Using genetics to distinguish limber from whitebark pine

Science Summary of Alongi et al. (2019) An economical approach to distinguish genetically needles of
limber from whitebark pine. Forests 10, 1060.

By Franklin Alongi', Andrew J. Hansen? David Laufenberg, Robert E. Keane® Kristin Legg*, and Matt Lavin'*

' Department of Plant Sciences and Plant Pathology, Montana State University, Bozeman, MT, 59717;
franklin.alongi@gmail.com

2 Department of Ecology, Montana State University, Bozeman, MT 59717; hansen@montana.edy;
david.laufenberg@gmail.com

3 USDA Forest Service Rocky Mountain Research Station, Missoula Fire Sciences Laboratory, 5775 U.S. Highway 10,
Missoula, MT 59808; robert.e.keane@usda.gov

* Inventory and Monitoring Division, Greater Yellowstone Network, National Park Service, 2327 University Way Suite
2,Bozeman, MT 59715; kristin_legg@nps.gov

*corresponding author (mlavin@montana.edu)

The northern Rocky Mountains, the Great
Basin, and the central Sierra Nevada are
regions of North America where limber
pine (Pinus flexilis James) and whitebark
pine (Pinus albicaulis Engelm.) live in
sympatry or close proximity. For those
needing to distinguish between these two
pine species in these areas of western
North America, seed cones are the best
visual identification aid. Limber pine has
seed cones that measure 7—15 cm long and
have persistent woody scales whereas
whitebark pine has seed cones that
measure 4—8 cm long and have tightly

overlapping woody scales (Figure 1).

Seed cones of limber pine often persist on
the tree and on the ground beneath
whereas seed cones of whitebark pine are
soon removed by seed-harvesting birds
and squirrels and often lie on the ground
in a disintegrated state. Pollen cones

sometimes aid visual identification but are

less reliable. The color of limber pine

pollen cones ranges from yellow to pale Figure 1. Cones of limber and whitebark pine. Seed cones of limber pine (upper left; ~10 cm
long) and whitebark pine (upper right; ~7 cm long). Pollen cones of limber pine (lower left; ~2

red, whereas that of whitebark pine pollen ¢ ) X i
cm long) and whitebark pine (lower right~1.5 cm long). Photos by M. Lavin.

cones is usually scarlet (Figure 1).

However, this distinction is blurred
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because the color of limber pine pollen
cones is sometimes reddish and that of
whitebark pollen cones can fade to pale
red.

Because of either convergent evolution or
retention of an ancestral white pine
growth form, limber and whitebark pine
are similar in vegetative form. Variations
in needle dimensions, branching patterns,
and canopy shapes are highly overlapping
between the two and without cones,
limber and whitebark pine are difficult if
not impossible to tell apart. These two
pines species can grow side-by-side or
nearby in the same or similar habitats and
then often lack their distinguishing cones.

Fortunately, genetically distinguishing
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these two pine species when cones are
absent is relatively easy. This is because
the evolutionary history of limber and
whitebark pine in North America is
different and genetic information tracks
these different histories. Genetic evidence
reveals that limber pine has been in
residence in western North America for
millions of years and comes from an
ancestry shared with close relatives
mainly in the southwestern USA and in
Mexico, such as Mexican white pine
(Pinus ayacahuite Ehreng. ex Schlecht.)
and southwestern white pine (P.
strobiformis Engelm.). In contrast, genetic
evidence reveals that whitebark pine is a
Pleistocene  immigrant into  North

America from a Eurasian source area and
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Figure 2. Restriction enzyme digests of whitebark (Pinus albicaulis, lanes 2697 to 2867) and
limber pine (Pinus flexilis, lanes 2693 to 2667) PCR amplification of the chloroplast regions
matK (top) and psbA-trnH (bottom). The 12 lanes in each of the three panels represent the
same series of DNA samples (2697 to 2667). The left-hand lane in each panel represents a
100 base pair DNA ladder. Subsequent lanes are labeled by the DNA isolate number, from
2697 to 2667, details for which are in Alongi et al. (2019).
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its closest relatives include the Swiss
stone pine (Pinus cembra L.) and Siberian

pine (Pinus sibirica Du Tour).

With these contrasting evolutionary
histories revealed and well supported by
many DNA studies, we set out to optimize
a genetic identification tool that would
most economically distinguish limber
from whitebark pine. We ultimately
determined that a tiny fragment of one
green pine needle, 1 mm long, lacking
discolored spots suggestive of infection,
was sufficient to obtain good quality
DNA. Our
approach to extracting DNA from each

relatively  inexpensive

needle fragment involved the
Extract-N-Amp™ Plant Tissue PCR Kit
(Darmstadt,

Germany). One of these extraction Kkits

from Millipore Sigma

permits the analysis of about 200 pine
needle fragments. The kit also permits
reaction  (PCR)

amplification of a desired region or

polymerase  chain

genetic locus from the DNA isolation of

the needle fragment.

Using standard PCR protocols, we
amplified DNA regions from the
chloroplast genome from each leaf
fragment. The reason for the focus on the
chloroplast genome is that in the pine
family (Pinaceae), the nuclear genome is
complicated by its large size, which
renders genetic analysis difficult because

of extensively repeated DNA elements.

We ultimately identified two informative
chloroplast DNA regions that readily
distinguish limber from whitebark pine.
These are the matK coding region and the
non-coding psbA-trnH spacer, which is a
span of DNA sequence between a gene
encoding for a protein involved in
photosynthesis (psbA) and one encoding a
particular transfer RNA (trnH).

GENETICS continued on page 33

Spring 2020


https://whitebarkfound.org/

occupied (Carroll et al. 2003, Logan et

al. 2010). To promote the persistence
and regeneration of WBP forests,
managers are experimenting with a
variety  of

techniques, including

reducing competition with  other
conifers through selective cutting and
prescribed fire (Keane 2000, Jenkins et
al. 2008, Schwandt et al. 2010). There is
still much to learn about the ecological

interactions of blister rust, beetles, WBP

and bears in high
elevation ecosystems,
which is why

long-term and
landscape level WBP
surveys are )

important  (Shepherd
et al. 2018).

Methods

The  Dblister  rust
outbreak in Glacier
National Park (GNP),
in the 1990s killed an
estimated 44-90% of
the WBP forest (Kendall and Keane
2001). To investigate blister rust impact
on WBP in the GYE, my main advisor,
Dr. Dan Tyers, initiated several studies
on WBP health status. One of the studies
involved the establishment of 115
permanently marked belt transects (10 x
300 feet) across the northern portion of
the GYE. In total, 3384 individually
marked WBP trees have been surveyed
from 2008-2019. Each tree (diameter >
2.5 cm) was measured at chest height

and marked with a metal plate nailed to
the bole. Trees were assessed by age
class, health status, alive/dead, and
damage codes. I have contributed to the
surveys and data management, and am
currently analyzing the data collected

and drafting two manuscripts.

Preliminary results

Preliminary results suggest that blister
rust has not been as detrimental in the
GYE as in GNP. Beetles seem to be
killing more WBP in the GYE, and
beetle-caused WBP mortality seems to
be related to a combination of elevation,
precipitation, human disturbance and
plant competition. Climate induced
warmer and wetter winters in the GYE
in the near future could facilitate more
blister rust germination and enable more
beetles to overwinter, potentially

causing massive WBP mortality.

References available upon request.

GENETICS continued from page 8

We determined these two chloroplast
DNA regions as most informative because
they readily PCR amplified from all our
DNA isolations. In addition, and
importantly from an economic
perspective, the PCR products generated
from these two chloroplast regions for
each of our needle fragments are readily
cleaved by inexpensive restriction
enzymes. Cleaving our PCR products
results in a set of DNA bands that
distinguish limber from whitebark pine
(Figure 2). The restriction enzyme BsmAlI
cuts the matK PCR product of whitebark
pine into two bands (Figure 2; top panel).

The restriction enzyme Psil cuts the PCR
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product of psbA-trnH spacer in limber
pine into two or three bands (Figure 2;
bottom panel).

With our approach involving the
Extract-N-Amp kit and

enzymes, we estimate the cost for an

restriction

analysis of 200 pine needle fragments can
be as low as $1200, which includes the
labor of an experienced undergraduate
student. This estimate also assumes access
to basic equipment in a genetics lab,
including a PCR machine, pipettes, and
plastic disposable items such as tubes and

pipette tips.

We predict that this approach to the

genetic identification of limber and
whitebark pine will reveal that whitebark
pine is a bit more common at lower
elevations, altitudes below about 2440 m
(~8000 ft), than previously appreciated.
Perhaps at such lower elevations
whitebark pine will generally be found in
a non-reproductive state and thus
non-cone-bearing. The results of Alongi
et al. (2019) may lead to studies that more
accurately model species distributions of
limber and whitebark pine and better
estimate how climate change will affect
the geographic distribution and climatic
tolerances of these two ecologically
important pine species.
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