing 10 mM 2,4-D, 2 mM BA, and 3% sucrose, pH 5.8. Promotion
of embryo development: 1 week in AE medium without PGRs, then, 50 mg of tissue plated on maturation medium: AE medium
containing 50 mM ABA and 5% sucrose, 0.8% agar

Induction: MSB medium with 1.0 mg/L IBA and 0.1 mg/| kinetin. After 40 days, induction of EC: MSB medium containing twice

the concentration of KNO3, NH4NO3 free, supplemented with 3% (w/v) glucose, 0.25% (w/v) Phytagel, 0.5 mg/L IBA, 0.15 mg/L

kinetin, 1 g/L glutamine, and 0.5 g/L asparagine. Cultures maintained at 28 °C, 14-h photoperiod (irradiance of 135 umol m-2
s-1).

Induction: SH medium with 3 % sucrose (w/v) and 0.8 % (w/v) agar in 150 ml conical flask supplemented with (0.5, 1.5, 2.5, 5.0
or 8.0 mg/L) of 2,4-D or BA alone or 1.5 mg/L BA with 2,4-D (0.5, 1.5, 2.5, 5.0 or 8.0 mg/L), pH 5.8, 16 h photoperiod (40
umol m-2 s-1) at 25 °C. Control medium was PGR free. After 4 weeks induction, callus producing PEMs were transferred into
SH medium containing (0.5, 1.5, 2.5, 5.0 or 8.0mg/L) of 2,4-D or BA alone, or1.5mg/L BA in combination with 2,4-D (0.5, 1.5,
2.5, 5.0 or 8.0 mg/L). Germination medium: half strength MS medium with (0.0, 0.5, 1.5 or 2.0 mg/L) of GA.

Basal culture medium: MS with ascorbic acid, nicotinic acid, glutamine, calcium pantothenate, pyridoxine-HCl and thiamine-HCl,
sucrose and 2,4-D, pH 5.7. Induction medium: basal medium, 8 g/L agar and 22.6 mM 2,4-D. Proliferation stage in PGR-free
medium. Maturation of cotyledonar embryos: basal culture medium plus 1% activated charcoal.

Joetal. 2014

Morel etal .,
2014b

Morel etal .,
2014a

Busingeetal.,
2013

Dowlatabadi et
al., 2009

Zhou et al .,
2016

Khan etal .,
2015

Gomez-Garay et
al., 2013



PEM proliferation,

embryo differentiation EC from embryogenic cell
(early and late), lines

maturation

EC subculture (2-week interval): half-strength LP solid medium with 9.0 uM 2,4-D and 4.4 uM N6-benzaldenine. After 5-8
weeks embryogenic structures started to proliferate. Early embryo differentiation from PEMs: half strength LP-medium lacking
PGRs. Promotion of late embryo development and maturation: DKM medium with 29 uM ABA.

Busingeetal.,

Picea abies 2012

1-Naphthaleneacetic acid (NAA); 2,4-dichlorophenoxyacetic acid (2,4-D); 6-benzylaminopurine (BA); abscisic acid (ABA); embryogenic calli (EC); germinating somatic embryos (Gse); gibberellic acid (GA); immature male flower buds (IMFB); Indole
3-acetic acid (3-1AA); jasmonic acid (JA); MS medium plus B5 vitamin (MSB); non-embryogenic calli (NEC); polyethylene glycol (PEG); pre-embryoid masses (PEMs); primary embryogenic calli (PEC); Schenk and Hildebrandt (SH); tryptophan (Trp)




