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Advances in plant conservation genetics
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Abstract Conservation genetics is a new field of research focusing on the studies and practices of biodi-
versity conservation based on the principles and techniques of population genetics. During the past dec-
ades genetic studies have made increasingly great contributions to biodiversity conservation in theory and
practice. In this paper we briefly introduce the concept and history of conservation genetics and high-
light progress in plant conservation genetics. Four major aspects of conservation genetics in plants are ad-
dressed including plant phylogenetic reconstruction and identification of conservation units the relation-
ship between genetic diversity and species fitness population genetic structure and conservation strate-
gies as well as the identification and utilization of plant genetic resources. In addition the great impor-
tance of genetic studies in plant conservation is discussed.
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Table 1  Multiple regression of average growth rates of Populus
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Index Significance
Multiple regression 0. 606 P <0.001
Independent variables
Age ~0.152 P <0.001
Heterozygosity 1.637 P <0.05
Sex 1.425 P>0.20
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65

Holsinger

1996 Channel

Pinus sylvesiris
Savolainen & Hedrick
1995

1999 Lande 1988 Holsinger

1996

1999 Meffe et al.
1994 Holsinger 1996

1.2 A
&:} Lof ’ * *
~
0.8
o2 S
ge('g 0.6 v
R e 0.4
= -
202}
0 1 1 e 1 .y A A i 1 i
0 2 4 6 8 10 12 14 16 18 20 22
£S5 Fecundity
by
ha 0.8 * * +
2 071 B
) . »
M: 0.6 T
41:[% 0.5 1 *
-K%E 0.4 1 <+ +*
®° 0314
% 02
5 0'1__ .
= 0
= 0 — — ——

0 2 4 6 8 10 12 14 16 18 20
£S5 Fecundity

3 Ophiopogon xylorrhizus

A. B.

He et al. 1998
Fig.3 Relationships between fecundity and multilocus outcross-
ing rates of family and maternal heterozygosity. A. Relationships
between fecundity and multilocus outcrossing rates of families
B. Relationship between fecundity and maternal heterozygosity.

3.3



66 Biodiversity Science 10
Ge et al. 1997
1994 1997 Meffe et al. 1994 He et al. 1998
Falk & Holsinger 1991 Hogbin & Peakall
2001 Falk & Holsinger 1991 1999
DNA
1997

1997 2001 Hamrick & Godt 1990 2001
Falk & Holsinger 1991

Cathaya argyrophylla 12

25 8 101 1999 Hamrick & Godt 1990

1/2 1/3
Gst
0.441 6 Ge et al.
1998 RAPD Alps Saxifraga cernua
1996 Bauert et al. 1998
RAPD 3 7
RAPD 30
1997 Ge et al. 1998 Bauert et al.
1998
1997 Hamrick &
Godt 1990 Epipactis Paphio-
Ehlers & Ped- pedilum micranthum
ersen 2000 3
4 2
E. helleborine ssp. helleborine
P=73.6 He=0.274
91% E. Li et al. 2002
phyllanthes Ehlers & Zieria prostrata
Pedersen 2000  Scacchi et al. 1991 3
Cephalanthera spp. 3 km Hogbin & Peakall 1999
RAPD
Ge et al. 1997 37%
30 km’ 4 1



20

Hogbin & Peakall 1999

67

Tanksley & McCouch

1997
1999 Sydes & Peakall 1998 2001
Xie et al. 2001 He et al. 2000
Morin 2000 Conservation
Swensen et al. 1995 Genetics 1 1
RAPD RFLP California
Santa Cruz Malacothamnus
fasciculatus var. nesioticus 7
2 5
2
1996 2001 Loescheke et al.
1994 Tanksley & McCouch 1997 Gilbert et al.
Ge et al. 1998 1999
2
Tanksley & McCouch 1997
Table 2 Estimated number of seed bank entries worldwide for
selected crops Tanksley & McCouch 1997
Proteaceae %
Crevillea scapigera 4 Crops Entry Percentage of wild species
Wheat 410 000 60
27 Rice 215 000 10
Rossetto et al. 1995 RAPD Maize 100 000 15
Soybean 100 000 30
Potato 42 000 40
Tomato 32 000 70
Cotton 30 000 20
Rossetto et al. 1995 Wong & Sun 1999
RAPD 1993
Goodyera procera IRRI 80 000



68

20
1998 Virk et al. 1995
10% 2

Martin et al. 1997 RAPD  IR-
RI 93
93 9
Virk et al. 1995 RAPD
3 2

24

2001 Ge et
al. 2001

PCR Adhl  Adh2
RFLP

10

2001 Cas-

tiglione et al. 1993 Martin et al. 1997 Congiu et

al. 2000

1996 Tanksley & McCouch
1999a RAPD
Oryza rufipogon

1997
Ge et al.

4 30.5%
55.8% 4
6.3% ~ 27. 4%

~43.2%

41.1%

Biodiversity Science 10
61.8% 2
23.3%
14.9%
Ge et al. 1999a
3
Ge et al.
1999a Gao et al. 2000 Gao et al. 2001 Qian et
al. 2001 Xie et al. 2001
Szalanski et al. 2001 PCR-RFLP
Spiranthes diluvialis
Rio et al. 1997 2
1958 1978
1992
Marshall
1990 “ "
10%
Schoen & Brown 1993
C
P
L
R
M Schoen & Brown
1993
4
B 1996
1997 1998 2000
2001 Loescheke et al. 1994 Gilbert et al. 1999



KE [

Hordeum vulgare Sorghum vulgare

[
=]
1

95 1994
1997 1998 2000
23 A 2001 Meffe et al. 1994

[
[=3)
1

w
~
1

Orchidaceae

w
N
|

the core collection

BoLF BT P AR I SR R 3
Number of alleles kept in

19

w
[=)
I

4
Schoen & Brown 1993

Fig.4 Efficiencies of different methods of core collection. Solid
columns represent molecular makers. Hollow ones represent oth-

er methods Schoen & Brown 1993

4 IUCN/SSC Orchid Specialist Group
1996
TUCN/SSC Orchid Specialist
Group 1996
Falk & Hols-
Avise 1996 inger 1991 ’
1999 Lande 1988 Meffe et al. 1994 Hols-
inger 1996
( ).1993. S
Meffe et al. 1994 Holsinger . : »31~113
,1997.
1996 ( ) T ).
,1 ~15
R , 1994.
; ( )
2000 2001 Wolfe & Liston : » 123 ~ 140
, ,1995. ( )
1998 Im.
, 33(5): 433 ~443
) ,1998. ( )
V. . , 36
(6): 581 ~589
s , 1999.

. , 26: 410 ~417
s , s , 1997.



70

. . 39(3): 266 ~271
,1999.

, 41(3): 301 ~306
R R s s , 1995.
, ( )
: ,125 ~133
, ( ), 1997.
, > s ) , , 2000.
(Actinidia) . s

8:1~12

, 1996.

,29(4):1 ~10

) ) ( ), 1997.

, , ,2000.
,42(10):1069 ~ 1074
, 1998.
,6:63 ~72
, , s , ,2001.
. , 39: 373 ~388
s ,2001.
,28(3):244 ~255

) ) s , 1996.
RAPD . (C  ),26(5):436 ~441

, , 1999.

, 7:31 ~37
, , ,2001.
, 140 ~ 149

Avise J C and J L Hamrick, 1996. Conservation Genetics, Case
Histories from Nature. Chapman & Hall, New York

Bauert M R, M Kalin, M Baltisberger and P J Edwards, 1998.
No genetic variation detected within isolated relict popula-
tions of Saxifraga cernua in the Alps using RAPD markers.
Molecular Ecology, 7: 1519 ~ 1527

Case M A, H T Mlodozeniec, L. E Wallace and T W Weldy,
1998. Conservation genetics and taxonomic status of the
rare Kentucky Lady’s slipper: Cypripedium kentuckiense
(Orchidaceae) . American Journal of Botany, 85: 1779 ~
1786

Castiglione S, G Wang, G Damiani, C Bandi, S Bisoffi and F
Sala, 1993. RAPD fingerprints for identification and for
taxonomic studies of elite poplar ( Populus spp.) clones.
Theoretical and Applied Genetics, 87: 54 ~59

Congiu L, M Chicca, R Cella, R Rossi and G Bernacchia,
2000. The use of random amplified polymorphic DNA
(RAPD) markers to identify strawberry varieties: a forensic
application. Molecular Ecology, 9: 229 ~232

Crandall K A, O R P Bininda-Emonds, G M Mace and R K
Wayne, 2000. Considering evolutionary processes in con-
servation biology. Trends in Ecology and Evolution, 15:
290 ~ 295

Crawford D J, S Brauner, M E Cosner, T F Stuessy, 1993. Use
of RAPD markers to document the origin of the intergeneric
hybrid Margyraceana skotisbergii ( Rosaceae) on the Juan
Fernandez Islands. American Journal of Botany, 80(1): 89
~92

Ehlers B K and H A Pedersen, 2000. Genetic variation in three
species of Epipactis ( Orchidaceae): geographic scale and
evolutionary inferences. Biological Journal of the Linneae

Society, 69: 411 ~430

Biodiversity Science 10

Falk D A and K E Holsinger, 1991. Genetics and Conservation
of Rare Plants. Oxford University Press, New York

Frankham R, 1995. Conservation genetics. Annual Review of
Genetics, 29: 305 ~327

Gao L, S Ge and D Y Hong, 2000. Allozyme variation and pop-
ulation genetic structure of common wild rice, Oryza rufi-
pogon Griff. in China. Theoretical and Applied Genetics,
101: 494 ~502

Gao L Z, S Ge and D Y Hong, 2002. High levels of genetic dif-
ferentiation of Oryza officinalis Wall. et Watt. from China.
The Journal of Heredity (in press)

Ge S, D-Y Hong, 1994. Biosystematic studies on Adenophora
potaninii complex. Il . crossing experiment. Cathaya, 6:
15 ~26

Ge S, DM Zhang, H Q Wang and G Y Rao, 1997. Allozyme
variation in Ophiopogon xylorrhizus, an extreme endemic
species of Yunnan, China. Conservation Biology, 11: 562
~565

Ge S, DY Hong, H Q Wang, Z Y Liu and C M Zhang, 1998.
Population genetic structure and conservation of an endan-
gered conifer, Cathaya argyrophylla ( Pinaceae). Interna-
tional Journal of Plant Sciences, 159: 351 ~357

Ge S, G C X Oliveira, B A Schaal, L Z Gao and D Y Hong,
1999a. RAPD variation within and between natural popula-
tions of the wild rice Oryza rufipogon from China and Bra-
zil. Heredity, 82: 638 ~ 644

Ge S, KQ Wang, DY Hong, W H Zhang and Y G Zu, 1999b.
Comparisons of genetic diversity in the endangered Adeno-
phora lobophylla and its widespread congener, A. potanini.
Conservation Biology, 13: 509 ~513

Ge S, T Sang, B R Lu and D Y Hong, 2001. Rapid and relia-
ble identification of rice genomes by RFLP analysis of PCR-
amplified Adh genes. Genome, 44:1136 ~ 1142

Gilbert ] E, R V Lewis, M J Wilkinson and P D S Caligari,
1999. Developing an appropriate strategy to assess genetic
variability in plant germplasm collections. Theoretical and
Applied genetics, 98: 1125 ~ 1131

Goldstein P Z, R DeSalle, G Amato and A P Vogler, 2000.
Conservation genetics at the species boundary. Conservation
Biology, 11: 120 ~131

Hamrick J L and M ] W Godt, 1990. Allozyme diversity in plant
species. In: Brown A H D, M T Clegg, A L Kahler and B
S Weir (eds.), Plant Population Genetics, Breeding and
Genetic Resources. Sinauer Associates, Inc., Sunderland,
MA, 43 ~63

He TH, G Y Rao, R L You and S Ge, 1998. Mating system of
Ophiopogon xylorrhizus ( Liliaceae), an endangered species
in southwest China. International Journal of Plant Sciences,
159: 440 ~ 445

He T H, G Y Rao, R L You, S Ge and D M Zhang, 2001. Ge-
netic structure and heterozygosity variation between genera-
tions of Ophiopogon xylorrhizus ( Liliaceae s. 1.), an en-
demic species in Yunnan, SW China. Biochemical Genet-
ics, 39: 93 ~98

Heywood V H and R T Watson, 1995. Global biodiversity as-
sessment. Cambridge University Press, Cambridge

Hogbin P M and R Peakall, 1999. Evaluation of the contribution
of genetic research to the management of the endangered
plant Zieria prostrata. Conservation Biology, 13: 514 ~522

Holsinger K E, 1996. The scope and the limits of conservation
genetics. Evolution, 50: 2558 ~2561



IUCN/SSC Orchid Specialist Group, 1996. Orchids—Status
Survey and Conservation Action Plan. TUCN, Gland, Switz-
erland and Cambridge

Lande R, 1988. Genetics and demography in biological conser-
vation. Science, 241: 1455 ~ 1460

Li A, Y B Luo and S Ge, 2002. A preliminary study on conser-
vation genetics of an endangered orchid ( Paphiopedilum mi-
cranthus) from southwestern China. Biochemical Genetics,
40: (in press)

Loescheke J, J Tomiuk and S K Jain, 1994. Conservation Ge-
netics. Birkhauser, Basel

Martin C, A Juliano, H J Newbury, B R Lu, M T Jackson and
B V Ford-Lloyd, 1997. The use of RAPD markers to facili-
tate the identification of Oryza species within a germplasm
collection. Genetic Resources and Crop Evolution, 44: 175
~183

Meffe G K, C R Carroll, 1994. Princeples of Conservation Biol-
ogy. Sinauer Associates, Inc., Sunderland, Massachusetts

Milligan B G, ] Leebens-Mack and A E Strand, 1994. Conser-
vation genetics: beyond the maintenance. Molecular Ecolo-
gy, 3: 423 ~435

Mitton J] B and M C Grant, 1984. Associations among protein
heterozygosity, growth rate, and developmental homeosta-
sis. Annual Review of Ecology and Systematics, 15: 479 ~
499

Morin P A, 2000. Genetic resources: opportunities and perspec-
tives for the new century. Conservation Genetics, 1: 271 ~
275

Moritz C, 1994. Defining evolutionary significant units for con-
servation. Trends in Ecology and Evolution, 9: 373 ~375

Qian W, S Ge and D-Y Hong, 2001. Genetic variation within
and among populations of a wild rice Oryza granulata from
China detected by RAPD and ISSR markers. Theoretical
and Applied Genetics, 102: 440 ~ 449

Rio A H del, ] B Bamberg and Z Huaman, 1997. Assessing
changes in the genetic diversity of potato gene banks. I.
Effects of seed increase. Theoretical and Applied Genetics,
95: 191 ~ 198

Rossetto M, G Jezierski, S D Hopper and K W Dixon, 1999.
Conservation genetics and clonality in two critically endan-
gered eucalypts from the highly endemic south-western Aus-
tralian flora. Biological Conservation, 88: 321 ~331

Rossetto M, P K Weaver and K W Dixon, 1995. Use of RAPD
analysis in devising conservation strategies for the rare and
endangered Grevillea scapigera ( Proteaceae). Molecular E-
cology, 4: 321 ~329

Ryder O A, 1986. Species conservation and systematics: the di-
lemma of subspecies. Trends in Ecology and Evolution, 1:
9 ~10

Ryder O, A McLaren, S Brenner, Y P Zhang and K Benirsch-
ke, 2000. DNA banks for endangered animal species. Sci-
ence, 288: 275 ~277

Saccheri I, M Kuussaari, M Kankare, P Vikman, W Fortelius
and I Hanski, 1998. Inbreeding and extinction in a butter-
{ly metapopulation. Nature, 392: 491 ~494

Savolainen O, 1994. Genetic variation and fitness: conservation
lesson from pines. In: Loescheke J, J Tomiuk and S K Jain
(eds), Conservation Genetics. Birkhauser, Basel, 27 ~36

Savolainen O and P Hedrick, 1995. Heterozygosity and fitness:

71

no association in Scots pine. Genetics, 140: 755 ~766

Scacchi R, G D Angelis and R M Corbo, 1991. Effect of the
breeding system on the genetic structure in three Cephalen-
thera spp. ( Orchidaceae) . Plant Systematic and Evolution,
176: 53 ~61

Schoen D J and A H D Brown, 1993. Conservation of allelic
richness in wild crop relatives is aided by assessment of ge-
netic markers. Proceedings of the National Academy of Sci-
ences, USA, 90:10623 ~ 10627

Schonewald-cox C M, S M Chambers, B MacBryde, L Thomas
(eds.), 1983. Genetics and Conservation. Benjamin-Cum-
mings Publishing, Menlo Park, CA

Smith J F, C C Burke, W L Wagner, 1996. Interspecific hybrid-
ization in natural populations of Cyrtandra( Gesneriaceae)
on the Hawaiian Islands: evidence from RAPD markers.
Plant Systematics and Evolution, 200: 61 ~77

Soule M E and L S Hillis, 1998. No need to isolate genetics.
Science, 282: 1658 ~ 1659

Steward C N J and L Excoffier, 1996. Assessing population ge-
netic structure and variability with RAPD data: application
to Vaccinium macrocarpon ( American Cranberry). Journal
of Evolutionary Biology, 9: 153 ~ 171

Sydes M A and R Peakall, 1998. Extensive clonality in the en-
dangered shrub Haloragodendron lucasii ( Haloragaceae) re-
vealed by allozymes and RAPDs. Molecular Ecology, 7: 87
~93

Szalanski A L, G Steinauer, R Bischof and J Petersen, 2001.
Origin and conservation genetics of the threatened Ute la-
dies’-tresses, Spiranthes diluvialis ( Orchidaceae). Ameri-
can Journal of Botany, 88: 177 ~180

Tanksley S D and S R McCouch, 1997. Seed banks and molecu-
lar maps: unlocking genetic potential from the wild. Sci-
ence, 277: 1063 ~ 1066

Virk P S, H J Newbury, M T Jackson and B V Ford-Lloyd,
1995. The identification of duplicate accessions within a
rice germpoasm collection using RAPD analysis. Theoreti-
cal and Applied Genetics, 90: 1049 ~ 1055

Wolfe A D, A Liston, 1998. Contributions of PCR-based meth-
ods to plant systematics and evolutionary biology. In: Soltis
D E, P S Soltis and J ] Doyle (eds), Molecular Systematics
of Plants 11: DNA Sequencing. Kluwer Academic Publish-
ers, Norwell, MA, 43 ~ 86

Wong K C and M Sun, 1999. Reproductive biology and conser-
vation genetics of Goodyera procera ( Orchidaceae). Ameri-
can Journal of Botany, 86(10): 1406 ~ 1413

Woodruff D S, 1989. The problems of conserving genes and spe-
cies. In: Weston D and M Pearl (eds.,), Conservation for
the Twenty First Century, 76 ~ 88. Oxford University
Press, New York

Woodruff D S, 1990. Genetics and demography in the conserva-
tion of biodiversity. Journal of Scientific Society of Thai-
land, 16:117 ~132

Xie Z W, Y Q Lu, S Ge, DY Hong and F Z Li, 2001. Clonali-
ty in wild rice, Oryza rufipogon ( Poaceae) and its implica-
tions for conservation management. American Journal of

Botany, 88: 1058 ~ 1064



