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Summary

Genetic diversity that is one of three basic components of biodiversity has been defined
as the total summation of genetic information of animals, plants, micro-organisms all around
the world. As every body knows, genetic information is stored in DNA molecules. Nucleotide
sequence variation of DNA leads to genetic variation of organisms at all levels: morphologi-
cal, cytological, physiological, biochemical and molecular ones. In a narrow sense, genetic
diversity generally means genetic variation within populations and among populations of
species. The topics in this book can be divided into three parts.

1. Genetic diversity ;molecular evolution and conservation biology of rare and endangered
wild animals in China (chapter 2 to chapter 10).

2. Genetic diversity of livestock with special reference to gene resources from southwest-
ern China (chapter 11 to 14). .

3. Genetic structure of natural populations for some plants those are very important eco-
logically and economically (chapter 15 to 18). |

Firstly a general theoretical topic was discussed, that is;

Species Tree and “Evolutionarily Significant Unit” .
Approach From DNA Sequence Analysis

The recent progress in reconstruction of species tree and identification of “evolutionarily
significant unit” by using DNA sequence analysis has been reviewed. It is much more difficult
to extract evolution information from DNA sequence than to obtain DNA sequence itself. It
is suggested that attention should be paid to the following poiats;

1. Different genes or regions evolve at different rate. Therefore,it is important to identify
DNA fragments with reasonable evolutionary rate, so that we can detect more variations be-
tween taxa studied and reduce the background at the mean time. Slow evolved genes are good
for comparison between distant related taxa, and fast evolved genes are good that between
closely related taxa.

2. Correct alignment of the DNA sequences is essential for phylogenetic reconstruction.
Any alignment obtained by computer software should be checked by eye.

3. There are two general approaches to obtain the overall estimate of the phylogeny from
multiple gene sequences. First, the data sets can be combined from outset, with the phyloge-

netic analysis being performed on the combined data set—the combined approach. Alterna-
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tively, phylogenetic trees can be estimated separately from each data set and a consensus tree
determined from these trees—consensus approach. It appears that, by more directly utilizing
the testimony of all the characters, a combined method may allow a closer approach to the
true phylogeny, and a combined tree can be more resolved than a consensus tree.

However, if there is evidence on nonindependence of variations within or between the
genes examined, consensus approach is preferred over combined approach.

4. Different genes or different sites in the same gene may subject to different selection
pressure, and they evolve at different speed. Therefore, sequence weighting is necessary in
the phylogenetic estimation. It is in general agreement that slower evolved regions and sites
should be weighted higher than faster evolved regions and sites, and transversions should be
weighted higher than transitions.

5. There are three major families of methods for inferring phylogeny: the parsimony and
compatibility methods, the distance gnethods, and the maximum likelihood methods. No
method allows one to make inference about evolutionary patterns in a well-justified way
without making assumptions about evolutionary processes. However, the assumptions inher-
ent in these methods are only sketchily known—we have hints but little in the way of com-
prehensive proofs that particular assumptions are required. Therefore, a useful exercise is to
estimate phylogenetic trees with several different methods. The agreement among trees esti-
mated by different methods lends greater credibility.

6. Gene tree and species tree are different in two aspects: (1)topologies may be different,
and (2) branch length which represent divergence time may be different. However, if we com-
bine data from many loci, 1t is possible to obtained a gene tree which is reasonably close to
the species tree. In that case, we can take the gene tree as species tree.

7. The “Evolutionarily Significant Unit” (ESU) is increasingly accepted as the conserva-
tion unit. The criteria for recognizing an ESU was suggested by Moritz; ESUs should be re-
ciprocally monophyletic for mtDNA alleles and show significant divergence of allele frequen-

cies at nuclear loci. A true phylogeny is essential for identification of ESUs.

From chapter 2 to 10, genetic diversity, molecular evolution and conservation biology for

rare and endangered wild animals were discussed.

Genetic Diversity of the Giant Panda

The giant panda (Ailuropoda melanoleuca)is classified as endangered species by the Con-
servation on International Trade in Endangered Species (CITES), the International Union for
the Conservation of Nature,and the governments of China and other countries and is the sub-
ject of controversy regarding conservation efforts. However, we almost know nothing about

the giant panda natural population genetic structure and inbreeding coefficient, which is nec-
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essary for the conservation efforts. Furthermore, there are many more captive giant pandas
with unresolved parentage. Therefore, paternity determination is greatly needed for analyses
of the number of founder genes present in the captive population, for assessments of the suc-
cess of natural vs. artificial matings, and for other genealogical and population analyses., A
non-invasive approach will make the genetic study on the {reeranging population possible.
The recent progress in our laboratory on the study of genetic diversity of the giant panda was
summarized as follows;

1. Protein polymorphism. Twelve panda blood samples from Yuexi, Baoxing, Meigu,
Miabian, Pingwu, Nanping, Maowen and Leibo have been collected. 17 Asiatic black bear
blood samples from Xishuangbanna and Ruili of Yunnan Province were also collected for
comparison. Thirty six kinds of blood proteins and isozymes encoded by 40 genetic loci by us-
ing standard starch gel electrophoresis were analyzed. Among all the loci, only Xanthine de-
hydrogenase-2 locus on the giant panda is polymorphic. The percentage of polymorphic loci
(P)is 0. 025 and the mean individual heterozygosity (H) is 0. 008. In contrast, the black bear
exhibits much higher levels of allelic diversity: P=0. 216, and H=0. 056. Our results indicate
that the giant pandas are genetically monomorphic.

" 2. Mitochondrial DNA sequence variation. Forty samples which represent 21 founders
2 from Mabian, 1 from Meigu, 2 from Yuexi, 11 from Baoxifig, 1 from Pingwu, 2 from
Qingchuan, 1 from Nanping. and 1 from Baishuijiang were collected. DNAs were extracted
from liver, heart, blood or hair samples. A total of 336-444 bp of mitochondrial tRNA gene
and D-loop fragment from each sample were amplified and sequenced. Nine haplotypes were
detected in the giant panda populations. There are three and two sites characterized with
transition and insertion/deletion, respectively. Parsimony analysis demonstrated that there
was not significant genetic difference between different geographical populations. The genetic
diversity level in the giant panda is much lower than that in any of the bear populations, The
current populations occurred in late Pliocene. The regults suggest that it is more reasonable
to build corridors only between isolated populations within each mountain region in the con-
servation efforts.

3. Microsatellite DNA and paternity identification. We constructed DNA library of 150-
500 bp fragments digested from giant panda genomic DNA with Dpn I constructed. Ten mi-
crosatellite DNA loci were isolated and characterized by screening the library with *P-la-
belled (CA); probe. The specific primers for each of the microsatellite DNA locus were syn-
thesized and employed to amplify DNA samples isolated from 7 specimens of panda tissue and
6 specimens of hair. Nine of the 10 microsatellite DNA loci were polymorphic in the 13 sam-
ples. Inheritance patterns of allele at these loci accurately agree with the well recorded pedi-
gree. The polymorphism on these loci also clarified some previously unresolved paternity.
These results imply the screened microsatellite DNA loci are useful markers for the identifi-

cation of kinship among giant panda.
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Genetic Diversity and Evolution of Genus Muntiacus

Genus Muntiacus is a widely concerned mammal group as a model for studies on cytoge-
netics and evolution. In this chapter, chromosome banding, chromosome painting and mito-
chondrial DNA RFLP were assayed to study this group. A male muntjac, whose taxonomic
position is not confirmed yet, was captured from southwestern China, Gongshan County,
Yunnan province in 1988. We prepared its miotic chromosome preparations by short term cul-
ture and routine air-drying method. The synaptonemal complex of spermatocytes are pre-
pared by surface-spreading and silver-staining technique. The diploid chromosome number is
found to be 9. and 8 in female willsbe expected, which are different from those of Indian
muntjac, Fea’s muntjac, Roosevelt’s muntjac and Chinese muntjac. The No. 1 chromosome
pair is heteromorphism. e. g. an homologue is X-autosome compound, the other is acrocen-
tric, which is confirmed by SC analysis. Nos. 2. 3 are large submetacentric chromosomes.
No. 4 is acrocentric. Y is a small chromosome. Two pairs of Ag-NORs are located on the long
arm of Nos. 1. 4 chromosomes, which are quite different from those of the black muntjac.
C-bands are found at centromeric region of all chromosomes and the “neck” region of X-auto-
some compound have abundant heterochromatin. The results suggest that the Gongshan
muntjac might be separate'd from existing five species and support its identification as a new
species. We have used a‘combination of chromosome sorting, degerated oligonucleotide-
primered polymerase chain reaction (DOP-PCR), chromosome painting and digital image cap-
turing and processing techniques for comparative analysis of members of the genus Muntia-
cus. Chromosome-specific “paints” from a female Indian muntjac were hybridised to the
metaphase chromosomes of the Gongshan. Black and Chinese muntjac by both single and
three color chromosome painting. Karyotypes and idiograms for the four muntjacs were con-
structed. based on enhanced 4’, 6-diamidino-2-phenylindole (DAPI) banding patterns. The
hybridization signal for each paint was assigned to specific bands or chromosomes for all of
the above muntjac species. The interspecific chromosomal homology was demonstrated by the
use of both enhanced DAPI banding and comparative chromosome painting. These results
provide direct molecular cytogenetic evidence for the tandem fusion theory of the chromo-
some evolution of muntjac species. The mitochondrial DNA restriction maps for 12 restriction
enzymes of four species of muntjacs: Indian muntjac (M. muntjak), Gongshan muntjac (M.
gongshanensis ) black muantjac (M. crinifrons) , and Chinese muntjac (M. reevesi), were com-
pared to estimate the phylogenetic relationships among them. Phylogenetic trees were con-
structed by both distance and parsimony method. The two resulted trees share similar topolo-
gy which indicate that the black muntjac and the Gongshan muntjac are closely related fol-
lowed by the Chinese muntjac, the Indian muntjac is the sister taxon to all the other munt-

jacs.
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Molecular Evolution and Genetic
Diversity of Arctoidea

1. mtDNA sequence variation. Sun bear is found in Burma, Thailand, Vietnam, Sumatra,
Borneo. North-east of India, Malaysia. and Yunnan and Sichuan of China and has been listed
in 1990 TUCN Red List of Threatened Animals as a vulnerable species. In this chapter,a total
of 1174 bases of mitochondrial DNA sequence (397 bases of cytochrome b gene. 346 bases of
125 rRNA gene. 98 bases of tRNA genes. and 333 bases of D-loop region) from each of four
sun bears from different collections have been sequenced. Comparing with the black rhino tR-
NA genes,our results suggest that the loop regions of tRNA genes evolve much fast than the
stem regions. In the cytochrome b gene.12S rRNA gene and tRNA gene regions,no sequence
variation among the individuals was observed, which indicates that genetic variation in the
sun bear is relatively low. In the D-loop region, there are 13 and 1 sites, respectively, charac-
terized by transition and transversion among the 4 sun bears sequenced. The relationships a-
mong all the individuals were fully resolved based on mitochondrial D-loop sequences by us-
ing parsimony analysis. Our results suggest that the mitochondrial D-loop region is very use-
ful for population genetic study of the sun bear.

2. Molecular evolution. The phylogenetic relationships among some bear species are still
open questions. We present here mitochondrial DNA sequences of D-loop region, cytochrome
b, 12S rRNA,tRNA®, and tRNA™ genes from all bear species and the giant panda. A series
of evolutionary trees with concordant topology has been derived based on the combined data
set of all of the mitochondrial DNA sequences. which may have resolved the evolutionary re-
lationships of all bear species; the ancestor of the specsacled bear diverged first, followed by
the sloth bear; the brown bear and polar bear are sister taxa relative to the Asiatic black
bear ;the closest relative of the American black bear is the sun bear. Primers for forensic iden-
tification of the giant panda and bears are proposed. Analysis of these data, in combination
with data from primates and antelopes, suggests that relative substitutional rates between
different mitochondrial DNA regions may vary greatly among different taxa of the verte-
brates.

3. Protein polymorphism. We examined protein polymorphism of Asiatic Black Bear from
two areas of Yunnan Province, China. Forty genetic loci were analyzed. The result showed
that the percentage of polymorphism loci (P)is 0. 216, the mean hetreozygosity (H)is 0. 056.
It indicates that the Asiatic populations are weathly of genetic diversity.

4. Phylogenetic relationship. The Arctoidea is a superfamily of Carnivora that contains
eight families: the bears (Ursidae), giant panda (Ailuropodidae), raccoons and allies (Procy-
onidae) ,lesser panda (Ailuridae) ,skunks,otters, weasels.and relatives (Mustelidae) ,sealions

and eared seals (Otariidae) , seals (Phocidae) , and the walrus (Odobenidae). The phylogenetic
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relationships among many families are very controversial. For example, based on parsimo-
nious analysis of morphological characters, Wyss and Flynn (1993) suggested that the pin-
nipeds were monophyletic and related to bears: (Mustelidae , (Procyonidae, (Ailuridae, (Ursi-
dae, (Otariidae, (Phocidae,Odobenidae)))))). However,also based on morphological charac-
ters Wozencraft (1989) suggested that the pinnipeds were diphyletic: ((((Otariidae,
Odobenidae) , (Ailutidae,Ursidae) ), (Canidae , (Procyonidae , (Mustelidae , Phocidae)))). Us-
ing highly repetitive DNA, Arnason and Widegren (1986)showed that that the pinnipeds were
monophyletic and related to the Mustelidae. To examine different hypotheses on the phyloge-
ny of the Arctoidea, we sequenced segments of mitochondrial cytochrome b and 12S rRNA
genes from the Southern sea lion, bears, giant panda, lesser panda, raccoon, kinkajou, coat-
imundi, black-footed ferret,and the hunting dog. Both the cytochrome b and 12S rRNA genes
show a strong mutational transition bias. Parsimonious analysis based on the transversions of
128 rRNA gene, and substitutions a¢ the first and second codon positions and transversions
at the third codon position of the cytochrome b gene supports the placement of the Procy-
onidae with the Mustelidae, and the Ailuropodidae with the Ursidae (Wozencraft, 1989). Our
findings indicated that the Otariidae share a common ancestor with the Procyonidae and
Mustelidae rather than with the Ursidae. Interestingly, according to the current viewpoint of
diphyletic origin of pinnipeds, the Phocidae shares a common ancestor with the Mustelidae
whereas the Otariidae and Pdobenidae share a common ancestor with the Mustelidae whereas
the Otariidae and Odobenidae shares a ancestor with the Ursidae. Therefore, our results do
not support the diphylrtic origin of the pinnipeds. Our findings suggest that the Ailuridae is
not closely related to cither the Ursidae or the Procyonidae,and may represent an early radia-
tion with the Arctoidea. Further investigation on more representative species from each fami-

lies will be required.

Molecular Evolution and Genetic Polymorphism
of Golden Monkey

1. Studies on cytogenetics. A systematical analysis of chromosome characteristics were
carried out between Yunnan snub-nosed monkeys (Rhinopithecus bieti) and Sichuan snub-
nosed monkeys (Rhinopithecus roxellanae). G-band and Ag-NOR showed that there is no sig-
nificant difference between them. But significant difference exist in C-band.

2. Protein polymorphism. We examined protein polymorphism of Yunnan snub-nosed
monkeys (Rhinopithecus bieti) from two areas of Yunnan Province, China. Fifty two genetic
loci were analyzed, only one polymorphic locus was observed. Therefore, the percentage of
polymorphic loci (P) is 0. 019, the mean heterozygosity (H) is 0. 005 and the mean number
of alleles (A) is 1.019. Our results indicate that the R. bieti may be depauperate in genetic

diversity at the level of proteins. We infer that R. bieti experienced a population bottleneck
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in history, and the unavoidable inbreeding afterward resulted in the paucity of allelic diversi-
ty, which may be a leading reason for its present endangered situation,

3. Mitochondrial DNA sequence variation. The classification and phylogenetic relation-
ships of the snub-nosed langurs (Rhinopithecus) are still open questions. We have sequenced
a mitochondrial cytochrome b gene fragment from R. roxellana, R. bieti, R. avunculus and
Presbytis phayrei. There are 47 sites (19%) characterized by variation. A series of evolution-
ary trees with concordant topology has been derived by using parsimony , maximum likelihood
and distance methods, which may have resolved the evolutionary relationships of the three
golden monkey species. R. bieti is more closely related to R. avunculus than to R. rozellana.
The divergence among those three species occurred about 2—6 million years ago. Our results
suggest that Rhinopithecus is a valid genus, and avunculus should be placed into this genus.
Our noninvasive genetic analysis of a captive population revealed low genetic diversity of R.
bieti.

4. RFLP of ribosomal DNA. Restriction maps of nontranscribed spacer of ribosomal
DNAs from five species of Colobinae and three outgroup taxa, Hylobates Leucogenys, Macaca
mulatta »and M. irus,were constructed using 15 different restriction endonucleases and cloned
human 185 and 28S rDNA probes. The site difference between Rhinopithecus roxellanae and
R. bieti is comparable to that between Presbytis francoisi and P.° phayrei, implying that R.
bieti is a valid species rather than a subspecies of R. roxellanae as classified by Groves
(1970). Phylogenetic analysis of the data supports Rhinopithecus should be an independent
genus, since it has distinet distance to genus Pygathrix as well as Presbytis on the phyloge-
netic tree. Pygathriz represented by P. nemaeus is closely related to the Presbyiis rather than
Rhinopithecus. The branching pattern and branch length among different nodes support the
hypothesis that the leaf monkey is an intermediate taxon between old world monkey and gib-
bon.

5. RAPD. We analyse Random Amplified Polymorghism DNA (RAPD) and genetic poly-
morphism of six capitive breed Yunnan snub-nosed monkeys (Rhinopithecus bieti). Forty-five
10bp short primers were used to amplify genomic DNA of R. bieti. About 130 RAPD markers
were obse-rved in each R. bieti and 80% RAPD marders showed no polymorphism. The genet-
ic distance between R. bieti is 0. 052. It indicates that the genetic polymorphism is very low
in population of R. bieti. We also construct the pedigree of the six R. bieti by analysis of ge-

netic distance and put forward a captive breed plan.

Genetic Diversity and Molecular Phylogeny
of Slow Loris (Genus Nycticebus)

Chromosome studies, protein electrophoresis and mitochondrial DNA RFLP were used

to demonstrate genetic diversity and phylogeny of genus Nycticebus. The karyotypes of three
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species (N. coucang+ N. intermedius, and N. pygmaeus) of genus Nycticebus, collected from
southern Yunnan of China, have been surveyed. All individuals from three species possess 2n
=50 chromosomes, and all chromosomes in their complement are biarm chromosome. The
karyotype of slow loris (N. coucang) is characterized by having a secondary constriction and
Ag-NORs on the short arms of pair No. 1. The G-banding patterns of three species are very
similar. Three species are found to have multiple Ag-NORs. In N. coucang, NORs were ob-
served on five pairs (Nos. 1, 6, 9, 15, and 23) and in N. Intermedius and N. pygmaeus,
NORs were found on four pairs (Nos. 6, 9, 15, and 20). This finding indicates that slow
lorises, as primitive primates, also have multiple NOR-bearing chromosomes. The chromo-
some studies imply at least two valid species, N. coucang and N. pygmaeus. We examined
protein polymorphism of 29 slow lorises (N. pygmaeus, 27, N. coucangs 2), which derived
from south-western Yunnan and northern Vietnam. Forty two genetic loci were screened,
four were found to be polymorphic i N. pygmaeus. The percentage of polymorphic loci
(P)is 0. 095, the mean individual heterozygosity (H)is 0. 040 and the mean number of alleles
(A)is 1.045. Furthermore, we calculated the genetic distance (D) between the two species,
D=0. 2541, which indicate a valid species status of each. For mtDNA analysis, eight restric-
tion types were observed in the three suggested species. Phylogenetic trees constructed on the
basis of genetic distances showed that the slow lorises sort into two clusters: four types of
N. coucang and three types of N. intermedius plus one type of N. pygmaeus. The mtDNA
results suggest that three are two valid species in the genus Nycticebus, N. coucang and N.
pygmaeus, and that N. inte'rmedz'uyshould be included within N. pygmaeus. Divergence be-
tween the two species may have begun 2. 7 million years ago. Evolution of gross morphology,
chromosomes, protein electrophoresis and mitochondrial DNA in the slow lorises appears to

be concordant.

Molecular Evolution and Genetic Diversity of
Chinese Macaques (Macaca)

1. The spermatocyte synaptonemal complex karyotypes of four macaque species. With a
combination of detergent-microspreading and silver-staining techniques, the spermatocyte
synaptonemal complexes (SCs) of 4 species of macaques i.e. rhesus macaque (M.
mulatta) , pigtail macaque (M. nemestrina) . Assam macaque (M. assamensis) , Tibetan stump-
tailed macaque (m. thibetana)and a subspecies of rhesus monkey (M. m. lasiota) were observed
by electron microscope. The results demonstrate the high similarity of SC karyotypes as well
as its development among these macaques, The autosome synapsis or pairing of autosomal
lateral elements starts at early aygotene, completes at pachytene and disppears at diplotene.
Five types of XY have been described, on the basis of patterns of XY pair. The morphology

of XY axes and homology of X and Y were also discussed.



