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Comparison of Developmental Stages
in Zygotic and Somatic Embryos
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Viktiga faktorer:
* |nitiering av SE-kulturer

* Massforokning

e Langtidslagring av SE-kloner

« Embryomognad, groning och tillvaxt
* Uppskalning av SE-plantproduktionen




Initiering av SE-kulturer fran
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SE-initiering ‘
Massfordkning

SE ger mojlighet att fa manga identiska plantor fran
varje enskilt fro ('frokloning’):

+ Oka antalet trad for utplantering fran kontrollerade
korsningar

+ Ta fram plantor fran korsningar som ar svara att
foroka fran fro

+ Oka antalet individer fran utrotningshotade arter

med begransat antal fro
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Begransningar for initiering av SE-
kulturer

Foradlat SE-initiering

fro Massfordkning

Inte alla fr6-embryo ger en SE-kultur

FOTO: Katri Himanen

— SE-initiering beror pa fr6-embryots utvecklings-
stadium

— Variation mellan genotyper fran olika korsningar

— Modertradet viktigt for SE-initiering



Massforokning av omogna somatiska

Omogna somatiska embryo (proembryo)
mangdubblas under massforokningen

‘Obegransade’ mangder omogna embryon fran
samma fro moijligt

Massforokning

+ Med flytande medium kan massforokningen

effektivts skalas upp Bioreaktorer baserade pa
+ Kloner kan lagras under lang tid i kryoférvaring t flytande odlingsmedium kan

ex under faltforsok anvandas for massforékning

- Embryo-utvecklingen ar inte synkroniserade



Somatiska embryon ar
iInte synkroniserade
under mognaden

— embryolangd
— barrutveckling

— stamlangd och

TYPE 2
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Ett automatiserat system for Skér? avimogna :§omatiska embryos: fordelning, separation
(singulering), bildanalys, urval '()"ch_lp acering for analys och vidare utveckling
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accepted st

XY table + Plate for deposit full plates

of mature embryos




Mognad, groning och plantetablering

iy

Groning

Embryomognad

Acklimatisering och tillvaxt

= Olika kloner svarar ocksa olika pa groning och acklimatisering
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Finns det risker fran SE-processen?

= Sker ett omedvetet urval av kloner med specifika
egenskaper under SE-processen?

= Ar SE-plantor som genomgatt SE-processen fran
initiering till falt genetiskt stabila?
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Sker ett
omedvetet
urval av kloner
med specifika
egenskaper
under SE-
processen?

Studier utforda i flera olika
barrtradsarter dar inget samband har
hittats mellan stegen i SE-processen
och egenskaper hos SE-plantan-i-falt

* |vargran (Picea abies) har inte
nagot samband mellan
foraldrarnas foradlingsvarde och
formaga att bilda SE-plantor hittats
(Hogberg et al. 1998) eller olika
familjers formaga att genomga SE-
processen och fenotyp hos SE-
plantor (Ekberg et al. 1993)
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Ar SE-plantor
som
genomgatt
SE-processen
genetiskt
stabila?

Flertal undersokningar visar att SE-processen i

barrtrad inte medfor genetisk variation

Massforokning av omogna embryo in vitro under
langre tid kan dock ge genetiska férandringar men
dessa paverkar inte SE-plantan i falt

Behandling for kryoférvaring med DMSO kan ge
forandringar men dessa finns inte kvar efter
kryoférvaringen

Epigenetiska forandringar under

embryoutvecklingen — risk och maijlighet!
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Exempel pa studier av SE-plantor i falt

Species Test parameters Results Entity Reference
Abies Containerized SE plants grown for two years in nursery 2007: 9 clones, total 400 plants Univ. of pers. comm. )
nordmanniana before field planting 2014: 150 clones, total 2000 plants Copenhagen Find

Picea abies

P. abies

P. abies

P. glauca

P. glauca

P. glauca

P. mariana

Pseudotsuga
menziesii

P. menziesii

Effects of maturation medium and light on early SE seedling
growth

Field trials with 50 half-sib families represented by both
seedlings and SE plants on one site in Sweden

Containerized SE plants using standard conifer SE research
methods for plant production

Test of SE germinant response to ex-vitro acclimatization
treatments

Analysis four years after planting for survival, bud
dormancy, stem form, growth, branching: 52 clones
replicated in 10 blocks, and 520 and 446 ramets at each of
two locations

Testing of over 2000 varietal lines (SE clones) in 45 field
sites. Oldest 15 years in the field
Seed production from controlled crosses of SE plants

Field assessments of gas exchange, water relations and
frost hardiness during two growth seasons: 192 plants from
SE and 192 plants from seeds on one test site

Field testing in five locations of 37 (2008) and 70 (2009) SE
clones from two full-sib families measured at 6.5 and 7.5
years

2015: 250 clones, total 8000 plants
Improved plant survival and growth

Started in 2015. No significant difference in shoot growth between SE
plants and seed plants after one year of field growth

1994 (Nordic Forest Research SNS cryo project): 21 clones from 4
families, 120 trees in the field today are 10-13 m in height

2007: epigenetic project for “after effects”: 800-900 trees from a single
full sib family

Important to induce higher net photosynthesis, lower epidermal
transpiration, and more starch for successful acclimatization

Superior performance in adaptation, stem form, growth, branching, but
low clone heritability. Height showed relatively higher genetic gain

Five best of 233 lines in test show 85% more volume gain than seed
orchard gain at age 10

Production of viable seeds from crossings of SE trees. Maternal effect
on cone size and seed mass.

Similar adaptive attributes of SE plants and zygotic plants. Only
marginal differences in water relation parameters

Demonstrated that clone heritability and genetic parameters are
maintained in SE plants
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Med ‘ratt’
hantering av
SE-processen

ar riskerna
kontrollerbara
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seeds for '

SE initiation

Il. Automated
embryo harvest

Planted SE-
germinants

Cryostorage
lll. Germination

platform and
planting

U PPS kal ning av SE- Mojlighet att 6ka antalet plantor fran

kontrollerade korsningar

plantproduktion Automatisering nédvindig for
for skogsbruket kostnadseffektivitet

Integrering av SE-plantproduktion och
hantering
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Oversikt kommersiell SE-plantférokning for barrtradsskogsbruk

Location/producer Method Species Status
Canada/JD Irving Containerized SE Picea abies, P. ssp Aim to scale up production of SE plants from clones
plants tested since 1990s. Manual planting of SE germinants
Coillte/Ireland Production of SE plants P, sitchensis Annual production of 2.5-3 million cuttings from SE
to be used as stock donor plant
plants for cuttings
Chile/Arauco Production of SE plants  Pinus radiata 120 000 SE stock plants annually for production of 10
to be used as stock million SE cuttings
plants for cuttings
NZ/Scion Production of SE plants P, radiata Long term successful program for SE cutting plant
to be used as stock production. Support to other entities in South America
plants for cuttings and elsewhere.
Millions produced annually
US/Arborgen Production of SE plants P, taeda Annual goal 1 million

to be used as stock
plants for cuttings
US/Weyerhaeuser Synthetic seeds P, taeda, Annual goal 10 million
Pseudotsuga menziesii

From: Egertsdotter, U. Plant physiological and genetical aspects of the somatic embryogenesis process in conifers. 2018. Scand. J. For.Res. doi.org./10.1080/02827581.2018.1441433



Laget for
kommersiell SE-
plantproduktion

| Sverige 2021

SweTree Automated SE plant Production

It is happening soon!

Now in Pilot stage

1st Factory 20 M plants /year

Demonstrate developed technology

- planning
Test production ongoing -
- 150 000 plants - De5|gn_start 2022
Operational 2025

Finalized spring of 2022

Fine tunning2022—2023 Commercial planting in 2027

2023 2024 2025 2026 2027

2021 2022

Factory 20M/y desllgn, planning and Prod. Start F!rst
build delivery

2020

2019
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