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BE: RAKFMHEHERBIXSRAE, XXM (Devidia involucrata var.  vilmorini-
ana) ANJERE. 18 MR, 11 FEERSE, 21 MU EBT T HAUEO T, SRBEHEELR
Bk P=28.6% ~47.6%, ELhRZEHE H,=0.177~0.308, FHEIM SAOSFMRER A
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Allozyme Analysis of Davidia involucrata var. vilmoriniana
and Its Biogeography Significance
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Abstract: Allozyme analysis of Davidia involucrata var. vilmoriniana was carried out with 78 individuals
in four populations by means of horizontal starch gel electrophoresis technique. Eleven enzyme systems and
21 loci were investigated. The results show that there is high genetic diversity in Davidia involucrata var.
vilmoriniana . At population level, the percentages of loci polymorphic ( P) are variable from 28.6% -
47.6% . Mean numbers of alleles per locus (A) are variable from 1.3 to 1.6. Observed mean percentage
of loci heterozygous ( H,) is variable from 0.177 to 0.308. At var. species level, P=52.4%, A=
1.8, H,=0.272, H,=0.216, F, =0.1928, which means that the genetic difference among popula-
tion is a little higher than Davidia imvolucrata var. involucrata. The genetic diversity of Zhaotong (NE
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Yunnan) and Baoxing (W Sichuan) are higher than that of the other two populations. This means that
these places might be the really refuges during geological disaster ( such as glacial age in Quaternary) . The
populations occurring in the eastern and western margins of the distribution area might be migrated from the
refuges .
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Fet- Bt H ( Davidia involucrata var. vilmoriniana) & E %A 8 R B—3EA (L,
1954), XA 1J8 1 #1258, Bb. ¥ Davidia involucrata var. involucrata ARG 3t
A Davidia irwolucrata var. vilmoriniana. X BT StM. W, #Wdb. ¥, BeA
SR L, LA )| 22 P b 25 a4 TRk 1Ly Hb b 8 R 37 DX RN P8 B 4% i R/t A B I
SRMB AR MR L, FlanSsMNEEILLELEES, BREX, HERE (EMES%,
1995), X—HuX R RBHAKIZE PO,

A XIFABIE, BATEA AVIRE., Makgaf (1963) ETESHETIFIE, NHEHES
PEBWAT TIHE, IR EBREBERL A VI X R Faitbothers & Johnson (1963) XJEt#fJE . I
BB (Nyssa) T MEHBBIIT. Schurman & Villiger (1967) ZExtBERAL A A ik g
BT T 5T, Kamelna & Shevchnkol (1968) #4177 RGBT . Murrell & lack (1993) %
FIRASHEXEN . SR, EWMMXRET TS, BEES (199%6) K3 7T HHEM B4
BN a1, FEWIEE (1989) XHErTERBET T AM2EDT . Rast (1968) 7EXM LI T
EHt B H . Kieiman & Spencer (1982) MR KM MZE R E S T MW, mEHRS
(1989) RIS HA KIS =TS RERBIr. KEWE (1981) #HTTIHEFER
5%, k8 (1982) AT TR FEEIRE, KEE (1992) B EREBEARMTTiTE,
HH—BA (1986). FE&)ISE (1986), ERRIES (1995) ZrFURTBRMISIRN . AR HET
Bit. FEEM®S (2000) 7T 6 TERE (GEE) WSS, HENBRA B RRET #
iR FIOL, BRSIR T ZMEYR, HEEEPESINEREAZGYE ERBR.

LI ERERATEHEYEN RS FFB (Konmad, 2001), AT LABRI B A8
fedsty, REREFHASMERPRE @ (Wu s, 2001), EREMITHEREMAEZE
A MEKFE, ERPAEYETEAERKMOMAR R (Loveless & Hamrick, 1984;
Hamrick, 1989), 7EAYMBEFEPHFE KRB N (E91Z, 1996; Fritsch, 1996; Randall,
1992), FEMREZHEYKERD, BEHFAPURFHFRAEHENSHEETRKE, HERHE
BEBRMNSTFKFE (Hamrick &, 1992) . BEHAMSEEECH 2n =40, JEHBL R Y64
B 2n=42 (TG, 1989), BLAARFMMAMKBEEMERGEREE, EEREALK
FHEEER, THEBN TAEER, ZHEIR (2000) XFHEE, BERE 6 MEHRAERA TS0
BT, XA BRI F AL BT IRE T R ABEEMNREE R, (H BRSBTS ET
HAMWAMIRME, dBRA - TTENEESA0ER, F2R%5 (2000) EM)IIRERT 1
A (EEXNACRE BT TH50) , XTHE A X PR JLH= 10 )| 20 DA TS i B B s %
SRS R AROSE A R B SR R RN, Bk, A, =i ey
BRI TS, LAY R S X P OR [R B B G SR ARG S R A Y
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BIEEEHLECRER B, SEGEMEBEEPE20m U b, E-HHET. sHRE. Bdehe 3 NMERE
BOECH SRS 20 %k B TEABFAIRE], fEMIIEXBHEUE 18 #k, BIFTFHAYE,

B R A 0.5 con®, MIBEREWPIE 3 -5, TELLERPIE, AL TEBEER, L8 LR
Mk, $REUE MR Solis % (1983) Tris-HCI (pH 7.5), BBEMA T H: T%KBSBEREY (signa
s4501), 4% I FETEN, 1%508, 3% . RAK IR MR RIkE, f£4CksEP, M300V AL
LGRERK 4.5h, HERENBRRERLEK 1. @k, FNBMSENERENRAESHEPLS (199%6)
MTtk. BMNAEFEAREMAR, EFHENBTAERARMR, S5EIERKN A< UT/NKET
Fono BABRALFEF Biosys-2 HIFALHE, BAZHEURMNEEMALE (P). FNEEFHE (4),
FHMENEGE (H,) MREREXRER (H,), BESRAAMAT LY RESITHE (UPGMA). B
Wright KIZs A HERBE LR F LIEBRE—BE () XEEREBHR Kb, Nei (1977) X Wright i
F- Gt BT T, B Nei WEBESMLERR Cor = Fsr, BEIHTRETESREPLT (1996) HFTE,

£1 BEKRMAARRKLE. EREHHERENDSNE
Table 1 The enzyme systems and electrophoretic data

MAKEFF ®E AL FEAZ  NAHE
BEPEBERRAF Acid phosphatase ACP E.C.3.1.3.2 #3 2
KA E M Aspartate aminotransferase AAT E.C.2.6.1.1 #1 2
BRI B M 5 198§ Phosphoglucoisomerase PGI E.C.5.3.1.9 #2 2
¥ BN S A8 Malate dehydrogenase MDH E.C.1.1.1.40 #1 1
HEER (Bh%F) Catalase CAT E.C.1.11.1.6 #1 1
BE S AL Y8 Superoxide dismutase SOD E.C.1.15.1.1 #1 3
BRI HIRE 1.0 L3 B8 NADH-Diphorase DIA E.C.1.6.2.2 #2 1
ST RE AR AAE Isocitrate dehydrogenase IDH E.C.1.1.1.42 #2 1
6% B 3 % V5 1% EUAF 6-Phosphogluconate dehydrogenase PGD E.C.1.11.1.44 #1 1
T EALYIES Peroxidase PER E.C.1.11.1.7 #3 2
E5%3 Esterase EST E.C.3.1.1- #1 3

TE: #1 Soltis et al (1983), #2 AEH{= (1996), #3 K Soliis et al (1983),

2 #R

X} AAT. AMP. EST. CAT. DIA. SKD. IDH., MDH. ME. SOD. ACP. PER, PGI.
PGD % 10 ZFPEFHAT T LKL, & AMP. SKD. ME R ALF, AETIH. Pgi-1.
Pgi-2, Pgd-1. Mdh-1. Idh-1 285, HRMBMERIAEZENE, BRKIEFSLE
1, HR2AR, EBMAEIHR PE28.6~47.6 2, HETHEMOE O, Shhie
A H,=0.177-0.308 B FHMILAE H =0.115-0.192, EENFEEERE. &

2 FABRBYHBRETESR
Table 2 Genetic variability at 21 loci in all populations

FEH¥ Population N A P H, H,
1. WEIXI 77 18.3 1.5 42.9 .308 192
2. ZHAOTONG W@ 15.7 1.6 47.6 .289 194
3. BAOXING EX 18.3 1.6 47.6 .308 .208
4. WUFENG g 19.2 1.3 28.6 177 115
5. var. species  EFKF 71.5 1.8 52.4 272 .216

E: NPHEMIAMEAR, A PHSCERN, PESMUSASR,. H WBRGE, H EHRREE
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Fig. 1 Allozyme banding pattems of Davidia involucrata var. wlmoriniana

£3 ERENRE—HENBEES SN HEBA=1.3-1.6, BIE—BF I TFRE

o e o e s e BHRBCLS MMM, [ IR 1, 7
Above dif;nnal.: I\Zi (1978) unhliasedg;el:let::ldiinmnti; JERHEAR. 1=0.904 -0.987 (K 3), 5 Got-
Population —— 5 5 lieb & Higgins (1977) MM PIBRIL —BUEA Y,
1. WEIXI BTG eex 0058 .101 037 ENMNESHENBRE—HE 1=0.987&E, HK
- ZHAOTONG W@ 943 =ooex 013 069  SHMAdLHIG 5 ARG4ETE 0.964, F H4ETH 538
o T 0.1, RRMATSEEREN BT M
VSR AE R — BB, VLA FE B A A9 AR L

HEHIEN BATIAHFAEL, F-FIHER: IEMANEYNE Fs= -0.5680, Fg =

0.1928, F,= -0.2657, A TRBHRE, ~AEFIE,

:hb)N
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3 itit
3.1 BEfEEHH

BRI BB AL AR 47.6% , 20 41.7% (JBEEKFEHFE51E),
BN AIEEEMN AT 28.6%, B THAMNEESHE, RTKFAFTHYHEZ M
(50%) FIXNBERZHIDIRN (49.7%). LPRAERE (H,) F£0.308~0.177 Z[E (E2), &
ST, BTHRANZEE (H) 0.1029 (F4) CGEEERS, 2000), 248 H, 6EF
B B E R A M EEREMBSEE, Nei (1973) HIBEHRARESHEIEE 2
A EIRRRIEH RN SN EREEREESEHERFAERKNES, A EHTHRS
B H, HiEm TARAMOBIHAEE (0.063) (R4HH H,), XEIEFRRIDEMHILHEKB%E
SHAERFARPERR, HREAEISIHENERNRE SR TARMIL g,

F4 TEABEPNBEERNEHSILER
Table 4 Genetic diversity and populations differentiation of different plants

MR P, P, H, H, Gor
Vg3V
KFEEFELEAAR 110 - 131 0.617 0.500 0.177 0.149 0.076
agiikieNs |
LET R 2-115 0.400 0.263 0.09% 0.063 0.248
EHFRG
BX (1) 60— 85 0.400 0.292 0.120 0.090 0.216
B3 () 124-172 0.501 0.359 0.167 0.124 0.216
B () 102 - 134 0.661 0.497 0.162 0.148 0.099
FTrEuE
Eibs) 161 - 199 0.457 0.298 0.136 0.101 0.277
AL 105 — 121 0.554 0.429 0.144 0.123 0.143
SEot-EtiE 1 0.524 0.4168 0.216 0.177 0.1928
Brid) 1 0.1231 0.1029 0.1640
. P, H RRYMKENBEMNAGAN, P, H IBESHAAGABREBBRKE, GorEHAMERER (= F),

RPEEAEN B Hanrick FI Godt (1990), HHRMBEER B ZHERSE (2000)

BB =L MY, SESHEHERTEEERERFHYINERSHY, X5
TERSEATRFRERR, KX EMIItE X (BMHE) (B, 1994), THEX
ARVLHIRERA EHEERAREBNBRESENEKE, MKBESL ( Ophiopogon xylorrhi-
zus) . HWOFWE (Adenophora potaninii) (LIRS, 1999) FHBLEHBREER, LHEH
H7b%5 (A=2.89, P=0.833, H =0.244) EitE T HEEBAR#EE SR KFE, i)
A MU RERA R R KRG SR E., BMBHEYHSBHEFATLERES
i, FIRESAEEEARXER (Nevo %, 1988), KA BE SRR ER T —BEEEY
B, BXBMWEREFNEEFREAETEHSHBRESEH, MM BERSIMERE, &
Ry Y B R — R,

BERG, M FREMBREMUNEERE, BHANREREEH, fFFEHE
BEREEN, B Fr. FooREREEN T REERMERENTEBOBEEHELR, F
BE-15+12Z08, REEIERERAME, di5EdE, FREREKT O, Fy= -
0.5680, RHAZEREHARERE, EERENLURT I E. FoullFEKRTIEBER M SILRE
BE, JeM IR REAAHBRELE F;=0.1928 (= HEMLES 6,), & THEEHM
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i G, =0.1640, EFHREFMER LR 0.248 (K 4), EESMRPDNTIKEES
R F RIS 0.277, BT —REORUREREY 0.143, LB EBL, BRA 19.28% K815
TR LTSRN, BETRIEREERBEN, RHEMRRKXEER TN, FE&E
BEN 5 FREZH, FBRAENSREMEB/N, HERXFERHFXEENNETREBRM
53z, @SR T RERSEMEEER, SEEZREBURBERERAF,

3.2 4AHERY

BHRME R —EFR RO A EDRE, SA8Es, HEALHBHEEEIE, B/ &k
R (ZEERE, 2000), fEEPIL, JRAXMHEMN S . WIS EEMRAEE LI
EET WA HEE, £ HAELHHERETAFLGRIHHSZRARFENILA (Minou &
Tadashi, 1997; RiR4E%, 1979), BEZAEILERATILH G FHMZE PR AT FHHIE
HHAHIKBE Amersina (Steven, 1999), FHEATEHLSE Bt AT AE7E AL 2R i s 45 B b XOR
. BUEHLEE A A XAUR PR H BT R R EB T Lhsth, 4370 XEREOR 48/ TR E
(E2); NENEESEE, AN BEAESHEERS, B RNaERERREMEHEM
Sy A X4/ N R, RSN E R MR T . [RKAEIL . RSB Nk, ARK
THh%ES, ATRERESBEI X/ N EERAE,

B RREST (E3) RARERESEEREE, EEdL (40) WERH
S5EMEXSIFANERNREERERT, M TFRESHEEP.OCARMDZ KB gD
FHME TERENBEER., AR 2EH, KEERRNRRIEIS > 4 > 7%, @il
Fh FIEBEA FE S (6] _E SN AN HLEL, PTHERT BRI MR ER . B M,
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Fig. 2 Distribution of Davidia and possible dispersal direction
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Fig. 3 Cluster analysis of Davidia involucrata var. vimoriniana
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LREPERS, UK S X FIARNE K 4 AT AR R BT SR 8 5 B REMEARFE UL, LI
FLWE 58S SR PE RS, TUI T LA 2 M BT s F B 2 by L)1 | 5 S AL M B S0 . S
FARE MR 4 I TR R BT (B 2). BB R HE 80 T HO 3 X B S5 S A i
(RAFEHABEMIK ) SEBR AT BE R e R e e NS MU 42 vk, Yert B AR 2 IF o BeE FF ;
8 ZEAE MR A 2R 7 T 000 B 2= 75 P 1 B0 2 7 LA % W T U T B R 7E UK 9 e B
IR 5 ST RS A5 38 TR RN B

i AREMFBRIGIE R BB TR, FEEIIR ARHR R LR
(& % x W)

HITA, K30, |FES, 199. FEHEPRNUESRPEYEP (M]. JUR: BEEdifRit, 147148

BE, 199, RIIMAEYHEAYEHRRT (M) sy, R REUKEHMEE, 153—159

FKIEE, 1992, BIERFBEHRBIAFR (M]. TEDHIEHMHERLAR, . Mltikt, 31—35

Fairbothers DE, Johnson M, 1963. Compative serological studies within the genera: Cormus Davidia and Nyssa [M]. In: Meetings

of the Botanical Society of America , Universtity of Massachusetts
Fritsch P, 1996. Isozyme analysis of intercontinental, disjuncts within Styrax (Styracaceae): Implications for the Madrean-Tethyan hy-
pothesis [J]. American Journal of Botany, 83 (3): 342—355

Gottlieb LD, Higgins RC, 1977. Eletrophoretic evidence and plant systematics [J]. Ann Missouri Bot Gard, 64: 161—180

Hamrick JL, Godt MJ, 1990. Allozyme diversity in plant species [M]. In: Brown AHD, Clegg MT, Kahler AL, et al. (eds):
Plant Population Genetics, Breedings, and Genetic Resources. Sunderland, Mass: Sinauer: 43—=63

Hamrick JL, Godt MJ, Sherman-Broyles SL, 1992. Factors influencing levels of genetic diversity in woody plant spcies [M]. In Ad-
ams WT, Strauss SH, Copes DL and Griffin AR, eds, Population Genetics of Forest Trees, Kluwer Academic, Dordrecht, pp,
95—24

Harmrick JL, Linhart YB, Mitton JB, 1979. Relationships between life history characteristics and electrophoretically detactable genetic
variation in plants [J]. Annual Rev Ecol Syst, 10: 173—200

Hu YM (#—H3), 1986. Primary studies on the introduction of Davida [M]. Science and Technology Sila Anhui (LA MLF}
#), 3: 57

Huang JS (H&4), JangL (£F), Gan XH (HHJ#), e al, 1996. Intranuclear inclusions in leaf mesophyll cells of Davidia
involucrata [J]. Acta Bot Sin (FH¥I%4R), 38 (6): 495—496

Kamelna OP, Shevchnkol SV, 1968. On the embryology of Davidia involucrata [J]. Bot Zh. (Leningr), 73 (2): 203—213



http://www.cqvip.com

D000 http://www.cqui

62 = B H Y B K 25 %

Kieiman R, Spencer GF, 1982. Search for new industrial oils [1]. Jamoil Chem Soc, §9 (1): 29—38
Konmad B, 2001. Evolution and genetic analysis of populations: 1950 —2000 [J]. Taxor, 50 (1): 7—4l
Li HL, 1954. Davidia as the type of a new family Davidiaceae [J]. Loydia ( Cincinnati), 17 (4): 329—351
Li JQ (Z=EIR), Zhang MH (FKE4E), Huang HW (HE L), etal, 2000. On the allozymic loci variationof Davidia involucra-
ta [1]1. J Wuhan Bot Res (IRIVEYIEBIE), 18 (3): 247—249
Li RJ (Z=H&HB), Chong SY (M ME). Cytological study on five rare species in China [J]. J Wuhan Bot Res (BRI YIEBF
R), 7 (3): 217219
Loveless MD, Hamrick JL, 1984. Ecological determinants of genetic structure in plant population [J]. Annual Rev Ecol Syst Ins,
166: 1—25
Markkgraf F, 1963. Die phylogenecsche Stellung der Davidia [J]. Ber Deut Bot Ges (Sondemum), 76: 63—69
Minoru T, Tadashi H, 1997. Fossil endocarp of Dawidia from the early Pleistocene sediments of the Tokai Group in Gifuprefecture,
cenral Japan [J]. Bulletin of the Osaka Museum of Natural History, 5113—23
Murphy RW, Sites JW, Buth IG, eral, 1990. Isozyme Electrophoresis. In Hillis D. M. & Moritz C (eds. ) Molecular Systematic
Part 1. Molecular Techniques, 4. Proteins 1 [M]. Sinauer Sssociates, Inc. Publishers. Sunderland, Massachusetts, U. S.
A, 45—126
Murrell, Iack E, 1993. Phylogenetic relationships in Cornus [J]. Syst Bot, 18 (3): 469—495
Nei M, 1973. Analysis of genetic diversity in subdivided populations [J]. Proc Natl Acad Sei USA, 70 (3): 3321—3323
Nei M, 1977. F-statics and analysis of gene diversity in subdivided populations, Ann Human Genet, 41: 225—233
Nei M, 1978. Estiamation of average heterozygosity and genetic distance from a number of individuals [J]. Genetics, 89: 583—590
Nevo E, Beiles A, Krugman T, 1988. Natural selection of allozyme polymorphisms: a microgeographic differentiation, by edaphic,
topographical, and temporal factors in wild emer wheat (Triticium dicoccoides), Theore and Appl Genet, 76737—152
Randall JB, 1992. Allozyme variation, genecology, and phytogeography of Antennaria arcuata (Asteraceae), a rare species from the
great basin and red desert with small disjunct population [J]. Am J Bot, 79 (8): 872—88l
Rast D, 1968. Hyperosid das Hanpflavonloglykosid Von Davidia involucrata Brailla [J]. Planta, 80 (2): 154—158
Schurmann P, Villiger W, 1967. Veranderaxgen des chlorophlgehaltes under Chloroplasten feinstructure in den Hochblattem Von Da-
vidia involucrata Bailla [J]. Plonta, 76 (4): 335—347
Soltis DE, Haufler CH, Danow DC, et al, 1983. Starch gel electrophoresis of fems: a compilation of grinding buffers, gel and elec-
trode buffers, and staining schedules [J]. American Fem Jounal, 73: 9—27
Steven RM, Crane PR, Golovneva, 1999. An Extinct Genus with Affinities to Extant Davidia and Camptotheca ( Comales) from the
Paleocene of North America and Easten Asia [J]. Int J Plant Sei, 160 (1): 188—207
Tao JC (BI& )1}, Zong SX (5Eit¥®), Yang ZB (&), 1986. The Geography distribution and introduction of Davidia in-
volucrata [1]. Journal of Zhejiang Forestry College (HTTLAKEBEBER), 3 (1): 25—33
Wang XP (E#RIE), Li TQ (ZERH), Zhang TX (IKFKR), 1995. Bioecological characteristics and cultivation of the dove tree
in China [J]. Guihaia (J"PIEYI), 15 (4): 347353
Wang ZR (FH12), 1996. Plant allozyme analysis [M]. Beijing: Science Press
Wu JE, Shong H, Wang JC, et al, 2001. Allozyme variation and the genetic structure of populations of trochodendron aralioides, A
Monotypic and Narrow Geographic Genus [J]. J Plant Res, 114: 45—57
Xiang GQ (FJEEB¥), 1989. Study on chemical components of Davidia involucrate Ball. native to China [J]. Acta Bot Sin (AH#Y)
), 31 (7): 540—543
Yang YQ (#V8i), 1982. The breeding from seed of Davidia [J]. Science and Technology Silva Bullein (FRVFIEHiEM), 3:
5—7
Ying IS (Bif84), Ma CG (ZTI), Zhang 7S (FKFEM), 1979. The vegative and flora of west of Hubei [J]. Acta Phytotax
Sin (PR ER), 17 (3): 41—60
Zhang QH (JKi%¥5), 1981. Cutting propagation of Davidia [J]. Science and Technology Sila Bullein (HhMvFH @), 1:
2—3



http://www.cqvip.com

