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Genetic diversity of Alnus nepalensis in Yunnan revealed by RAPD-PCR

LI Jie', XIONG Zhi', ZHANG Cheng-gang’

(1. Resources Faculty, Southwest Forestry College, Kunming 650224, Yunnan, China; 2. Institute of
Applied Ecology, Chinese Academy of Science, Shenyang 110015, Liaoning, China)

Abstract: Alnus nepalensis is the oldest species of Betulaceae, mainly distributed in Yunnan Province, which
can fix nitrogen. The objective is to study its genetic diversity and assess its resources. In Yunnan Province 58
naturally occurring samples of A. nepalensis were collected from Laifeng, Gaoligong, Jizu, Cang, and Wuliang
Mountains. The genomic DNA of A. nepalensis was as extracted by the cetyltrimethylammonium bromide
(CTAB) method, and their DNA polymorphism was analyzed by random amplification of polymorphic DNA
(RAPD) -polymerase chain reaction (PCR) with 3 optimum primers. A total of 85 DNA bands were amplified,
and a DNA molecular UPGMA ( unweighted pair group method using arithmetic averages ) dendrogram was
established. Also, for the samples, Nei’s gene diversity and Shannon’s information index were computed by
POPGENE software Numerical Taxonomy SYStem ( NTSYS) software. Results indicated that 64 of the 85 DNA
bands (75.3% ) were polymorphic, and with the dendrogram A. nepalensis samples were placed into 6 groups
with a standard similarity coefficient of 0.68. A. nepalensis possessed abundant genetic diversity with the
highest diversity found in the Jizu Mountains. In the Wuliang Mountains genetic diversity of A. nepalensis was
richer along the southern slope than the northern. Also, a close relationship between the genetic structure of A.
nepalensis and the environment was shown with genetic diversity. [ Ch, 2 fig. 2 tab. 25 ref. ]
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JEIHIRFEAR Alnus nepalensis JZHEARFL Betulaceae 1 A& Alnus B P& IR, FEIE H S I, EH TG
VYR BT R R A YA A, IR LN AR B, 3 A MR 1000 ~3 000 m' AR
R T RO i 38 22 W IR Frankia 975 BHIYIZ —, Puiitkss, AW, nrekss 500, ekt
B, HAMM® 2, BABRERIESMETHNE" . RAJE B AR 5 R 16 1Y R
JEIRAE AP N A% e A Rl Y o IAEoke, s 3D S 3R Alnus cremastogyne (1) DNA 42
I K PCR (polymerase chain reaction ) S5 [ HEST HE4T TG, IXF 400 AE DU AS R BEAAR A FE A 35 4% 53
AT THESE . Xie 2517 XM AT ZE ARSI BFAE L 45 BILTRE AR Alnus rubra 3815454 12 B IR )4 B T
W5 Ja KB, s b R EE R S b3 A A DG . A 245 FIFH 18 ~28 S rRNA ITS (internally
transcribed spacerspacer ) FEBI M7 Xt A A SR AR M B HEALHEAT I o (EUA 56 JE 0 JR RE AR 1) 3k 1 S5 A
FEEMEAIRE . = H I R ARE R0, WO 1 B R IR R R AR AL 2R, A
R X s AL SRR HEATIEAS , T LA A S50R) K — [ 0 9 DR 4 A e A0 4k

LR

1.1 BB R A LR

SEAETCE L . XYL SRR, SRR DT LRI LAY R AR AR SR A SRR R R R R (R 1)
KM R EREER .. TG, 724 CHRAE, &

M E PR R TCE L, BEE AR A R R, TR, DU, S R e
SRR, RFARSTRAL, P, FRZED, HIRZEXR, VP8R N 18.3 T, FEKEN
1095.3 mm'™ G JE LA TFHH s B PAAGE, BT IL B ASOU, LA 3O AE - 2N 11,9 C,
HEREKEE 1 192.3 mm, TIRZGHT, SRS MOKTE AR o SRR T 25 5 P00 B
Bpg—pe ko™ o B ARSI Trigisc Aty HUARE IR X p BE, 24°407 ~28°30'N , 97°30" ~99°
00'E, 3yt m pg B B R, A7 Re 0k 10 1 B s 35 RN 2 AR A 0 A 25 1, 7ERBVK BB T AU 2R
R, IR N R o W T SR, M AR EURRE T L X sS4k, A TR S T
PO HLIX, V4R 2 200 ~4 122 m, AREREOKEEN 1846, 4 mm, AFEIE2ZER 8.4 °C, HIEHISIE 4L, f
RAME R XS A2 AR, RIS R, R B R RE S AT, A A TN S
FRIARFERNBAE ZHEE, LIRS BRI C R
1.2 WRFAE
1.2.1 »k )4 % DNA #9425 DNA BRBCR ] CTAB (-F7edh = U edl) ' o Bub it AR
RS KS, #5A 1.5 mL B0A5 0, AT 2 x CTAB 206 (2.0 g -L™'CTAB, 0. 1 mol -L~'Tris (pH
8.0), 0.02 mol -L""EDTA (pH 8.0 ), 1.4 mol -L"' NaCl, 20 g -L™'PVP )1 mL, T 65 Cl& 1 h,
BDBCTEE , AR . SRS DGR (25: 240 1 ) i 2 . A 1/10 fRFH 3 mol -L™' (i 2%
BN 2 A5 IRFRUK CBEITVE DNA . DNA PL3E FHRFR M E0N 70% SBEeE 2 ~3 W, FZB TR, i
FETE -20 C#H.

1.2.2 RAPD-PCR 43 M A W HARAT BRA W65 Y 20 ASBEHLS 1Y h, e 17 3 DY g E
FE. Z BB W51, H Operon % 5 43 %l i AG-01 ( 5'-CTACGGCTTC-3" ), AG-02 (5'-
CTGAGGTCCT-3") 1 AG-04 (5'-GGAGCGTACT-3"), PCR ¥ 34 5z i S A FL K 20 L, DNA #H 2y 10
ng, 4 mmol -L™'Mg* ", 0.2 mmol -L™" dNTP, 1 pwmol - L~"5[4#), 10 x PCR buffer 2 pL, 4.17 nkat
TagDNA RA5 T (ALt A R0 ) o 871 KN AE Biometra #3 PCR AL E#E4T, 95 CHIZEPE S min,
94 CAHE30 s, 33 CiRA 1 min, 72 CHEMH 90 s, FEH 45 K, fJate 72 CAAE(H 10 min,

1.2.3 @k BEi#E5A PCRPYM 12 g - L7 (B 5 I AL kA . i i Labworks 4. 6. 00. 0 %
WG RG], FIELAS S5 1oy F ik, IR oot Rm s ki 4 . FH NTSYSpe version 2. 11a %
P, A SM B (simple matching coefficient ) T 4 FE M MURIBEBT A, Jf FI AV RS HE A -4
#: (unweighted pair group method using arithmetic average, UPGMA ) # @t 2K HPIRE . FH POPGENE
3.2 BRI Nei's i ZREPE (b ) " 1L K Shannon i f& ZREVESESR (1) ),



18 WV MR BE R 2008 4E2 A

®1 RATHWHRAREARMER

Table 1  Leaf samples and their locations

Feo 223 . Wepgs . R/ - Wepg/ b R/ -~ W/
/m (%) m ) m )
LFS1 1700 S 8 GLGSI13 1930 NE10° 45 JZS6 2 660 NW20° 25
LFS2 1710 S 8 GLGS14 1990 NE12° 35 VAT 2 550 NW15° 20
LFS3 1 800 N 12 GLGSI15 2 050 NW20° 35 JZS8 2 620 NW18° 20
LF$4 1 850 S 20 GLGS16 1510 NW10° 20 1759 2 350 NE21° 30
LFS5 1850 NE16° 25 GLGS17 1510 NW12° 20 JZS10 2 160 NE2° 30
LFS6 1 900 NE16° 25 GLGSI18 1310 NW10° 10 JZS11 2 160 NE2° 30
LFS7 1 900 NE26° 25 GLGS19 2 020 NE12° 5 WLS1 2 240 NE12° 40
LFS8 1 900 NE26° 25 GLGS20 2010 NE7° 10 WLS2 2 190 NE27° 10
GLGS1 1 880 NW11° 25 GLGS21 2 400 NE31° 20 WLS3 2 200 S 10
GLGS2 2 010 NW14° 30 CS1 2 450 NE30° 40 WLS4 2 210 S 10
GLGS3 1580 NE19° 25 CS2 2 450 NE32° 40 WLS5 2 200 NW15° 30
GLGS4 1990 NW7° 30 CS3 2 150 NE30° 30 WLS6 2230 NE18° 40
GLGS5 1 990 NW7° 30 C4 2200 NW22° 40 WLS7 2240 NE18° 40
GLGS6 2 000 NW6° 30 CS5 2 250 NE22° 35 WLS8 2 260 NE18° 40
GLGS7 2 020 NW11° 30 CS6 1 900 NE23° 20 WLS9 2 360 S 30
GLGS8 1 890 NES° 30 JZs1 2 400 NE27° 10 WLSI10 2 400 S 30
GLGS9 1870 NE8° 30 17282 2 400 NW14° 20 WLS11 2420 S 30
GLGSI10 1870 NE8® 30 JZS3 2 400 NW19° 40 WLSI12 2 455 S 30
GLGS11 1910 NE10° 35 JZ54 2 690 NW16° 25
GLGS12 1900 NE10° 35 JZS5 2 630 NW15° 20

VEMI: LESL ~ LFS8 fUFORKULFEAL, GLCSL ~ CLGS21 AR AR TTILIAEARL, CS1 ~ CS6 fURE IIREM, JZSI ~ JZS11 AURAG L 1l kE
dh, WIS ~ WLSI2 fURTCHR IFEAh s N, S, NE, NW plfQadts . milge, dufisR . Jbdie.

2 HBREHH

2.1 FIBERKN

FIHIT e 1 3 A BEHLE % eI /RFEARFE i DNA SEA 7938, 53] 7 EE R, FoE i
PSR, BN A BOR/ME KD 100 ~2 000 bp (1) o FHIX 3 A~BEALG [ P73 8] DNA {17 5985
A, HAZBTEALE 64 4>, BIVFFAE Tk LEREM A Z 2SR 75. 30% o 1 e S P OO — B
MM, WHDR USSR AL AL P BER , X 5 R i 0 A I PR A1 LA S CHAR D TR )
Ji e Ao ot 72 DA S o
2.2 BESMW

MERIEIIHTRRIE (18 2) TR, B BOARE AL TE 60% ALK F EARSR . FHARRIE 68% 15
FUEL, (ERUAUTE LR AR 6 2. AP s IMALAUA SRR 1 NEERD , X AT BE-S R UL K
INPRSE BORRIRTEAT OG0 B TTILIAT 48% BOREN B T30 T 40, T HxX 4 b B s ilike i, Bk
FEATRE I M AR DT B PRSI RN B0t B AT B e B T L S R RO BRIE IR AT O 38 VAL
BRAEE S JZ2S2 Sh ey JCim I A RE A, TS B0 T LLRE dh A 75% B R, 3R] BE R 12 X Il A A et
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B 1 JihRAEK RAPD 4 A%
ZelEl: 510 AG-1 PR 22 5T L@ I ARKE AR RAPD $8 80813 . hiEl . 51 AG-2 ¥ 1Y i R B2 ot 1l JR TR AR AE
A RAPD $8GU 3G . A7 181 T4 AG3 J IR G 1L (1 ~4) A 11 (5 ~ 16) JEIA/RFEAR RAPD f54r &3, M. 3¢
JLHIY DNA 73 F4R1C (250 ~ 15 000 bp ) (FA:4))
Figure | RAPD fingerprint patterns of Alnus nepalensis
left; RAPD fingerprint patterns of A. nepalensis from Gaoligong Mountain with primer AG-1; medium: RAPD fingerprint patterns of A.

nepalensis from the Gaoligong Mountain with primer AG-2; right: the RAPD fingerprint patterns of the samples from the Cang Mountain (lane
1 -4 ) and from the Jizu Mountain ( Lane 5 — 16 ) with primer AG4; M wide range DNA marker (250 — 15 000 bp ) (TaKaRa Co. )

A, S VIAURALE ARG 2 I 1, X aT e S —F AL B A O, ENE B ET g 2
r, [RJ& T — KA X 35 VIZH AR 72% WARUE IR T 3 AN00 50, Hop A 2 S0l a4 A
AR, —SUHERN, XATRES 4 H /NS AE 22 A . 6 NPT IV E T AR M7 1Y
FEhh, EATA]BE A DR R A YA
2.3 RIRREAZEEZESHEMELER

Nei’s fil Shannon it {& ZFEVESS BOE HEAT i BE AL A2 R B (9 AR, ENTRTHR 4R A 245 Ja i
FESECR 520 . AR BN TSR U (32 2) WL, A3 A XS S L1 SR I AR RS A A 22 RE
AR, HOCR BRI R, SRRULERE, BlERER L 2R KRR X8 2 kb =
R T IRTA 22 1THX TR ARE BE we B R e, l ANRRK ate E AR AT e, S SEAR X 0 T S K
(9 E 7 AT B A 2 LU R PR R AT R AT B e KO 8L A S R S R T R A R R
2, HALIH], MR A B B, JBURHLCRE R 25, DL IR Z AT n] e 1 iAs e A e TH /R A
REREPE KT R IR

®2 RHREAZEHBEESHENE

Table 2 Genetic diversity of Alnus nepalensis population

JE AL LN/ % Nei’s 846 Z HEMEAREL Shannon jt {4 Z2 FEEFE £
kAL 8 67.06 0.210 9 0.324 7
[=F il 21 71.76 0.228 9 0.3489
gl 6 57.65 0.210 3 0.3220
X2 11 77.65 0.259 1 0.3929
JeH 12 71.76 0.227 6 0.347 2
it 58 75.30 0.280 0 0.4357

2.4 AREEEEBRIERSHEELER

T b AR 730 F AL SRR, X o A e T ik LA [R] 3 1] 614 JE YA R RS A A% AR R 20 HT &
B, JEBE6 RN TR 2 4, Nei’s 3% 2 HEPE R BOR Shannon 5t 2 Z24F Pk 45 %001 o 0. 198 4 Al
0.303 1; WG 6 LA TR 3 4, AR50 0.216 7 F10.325 4, RIS, A fe it 1l
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Figure 2 UPGMA Dendrogram based on simple matching coefficient derived from RAPD-PCR fingerprint patterns of Alnus nepalensis

o

RSB INURREAGR G R 5 . SRR RIS SRR K P02 5, FE— TR L8 % 1 R TR B I
FIRNG R R R 2 AEAE R
3 3tib

AR R IR AR 1 KA 2B B IR ), 38 B RO O R R ok,
BTRZMEE, TR T BB IR, B, REA R R A T Bl SR B
IRFEA R R JE AR, B TSR (0 R FS RO (K B 5, L 25 T Bl e D O BLAE 1 0 A
LGP I, ATE SRR IURFEAR R T B M i 2R . REORJR UL KT DNA 25 5
TR RIFR B AL, BT, B

[ Py S SRS AR B R OB TR, R[] B PR R 1 4015 5 PR K A 5 B I 6 3107 L Ak
SO R SR AR R AT T 40T, Bk A T SR e T 25 T JR I AR KA A 38 5 22 R KO R A 1
B T RISITR I, AN KR U (AR s SPAR LB SO 0 Bt R B, 45 X iy
AR ] 3 7 R B S /N TS R KA VA 28 SRR . 3 e 25 S (O B DR T JR I R A A
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KM P BB TR TS5 SUIEAT IO, T A A R A ASE P 0K, B A
XS AR R DL ZOCTE X G o I JETA R R RV S . B S5 0 TR, A it
55 HAAPE IS IERDC S

Benson 25 AP BTN K R 2 P G Frankia 515 EAEY 0L 1 E — B IR, WG & 1E
S P 22 S B 50 R TSI TR0 T A R 0 T2 WA SR XA
X SO 4 XL A 3 (AT THRI . S D A R A
K
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