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Diversity analysis with RAPD for natural and
breeding populations of Larix gmelinii
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Abstract: Random amplified polymorphic DNA (RAPD) markers associated with phenotypic characteristics
were used to analyze the genetic variation of 270 individual samples from six natural populations of Larix
gmelinii (Wuyiling, Ganhe, Kuduer, Nenjiang, Moerdaoga, and Aershan). From 450 primers, 23 clear RAPD
primers were selected as their amplified bands with high polymorphism. The analysis included the gene diversi
ty index, Shannon’s diversity index (SI), Nei's gene diversity index, a cluster analysis, and a correlation anal-
ysis. Results showed 182 loci among a total of 186 were polymorphic or a percentage of polymorphism (PPB)
of 97.9% having a range of 87.109%-94.09%. The gene diversity index was 0.374 3, and the genetic diversity
within populations was 0.051 7 indicating that genetic variation was mainly within the population (86.19%). Mean
SI was 0.482 1, and the mean for Nei's index was 0.322 6. The cluster analysis revealed six populations di-
vided into three groups (the Xiaoxing’an Mountain Range, northwest of the Daxing’an Mountain Range, and
south of the Daxing’an Mountain Range) with a genetic distance of 0.09. Genetic distance was significantly

and positively correlated with geographical distance (P<<0.05, r=0.768). Growth traits of the four L. gmelinii
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populations were 10.25%-20.78% for height, 14.93%-28.37% for diameter, and 35.03%-74.36% for volume
coefficients of variation. Compared with the genetic variation of breeding populations, in natural populations
PPB was 5.32% greater, mean of effective alleles numbered 1.13% greater, Nei's index was 4.94% greater,
SI was 5.68% greater, and the populations’ total genetic variation 8.78% greater. [Ch, 3 fig. 6 tab. 10 ref. ]
Key words: forest tree breeding; Larix gmelinii; natural population; breeding population; RAPD; growth

traits; genetic diversity

MM Larix gmelinii 76 [ ARIUHL X0 i) 3z, BB U E WD REvE RROE Pk, Bl s TR L 52
B, et e T X R B AR AT R AR A 5 A 2 R T LSRR A B ), Xl PR B O
PR Pl S A9 1 E A T S BN SRR AL T R A DR PR D B SR AS ) W SR A, R R
TEVR IR o BE AT PPt R O U0 R BRI, (FUR BRI A RLBEAL /], gt AR Sy, Ak R T i
DL TR N T PR A 38 12 25 R MRA IR A% O R SR, T 70 SR 6 VR MRS RE A Y 78 S U RIBILRL , 4 RE
KA IBALTE Sy, i S BT FE AL S LR E . HAT, BEYLYTHE 2251k DNA(RAPD) 7> FARicE &)
N T IE AN Laric 13848 ZRE0E | SR S5 H G AL K1 IO TE oh R D% 22 9 I A SR AR 4 15 7 b
FEUR Y 33t A5 Z REPE Sy M 7 TRGE /0 . ARG R RAPD 25 & SR AU MEARIF 58 24 274 s AR TR A4 11 33 4%
ZREME, RV TE M MESEAFER TN T AT AR AR, SRR A IEARAE ™ | BIFE . 28X
Mo A EE MR R, MR R BTIAGRAT . IR . PR AT R A P AR

1 KBRS T *

1.1 e

FEATEAIR IR AR B R B S e 5 T BT b et L RN LR . HRTIRTL . B RKGE IEORF- |
BT 7R IR AF 6 A 2422 P8 WHAR R ARBEMA, RAERER PR AL S 5 A ISR 1o A RERBCE 3 D/ME
TR, /NIRRT 3 km, SA/NEERBEPLR LS AREA, L3 270 REAS . A6 Al 2 B0 2% %%
WAR 5 80%LL L, #iY S 40~60 a, ARI;EEHEE DN 400 Bk -hm, SRACGAEA AL TAMOE EIR MO, 24
oo b, BT ORI U AE-80 CORA P ERAT, LA SRIBGE R DNA . 3 ARSI A1 R R I T 2R
JEVLAE bR B bR (9 %2 5 i RA T ME RCER X, 49 IXFI 53 X 1985 4R i, He i3 il ok B /R
iy EERR . BOURIENS | BT S | HAE 6 N RAREEIA, AR 1S AN TEtE R, PRISCERTS |,

=1 REREHHTR

Table 1 Profiles of sampling population

I FEAEL 251 N/(°) 20 E/(°) WK /m SRR /C AH XSV /%
EERENLS 45 48.67 129.42 300.0 -0.94 72.6
JEHER IR 45 49.78 121.88 820.0 -4.00 67.0
. 45 50.45 125.20 230.0 -2.20 69.0
H-r 45 50.58 123.22 490.7 -2.50 68.0
B R 1 45 51.25 120.58 900.0 —4.50 70.0
BT 2R 1 45 47.17 119.95 1 026.5 -3.30 70.0

1.2 RKWAHE

1.2.1 DNA #93AA R 5 R A [0 7, 2 R gt i rp 4R IR DNA, FBE I L IK
e 5 HMBCI: HEAT DNA TG S (9 6 0

1.22 5148 dkik  RAPD 5190 F LA T AW TR RS A RAF . 155 450 4 RAPD 5|4
B O et 150 Z53 i i . 225 R sy, B0, Jrik WOCHR[4], AT By RE .
VSR . 2R 23 5T 4 i DNA AR R AP I8 (3R 2) .

1.2.3 PCR # 3 RAPD-PCR(FfHLY" 1 £ A1 DNA-BB & B4k 2 52 i ) 7 14 78 System 9700(Gene Amp) 4™
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*2 23% RAPD3|#F 7
Table 2 23 RAPD primer sequences

BIE B2 Jp3) 5'—3' 519 %4 Bk 741 5'—3' GIE B2 Jp3) 5'—3'
5228 GGACGGCGTT S511 GTAGCCGTCT 52152 TCGCCTTGTC
5320 CCCAGCTAGA 5282 CATCGCCGCA 52141 CCGACTCTGG
5369 CCCTACCGAC OPN-01 CTGACGTTGG 52156 CTGCGGGTTC
S477 TGACCCGCCT OPD-06 CTCACGTTGG S1135 TGATGCCGCT
5362 GTGTCCGCAA S1377 CACGCAGATG S1361 TCGGATCCGT
S222 AGTCACTCCC S1379 ACACTCTCGG OPA-15 TTCCGAACCC
5407 CCGTCACTCA S1371 TCCAGCGCGT OPD-15 CTCACGTTGG
S418 CACCATCCGT S1500 CTCCGCACAG

WAL EE AT, R A T SR ) RAPD-PCR [ BiAR £ o Zend e A AL iff i e 19 RAPD 47 14
B, Bl 94 CZzE 3 min, SR)G AT FHIERR: 94 CAEtE 60 s, 38.5 CiBk 60 s, 72 CHEM 1.5 min, Ik
40 MEH . PEIREE ARG, 72 CHEM 7 min, DIRIEAEMBIE, 2K RM PCR P 1 =4 GelRed (BI-
OTIUM, USA)Zett,, i FHBUIRHESER (Bt 704 15.0 g-kg, 1 x TAE ZEnig ) #EATHIK 7385 (130 V, 1 h),
SHNET UVP BEEG R GEME I 15

124 Fa eyt 8ok IKENE i — 205 20 iR ER T 51 S AR DNA RN — X 25 5 07 45,
AE R —AN g FhRic, AR 2w o X BN P W FE I b X R B, AT R R R RN,
AWHICH 1, T ich 0o Frfsah oy oo i bE , FIH Popgene 32 B AR E 85 217 73 #r o

125 HFE G 27 % SR A Popgen 32 AT AL PR, 15 SRR BALEEH R AR
SEFRICEC . Shannon ZFEPEFEEL. Nei’s ZFEMEFE R, BtL 04 R, Nei's LK 3515 B 25 Flist L — 8508
GG R M XHE AL ZREPER BT, S B AL G R IR IR, JF R SPSS 18.0 K 1 25 HE 4K 11 35t %
L R i PR 5 P A DG . SR SPSS 18.0 X 4 AR R L MR . M BEEA T AR S A3 A (SR S L
RN 2R A S 550 7) .

2 HREGAM

21 BEEZHESN
AT 213 B 23 DFIPIAS 6 A6 i i A TER 270 DA BRE S E 4T RAPD 20 B, JEAG I 2]
186 M ad, 7 iV 250~2 000 bp ([ 1), ~F# 5454971t 8.09 1~ .
FIH POPGENE 32 BXF 6 A% Ah A8 A ZAEPEGE T o0 A, 182 N B, 28
1 2 34 5 6 7 8 91011 12131415 1617 18 192021 22 23 M

2000 bp

1000

750
500

250
100

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 4445 M

2000

1000

750
500

250
100

1~15 2 Jg PE R AR BEMR 5 16~30 2 g B0 AR S IEREMA 5 31~45 2 g BT /R LI
A 1 SI1500 5 31 #4338 5 DNA #f 5= 6 b ik A

Figure 1 Primer S1500 amplification part of DNA samples of electrophoresis figure



$29BH 1 A OPRAE: DLL PN SEATEA S T AR RAPD Z RS 47 133

MEAREN 971.85%., KRR ZEN S KZ, 1750, ZEALATHRR 94.09%; S/REE L2
P del, 1624, ZENMEE RN 87.10% R B () 2 067 55 A 40 b KANHERY , & BEAAR 7
Wy s PEAR R = HT > WL = S e > Bl 7R 1L = SR TE I, AR S (37 56 PP 2880 1.871 0~1.940 9,
SEHIME g 1.897 0, Z5A778 FhRic Al 1.531 8~1.584 3, “F-H{H K 1.548 7. | Shannon 2 RE1E 48 % fili 54
6 M HE A H] 3545 Z AR AR AL IR 2 0.467 1~0.508 0, ~F-¥{H K 0.482 1; J] Nei's ZHEPEFEEUAG 5T 6 AT
T rb iy g5 4% A2 S o 0.313 1~0.341 7, P31 0.322 6, 6 MHFAR (Y Shannon Z2 145 BUM Nei’s 24
PEFR B R I 5t % Z AR AR — 30 (3R 3) o BEARHIA 5 BRI IS E ZREE LA (R 3), 2484
MA TR 532%, AN PR ¥E b 4.51%, 0072 s inicBer W E Sl 1.13%),
Nei's 35 501 $41E & tH 4.94% , Shannon 5 %0F-PME = 5.68% ., 1 2 TiFoE 2 . JEARTER 1935t 15 24
PR E RS, AR S AE 2 SRR &, BTG N IR R 1 B0R, TE2 MM
5335 Y St PR R A R, SR AR IRAR, P B R BRI AR AR R st 578 5

R3 EFABGSEMHEBEESHUEILE

Table 3 Genetic diversity compared of basic population and the breeding population

LN 37 B BP9 R RS BE BB Nei's ZREPERS S Shannon ZEEMERR L NS ZAMS T %1%
HAREA R 1.881 7 1.539 4 0313 1 0.467 1 164 88.17
T 1.892 5 1.534 7 0314 5 0.470 7 166 89.25
o 1.919 4 1.584 3 0.341 7 0.508 0 171 91.94
LRI 1.940 9 15550 0.329 5 0.495 3 175 94.09
B IR I 1.871 0 1.531 8 0.316 0 0473 7 162 87.10
BT /R L 1.876 3 1.546 8 0.320 8 0.477 7 163 87.63
¥ ME 1.897 0 1.548 7 0322 6 0.482 1 167 89.70
R iy N A 1.867 7 1.543 3 03129 0.464 2 164 86.77
BT 1.846 6 1.536 7 0.306 7 0.454 3 160 84.66
H-ymr 1.841 3 1.519 7 0.300 1 0.446 3 159 84.13
JEHRIR 1.888 9 1.549 8 0.320 0 0.476 4 168 88.89
LR 18 16 1.830 7 15119 0.294 8 0.438 2 157 83.07
BT R 1L 1.836 0 1.543 2 0.309 8 0.457 8 158 83.60
S {E 1.8519 1.531 4 0.307 4 0.456 2 161 85.17
ii:ﬁg; A 451 1.13 4.94 5.68 3.73 5.32

22 REHEES WL

K I Popgene 32 H{F 5 H BEA TR Skt 478 5 0 0.374 3, BRI S (L8 57 O 0.322 6, B[R] 5
A8 50 0.051 7, Wl 1 86.19% it {48 AP AE THERIN, A 13.91% M) i 428 A7 A2 TREARZ ], FE(A
138 L r A R B 0.138 15 LRI 3.119 9. AT IE I HH MEA LB L LT N 0.344 1, BN LE
B ZFEPE N 0307 9, BEAA ]38 44 2 RE 4 0.036 2, 7T A1 89.48% (4 it 4 78 S AE7E TREIK N, HA
10.52% 1) BB AL AL SEATAE T RER Z 8] (R 4) o AT T FRE IR B L L 0 AT 4 R R (R 4), AR
PRB S 1L A8 S A R s, BRI B 8L A8 e it 8.78%, FEASHE A 2 [7] 4 4k PR 23 A0 82 T A0 7 AR A
ZIE, 2 TG AR BRI Y A 5 & RAPD 43 F/KF b i AL A8 51 B84y o

x4 EBEXABUSEWMBEENEEILDHT

Table 4 Basic population and the breeding population genetic differentiation analysis
TR SEABER A5 A2 S TEMR P g 5728 S TR 1 38t £ 731 22 FEN
FEA TR 03743 +0.013 3 0.322 6 + 0.010 8 0.138 1 1.560 3

BRI 0.344 1 = 0.021 4 0.307 9 £ 0.018 1 0.105 0 42626
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23 EEEEMER—HE

MFS ATUL . 6 A FEAA Y 3t A% — BUR A AR TE L 0.867 7~0.960 6, 15t % 5 242 fL ¥ [l O 0.040 2~
0.141 9, Mo B i ST 2 A HEM Y it % — BU i R (0.960 6) , ot 4 i 85 e il (0.040 2), Bi 54
e 55 BT OX 2 AR IR AL/, RGR R IRIT ;S KE A 5 R 2 AR 1 38 A5 — BUE f/ b
(0.867 7), BB iRk (0.141 9), BEHISL/RIE LA e 2 ANHEARNE L bR, JRE R R T,

K5 HREMHMREFEEEEAUEG LA)MNEEER(ETH)

Table 5 Nei’s genetic identity (above diagonal) and genetic distance (below diagonal )

A Ly iy T LERC) JEHR IR LS GL BT 7 1
I iy 0.960 6 0.891 6 0.888 1 0.867 7 0.869 4
B 0.040 2 0.929 5 0.902 6 0.898 3 0.887 7
i 0.114 7 0.073 1 0.931 1 0.929 9 0.902 6
JEHR IR 0.118 6 0.102 4 0.071 4 0.939 3 0.902 8
BLR 6 0.141 9 0.107 3 0.072 7 0.062 7 0.926 9
(NIl 0.140 0 0.119 1 0.102 5 0.102 3 0.076 0

MERIEIE (] 2)F . 16 011 ML IR 1, 6 2 RFEMAAREIR I 0 2 D IRE: 50 T ION R
GrAa X, 5 TR /N2 G A X o fE 0.09 B8 AL T B L mRE 6 A% 22 R REIR 40 T 3 45260
55 L RN RIS IR AT 1K, 57 T2 KW VYR A3 A X, 55 SR /N2 o A X, 22 3 0 5
RO ELR G AW TEARML, FEAS TR A ] 1 183 42 B 2 710 P B2 450 77 R AR ) 19 AR AR IR B2 R, 3t — B2
AR B IR O, 3R R AR TR R 1] 56 AT ) S DX 3 DA R A 35 PR 21 S8 R K

JH SPSS 18.0 A6 I 15 14 1 15 15 i BB B A9 AR SC O AT (1 3), 22 v I i R A 1 AR A i A% 1 12 00 B
B IR, MR RAR=0.768, F W] B3 A7 2 S W A R AR 254 1, il T A B L
AR RO , R BB B R A ) B R 8l )iz 2 BT, PR AE MR A L RE R — R,
URH AT AT AR AR AR A B 7 S P S M PR B e, () I E TR L 2 R R AR 5 3 T LA AR M Ak R %
Wea M, JREAE—E . WA GISN, AL A (S AT A R AL, (HRAS B E, WY
PRHBAL /N DG PUE 5 P JhE (A Ab /N6 22 e b3, W IR SR AE— 2, [ o 150 B 38 % 50 2 R il
(45 BT ZR LU AR A S Ak R 220 R 8, RS T AT A5

%@M-——————j b 125 .
.- y=87.378x—1.794 "
v | L 2

T L ool R=0.589
. b =
H ! =
JE #B IR - | O
) }—i ' =)
SR IE M Lo 50F
|
7 /% 1y —! 25k
0 0.05 0,10\ 0.15 0.05 0.10 0.15

0.09 0.11 AL B

B 3 AR Ao db IR IR B GG AR £ oM

Figure 3 Correlation analysis between genetic

B2 XZE-TFREAESRELE
Figure 2 Cluster of genetic distance for the different

provenances of Larix gmelinit distance and geographical distance

24 ERKMEREZETRSM

26 AL 6 DL IEMINEEARRHAM M & . R, MBEEAERRNES, 25 RE0C8 10.25%
~20.78%, 14.93%~28.37%, 35.03%~74.36% ., A K48 S i KRR H, B/hRRSiHs, s
AR SRR IJEIT, SR ER/R, MRERASRRERGEBIT, R/AZREARR, E5 ik
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ARSI b, 4 TR R PR AR R B E AL AL S e K, d/ IR S I BRI, 23 KO S R B R A 7
FRA BT, S A AR PR ARS8 A [] 3 PR A A BRI 14 22 S A8 AL, FEASTE R 1) 388 1 45 4 0 28 S WL
RREREFENL, EARKNRIERLETFE, XHHRARAETLARRBRCRA . AR
AR S W BB RO

R6 HXREMHMIHEHME. WE. HROLER

Table 6 Comparison of the growth characteristics among different provenances of Larix gmelinit

s okEs PR
R WREC Pty Andi BRFR S 95%E  THIM/ bRfEL ABRZE 95%E  OTHIM bRZ SRR BS%E
m m /% {5 X [a] cm cm /% 5 X [A] m’ m? /% {5 X [

oy 45 16764 1.718 1025 16.06~17.47 29.418 5204 17.69 27.76~31.08 0.573 0.227 39.61 0.503~0.643
JEER/R 45 16.104 1960 1217 15.45~16.76 27.380 4.088  14.93 25.72~29.04 0471 0.165 35.03 0.401~0.541
AERC 45 14724 3.060 20.78 14.74~15.34 25.809 6.084  23.57 24.15~27.47 0416 0242 58.17 0.346~0.486
/AN 45 14913 2,609 1749 14.26~15.56 25.651 7.277 28.37 24.00~27.31 0429 0319 7436 0.359~0.500
Bt 180 15.627 2.522  16.14 15.30~15.95 27.064 5933 2194 26.24~27.89 0472 0.250 5297 0.437~0.507

3 Zi btk

NN LR BE R A TR 3 o (0 3 15 2 REE , 86.19% 10 i A5 75 S A7 16 T REIR Y, 13.91%1) 38 1%
A SEAEAE T RERZ IR, BEAR N AR & RAPD 4 F7KOF b st G 48 0 R 2R or o 6 A REIR I it 4% — B AR
TEFE R 0.867 7~0.960 6, 5t & #H B A (kA [l 0.040 2~0.141 9, B Z ] 18t G BE B /N, SRS OE R
B, b S s ST 2 A EEAR R a8 AE — BUE R (0.960 6) 8t R B B A (0.040 2), st (L oy Ak i
AN, RGO R ; BLRTE LR 8 2 AN B R Y 8t % — B0 e (0.867 7)), gt A& B R (0.141 9),
B bR R, REXRREOLE . R BAAIE R M KN, WERKE, 7E 0.09 4 1 B Lk 6 2%
LYERARER Y A 3 A 260E, RIR XIS TR X . K% B PUFR A (X NIy AR X 5 2Lk
A FEASBEAR 1815 2 REVE 1 45 TS B B R S BRI AR 34, 280 M A 0 3 SRk S %
SN AR BARIC % . Nei's #8540, Shannon #8504 &5 H 5.32%, 4.51%, 1.13%, 4.94%, 5.68%,

ARSI A BE A 8 A 2 A BE 8 R REIROBE A STl b X 2 22 9 B AR TR0 11 388 1% 78 S 08 4T RAPD 43
B, 6 422 J5 A FEASHEIR Shannon Z2 4% 1445 £ fL iR FE oy 0.467 1~0.508 0, “F-34{f K 0.482 1, Nei's
ZREVEFE B VG B 0.313 1~0.341 7, SEXME K 0.322 6, 5 H Al A HI 20 TARICH AR FE D42 75 14
WL ZREPE LA, SEATE A AL Z AR M I A5 T S U PR S B i ke g, (AR T 2SS A . A
U, R AL A SEAFAE T REAR R, 33X 5 HoAt N7 OSR FIAS [ (4 BIF 52 5 125 AT 2% 42 9 I B A5 3 19 11
ZER B, RWIDLRIET MR NAAEEE LA S . B AR RIS LA T IAT A, HILARF
VAR TR] F 388 1% B B9 20 A I B 0 B PR IR IF) A0 A8 AR B, 3t — SRR AR AL Ve BT B R A s, SRR AR
TR 18] 2 DR A0 38 3 DX 3 LA B A 3 IR A 38 i R A K
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(FHAVEEITE SRR G R BLE - B - %=61) i1k

(BREMIR LSRR IR -85 - RO B FmE, HESEEE T 0 M
W, B AL R — B REE R ZE . BHIERI R 0 = 5 400 5 K 1 [ S R PRk A
AR FOR GRS e S Br g B4k, SHTNEL T A9, SRR K S THE, PR — IS I R
SRUNIDE RS U

FHIF 7 15 038 FA A2 RS SCIE AR, RMIF TAE & f7ER K44 | () £ 0 B AT,
S 8 . B 1 MAFERBIEUIR; 8 2 WA S I SCHEAE T B 3 MAMEMIR TS B4 EERE
R SR S TS 6 WAL T EARRMEERE . BIEFESEENRE; 5 7 s sC& i
51 5 8 MM T i A AT R RN AARFE S SREN 6 R ARIB G A R EARIB
() G HERLTE (B ) g A B o B85 T RFAIEE 522 AR SCE R I 005k 3T, A T 2838 52 R0 5%
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