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1. Preservation of biological materials-
tissues and biomolecules




Propagation
Tissue Cultures
Drying — e.g Herbaria, salt

Mummifications — Human, Natural
Fossilization

Fixation

Nucleic Acid Extraction (stored frozen or dried)
Freezing - tissue
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Herbaria and Preservation
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Natural Mummifications

Seeds from packrat-midden
(1,200 to 45,000 years old)
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Gordion (King Midas’ tumulus)
Cedar (C. libani)




rLarix gmelinii

L arix potaninii

Pseudo menziesii

Picea glauca
Pinus tecunumanii

Pinus massoniana
Pinus palustns
Pinus taeda
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Pinus echinata Pinaceae
Pinus krempfii
Pim)s monticola
ZK 1K 31704 12
2- 100 | FzK 1K 31704 4 | Cedrus libani
53 ZK AS 31704 4
| o Gordion wood 2700 ya
- Al-Aksa wood 1600 ya
——=Tsuga mertensiana
- Thuja occidental ‘ Cupressaceae
u Taxus brevifolia | raxaceae
wo [—Sequoia sempervirens Taxodiaceae

= 50 changes - Metasequoia glyptostroboides



2. lce as an environmental
preservation matrix

Primarily, the data are from studies of
microbes (fungi, bacteria, and viruses),
but DNA In microbes is chemically the
same as DNA In plants.

Therefore, the conclusions are the same.







_ 12.2% in Greenland

10% of land
iIce-covered 4
(15 million 45

84.1% In
Antarctica




Terrestrial Ice :

.-J--='

émamder is < 2%
(approx 250,000 km?)

. AP
E = ci.:
o




Terrestrial Ice




Freezing Preserves Most Organisms

Cultured from Cultured from
tap water the same tap
water after freezing

Number of colonies is about equal.
Diversity sometimes drops.




Ice Samples Collected Worldwide




GREENLAND ICE CORES
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ANTARCTICA ICE CORES
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Fungi
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Bacteria
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Antarctic bacterium (AJ441009.1)

Gl921 (EU108758) 3582 m

GI937 (EU108773) 3582 m

Gl941 (EU108777) 3582 m

Gl942 (EU108778) 3582 m

Blastobacter denitrificans (AF338176.1) [aquatic, budding, nitrogen-fixing]
uncultured a-proteobacterium (AY627379.1) [marine, Monterrey Bay, CA]
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uncultured marine bacterium (DQ009279.1) [marine, San Pedro, CA]

uncultured bacterium (DQ395768.1) [deep sea]

T Nitrobacter winogradskyi (CP000115) [chemolithoautotrophic nitrite oxidizing]
Nitrobacter sp. (DQ388518.1) [nitrite oxidizing]

_E Caulobacter crescentus (X63362.1)
Caulobacter crescentus (AE005673)

actinobacterium (AJ507466.2) [ultramicrobacterium, freshwater]

actinobacterium (AJ630368.1) [freshwater, thermal niche]

Microcella putealis (AJ717386.1) [heterotrophic, anaerobe, nonsaline, alkaline]

Cryobacterium sp. (AJ864845.1) [high mountain lakes, Switzerland]
Frigoribacterium sp. (DQ227784.1) [glacier]
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psychrophilic marine bacterium (AF200218.1) [psychrophile, marine]
Uncultured Micrococcineae (DQ298392.1)
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Dermacoccus sp. (AY894324.1) [deep sea sediment, Mariana trench]
: Kocuria halotolerans (DQ979377.1) [saline soil]
Tropheryma whippelii (X99636.2)
- Kocuria sp. (AY894331.1) [deep sea sediment, Mariana trench]
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Carnobacterium alterfunditum (L08623.1) [antarctic]
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86 70

Carnobacterium divergens (AF374289.1)

Gl916 (EU108756) 3585 m

= uncultured bacterium (AY559423.1) [hot spring]

Paenibacillus wynnii (AJ633647.1) [antarctic, Alexander Island]

Aquifex pyrophilus (M83548.2)
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1.5 million
year-old ice

2.0 million
year-old ice

3520 (glacial)



Number of Isolates
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IV724-2A796
ToMV-RS (red spruce, NY)

[V1150-2B1097 om ato IVI Osal C

1\V226-2B1097
Vrat o Tobamovirus
(an RNA virus)

ToMV-38 (stream, NY)

TOMV-M (tomato, Malaysia) from 500 to 140,000

ToMV-R (lilac, MA)

ToMV-46 (lake, NY) ye alr-o I d

IV131-3A1297

ivess-2atzen Greenland ice

ToMV-C (clouds, ME & NY)

TMV-L (ToMV type, GenBank # X02144)
TMV-L (ToMV type-Cornell)
ToMV-D (dahlia, NY)

ToMV-DW (dogwood, TN)
— [\V1354-2A1297
IV49-3A1297
I\VV49-3B1097
IV724-2B1097RS
—|\/1354-2B1297

TMV-vulgare
= 0.01 changes (GenBank #J0241




Willerslev et al 2007 — Greenland ice - Plants

Recent ice — micro and macrofossils, including pollen;
sequences from arctic species

Older ice — 500 to 140,000 ybp; pollen grains;
seqguences from arctic/temperate taxa

Basal (silty) ice — 450,000 to 900,000 ybp; few pollen
grains; seqguences from taxa characteristic of a
boreal forest.

Oldest ice — 2.4 million ybp; no sequences; temperate
climate at that time.
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Freezing and Thawing Influenza A Virus

e Influenza A = an RNA virus with a membrane
(from host).

e Are there viable influenza A viruses In lake ice?
YES.

* Do Influenza A viruses survive multiple cycles
of freezing and thawing at -20°C and -80°C?

YES.




Influenza A Assays
SAMPLE VIABILITY

[Others’ studies]
Water + birds (WW)
Water + chicks (JP)
Water, few birds (end of fall) (AK)

Mud, ice-covered lake (AK)

[Our Lab]

Water/lce (winter — few birds; sp — 10 000s)
(M, H2, H3, H4, H5, H6, H7, H11)

Ice (winter — no birds; sp — 10 000s)
(M, H1, H2, H4, H7, H11, H13)




Viability of Infleunza A after freezing and thawing

mean HA titer (in 0.05 ml)
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RT-PCR confirmation of Influenza A after each freeze-thaw cycle
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—<m mX
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a——
-20°
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509 bp &
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375 bp
-80°C
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513bp
375 bp
-20°C

(+)




6.0 and 11.0

(6.5-7.5 for RNA)
Temperature Cold
Humidity Low
Light conditions Dark

Optimal  Below freezing, dry, dark,
pH 7.0




3. Preserving and resurrecting
a plant species




Threatened — Plant and DNA specimens
available

Endangered — Plant and DNA specimens

l f\'ﬂlf\
Illdy UC avadilapie

Extinct — Locate preserved cells and/or DNA
(often dilute and degraded)




Resurrecting a Species

Plants available Plants Rare Plants Extinct

l VAN

Obtain Plants Obtain Locate Cells Locate DNA

Genome or
Microarray
Analysis

ST N

Propagation
\ Tissue Culture

or Transformation
V4

\ X4
_ _ Construct Unique
Reintroduction Parts of Genome

Add to Extant Genome




4. Sequencing and resurrecting plants —
which tissues should be used, and
where can you find them?




Which Tissues?

Intact Genomes Best
Pollen (haploid)
Embyros (axis is diploid)
Young leaves, shoot apices, and primordia (diploid)

Degraded - Avoid
Expanded/older leaves (especially with deciduous
and annual plants — more DNA in evergreen
species)
Wood, Stems, Roots

Polyploid - Avoid
Cotyledons, endosperm, storage tissues




Resurrecting an Extinct Plant When Nuclei Are Available

Surrogate Cell

e

Transform

Protoplast

with haploid
or diploid
nucleus

Regenerate,
‘ Grow, Evaluate,

Backcrosses




Resurrecting a Species

Plants available MERICHREILE Plants Extinct

l VAN

Obtain Plants Obtain Locate Cells Locate DNA

Genome or
Microarray
A EWAIS

ST N

Propagation
\ Tissue Culture

or Transformation

4

\ %4
_ _ Construct Unique
Reintroduction Parts of Genome

Add to Extant Genome




WGA =Whole Genome Amplification (using $29 polymerase) — followed by
pyrosequencing. (aka MDA — Multiple Displacement Amplification)

Primer Polymerase

Template\1 \ ] / i ”

Amplijied_D.NA\ " - .




e Sequence genome and identify the
unigue genes by comparing with a
closely related genome.

* Transform close species with unique
genes of extinct plant.
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e They differ from each other in small sets
of genes.




RELATIVE GENETIC DIVERSITY
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Most plant genes are common to all (or most) plants

T (P
wvialZle

32.540 genes 27,640

11,892 families 12,353
Rice - M _— Arabidopsis
41,908 465 A 265 31 135
13,055 ' 34 10,193
\1.110 1,058 )/

65-83% of gene families are in common



GENOMES
Sugar cane
Foxtail m

GRASS
Maize
Sorghum
Rice

illet



Heterologous cDNA Microarray data

Same species  90-100% hybridization
Same Genus 70-90% (est.)

Same Family 47-70% (est.)

More distant 23-47%

* Majority of genes are the same In plants, especially
those that are closely related.
Changes in some lead to phenotypic species diversity.
Use surrogate parent for growing new cells.
Add unigue genes from extinct plant.




Resurrecting an Extinct Plant

Surrogate Cell

e

Transform Transform
Protoplast Protoplast
ith haploid with unique
or diploid parts of
nucleus genome
Regenerate,
‘ Grow, Evaluate,
Backcrosses




CONCLUSIONS

» Herbaria fail to protect biomolecules.

e Freezing is the best method to preserve
biomolecules.

 Environmental ice acts as a trap for ancient
biomolecules and organisms.

» Given preserved cells and/or nucleic acids & advancing
technologies, it may be possible to resurrect extinct
plant species.




RECOMMENDATIONS

e Herbaria should freeze parts of each sample.

e Freezing at -20°C Is as good at -80°C.

« Samples for all threatened and rare plants should be

collected and frozen.

e Environmental ice should be used as a a source for
extinct plant samples.

e Resurrection of an extinct plant with a small genome
and living relatives should be attempted.




Thank You

Zeki Kaya, BIORARE organizers, and Supporters

Joe Ammirati (Herbarium tissues)
Arnie Bendich (Herbarium/Mummified tissues)
John Castello (ToMV in Arctic ice)
Tom D’Elia (Microbes in Antarctic ice)*
Zeynep Kocer (Influenza A in ice)*

Zeki Kaya (C. libani in Midas’ Tumulus)
Li-Jun Ma (Fungi in Arctic ice)*
Vincent Theraisnathan (Microbes in polar ice)
Ram Veerapaneni (Microbes in polar ice)*
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