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Mission:

“...advance
research,
conservation and
education
through living plant collections.”
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Basic idea:

keep genetically diverse collections

(s

i

H




Basic idea:

keep genetically diverse collections

Question: which plants and how many?



MBC, Early 1990s:

Strategy based on
theoretical models




Dominican Republic, 1996

MBC, Early 1990s:

Strategy based on
theoretical models

Basic idea:

Broad and deep sampling
of wild plant populations,




Dominican Republic, 1996

MBC, Early 1990s:

Strategy based on
theoretical models

Basic idea:

Broad and deep sampling >
of wild plant populations,
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Adequate numbers kept in  ——
botanic garden.

4 MBC, 2018 ©

e NN



Plants ghou pe maint 3 follow mg
plants shou inco ed 010 e coll fion v
with the overall |andscaP desigh
Al qu'xs‘xt'm ‘.ﬂater‘la\
m‘tgomery mumm\ r sla atrive 10 € re that pl ater’ al am\u'\red rom OV erseas o0
hall of M * has D€ llected, W, Cand ¥ pur\ed'x o] nee v ith  cable 1aWS and
sulations of the co¥ yry of ONE e Feder: Gove { of the United S qraff ar not 10
cepl plant known Weg YLy oF uneth -ally coll cted from the
Geeds OF plants Arniving ABC are sered ly © the appro? slogist OF th piologist
psence, e Coll ) anager- piotog 0 Cu\\eumm ¢) must & prove e
coeptance and wate sing 11 inco material: F 1d cotlect m rerial ing from
overseas Zeument? ! Jng P opet fion & 4 mover Ya ma\erm\ ¥ dance
with all Jics NS \auo s ek flectio arch 1. expo err i, 1 ermit,
CITES pe.rm'u <), P ytosd ary © a feate, | s 1st acc ny qatena Oﬁgmzﬂd entati®
will be permanem\gs (maintain® Mumg:o rehive
por Pl aterial © 'u;'\na&\, dongn’ ceived from uu\x’waha v < ‘bm\amm gardens:
privat \le g, etc) | jcument nie ;pecid y C [TES an | qource CoUE
cotlect glexp { per Ats, i ble) she be ough { avail dappmm‘\a he donot
and dep ited o archiV staff 2 1o acceP Jants K owWh ¢ bee Negally ot
\lﬂt‘\h\m\\_ ¢ ned wry of ongin:
gelection Criterid
plant matert 5 m,qu'\red MBC 0 m:uutdance with the m\\uw'\n_ critenia {liste in order
mmr\unue
samples © £ seed: ptefe.mb\ lants of dnuumen\e wild origin.
, of afemb\e“} or plant® of ducum::med wild unbm
' lants u\ua&a’xi’md a5 Rare AL ned
'ona\*fede.m\. or state @ 15 encies

\Y
BC Collections
POliCy




- qed in order O

d W id Dnbm

b . Thr ““‘ed

e ﬁ

e 1858 ot

MBC Collections
Policy

Strict emphasis
on deep sampling



Originally informed by
& Isozyme studies (1991)

p DEENA S
oad
rional

i,
e Universits
535 od it
den orida 1t
ces,

agsf

o mition y;:r; )
ighin 1S ;,pecfxes, and PET

with

plants:

d wi,
th A1y,
e lin, 7 ang
€. A que.s“o"&.

Walters & Walters ing

me dj ver:g;g?tcn tly 13;’.{‘
Do, XPreg
ford, Igd' Gmdggm]ns




SN THE
W %&i‘ngMlACEAE)
M

r-W ALTERS'

; and
orida 3¥ ‘é’\im 33199

"arib0esy ;
within IS S
p‘,nts.

Originally informed by
Isozyme studies (1991)

Guideline: grow 15
plants per population,
from at least 3 mothers.

-
.

Abacy £€
s

—— E%‘lhera <

4" s

Ana‘,’,,s e b Long rgign
T




v ERS\T‘{ ™ THE
MILA (ZAMXACEAE)‘

ER-W AL’\‘ERSE
Abagy €
s

fda 331 56, and,
i 33199

ps? AND 5 S DE
Garden: \\935@ Cotler oad, Mid i, Fiof
cess Flonda o ationd e Florida
G P.mi\\eﬁ‘mﬁhemﬁahama / | B ’ p
1ic study bas i ) .
——
. - Elg,

0 }/ Uhers C
Y s

nild Tmp'xca\
of B’\o\og\cal Heiences:
An A
dros C8 . >
~ ( Long
? Islang

F
ig. 2
. Ge
e Sh‘l?gﬂ"hira;
aboye 'C'Jsz,jbu‘
e lip,
e

-
mical




In Practice: Coryphataliera
13 plants at MBC, from one mother, from 1996
IUCN EW, ca. 20 plants known.




In Practice: Cycas micrones

249 plants at MBC
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In Practice: Cycas

249 plants at MBC
IUCN EN

From 41 mother plants

Across 8 populations
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Existing populations at MBC

* Numbers represent number of mother plants sampled for seeds.
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as micronesica, 2

From 41 mother plants

Across 8 populations
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Existing populations at MBC

* Numbers represent number of mother plants sampled for seeds.




First study with palms — Leucothrinax morrisii

Namoff et al., 2010
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First study with palms — Leucothrinax morrisii

Namoff et al., 2010
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Mission-Based Collections Planning
Mission-Based Collections Stewardship

Objective:

model for ex situ cycad genetics



Basic comparison

Same collections protocol + Different species

Zamia decumbens Zamia lucayana

Griffith et al., 2015, 2017
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your method
to
the plant
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|. Improving garden conservation. Refining protocols




ii. What do we need?
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Plants are diverse

Not only palms and cycads
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ii. What do we need?




ii. What do we need? Models and guidelines for gardens.




ilii. Where are we now?




Current project, 2016-2019:
Safeguarding our Plant Collections

National Leadership Grant
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Brighamia insignis
Functionally
extinct in the wild
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Brighamia insignis

Functionally
extinct in the wild
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Zoo Meta-Population

Strategies
1. Pedigree
2. Genetics
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Defined scope and
objective of study
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Quercus oglethorpensis

Jordan Wood
Fieldwork for
2016.



Sean Hoban

Fieldwork for
Quercus
boyntonii, 2017.




Seana Walsh

Fieldwork for ’
Hibiscus waimeae, ™
2017.




Patrick Griffith
Fieldwork for
Pseudophoenix sargentii,
2017




Patrick Griffith
Xavier Gratacos
Teodoro Clase
Pedro Toribio

Fieldwork for
Pseudophoenix
ekmanii, 2017




Vanessa
Sanchez

Extensive labwork
(2016-2018)




Zoo workshop: April 2018
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Any results yet?

(Inter) National Leadership
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cultivated, known wild origit National Tropical Botanical Garden
cultivated, known wild origit National Tropical Botanical Garden

source state

Hawai‘i
Hawai’i
Hawai'i
Hawai'i
Hawai‘i
Hawai‘i
Hawai'i
Hawai'i
Hawai'i
Hawai‘i
Hawai'i
Hawai‘i
Hawai'i
Hawai‘i
Hawai'i
Hawai‘i
Hawai'i
Hawai'i
Hawai'i
Hawai‘i
Hawai’i
Hawai‘i
Hawai'i
Hawai‘i
Hawai'i

source country

United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States

state

o

wi

n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

2 |wild details
()

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
nfa
n/a
n/a
n/a
nfa
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
nfa

2 2 2 |wild collector
oo o

=}
=
[

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

collection date

2 2 |wild
ild
o

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

putitive population

Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai
Kauai

tive population code

§ puti

U

itive subpopulation

put

NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali
NaPali




Brighamia — pedigree of NTBG plants

Wild
Origin 940074 % 990945 Chicago San Diego
Haupu \ Botanic Botanic Garden
920440 - X 020036 Garden
L=1 X 3 990948 L=1 l/
|/ 940185 :
/) 2 % 950232 X 050684 %
/| 40421 X 060024 |
[/ X 050389 L=8 20160123 20150645
I/ Unknown L=7 X 010401 L=3 L=4
L=1 R 3
/ e 050682
/ - 990833 L=4
/ L=16 e T X 000010
990834
wild Origin |/ 990836 X 960017 X 100231 X 050681 X 090445
Na Pali = L=1 L=1 L=8 L=4
Coast N X 20150354 -
PN L=1 L=2 X 100652
NN L=28 Legend
\ sooh X~  fonz74
: e L=7 % 120043 Maternal Line o ——
W = 050650 i X Paternal Line
990840 TR
A\ i X 100712 X 100651 Selfing Line —
. 990841 L=71
‘ L=1 % 100714 Lineage / Accession® || EXTANT DEAD
\ ] 990842 L=2 X—— 000016 .
\ L=1 =1 L= number of living plants per accession
\ 900843 X 100716
* Represents a single taxon, from a single source,
acquired at one time, and through one means of
propagation. It may comprise multiple plants that are
identified by a qualifying number.




Brighamia:
Demographic
assessment
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Brighamia:
Demographic

assessment

Plants are
different!
14 +
+ | |
12 L | |
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s |
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0 4
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60 50 40 30 20 10 0 10 20 30 40 50 a0
fears —> Males Females
[ Non-breeding Age Fitter: | All Living v| Addsite...
B EBreeding Age
[] mon-breeding Age Sex=?7? [] show Stable Animate Reset

[[] Breeding Age Sex=7?? « [] Bladk and White Export




Which plants and how many?



Which plants and how many?

Parent 1

Parent 2

& PMy:: BrighamiaKinships : Genetics X
Overview Founders Individuals Kinship Matrix  Pairwise Info  Pairing  Culing ManagementSets Graphs Settings Selection
Males Specify Pairs Read Pair File Repro Goals Females Results [ Da not show Paired L] show F adjusted
UniqueID MEdynamic | MKdynRank |Kvdynamic |PedigreekKnown |AgeYears (Lo | UniquelD Mkdynamic | MKdynRank | KVdynamic |Pedigresknown | AgeYears Lo ™ 0.9000
500 1.0000 s0 263 1.0000 Gene Diversity 06349 | -0.0058
s1U 0.5656 0.0000 e 51U 0.7836 262 0.5656 0.0000 W Gene Value 0.5437 | 0.0005
81 0.5002 1.0000 19 e 81 0.2915 61 0.5002 1.0000 19 s FGE L6338 | -0.0323
82 0.5002 1.0000 19 e 82 0.2915 61 0.5002 1.0000 19 W Analytic Knonn 0.3608 | 0.0011
a3 10,5002 1,0000 19 L 83 10,2915 6l 0.5002 1.0000 19 L Success: # Offspring: G Auto
86 0.5002 1.0000 13 ¢ 86 0.2915 61 0.5002 1.0000 13 [ Selected Pairs
87 10,5002 1,0000 19 L 87 10,2915 -3 0.5002 1.0000 19 L Sire Dam |Success |Offspring |F Location | Motes
38 10,5002 1.0000 19 L 38 0.2915 Bl 0.5002 1.0000 19 L E----
89 10,5002 1,0000 19 ik a9 10,2915 61 0.5002 1.0000 19 L 935 938 1.0000 0.0000 0.0030
90 10,5002 1.0000 19 L a0 0.2915 Bl 0.5002 1.0000 19 L 962 1173 1,0000 1 0.0000 0.0045
91 10,5002 1,0000 19 ik 91 10,2915 61 0.5002 1.0000 19 L 1173 935 1.0000 1 0.0000 0.0059
92 10,5002 1.0000 19 L 92 0.2915 Bl 0.5002 1.0000 19 L 938 942 1,0000 1 0.0000 0.0073
93 10,5002 1,0000 19 ik 93 10,2915 61 0.5002 1.0000 19 L P 962 1.0000 1 0.0000 0.0087
94 0.4532 1.0000 19 L 94 0.3140 75 0.4532 1.0000 19 L 500 269 1,0000 1 0.0000 0.0093
95 0.4362 1,0000 19 ik 95 0.3365 84 0.4362 1.0000 19 L 59 1178 1.0000 1 0.0000 0.0099
96 10,5002 1.0000 19 L 96 0.2915 Bl 0.5002 1.0000 19 L 1186 1185 1,0000 1 0.0000 0.0101
97 10,3140 75 10,4932 1,0000 19 ik 97 10,3140 75 0.4332 1.0000 19 L 1178 500 1.0000 1 0.0130 0.0000
269 0.0056 7 0.0042 1.0000 19 L 269 0.0056 7 0.0042 1.0000 19 L
270 0.0456 23 10,0273 1,0000 19 ik 270 0.0456 23 0.0273 1.0000 19 L
935 0.0033 1 0.0034 1.0000 19 L 935 0.0033 1 0.0034 1.0000 19 L
v
—— - e o mma ‘ mmnn e S —— - e PR ‘e - S
B - # Pairs = 10; # Offspring attempted = 10 Expart Remove
Export Filtered Filter Export Filtered Filter # Offspring expected = 10,00
Remove All
Assumptions: Diynamic Population Variables
Do Mot Indude Founders; Parentage Assumptions = ProbParents; Unknown Weight = 0.00; T GD = 0.7008; GV = 0.5443; MK = 0.2992; % Known = 56.9%; N = 336.0

Fixed Kinship Weight = 1.00




Which plants and how many?

Parent 1

Assigns best pairings
based on Mean Kinship

Parent 2

& PMy:: BrighamiaKinships : Genetics X
Overview Founders Individuals Kinship Matrix  Pairwise Info  Pairing  Culing ManagementSets Graphs Settings Selection
Males Specify Pairs Read Pair File Repro Goals Females Results [ Da not show Paired L] show F adjusted
UniqueID MEdynamic | MKdynRank |Kvdynamic |PedigreekKnown |AgeYears (Lo | UniquelD Mkdynamic | MKdynRank | KVdynamic |Pedigresknown | AgeYears Lo ™ Resulting Off ring F 0.9000
500 1.0000 s0 263 1.0000 Gene Diversi 06349 | -0.0058
s1U 0.5656 0.0000 e 51U 0.7836 262 0.5656 0.0000 W Gene Value 0.5437 | 0.0005
81 0.5002 1.0000 19 e 81 0.2915 61 0.5002 1.0000 19 s FGE L6338 | -0.0323
82 0.5002 1.0000 19 e 82 0.2915 61 0.5002 1.0000 19 W Analytic Knoj 0.3608 | 0.0011
a3 10,5002 1,0000 19 L 83 10,2915 6l 0.5002 1.0000 19 L Success: # Offspring: G Auto
86 0.5002 1.0000 13 ¢ 86 0.2915 61 0.5002 1.0000 13 [ Selected Pairs
87 10,5002 1,0000 19 L 87 10,2915 -3 0.5002 1.0000 19 L Sire Dam | Succ Offspring | F Location | Motes
38 10,5002 1.0000 19 L 38 0.2915 Bl 0.5002 1.0000 19 L ﬁ 10 0 ---
89 10,5002 1,0000 19 ik a9 10,2915 61 0.5002 1.0000 19 L 935 938 X 0.0000 0.0030
90 10,5002 1.0000 19 L a0 0.2915 Bl 0.5002 1.0000 19 L 962 1173 1.odbo 1 0.0000 0.0045
91 10,5002 1,0000 19 ik 91 10,2915 61 0.5002 1.0000 19 L 1173 935 1.0000 1 0.0000 0.0059
92 10,5002 1.0000 19 L 92 0.2915 Bl 0.5002 1.0000 19 L 938 942 1,0000 1 0.0000 0.0073
93 10,5002 1,0000 19 ik 93 10,2915 61 0.5002 1.0000 19 L P 962 1.0000 1 0.0000 0.0087
94 0.4532 1.0000 19 L 94 0.3140 75 0.4532 1.0000 19 L 500 269 1,0000 1 0.0000 0.0093
95 0.4362 1,0000 19 ik 95 0.3365 84 0.4362 1.0000 19 L 59 1178 1.0000 1 0.0000 0.0099
96 10,5002 1.0000 19 L 96 0.2915 Bl 0.5002 1.0000 19 L 1186 1185 1,0000 1 0.0000 0.0101
97 10,3140 75 10,4932 1,0000 19 ik 97 10,3140 75 0.4332 1.0000 19 L 1178 500 1.0000 1 0.0130 0.0000
269 0.0056 7 0.0042 1.0000 19 L 269 0.0056 7 0.0042 1.0000 19 L
270 0.0456 23 10,0273 1,0000 19 ik 270 0.0456 23 0.0273 1.0000 19 L
935 0.0033 1 0.0034 1.0000 19 L 935 0.0033 1 0.0034 1.0000 19 L
v
—— - e o mma ‘ mmnn e S —— - e PR R - S
B - # Pairs = 10; # Offspring attempted = 10 Expart Remove
Export Filtered Filter Export Filtered Filter # Offspring expected = 10,00
Remove All
Assumptions: Diynamic Population Variables
Do Mot Indude Founders; Parentage Assumptions = ProbParents; Unknown Weight = 0.00; T GD = 0.7008; GV = 0.5443; MK = 0.2992; % Known = 56.9%; N = 336.0

Fixed Kinship Weight = 1.00




Which plants and how many? Assigns best pairings

based on Mean Kinship

Parent 1 Parent 2

a P BrighamiaKinships :: Genetics x

Overview Founders Individuals Kinship Matrix  Pairwise Info  Pairing  Culing ManagementSets Graphs Settings Selection

Males Specify Pairs Read Pair File Repro Goals Females Results [ Da not show Paired L] show F adjusted
UniqueID MEdynamic | MKdynRank |Kvdynamic |PedigreekKnown |AgeYears (Lo | UniquelD Mkdynamic | MKdynRank | KVdynamic |Pedigresknown | AgeYears Lo ™ Resulting Off ring F 0.9000

500 1.0000 s00 w2 263 1.0000 Gene Diversi 0,699 -0.0059

51U 0.5656 0.0000 U 51U 0.7836 262 0.5656 0.0000 Ut Gene Value 0.5437 | -0.0005

81 10,5002 1.0000 19 e 81 0.2915 61 05002 1.0000 19 W FGE 16388  0.0323

82 0.5002 1.0000 19 U 82 0.2915 61 0.5002 1.0000 19 Ut Analytic Knoy 0.5608 | 0.0011

83 0,5002 1.0000 19 e 83 0.2915 61 0.5002 1.0000 19 1 Success: # Offspring: p— o

86 0.5002 1.0000 19 T 86 0.2915 61 0.5002 1.0000 19 1] Selected Pairs

87 0,5002 1.0000 19 e 87 0.2915 61 0.5002 1.0000 19 e = o= o Offspring | F S [

a8 0.5002 1.0000 19 e 38 0.2915 61 0.5002 1.0000 18 e ﬁ B ---

39 0.5002 1.0000 19 e 39 0.2915 61 0.5002 1.0000 19 e 935 o3 1Y 0.0000 | 0.0030

30 0.5002 1.0000 19 e a0 0.2915 61 0.5002 1.0000 18 e g2 1173 1odo 1 | c.0000 | 0.0045

91 0.5002 1.0000 19 e 91 0.2915 61 0.5002 1.0000 19 e 1173| 35| Loooo 1 | 0.0000 | 0.0059

92 0.5002 1.0000 19 e 92 0.2915 61 0.5002 1.0000 18 e 038 | 942| Leooo 1 | c.o000 | 0.0073

93 0.5002 1.0000 19 e 93 0.2915 61 0.5002 1.0000 19 e 68| 962 | Loago 1 | 0.0000 | 00087

94 0.4932 1.0000 19 e 94 0.3140 75 0.4932 1.0000 18 e 00| 5| Loooo 1 | c.o000 | 0.0003

95 0.4862 1.0000 19 e 95 0.3365 34 0.4862 1.0000 19 e 269 | 1178 | Loogo 1 | o.0000 | o.0089

96 0.5002 1.0000 19 e 96 0.2915 61 0.5002 1.0000 18 e 1186 | 1185 | L.e0o0 1| c.o000 | o010

97 0.3140 75 0.4932 1.0000 19 e 97 0.3140 75 0.4932 1.0000 19 e 1178 | =00| Loogo 1| o.0130 | 0.0000

269 0.0056 7 0.0042 1.0000 19 e 269 0.0056 7 0.0042 1.0000 18 e

270 0.0456 23 0.0273 1.0000 19 e 270 0.0456 23 0.0273 1.0000 19 e

935 0.0033 1 0.0034 1.0000 19 e 935 0.0033 1 0.0034 1.0000 19 e

L L
—— PR ) PR ‘mnm - - —— - ) PR v e - i
- ) - ) # Pairs = 10; # Offspring attempted = 10 Export Remove
Export Filtered § Filter Export Filtered (st Filter # Offspring expected = 10,00
Remave All

Assumptions: Dynamic Population Variables
Do Mot Indude Founders; Parentage Assumptions = ProbParents; Unknown Weight = 0.00; ‘ ch GD = 0.7008: GV = 0.5443: MK = 0.2992: % Known = 56.9%: N = 386.0
Fixed Kinship Weight = 1.00 EIIE ! ! ! !

Sustains genetic diversity into next generation
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Cacheito

Ps eudophoenix ekmanii Burret

Estado de conservacion: EN Alabed; Bl ab(i,ii,iii,iv,v)+Zab('1,'1'1,'1'1'1,'1v,v)
Estatus biogeografico: Endémica

Tipo bioldgico: Estipite
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Can ex situ
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help?



PCA of genetic distance Can ex situ
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Can ex situ

collections

help?
Gardens capture diversity best:

1. By working together



Can ex situ

collections

help?
Gardens capture diversity best:

1. By working together

2. Through sustained effort



ilii. Where are we now?




iii. Where are we now? (@@ Coordinating diversity.




% Iv. A path forward.




[ Many hours of analysis ]
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Find patterns and principles
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The rore sinkhole Cycod, Zamia decumbens

in the wild in Belize
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Find patterns and principles
Refine the protocols

Reach our community

Coordinate Diversity!
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