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Molecular phylogenetic systematics of twelve species of
Acipenseriformes based on mtDNA ND4L —ND4 gene
sequence analysis
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Abstract Acipenseriformes is an endangered primitive fish group, which occupies a special place
in the history of ideas concerning fish evolution, even in vertebrate evolution. However, the classi-
fication and evolution of the fishes have been debated. The mitochondrial DNA (mtDNA) ND4L
and partial ND4 genes were first sequenced in twelve species of the order Acipenseriformes, in-
cluding endemic Chinese species. The following points were drawn from DNA sequences analysis:
(i) the two species of Huso can be ascribed to Acipenser; (ii) A. dabryanus is the mostly closely
related to A. sinensis, and most likely the landlocked form of A. sinensis; (iii) genus Acipenser in
trans-Pacific region might have a common origin; (iv) mtDNA ND4L and ND4 genes are the ideal
genetic markers for phylogenetic analysis of the order Acipenseriformes.
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Sturgeons and paddlefishes, which belong to the order Acipenseriformes, are the endangered
primitive fishes. This group of fishes occupies a special place in the history of ideas concerning
fish evolution, even in vertebrate evolution, on the other hand, the populations of sturgeons and
paddlefishes worldwide have declined'"). Though Acipenseriformes has long been regarded as an
interesting group in biogeographical and phylogenetic studies since the times of Linnaeus, the
classification of the fishes has been controversial. So far, the phylogenetic studies of the group
remain in their infancy'®. There are about 27 extant species worldwide. However, the exact num-
ber of species and systematic relationships among different genera and different species are still
unknown. Though some data on morphology, cytogenetics and molecular biology have been ac-
cumulated, there is still a long way to go to fully understand the phylogenetic relationships.

DNA is an honest recorder of evolutionary history of organisms. Studies on DNA sequences



130 SCIENCE IN CHINA (Series C) Vol. 43

may reveal the process of evolution and provide new clues to phylogenetic relationship. To date,
information on DNA sequences of different taxa has been accumulated rapidlym
molecular phylogeny of Acipenseriformes has lagged and is still at the level of initial surveys.

. However, the

Limited number of reports centered on mitochondrial cytochrome b and rRNA genes was avail-
able. Because Acipenseriformes is a primitive fish group and the evolution of their genes is rela-
tively conservative, the genes mentioned could not provide enough information for phylogenetic
analysis“‘ﬂ. In recent years, the use of mtDNA ND4L and ND4 genes for phylogenetic analysis
has drawn attention’®”). But, no reports on fishes are available. In the present investigation, the
mtDNA NDA4L and ND4 genes were first sequenced in 12 species of Acipenseriformes, including

some endemic Chinese species and species from Europe and North America as well.
1 Materials and methods

1.1 Materials
The origins, tissues and preservation conditions of samples used in the study are presented in
table 1.

Table [  Origin, tissue and preservation condition of samples

Species Tissue Preservation condition Origin or sampling sites  Date of collection
Acipenser sinensis muscle/blood cryopreservation Yichang, Hubei Nov. 1996
A. dabryanus muscle/blood cryopreservation Wanxian, Chongging May 1997
A. schrenckii muscle/blood cryopreservation Heilongjiang River Jun. 1997
A. medirostris muscle 95% ethanol Russia Mar. 1998
A. naccarii muscle 95% ethanol Italy Oct. 1997
A. brevirostrum muscle 95% ethanol USA Nov. 1997
A. stellatus muscle 95% ethanol Russia Mar. 1998
A. gueldenstaedtii muscle formalin Russia Oct. 1997
Huso huso muscle 95% ethanol Russia Mar. 1998
H.dauricus muscle 95% ethanol Heilongjiang River Jun. 1998
Psephurus gladius muscle/blood cryopreservation Chongging May 1997
Polyodon spathula muscle/blood cryopreservation USA Dec. 1996

1.2 Isolation of total DNA

For the samples preserved in ethanol, they should be washed in STE (10 mmol/L Tris-HCI, 1
mol/L EDTA, pH=8.0) three to four times for about 20 h. After that, DNA was isolated according
to the routine method®. In the case of the samples preserved in formalin, the isolation of total

DNA was carried out according to the method of Xiao et al”,

1.3 Primer sequences and PCR amplification
Regions amplified covered the mtDNA NDAL gene and part of ND4 gene. Two pairs of
primers were used and their sequences are as follows: Larg (L): 5'-AA-
GACCTCTGATTTCGGCTC-3'; ND4F2 (L): 5'-CTCCAAATCTAAACCTCCTAC-3'; ND4R2
(H); 5'-AACAGCATTAGTGTCGGGAT-3'; ND4H (H): 5'-CCTCATCGTGTGATAATAAT-3'.
The polymerase chain reaction (PCR) was performed in total reaction volume of 50 pL. PCR
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amplification was carried out using the following cycling parameters: one cycle of
pre-denaturation at 94°C for 3 min, 40 cycles of denaturation at 94°C for 1 min, primer annealing
at 52°C for 45 s and extension at 72°C for 1 min with the final extension at 72°C for 8 min after

40 cycles.
DNA sequencing was performed on ABI 377 automated sequencer after purification of PCR

products.

1.4 Data analysis

DNA sequence alignment was carried out using the DNA star software package. UPGMA
and NJ trees were constructed by using the MEGA software package based on the Ki-
muar-2-Parameter genetic distances. Construction of MP tree using heuristic search method was

made using software PAUP 3.1.1.
2 Results

2.1 Sequence variations of mtDNA ND4L and ND4 genes

A total of 703 bp-length ND4L and ND4 genes were sequenced. The contents of A, T, G, C
are 26.9%, 24.5%, 34.9% and 13.7% respectively. The content of A + T is almost the same as that
of G + C. However, the content of G is higher than that of C. The ratio of transitions to transver-
sions is 4.4 : 1. A total of 166 variation sites were detected in the 703 bp-length fragment, ac-
counting for about 23.6% of the total DNA sequenced. Fig. 1 is the aligned sequences of ND4L

and ND4 genes of 12 species of Acipenseriformes.
90

01 TGTGGACTCAARATCCACAGAGACTTAATGACCCATATCATATTCACCTTCTCAACCGCCTTTATACTAGGATTATCAGGCCTAACTTTCAA
02 TATGGTGCAAGTCCATAGTCUTCITATGACCCCTATACACTTCAGCTTCAGCTCCGCCTTCATGTTAGGACTAATAGGATTAACCTTCCA
03 TATGGTGCAAGTCCATAGTCATCTTATGACCCCTGTACACTTCAGCTTCAGCTCCGCCTTCATGTTAGGACTAATAGGATTAACCTTCCA
04 TATGATGCAAGTCCATAGTCGTCTTATGACCCCTGTACACTTCAGCTTCAGCTCCGCCTTCATGTTAGGACTARTAGGATTAACCTTCCA
05 TATGGTGCAAGTCCATAGTCUTCTTATGAACCCTGTACACTTCAGCTTCAGCTCCGCCTTCATATTAGGACTARTAGGACTARCCTTCCA
06 TATGGTGCAAGTCCATAGTCUTCTTATGAACCCTGTACACTTCAGCTTCAGCTCCGCCTTCATATTAGGACTAATAGGACTARCCTTCCA
07 TATGGTGCAAGTCCATCGTCUTCTTATAACCCCAGTACACTTCAGCTTCAGCTCCACCTTCATGTTAGAACTAATGGGATTAACCTTCCA
08 TATGGTGCAAGTCCATAGTCUTCTITATGACCCCTGTACACTTCAGCTTCAGCTCCGCCTTCATGTTAGAACTAATAGGATTGACCTTCCA
09 TATGGTGCAAGTCCATAGTCATCTTATGACCCCTGTACACTTCAGCTTCAGCTCCQCCTTCATGTTAGGACTAATAGGATTAACCTICCA
10 TATGGTGCAAGTCCATAGTCAUTCTTATAACCCCTGTACACTTCAGCTTCAGCTCCQCCTTCATATTAGGACTAATAGGATTAACCTTCCA
11 TATGGTGCAAGTCCATAGTCATCTTATAACCCCTATACACTTCAGCTTCAGCTCCACCTTCATGTTAGGACTAATAGGATTAACCTTCCA
12 TATGGTGCAAGTCCATCATCATCTTATGACCCCAGTACACTTCAGCTTCAGCTCTGCCTTCATACTAGGACTTATAGGATTGACCTTCCA
13 TATGGTGCAAATCCATAGTCATCTTATAACCCCAGTACACTTCAGCTTCAGCTCCGCCTTCATACTAGGACTTATGGGACTAACCTTTCA

180
01 TCGCACTCACCTACTCTCTGCCCTGCTATGTTTAGAGGGTATAATATTATCCTTATTTATTGCCCTAGCAATATGATGCACCCAAAATGA
02 CCGAACCCACCTCCTCTCTGCCCTTCTCTGCCTAGAAGGAATGATACTATCTTTGTTTATTGCCCTCTCCCTCTGATCCCTTCAATTAGA
03 CCAAACCCACCTCCTCTCTGCCCTTCTCTGCCTAGAAGGAATAATACTATCTTTATTTATTGCCCTCTCCCTCTGATCCCTTCAACTAGA
04 CCGAACCCACCTCCTCTCCGCCCTTCTCTACCTAGAAGGAATGATACTGTCTTTATTTATCGCCCTCTCCCTCTGATCACTTCAACTAGA
05 CCGAACCCACCTCCTCTCTACCCTTCTCTGCCTAGAAGGAATARTACTATCTTTATTTATTGCCCTCTCCCTCTGATCCCTTCAACTAGA
06 CCGAACCCACCTCCTCTCTGCCCTTCTCTACCTAGAAGGAATARTACTATCTTTATTTATTGCCCT CTCCCTCTGATCCCTTCAACTAGA
07 CCAAACCCACCTCCTCTCTGCCCTTCTCTGCCTAGAAGGAATAATACTATCTCTATTTATCGCCCTCTCCCTCTGATCCCTTCAACTAGA
08 CCAAACCCACCTCCTCTCCGCCCTTCTCTGCCTAGAAGAAATGATACTATCTCTATTTATCGCCCTCTCCCTCTGATCCCTTCAACTAGA
09 CCAAACCCACCTCCTCTCCACCCTTCTCTGCCTAGAAGGAATGATACTATCTCTATTTATCGCCCTCTCCCTCTGATCCCTTCAACTAGA
10 CCAAACCCACCTCCTCTCTGCCCTTCTCTGCCTAGAAGGAATGATACTATCTTTGTTTATTACCCTCTCCCTCTGATCTCTTCAACTAGA
11 CCAAACCCACCTCCTCTCCGCCCTTCTCTGCCTAGAAGGAATAATACTATCTTTATTTATCACCCTCTCCCTCTGATCCCTTCAACTAGA
12 TCAAACCCACCTTCTCTCTACCCTCCTCTGCCTAGAAGGAATARTATTATCCCTATTTATTGCCCTCTCCCTCTGGTCCCTCCAATTAGA
13 CCGAACCCACCTTCTCTCTACCCTTCTCTGCCTAGAAGGAATAATACTATCTCTATTTATTGCTCTCTCCCTCTGATCCCTTCAATTAGR

Fig. 1
(To be continued on the next page)
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GACTATAATATTCTCTTCCGCCCCCCTACTATTACTAGCCCTCT CGGCATGCAAAGCAGGCCTCAGCCTAAGCCTACTTGTCGCCACTAC
ATCTACCACCTACGCCACCACCCCAATACTGCTACTAGCATTCTCAGCATGCGAGGCCRGAGCAGGCTTGACCCTCCTTGTAGCTACTAC
ATCTACTACCTACGCCACCACCCCAATACTGCTACTAGCATTCTCAGCATAGTGAAGCCGGAACAGGCTTGACCCTCCTTGTAGCTACTAC
ATCCACCGCCTACGCCACCGCCCCAATACTGCTACTAGCATTCTCGGCATGTGAAGCCAGAGCAGGCTTGACCCTCCTTGTAGCTACCAC
ATCTACTACTTACGCCACCACCCCGATACTGCTACTAGCATT CTCAGCATAITGAAGCCAAAGCGAGGCTTGGCCCTCCTTGTAGCTACTAC
ATCTACTACCTACGCCACCGCCCCGATACTGCTACTAGCATTCTCAGCATGTGAAGCCAGAGCAGACTTAGCCCTCCTTGTAGCTACTAC
ATCTACTACCTACGCCACCGCCCCAATACTGCTACTAGCATTCTCAGCATATGAAGCTAGGGCAGGCTTAACCCTCCTTGTCACTACTAC
ATCCACCACCTACGCCACCACCCCAATACTGCTACTAGCATTCTCGGCATATIAAGCCGGAGCAGGCTTGGCCCTCCTTITAGCTACCAC
ATCCACCACCTACGCCACCACCCCAATACTGCTACTAGCATTCTCIGCATGTGAAGCCAGAGCAGGCTTGGCCCTCCTTGTAGCTACCAC
ATCTACCACCTACGCCACCACCCCAATACTGCTACTAGCATTCTCAGCATGTGAGGCCAGAGCAGGCTTGGCCCTCCTTGTAGCTACTAC
ATCCACCACCTACGCCACCGCCCCAATACTGCTACTAGCATTCTCGGCATATAAAGCTUGAGCAGGCTTAGCCCTCCTTGTAGCTACCAC
ATCAACCACCCATGCCACCACCCCCATACTCCTACTTGCATTTTCGACATACGAAGCCGGAGCAGGCCTAGCCCTCCTQITTGCCACCAC
ATCAACTACCTATGCCACCGCCCCCATACTCCTACTAGCATTTTCAGCATGCGAAGCTGGAGCAGGCCTAGCCCTCCTTATCICCACCAC
360

CCGCACCCACGAGTCTGATCACCTTCAAAACCT TAACCTCCTACAATGTTAAAACTACTAATTCCAACCATTATACTATTCCCAATAATT
ACGTACACACGGCACAGACCACCTCCARAATCTAAACCTCCTACAATGCTAAAAATTATAATCCCGACACTAATGCTGTTCCCAACGACT
ACGCACACACGGCACAGACCACCTCCAAAAT CTAMACCTCCTACAATGCTAAAAATTATAATCCCAACACTAATGCTATTCCCAACGACT
GCGTACACACGGCACAGACCACCTCCARAATCTARACCTCCTACAATGCTAAAAATTTTAATCCCAACACTGATGCTATTCCCAACGACC
GCGTACGCACAGCACAGACCACCTCCAAMATCTARMACCTCCTACAATGCTAAAAATTATAATTCCAACACTAATGCTATTCCCAACGACC
GCGTACGCACGGGACAGACCACCTCCAAAATCTAAACCTCCTACAATGCTARAAATTATAATTCCAACACTAATGCTATTCCCAACGACC
ACGCACACACGGCACAGATCACCTCCAAAAT CTAAACCT CCTACAATACTAAARATTATAATCCCAACACTAATGCTATTCCCAACGACT
ACGTACACATGGCACAGACCACCTCCAAAATCTAARTCTCCTACAATGCTARAAATTATAATCCCAACACTAATGCTATTTCCAACGACC
GCATACACATGACACAGACCACCTCCAAMAT CTAMTCTCCTACAATGCTAAAAATTATAATCCCAACACTAATGCTATTTCCAACGACC
ACGTACACACGGCACAGACCACCTCCAAAATCTAAACCTCCTACAATGCTAAAMATTATAAT CCCAACACTAATGCTATTCCCAACGACT
ACGTACACACGAGGACAGACCACCTCCARAAT CTAAATCTCCTACARTGCTAAAAATTITAATCCCAACGCTAATGCTATT CCCAACGACC
GCGAACGCACGGCACAGATCACCTCCAAAACCTAAACCTACTACAATGCTAMAAAT CTTAAT CCCAACATTAATGCTATTCCCCACAACA
ACGCACACACGGCACAGATCACCTCCAAAACCTARACCTGCTACAATACTAAAAATTTTAAT CCCGACACTAATGCTGTTTCCCACRAACA

450
TGGACACTAAATCCTAAATGATTGTUATCAGCTACCACAACACATAGCTTAATTATTGCTTCCTTATCTCTCACACTATTTAAATGCTAC
TGACTTATAACCCCAAAATGACTTTIAACCACAACAACAGCCCAGGCCCTAGTTATTGCCACCGCAAGCCTGACTTTACTTAACTGAMAT
TGACTTGTAACCCCAAAATGACTTTGAACCACAACAACAGCCCAAGCCCTAGTCATTGCCACCGCAAGCCTAACCTTACTTAACTGAART
TGACTTGCAACCCCAAAATAGACTTTGAACCACAACAACAGCCCAAGCCTTGACCATTGCCACCGCAAGCCTGACCCTACTTAACTGAAAC
TGACTTGTGACCCCAAAGTGACTTTGAACCACAACAACAGCCCAAGCCCTAGT CATTGCCACCGCAAGCCTAACCCTACTTAACTGAGAC
TGACTTGTGACCCCAAAGTGACTTTGAACCACAACAACAGCCCAAGCCCTAGT CATTGCCACCACAAGCCTAACCCTACTTAACTGAGAC
TGACTCGTAACCCCAAAATGACTTTGAACCACAACAACAGCCCAAGCCCTAGTCATTGCCACCGCAAGCCTGACCTTACTTAACTGAAAT
TGACTTGCAACCCCAAAATGACTTTOAACCACAACAACAGCCCAAGCCCTAGTCATTACCACCGCAAGCCTGACT CTACTTAACTGAAAC
TGACTTGCAACCCCAARATGACTTTGAACCACAACAACAGCCCAAGCCCTAGTCATTGCCACCGCAAGCCTGACT CTACTTAACTGAAAC
TGACTTGTAACCCCAAMTGACTTTGAACCACAACAACAGCCCAGGCCCTAGTCATTACCACCGCARGCCTGACTTTACTTARCTGAAAT
TGACTTGTGGCCCCAAAATGACTTTGARCTACAACAACAGCCCAAGCCCTAGTCATTACCACCGCAAGCCTGACTCTACTTRACTGAAAC
TGACTTGCAACACCAARATGACTATGAACCACAACAACAGCCCARGCCTTAATCATTACCACCGCAAGCCTAACCCTACTCAACTGGAGC
TGAATCACAACCCCAARATGACTGTGAACCACAATAACAGCCCAAGCCTTAGCCATTGCTACCGCAAGCCTAACCCTGCTTAACTGAGAC

540
TCCACAACCCAATGATCAAATCTTAATTATATACTAGCCACCGACATAATCTCCACCCCTTTAATTATCCTAACCTACTGACTACTTCCA
TCAGAAACCGGTTGAACCTCCTCARACCCCTACCTAGGCACAGACCCCTTATCCACTCCCCTACTCGTCTTGACATGCTGACTTCTCCCC
TCAGAAACCGGTTGAACCTCCTCAARCCCCTACCTAGGCACGGACCCCCTCTCCACCCCCCTGCTCATCTT@ACATACTGACTTCTCCCC
TCAGAAACCGGCTGAACCTCCTCARATCCCTACCTGAGCGCAGACCCACT CTCCACACCCCTGCTCGTCTTAACATACTEACTTCTCCCC
TCAGAAACCAGTTGAGCCTCATCARACCCCTACCTAGACACAGACCCCCTCTCCACCCCCCTGCTCAGTCTTAACATGCTGACTTCTCCCC
TCAGAAACCGATTGAGCCTCATCAAACCCCTACCTAGICACGAACCCCCTCTCCACCCCCCTGCTCATCTTAACATGCTGACTTCTCCCC
TCAGAAACCGGTTGAACCTCCTCAAACCCCTACCTAGGCACGGACCCCCTCTCCACCCCCCTGCTCGTCTTGACATACTGACTACTCCCT
TCAGAAACCGGTTGAACCTCCTCAAACCCCTACCTGGGCACAGACCCACTCTCCACACCCCTACTCGTCTTUACATGCTGACTTCTCCCC
TCAGAAACCAGGTTGAACCTCCTCAARCCCCTACCTGGACACAGACCCGCTCTCCACACCCCTACTCGTCTTAACATGCTGACTTCTCCCC
TCAGAAACCGATTGAACCTCCTCAAACCCCTACCTAGGCACAGACCCCCTATCCACCCCCCTACTCATCTTGACATGCTGACTTCTCCCC
TCAGAAACCGGTTGAACCTCCTCAAACCCCTACCTGGGCACAGACCCACTCTCCGCACCCCTACTCATCTTAACGTGCTAACTTCTCCCC
TCAGAAACTGGCTGAACTTCCACTAACCCCTACCTAGGCACGGATCCACTCTCCACCCCCCTACTAGTCCTAACATGCTGACTACTACCC
TCGGAAACTGGTTGAACTTCCACCAACCCCTACCTGGRCACAGATCCGCTCTCCACCCCTCTGCTCATCCTAACATGCTGACTACTACCC

Fig. 1

(To be continued on the next page)
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630
01  CTAATAATTATTGCTAGCCAAAACCATATATCCACAGAACCCATCAACCGACAACGAAGTTACATTACACTACTAGTATCCCTGCAAGCC
02 TTAATAATTCTAGCAAGCCAAAACCACATCTCCCCAGAACCAATCAGCCGCCAACGAACCTACATTACCCTACTAGTGTCCCTCCAACTA
03 TTAATGATCCTAGCAAGCCAAAACCACATCTCCCCEGAACCAATCAGCCQCCAACGAACCTACATCACCCTACTAGTGTCCCTCCAGCTA
04 TTAATAATITCTAGCAAGCCAAAACCACATCTCCCCAGAGCCTATTAGCCGCCAACGAACCTACATCACCCTACTAGTATCCCTCCAACTA
05  CTAATGATCCTAGCAAQCCAAAACCACATCTCCCCAGAACCAATCGACCGCCAACGAACCTACATCACCCTACTAGTGTCCCTCCAACTA
06  CTAATGATCCTAGCAAGCCAAAACCACATCTCCCCAGAACCAATCAGCCRCCAACGARCCTACATCACCCTACTAGTGTCCCTCCAACTA
07 TTAATGATCCTAGCAAGCCAAAACCACATCTCCCCGGAACCAATCAGCCCCCAACGAACCTACATCACCCTACTAGTGTCCCTCCAGCTA
08 TTAATAATTCTAGCAAGCCAAAACCACATCTCCCCAGAACCAATCAGCCUCCAACGAACCTACATCACCCTACTAGTGTCCCTCCAACTA
09 TTAATAATTCTAGCAAGCCAAAACCACATCTCCCCAGAACCAATCAGCCGCCAACGAACCTACATCACCCTACTAGTGTCCCTCCAACTA
10 TTAATAATCCTAGCAAGCCAAAACCACATCTCCCCAGAACCCATCRACCGCCAACGARCCTACATCACCCTACTAGTGTCCCTCCAACTA
11  TTAATAATTCTAGCAAGCCAAAACCACATCTCCCCAGAACCAATCAACCUCCAACGAACCTACATTACCCTACTAGTGTCCCTCCAACTA
12 CTAATGATTCTAGCAAGCCAAAACCACATTTCTCCAGAGCCCATTAGTCAUTCARCGAACCTACATCACCCTTCTAGTGTCTCTCCAACTA
13  CTAATAATTCTAGCAAGCCAAAACCATATCTCCCCAGAACCCATTAATCGCCAACGAACCTACATTACCCTTCTAGTGTCCCTCCAGCTG
703
01 CTACTTATTATAGCCTTCAGCGCCACAGAAATTATTTTATTTTATATTATATTITGAATCCACCTTAATCCCTA
02 TTTTTAATTATAGCCTTCGGAGCCACCGAAATTATCCTGTTCTACATTATGTTCGAAGCCACACTAATCCCAA
03 TTTTTAATTATAGCCTITCGGGGCCACCGAAATTATCCTGTTCTATATCATGTTTGAGGCCACACTAATCCCAA
04 TTCCTAATTATAGCCTTTGAGACCACCGAAATCATCCTGTTCTATATCATGTTTGAAGCCACACTAATCCCGA
05 TTTTTAATTATAGCCITCAUGAGCCACCGAAATTATCCTATTCTACATCATGTTTGAAGCCACACTAATCCCAR
06 TTTTTAATTATAGCCTTCGGRGCCACCAAAATTATCCTATTCTACATCATATTTGAAGCCACACTAATCCCAA
07 TTCTTAATTATAGCCTTCGAGGCCACCAARATTATCCTGTTCTATATCATGTTTGAGUCCACACTAATCCCAA
08 TTCCTAATTATAGCCTTTGIGGCCACCGAAATCATCCTATTTTATATCATATTTGAAGGCACACTAATCCCAA
09 TTCCTAATTATAGCCTTTAGGACCACCGAAATCATCCTATTTTATATCATATTTGAAGCCACACTAATCCCAA
10 TTTTTAATTATAGCCTTCGGAGCCACCGAAATTATCCTATTCTACATTATATTCGAMGCCACACTAATCCCAA
11 TTCCTAATTATAGCCTITCGAIGCCACCAARATTATCCTOTTCTACATCATATTTGAGACCACACTAATCCCAA
12 TTCTTAATTATAGCCTTCGGGGCCACCGAAATCATCITATTCTACATCATATTTGGAACCACACTAATCCCCA
13  TTCITAATCATAGCCTTCGAGACCACCGAARTTATTTTATTTTATATCATATTTGAAGCCACACTGATCCCCA

Fig. 1. Sequence alignment of 703 bp segment from ND4L-ND4 genes of 12 species of Acipenseriformes. The DNA
sequences from line 1 to line 13 present P. ornatipinnis, A. medirostris, A. schrenckii, A. stellatus, A. sinensis, A. dabry-
anus, A. gueldenstaedtii, A. brevirostrum, A. naccarii, H. dauricus, H. huso, P. spathula and P. gladius, respectively.

2.2 Genetic divergences among 12 species of Acipenseriformes

Among 12 species of Acipenseriformes the greatest genetic divergence has taken place be-
tween either species of Polyodontidae and any of ten species of Acipenseridae in the range of
11.2%—14.2%. Among the 10 species of Acipenseridae the genetic divergences range from 0.3%
to 7.7%. The smallest divergence occurs between A. sinensis and A. dabryanus with a value of
0.3%. The greatest genetic divergence, 7.7% was found in the following species pairs: A. stella-
tus-A. sinensis, A. stellatus-A. dabryanus and A. stellatus-A. gueldenstaedtii with 7.7% percent
divergence. The genetic divergence between two species in genus Huso is within the range from
0.3% to 7.7%. No difference was detected between genus Huso and Acipenser according to the
genetic divergences. The greatest divergence occurs between P. spathula and P. gladius at the
level of 10.2%, which belong to different genera (table 2).

2.3 Construction of molecular phylogenetic trees of 12 species of Acipenseriformes

The counterpart sequence was selected from Bichir (Polypterus ornatipinnis) as an outgroup
for molecular phylogenetic analysis. The NJ and UPGMA molecular phylogenetic trees were con-
structed, as shown in figs. 2 and 3 by using the MEGA software package. MP tree was set up
when transversions were weighted five times transitions using PAUP software (fig. 3). Bootstrap
values after 1 000 replicates for MP and UPGMA trees were provided.



134

SCIENCE IN CHINA (Series C)

NJ

0.132

0.002

0.003

0.044

0.013

0.016 A.medirostris

L Hdauricus

0012 A.schrenckii

0.014

A.gueldenstaedti

0.026 [— A.sinensis

0.011

L A.dabryanus

0.021
H.huso

__0.030

A.stellatus

A brevirostrum

0.012 4.naccarii

0.063

P.spathula

0.050

P.gladius

P.ornatipinnis
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Table 2 Genetic divergence and similarity between different species

Species A B C D E F G H 1 J K L

A. medirostris (A) 957 917 939 939 939 940 940 980 937 839 85.5
A. schrenckii (B) 4.1 929 959 959 983 945 949 967 94.7 855 86.8
A. stellatus (C) 77 6.5 916 917 916 950 956 925 940 859 86.3
A. sinensis (D) 5.8 4.0 77 99.7 942 930 937 949 933 855 86.5
A. dabryanus (E) 5.8 1.7 7.7 0.3 942 93.0 937 949 93.6 855 86.8
A. gueldenstaedtii (Fy 5.8 1.7 7.7 5.7 57 935 939 949 939 853 87.6
A. brevirostrum (G) 57 54 4.7 6.8 6.8 6.3 994 946 959 86.2 87.3
A. naccarii (H) 5.7 5.1 4.1 6.3 6.3 6.0 0.6 94.9 96.3 86.2 87.5
H. dauricus (1) 2.0 33 7.0 5.0 5.0 5.0 53 50 943 845 859
H. huso (1) 6.0 5.1 55 6.5 6.3 6.0 4.0 37 5.5 84.5 86.6
P. spathula (K) 14.2 134 12.7 13.2 132 132 128 128 13.9 14.2 89.3
P. gladius (L) 13.1 12.1 13.1 12.7 12.7 11.2 11.8  11.8 13.1 127 102

The numbers above diagonal are percent similarity, and the numbers below diagonal are percent divergence.
3 Discussion

3.1 Regarding whether Huso can exist as an independent genus

That H. huso and H. dauricus belong to genus Huso is a classical conception that appears in
all journals and books. But, whether Huso could exist as a genus separated from Acipenser was
unclear to many ichthyologists in the 19th century, who considered it as a subgenus of Acipenser.
Recently, Findeis provided additional characteristics separating Huso from all other extant

10 More recently, cytogenetic and molecular genetic studies indicated that the two

Acipenseridae
species of Huso should be ascribed to Acipenser[4’5], which provoked the debate.

In the present study UPGMA, NJ and MP trees based on mtDNA ND4L and ND4 gene se-
quences show that the ten species of Acipenseridae are divided into two clades. H. huso and H.
dauricus do not cluster together, but nest within each branch. The genetic divergence between two
species of Huso is much bigger than that between Huso and Acipenser. Judging by genetic differ-
ence the divergence of 10.2% is found between two genera (Polyodon and Psephurus) of Polyo-
dontidae. No species pair in Acipenseridae reaches such value. It suggests that divergences among
the ten species of Acipenseridae do reach the divergence at level of genus differentiation in the
same evolutionary course. In other words, the ten specie of Acipenseridae should belong to the
same genus. The highest divergence of 7.7% in the ten species of Acipenseridae is found in A.
stellatus——A. sinensis, A. stellatus——A. dabryanus and A. stellatus-schrenckii, species pair
from all Acipenser. But, such data are not found between Huso and Acipenser. From this point of
view, since A. sinensis, A. stellatus, A. dabryanus and A. schrenckii were accepted to belong to
Acipenser (with no doubt), we must accept that the two species of Huso should belong to
Acipenser. Therefore, the genus Huso should be abolished and ascribed to genus Acipenser. We
can provide more evidence concerning the close relationship between the huso and Acipenser. The
following hybrids between the species from Huso and the species from Acipenser are not only
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viable, but also fertile: H. husoxA. ruthenus, H. HusoxA. stellatus, H. husoxA. nudiventris, H.
dauricusxA. schrenckii (data provided by Dr. Artyukhin).

3.2 A. daybryanus is most likely the landlocked form of A. sinensis

In this work 12 species are involved, including all the six species inhabiting in East China
waters. They are H. dauricus, A. schrenckii, A. medirostris and the three species endemic to
Yangtze River. The latter three species are A. sinensis, A. dabryanus and P. gladius, which are un-
der first rank protection in China. Regarding the relationship of A. dabryanus to other species of
Acipenser, there exist different viewpoints. Artyukhin (1995) pointed out that A. dabryanus and A.
sinensis were the most closely related to another from biogeographic point of view!'l. However,
the systematic relationship proposed by other workers was that A. sinensis and A. dabryanus are
not the closely related speciesls’lzl. Our present data derived from random amplified polymorphic
DNA (RAPD)" and mtDNA D-loop sequence analysis (unpublished data) strongly support that
the A. sinensis and A. dabryanus are the most closely related to another and that divergence time
was not early. We agree to Artyuhkin’s viewpoint. It is most likely that the A. dabryanus is the
landlocked form of A. sinensis. The formation might take place at early time when A. sinensis
adapted to the ecological condition which had changed in different parts of the Yangtze River or
some of its population was blocked in some branches of Yangtze River or its neighboring water
bodies. We deduced that A. sinensis had a body size similar to or smaller than that of A. dabryanus
nowadays before divergence had taken place. In fishes, especially in anadromous fishes such as
salmons and trouts, it is very common that one species possessed two forms, the landlocked and
the anadromous. Usually, the body size of landlocked form is smaller than that of anadromous
form. As a matter of fact, the morphological characteristics of A. dabryanus are very similar to
those of A. sinensis and the body size of former is much smaller than that of the latter when both
reach maturity. In addition, DNA content analysis suggested that both were at same ploidy level

(8n)""!. Hybrid between two species produced progeny not only viable, but also fertile'"*!.

3.3 Systematic relationship analysis of the order of Acipenseriforme

The molecular phylogenetic tree of the 12 species was divided into two branches, one in-
cluding two species of family Polyodontidae, and the other containing 10 species of family
Acipenseridae. This agrees with the classical classification. The genetic differences between P.
spathula and P. gladius belonging to different genera are much larger than those between any two
species pairs within Acipenseridae. The ten species of Acipenseridae are further divided into two
groups, one comprising H. huso, A. stellatus, A. brevirostrum and A. naccarii, and the other pos-
sessing A. sinensis, A. dabryanus, A. schrenckii, A. gueldenstaedtii, A. medirostris and H. dauricus.
All the species of Acipenseridae distributed in trans-Pacific region clustered together, with the
exception of A. gueldenstaedtii, which is not from trans-Pacific region. It suggests that the species
of Acipenseridae in trans-Pacific region might have common origin.

34 MIDNA ND4 and NDA4L genes are ideal genetic markers for phylogenetic study of
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Acipenseriformes

Some studies revealed that genes such as mtDNA cytochrome b gene and rRNA gene were
not ideal genes for phylogenetic study in some taxa, especially in sturgeons and paddlefishes. The
genes possess a limited number of informative sites and are not enough to determine the system-
atic relationships. Therefore, it is important to seek for new gene(s) for phylogenetic study in the
order of Acipenseriformes. More recent studies in other taxa showed that the evolution rate of
mtDNA NDAL and ND4 genes is at moderate level, and might be ideal genetic markers for evolu-
tionary study'®”’. However, no reports on fish were available. In this report we have sequenced
703 bp-length fragment that covers ND4L gene and part of ND4 gene. The three molecular phy-
logenetic trees, namely UPGMA, NJ and MP are consistent with each other, and high bootstrap
values after 1000 replicates were noted. Therefore, the mtDNA ND4L and ND4 genes are ideal
genes for molecular phylogenetic study in the order of Acipenseriformes.
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