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Allozyme Analysis of Nouelia insignis and Its Significance
on Biogeography and Conservation Biology

PENG Yu-Lan, HU Yun-Qian, SUN Hang™
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Abstract: Allozyme analysis of Noulia insignis, which is a rare species and monotypic genus endemic to
southwestern China, was carried out with 149 individuals in 10 populations, throughout the entire distribu-
tion of the species by means of horizontal starch gel electrophoresis technique. Eleven enzyme systems and
16 loci are studied. The results showed that genetic diversity was relatively high in population level as an en-
demic species (A=1.1-1.4, P=6.3% -43.8%, H, =0.063-0.250, H, =0.043-0.194). And
at species level it was higher (A =1.6, P=37.5%, H, =0.143, H, =0.141). Genetic identity be-
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tween populations ranges from 0.902 to 1.000. Fg (0.2395) indicates genetic differentiation among popu-
lations is high. The genetic diversity of Biyunsi population of Nanpan River valley, SC Yunnan is lower than
that of Jinsha River valley N & NW Yunnan. Ecological factors especially humidity may be one reason that
restrict the distribution of Nouelia and influence its genetic differentiation. Nouelia was probably a descen-
dant from Gondwana, it was differentiated from diploid ancestor after Tethys retreat in Jinsha ( Yangtze) Riv-
er Valley, only a few scattered population dispersal to Nanpan River (SC Yunnan). But it could not further
expand the distribution area for some restrictive ecological factors such as humidity. The results also showed
that genetic diversity of Nouelia insignis as a whole is high. Furthenmore, the results suggested that the
populations of Jinshan ( Yangtze) River, which have higher genetic diversity, should be further protected.
Key words: Nouelia; Allozyme; Biogeography; Conservation biology

Wi A (Nouelia insignis) RZEHFHEMBEMY, NAH TE&WILRIE K/ HE,
WigAR/NTARB KA, HHEEGEAET, HHREET, Af. B AKERE, K
mWABRA=/AE, K/NEER 71.8 x48 pm, FMBER/NHPRSUH (NBEMKER,
1994); FefafkRy 2n =54, EEHEELEERELKANHD x=9, BHEMIAEER (ZE2Z
%, 2002), —NMEHREEEBOE T RISEC NP AARERNEBEE, EREMRER
EOL T ER O] FIfE AR (—ERakH) KNI EE, B RRAEKER /IR &R T
Al B, EWEARBYT, n=27=x, FTUZEMRZE EE, TG EEEHK
YER AT S A R R R B AR IR, A TFUEIE, WEAEAETFTFRASHEK
HIZARMRT . B, AREEWH; BIRETE 1600~2200m 0], h TEEBERLS BN
oL, XERAHSPILEAEATLRBEFANRME, 248 (1979). ZE (1995). RE
TIANZEMBL (1986) FAER XMNHEY X RHBEITSF, WREZE, Ry g
ERROFRME, H B8 E NSRBI TR R s SRR

FArRES T BRTE T 12 89 Bk VRA4 /L 0 5 BE R AR BE P st 5 S8 (Hamrick and
Godt, 1989), TERBHBAEYFAMAEYHBEEE T MAAR T W EE T EE/EMA (Gottlieb and
Higgins, 1977; B0, 1994), TR FMNMIWELEYHBEFEPEE KM HE D, —
SR MIBFFR AN Fritsch (1996), Randall (1992), Crawford 2 (2001) ¥ B7R T %8417
RIALRPEYE. MREDEREYIREMRNEETFER, FHRSETMRERE S
AR BEMEEEARN SRS, —FEENRITIY R RSN TR, AR
HE Y RIS KEE, 55— B A HER X IR B4 BT R B RN 6 TEHE .

1 #MHEFHZE

RRAEREVLEREE IR, MEBREIMEEE 20 m BA L, VB A ATEE R =EEADE K& )18 E% 10
AN BBEBUS SRS AR 2 Y 149 BRMA, Bk A RFE 1, HpBAMRELE 1, EEkkE, hTFAN
WRFEH, (UBRESEME, BRI THERSERVHAYIIAYE, SiEFEETHEN2KRE
BIHEYBT R ATin A (KUN), BSMRROIRER : B ER H, IR E rhi Tris-HA (pH 7.5), TEHE
{/PUTE, RS TFERRMK, B EREk. Bk RAKEUA ERERBRKE. BHEY: 7.5%5
BEIEN, 4.5%V BN, 1%50EM, 3%, BREXKENMERRELE 2. E4CKAS. /300K
ZARAERIK 4.5h, BRI, Bk, DA S, SUREMRESEER( (196) KHFE, KB
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AbTE R Biosys-2 SK{FALER . BIEZHEPELL Nei (1978) ZALIARLE (P). FAEAVFHH (4), FHPE
A (H) FMREBEE (H,) KRR, BEASHTRARNTILEH T SHE (UPGMA). FH Wright
(1978) WIZREHEEEZRBELE F; (5 Nei 9 G X)) LUIRRE—BUE (D) RERFEREINIML,
£1 LBAHEER
Table 1 ~Sampling localities

L T e e g e e p =

F= b, locality ¥4 /m altitude A3 number FEIEAR A voucher
1 JCHEBUL Liangshan, Yuanmou 1977 8 X2 270
it 2 ) fEBkK Hutimoxia, Zhongdian 1988 5 EE 311
3 P45 {EEHb Pingdi, Panzhihua 1770 10 EE2 316
> 4 K =% Sanchahe, Dayao 1540 22 EEX 292
5 4BPEH B Shilongba, Huaping 1130 20 EEX 297
| 6 K MEAAIE Songping, Yongsheng 1572 21 EEZ 29
{ 7 KL Beiya, Heqing 1988 11 ®EX 312
8 KIKILIE Jiangdi, Dayao 1540 18 ¥E2L 22
| 9 KA ¥ Shiyang, Dayao 1684 12 TEZ 291
s 10 YL ¥ =¥ Biyunsi, Jiangchuan 1988 22 ¥E2 367
3
5 98° 100" 102" 104" 106"
3 C
3

R 1:1 000 000 MYANM,
040 80 1204 YANMAR
ST ———

98° 100° 102° 104° 106°

H1 PEARKRIES R RER I (FBEIMEH)
Fig. 1 Dispersal direction and distribution of Nouelia (according to allozyme data)
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Table 2 Buffer system

Ik h I electrode buffer
#1

BERCZ MK gel buffer
0.5 mol/L Tris, 0.2 mol/L boric acid, 0.008 mol/L EDTA, pH 6.5, H,0 1000 ml 250 ml eletrode buffer, H,O 750 ml

#2 0.04 mol/L cirtic acid, N -(3-aminopropyl )-morpholine adjust pH 6.0, H,0 1000 ml  electrode buffer: H,0=1:19

Buffer system # 1, EH{= (1996) # 10 RYBUEH; Buffer system #2, FH{= (1996) # 12 R

F3 mEkFRNNRESG. BREMERENECAME
Table 3 The enzyme system and electrophoresis data and loci number

MRELRK #wE KU 2 L E Y PLA¥E
Enzyme system Abbreviation EC no. Buffer system Loci number
REAE NI E M Aspanateaminotransferase AAT 2.6.1.1 #1 1
W2 RS Phosphoglucoisomerase PGI 5.3.1.9 #2 2

S ILAKAS Aminopeptidase AMP 3.4.11.1 #1 1

¥ RMB SR Malate dehydrogenase MDH 1.1.1.37 #2 2
SEELAREE Malic enzyme ME 1.1.1.40 #1 1
TSRS Catalase CAT 1.11.1.6 #1 1
I A AL YEE Superoxide dismutase SOD 1.15.1.1 #1 1
RPN H BF Shikimate dehydrogenase SKD 1.1.1.25 #2 1
BRI SR Isocitrate dehydrogenase IDH 1.1.1.42 #2 1

6 - BEPRT % PEE EF Phosphogluconatedehydrogenase PGD 1.1.1.44 #2 3
PSPPI F I Triose-phosphate isomerase TPI 5.3.1.1 #1 2

2 HERS

ZBBEP Ainslicea (Watanabe %5, 1992) 1 Antennaria (Randall, 1992) %7 K4 HF
FRIESWIEN BN EET . BHXEERE 2, EHRSFLLAS, Amp-1,
Skd-1, Idh-1, Pgi-2, Sod-2, Sod-3 NI, Aa-1, Tpi-1, Tpi-2, Sod-1, Car-1,
Pgd-1, Pgd-2, Mdh-1, Mdh-2 HEENE., Aa-2 REW, A FUST. &AM
EEHEHNERRR 4, 85 —BUE GREEME) SHBIEERERERLE S,

Tpi-2
Tpi-1

Mdh-2

Mdh-1

2 HEAK 4 RS RS Rk E MR AR R
Fig. 2 Zymograms of four enzyme systems of Nouelia and genetic explanation
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R4 TMEANBREESR
Table 4 Genetic variability at 17 loci in all populations

- . - e
el g S O o, TR by I p——— g Y L4

R N A P H, H,
1. &Ll Liangshan 8 1.4 37.5 0.211 0.153
2. Rk Hutiaoxia 5 1.4 37.5 0.250 0.194
3. b Pingdi 10 1.4 43.8 0.187 0.141
4. =%;7 Sanchahe 2 1.3 25.0 0.102 0.080
5. faHE3L Shilongba 20 1.4 25.0 0.150 0.137
6. FAPE Songping 21 1.4 31.3 0.152 0.120
7. AL Beiya 11 1.4 25.0 0.244 0.184
8. 7LJiE Jiangdi 18 1.2 18.8 0.115 0.073
4 9. F1 3% Shiyang 12 1.4 31.3 0.156 0.137
10. 3 =57 Biyunsi 21 1.2 6.3 0.063 0.043
] PFh Species 149 1.6 37.5 0.143 0.141
: N A, A FHEMIaSMERER, P ESMALE (0.95), HERESE, HIEEGHE

x5 RfERGMETRERE R IERE
Table 5 Matrix of genetic similarity and distance coefficients

Pmiap

P 1 2 3 4 5 6 7 8 9 10
1 xxxxx .007 .000 .023 .048 .056 .000 .018 .017 .038
2 0.993 EEEEE .034 .052 .050 .061 .000 .066 .022 .050
3 1.000 .966 * KKK K .008 .031 .037 .012 .001 .020 .049
4 .978 949 .992 KKK .023 .029 .029 .013 .013 .037
5 .953 .951 .969 977 XX XX .008 .035 .035 .04 .099
6 .946 .941 .964 972 .992 XX .039 .037 .045 .14
7 1.000 1.000 .988 971 .966 .962 XK XX .035 .013 .044
8 .982 .936 .99 .987 .965 .963 966 XX .039 .078
9 .983 978 .980 987 .976 .956 .987 962 * KKK .034
10 .963 .951 .952 .963 .906 .902 .957 925 .966 KX

Below diagonal: Nei (1978) unbiased genetic identity. Above diagonal: Nei (1978) unbiased genelic distance. P {4328 popula-
ton, RAEMFREGAB—XRIEH, RASS5F4—K

®6 FAMRN F—git RAVWGERERETRBENESSHELEIK, £
Table 6 Summary of F-statistics at all loci BAEERIE PHEB8% ~6.3% a3k, B
Locus Fi For Fr

o o0 o Tooe LREEILIBEZRF (6.3%) HRBETFYKE,
Mdh-1 - .5586 .5483 2059 EEFEVILREHNER., 2465 80F 5 WM

Mdh-2 - .6923 3250 -8 g -0.063 ~0.250, ZSEHBIEM H, =0.043 ~
Pgd-2 - 1765 1414 - 0102
Me-1 1.0000 o436 10000 0.194, ZREEMFHYHEESWEAEERKCRE
Sod-1 - 1.0000 .0000 - 1.0000

vl - 3612 osy oo THo MEEBIR/NKANEBB > JLfE > Bl > ¥

Tpi-2 .8963 .1949 o165 HWISHESABINS>MIFS>TLR>B=F. HE8E

;[b;i - ;;ig :g: - :gﬁ; BB ERNNFEERE; TR, SUERFESE

BEESEHAFERANER, DIBZFHNE

NEEFEFEREM, RF 0.063, MESMAEIBEH T BEHEIRNESOT, £UE
BILRBATL)N B T F XN ERENBRESHEERK, TSP IIRBAERENEE.

MRS TR, HWEAERF SRS BB, 7£0.902~1.000 Z M, JCHERLL
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1 SEBIEVH, At STl . BRI RE—BUE R 1, LR SEEIENRE—BUE
' 5 0.999, [Rigkik 5EEBAL T B IE—FE N 0.993, LB ZF 5K MM HEERAK
I 0.902, 5A1M, (LIRAHEPHEREIR. REER S HRBHGTEREIH (B 3), %
g —BEEAREREARIABKER, BRXE, BRALRENINBEZFES
WILHS M RE R B R —BEER, SULREABFERRE—-BEER,
.90 .92 .93 .95 . 97 .98 1.00
TR 1
Bkt 7
L— chegredtee 2
L XgkR¥ 9
[!EE%%& 3
| KEILE 8
Xgk=®m" 4
—— EEREM 5
KAEHLLE 6
IMB=F 10
%0 .'92 l f93 I .=95 ; .}97 : .:98 : 100

A3 EEEAREEEE
Fig. 3 Phenogram of genetic similarity for 10 populations

BIEHEE Fog =0.2395, R 23.95% W REER A EAEBEKE,; F R FHEN -
0.3343 (ZBH Fis RAOE), RUALFEHENFEFFRMEISE - BIAKTEE, RIERENT
BRI, HaEkBE, IHA—HHE I HANET RERM THIBKE,

3 g
3.1 BfEEE

VWHEARNPEHEWITTRTSFENESEEELR, hBeSEPieh, FEEERER
J1154# . & Hamrick %5 (1990) 4iit, ZEPFKFL, HEHEEMEEIR 0%, KF
EFEEARFTHESMNSEIEN 61.7%, ERFEAFEL, FERNESSMATSIEN
26.3%, KEZFERTHEESMEETLTEN 0%, FHAEFHERSEREN0.248, K
FEFEAREN 0.076, RAEEBMHFHHEDN 0.143, BIRFHYN 0.233, shieHmy
HYH 0.216, ZMRLEREW: AYHKFL, VWEREEMNSESE P=37.5%, M
/T Hamrick % (1990) SRR ZRMLERBE A, WRBEFEHRHESALEET S
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3 BHERFAEMRBTER/KFE, EERKEL, YIRS T =2 . (LK. kM3 MEE
s S, R TREMNESSOARESE, MERILHEBMITIIEAZSF 6.3% MEEFHA M
3 MESAEB . Fo=0.2395, £ 23.95%MBEE R R AETERKNE, HESERY
i EESMCER, TRXTFREEZFEERSAEAYHWEE SRR, XTI ERMFHHE
4 Y, BAFHY . hEB Y. Wright (1931) FEEMEEWME N, <1, EERKEGRE
BESMCHEERE; AP N, =1- F /4F;=0.79<1, AR BESILHEE
1 FHEEREARN . SEHAMNEELROSRERBEZHE, SN ERE MRS LR,
1 B THEE ERMRES, BEINIE, SWIIRESEETRBNYERR, ¥WEAESY
LRI TR, ERLRBNATFEREARR, XEREH T EMZRMERLR,
S EZEINBIE S
Crawford 5 (2001) BIREFHEFMBREESHEEEEHAERKNERP, TTES
Y HAE/NO BRI TEENORE SN AMREIRX—50; W ARESYWILHR
BABERLK, MBEL, SELHETOES; TEEATIRBNZTES2N (A1), H
L B AR, MR BRESHEERSEE, SIS EERERE, &
S, REMBETRMNEERIAEE, MAEMBER, SERERS, Hb7EXS
# HARMAEY EE AN ZEBHAY, FPEMA A SR ; XTI AT B IE ARt
i BAZHERNERNES T TRARAMEREITHRY, R T ERNEREBRES

KR, BABERNKERSFERE SRR RMHIR, X MEBER# BB IR R
¥

3.2 HMhIEEN

FWHARREWILTRAIS MRS, SYPTTRBREAM PO, BREEPL; &
[|ILHBUREH B X A%, MEBEMBEE/N,

SV SEALRBERE .. BF. SE. #HESESHFHFEEES, U
BHX HESRE 20CLA L, BREMET 750 mm, RHE LS, BRHBHTHRS
%, MEERTLHBAEREKE 1000~1100mm, 5~10 ANWZE, BEX, A5LEREK
BrI88%, 11l HBIRE 4 AN TE,; HAKESHRRT, ABWLE (BRkMK, 1998),
BRAREGUILHA TH. BEEMFHELEWE, REPSBHARNTIIRIRLE, ik
R, MTFRREER, —RAENEMTFREHE, BUFEEL R, SHSHEBRBEY
M, EEELRENNE, BEX, t"EANMTFRESE, BHE, i TEER K,
YEFERE, PEARMMBEZRRG, MFHAERERMPSER, XMHREE SRS
AIREXTBR AL R AR, SBUBBRIMNBE b, EASMELE RN, BRIEDLTRES
BE., BF., DEER. SEETF. B, REHREESEHTFEME (Nevo &, 1988),
H A S HF R BB R 3 A Y BB & bR HEZ —,

AR ERE R 7E S ] RSB AN L, FIENE BRI SESR . T
Bhh, B8R RNERNREEHEELFRNERAE, BABRCHNEMERRRE
# (Murphy %, 1990), B8R, SUWTLHREBEVEA MRS LSS PO, ERITHENE
FENBAEEEFEAA, B bIRATRT LA RS £ 7T I 59 3 B 0T 88 o & W IL sy 80T 3K .
R BT S AR R AL S L A B R R R TR KR
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BRTBEMESERS, MEHARSAERGER, RITLFETHREHEYLED
. BTV EABALRGIEE, BAIREREIGRERANMBEDS, SHERHE RN
6] B9 ZE AL SR HE IS B AT RE R AE ML SRS (B] . MR P DRI S B E, R =4
PARG, NP RSP LR BT I X R — b | g A, Bt T KB R (Glitipig)
o (FgR%E, 2000); BRMTILAEY) X AR HIE BT 15 0 B R 7E 558 = 40 LA S X — Hi X 24 B9 1E
AFHHBTEERE, RRXREERFEYSNGEPEEYX REEEEERURRR (B
fil, 2002).

KRR (1986) AV H ARG RMKER ., REDHKTREBET Ger-
bera BEWH—IAEM DM, WYERRFB Myripnois . B KB Nouelic HREFHERB. FK
R AP LETEEN, FARERNS —AEB—BEH AR Gochnatia FEH T TH
X, 57— Gochnatia decora TEENE . FH ., fif) . BELARE=HTHBHALIH (BH
W, 1996) . B ARN R S KREREN. NBHEE ELEAWHTEE: —#EF
EERRKEBEX, —SHXNHARURMETR (Medinilla) (BT, 1983). &5RKE
(Acacia) (FMBLFUERAT, 1990) 4346 X EGTE U2 BN BEAR B R I M RO R A 5 2R, 9B K
BT T 52 P RE Rl X 2Rt H R MBI R EF R B RRNERER T T
BHR, EFFE=Z2LE, HHPERA, HATRHNMPEURIPR, FDhrmsis
W RETHR AN ESUILMA —FRBANE R, HoHERRSYIINA A S —FE
KB THEAERMAM (RIS, 1988; FMIL, 2002). SVILH A THRIBEEFEBESL
Hu g T R AT AR BB AR R SR B LR, IR EE BT R

B FRG X i R MAE SRR FRRE, SULRRKEEARET XKac s
X B2 TR, Ry RAMRILTRE, EROBEHATES M. b TKER
HFEeEm, EERILRIR A S A BRI RZ D TRE, F8HE=2LkY
AREHBYT K HXEE, TERSRKXENIRR, JFRATE RS TLIE 4B
XY AR, TIPSR T X—#HiR.
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