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Abstract; Genetic parameter and genetic clustering analyses were conducted for 66 sampling individuals
of populations of first filial generation and second filial generation of Acer yangjuechi Fang et P. L. Chiu
distributed in West Tianmu Mountain of Hangzhou in Zhejiang Province based on 13 pairs of SSR primers.
The results show that the number of observed alleles (N,) and number of effective alleles (N,) of 13
pairs of SSR primers are 6—17 and 2.4—8.5 respectively, and their averages are 9.8 and 4.4 respectively;
the N, and N_ values of population of first filial generation of A. yangjuechi are 5.7 and 3.9 respectively,
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which are 3.5 and 1.1 lower than those of population of second filial generation. The observed
heterozygosity of population of first filial generation of A. yangjuechi is slightly higher than that of
population of second filial generation, and the allelic richness (3.461) and private allelic richness
(1.648) of population of first filial generation are lower than those of population of second filial
generation. The genetic similarity coefficient among 66 sampling individuals of A. yangjuechi are 0.540-
0.908. The UPGMA clustering analysis result based on genetic similarity coefficient shows that 66
sampling individuals of A. yangjuechi can be divided into three groups namely A, B, and C using the
genetic similarity coefficient of 0.709 as the threshold value. Group A contains 51 sampling individuals,
and can be further divided into two subgroups namely A, and A, using the genetic similarity coefficient of
0.723 as the threshold value; group B contains 14 sampling individuals, and can be further divided into
two subgroups namely B, and B, using the genetic similarity coefficient of 0.718 as the threshold value,
among them Y5, Y22, and Y23 sampling individuals are clustered into subgroup B,, and the other 11
sampling individuals are clustered into subgroup B,; group C only has Y66 sampling individual. Taken
together, the overall genetic diversity level of A. yangjuechi population is relatively high, the genetic
diversity of population of second filial generation is slightly higher than that of population of first filial
generation , and the A. yangjuechi population has some evolutionary potential. It is recommended to collect
the seeds of plants with relative far genetic relationships, conduct artificial cultivation, and carry out
artificial cross pollination to expand the genetic variation of A. yangjuechi and enrich its genetic
information.

Key words: Acer yangjuechi Fang et P. L. Chiu; first filial generation; second filial generation; SSR

marker; genetic diversity; clustering analysis

UEAEAR I FE 44 SR W]« RV 2 PSR | 1 ol
YRR DR A 5 3B A% 22 AR 1) 2 R R
(Acer yangbiense Y. S. Chen et Q. E. Yang)'',
Spielman %" AL T 170 AW AE Y Fp S AR DG Wi f
YR )V A G B 7T % WG IR i A G BERLAIG, HL
WGP B 2 5 B LU AR G AR BIE W AN IR 35% , 3= W]
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DR 2 R SR A Bk 28 388 e SR R AR B AR Y L T 2
WG AR ) B fE L] , SR M G A ) (1 35015 22+
AR LTI SR 2 58 R A R T3 HOF JERL AR i
TAE,

“FAM(Acer yangjuechi Fang et P. L. Chiu) A
WA} ( Aceraceae ) BB (Acer Linn.) &M T A, #51] A
(FEZEHE SR E Y2 T (R4 ), AR E
FRHIE B el bR FAR 7 o F T A (i) FT A
SR(CBIFNIKE ) B XUE 200, S A1 T Wi VLA AN T
PER H A Bk 4 B 5 A KR (GRAR) 2881, 1Y
A/NERAF TR, ITAEK, BARAHICHRT TN 2 A Bk
BT AR PR A G R, 5 TR A e
PR A RE 2 AR T IR R A R AT
SR I A= BE IR TP A B 5T IR M 25 R

PRI, 7 Xof = A At 15 22 R P EA T I i ) g
fefrm My B TAERAEET L, A5t 13 Xt
SSR SIMIRGL AT 1k A WL A B T 0E K H Ly
FAT AU T AU A ZREE IR G OC R L
AL L N BRI A0 AP L s i 1, O
D HR A AL R A R IR

1 ARAR 7 ik
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BEIAT R 20 A0 WL B TP R H ) E
FbT AR AU A, 2 X2 55
AR AR 12 C Ay, 2 XS R EE O 76% ~
81% ,AEFE/KFEZY 9 1 600 mm , + IR E g pH 4.0
F pH 5.0, Rk I AT HES B AR R
G35 XA 8 £ ZERE A R AT ( Phyllostachys edulis
( Carriere ) J. Houz.) . ¥ B [ Broussonetia papyrifera
(Linn.) L’ Hér. ex Vent.) Fl ¥ & W ( Liquidambar
formosana Hance ) 25 | A 9 270 A IV 347 5 Sk ) A
PEAESR A TR TR 12 BRI A TR (LAF a7
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Table 1 Basic information of sampling individuals of first filial generation and second filial generation of Acer yangjuechi Fang et P. L. Chiu

Ptk S Mofe/em?

No. of: Diameter *Xfleigm ié.ﬁ‘ ﬁ?g /E}#)z/m SR W/ (°) %110%:: ﬁiip% iﬂlj—?‘

i@an?p.hng at .breasl height Longitude Latitude  Altitude Aspect®  Slope osition?)  density Site

individual " helght2> P

Y1 283 12.0 E119°2633" N30°18'59" 354 I 20 L 0.1-0.2 )5 LI Huamei Villa

Y2 21.2 10.0 E119°26'33" N30°19'00" 354 I 20 L 0.1-0.2 (5 L1 Huamei Villa

Y3 27.0 125 E119°26'33" N30°19'00" 354 I 20 L 0.1-0.2 i L1 JE Huamei Villa

Y4 183 9.8 E119°26'31" N30°19'34" 470 I 6 M 0.3-0.7 KH I Tianmu Villa

Y5 163 12.7 E119°26'32" N30°19'35" 473 I 5 M 0.3-0.7  KHIJE Tianmu Villa

Y6 25.1  13.0 E119°26'32" N30°19'34" 472 I 6 M 0.3-0.7 KHWJE Tianmu Villa

Y7 146 10.0 E119°26'22" N30°1928" 428 I 10 M 0.3-0.7 K H-EE Tianmu Academy

Y8 28.8  12.0 E119°26'23" N30°19'29" 428 II 20 M 0.3-0.7 KFJ#& Prince Temple

Y9 14.7 7.0 E119°26'31” N30°19'26" 350 | 10 L 0.1-0.2  #iJfsF Chanyuan Temple

Y10 12.7 6.0 E119°27'15" N30°18'09" 352 I 15 L 0.3-0.7 fliBkEGFEBE Xiantao Hospital Care
Y11 14.0 9.0 E119°27'15" N30°18'09" 352 I 15 L 0.3-0.7 fliBkERFEPE Xiantao Hospital Care
Y12 112 6.0 E119°27'15" N30°18'09" 352 I 15 L 0.3-0.7 flIBkERFE P Xiantao Hospital Care
Y13 — 1.0 £119°26'31" N30°19'34" 472 I 6 M 0.3-0.7 KHLWE Tianmu Villa

Y14-Y43 — 1.6-4.0 E119°27'15" N30°18'09" 257 I 6-15 L 0.3-0.7 flIBkERF B¢ Xiantao Hospital Care
Y44-Y66 — 0.8-3.0 E119°26'32" N30°19'32" 344 I 6-15 L =0.7 Hil# Nursery

DY1-Y12: F—f First filial generation; Y13-Y66: F AL Second filial generation.

D —. BERR TN, R The main stem of sampling individual is too thin, and is not measured.
3 1. 2 FAYE Semi-shady slope; I ; *EPH3 Semi-sunny slope; II: FH3% Sunny slope.

DL, A FFB Lower part of the mountain; M; [LI#AH13 Middle part of the mountain.

1.2 A&

ZREOSCHR [ 11-17 TS 24519 1 B, 91 ) ik
13 XA T I L2 A PR Y SSR 514 (% 2) i
7 PCR ¥4, >R DN14 CTAB AH#3EF 4] DNA P
PRI £ (AL S A= MR A PR A ) $2 K
“EAAMITAERY LR ZH DNA | i FH NanoDrop 2000 #8 f
w7 E T (32 [E Thermo Fisher Scientific 23 F] ) F
ARG E8 1.0% B AR WHEE I H VKRS I 56 X 4H DNA

PCR 4" 4 I WK R SR 25.0 pL, 46 2xTaq
Plus Master MixPCR TR ( /i 5% i MEFE AL D BHBE I
WABRAF ) 12.5 wL.ddH,0 8.5 wL.20 ng - pL™
DNA B4 2.0 WL LA K 10 wmol - L7 IE [A] FI 2 5] 5|4
% 1.0 pL, ffH TP600 £#JE PCR 1% ( H 7K Takara Bio
o)) #EAT PCR 1S SO, 438 AR 7 . 94 C FAE Pk

5 min; 94 CAEME 30 s R R K 60 s (iR kil B
W 2) 72 CIHEAH 60 s, 3t 33 NEIR; 72 °C FE fif
7 min, R Qsepl00™ 4> H ZLIR 14041 R 4L (Ot
A WA A RN F)) XA PCR 331 7= 1 it
ALK AT B AR 10T
1.3 HiBEAEASZIT o

KA Q-analyze 3.0 #FX SSR AN 45 S #E 1 706
P43 A S o 3 DR 32 BOCRD i TR e X, 4R R R
GenALEx 6.5 340 % F— A0 AT AR BE A By 8t %
AR TEAT 3 BT, 18t 1% 2 5000 H5 LI 45 47 3k PR 4K
(N,) HREEMEERE(N,) MG (H,) SR
Ze T (H,) [ E 550 (F.) | Shannon’s £ FEMETE %L
(1) FIF AR A R HEU(N,) , Hodr Py (E T
WK F,=1-H/H,, R HP-RARE 1.1 #f:2"
TSRO R 0 T (A ) MR S5 56 N 0
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Table 2 Information of 13 pairs of primers used for SSR marker analysis on populations of first filial generation and second filial generation of

Acer yangjuechi Fang et P. L. Chiu

GenBank
J¥3(5'—3")  Sequence (5'—3") T FBt Bk %:?%g”
519 ‘ I T o e Py
. Repeated . Accession
Primer it Fragment  Annealing number in Reference
1E M 51% Forward primer L1514 Reverse primer o length  temperature 1
GenBank
A4 AAACCCTTGAATGGGGAAAAAC ACACGGCATAAACTAGGAGAA (CT) 4o 190-206 52 — [11]26
Al4 CACTGCTTCTCAACCTTTGG TTGCTGATTGTTTTGCCTCT (CT) 5 164-174 53 — [11]26
A21 GCATCAGAGTTAGTCATAC CTTGCTACTTCATCTTGTC (CT) 46 208-260 49 KF801629 [11]26
A27 GCAGAAAACAAGCCCTAAA GCACAAACAGTTGAAAACTA (CT) 46 256-338 49 KF801633 [11]26
Ad4 GAACCAAAGTATGTAATCTG CCATCAAAGGGAGTCAAC (CT) 5 158-198 50 KF801640 [11]26
A52 GCCATCAACGACCCTCAGCCT GTCAAAAAGATCAGACCCCGC (TC),, 210-238 59 — [11]27
A61 CGCAGTTGACTGGTGTTCTC GTTTCTTCGACGTTGTTTGGAGTTAAACC (AG) 4 136-162 57 KP825169 [12]
A67 CCACAAATCTCCTCTGCCAT GTTTCTTGTAGAAACAAATTGGAACCCA (TCT),,  100-114 55 KP825175 [12]
A82 GAAGAAAGTCTCCACCAC TGAGTAAACCATGAAAGG (CA), 160-310 50 MG554395 [13]
A88 TCCCTCGTTAGATTTACGGTGGTTT TTCTTGATGACGATGATGACGATG (CT) 174-210 55 EF531293 [ 14]
A102  CACACATGGGCTTCTCTATGAGT CATCCGCCAGTTGGTGAAT (AG) s 130-156 55 AB303355 [15]
Al118  TTTAAACACCATTCTCGCCCC TATCGTTCCGCAGGGAGCTATGATTCG  (AC) 53 180-217 58 — [16]
A120 ACAATAAAAGAGCCCACATAGATAG TCTCTTCAATTGCAAGGCTTC (GA)g 106—138 53 AJ620723  [17]

D —. JC GenBank %35 Without accession number in GenBank.

(P,) o KA CERVUS 2.0 #f 3F—0f+ A%
BEARGEA T4 3 — W AA 4% ( Hardy-Weinberg ) “F- i £ 56 ,
T/ NEA R R Sy 5, fil e [ gkt B E, il
Bonferroni :1F , 3875 o T2 7 55 ) 2 545 B & i
(PIC) ., FJH Micro—checker 2.2.3 #4125 13 4Nz
SSEAT TCR AN FE RIS I, 4 B Brookfield 4 8 77 15
ok TR S5 e PR30 23R - X R 0 25 457 ik R B 3R 3R A 7
PEE SR FH FSTAT 2.9.3 #EPY b bR (e Z ek
SHAE F — AR+ ZACBE R [0] A DX 50 3 47 4 DU
(1 000K ) , 153 F—ACFF ARHF IR R I 28 R
B(F )™

HRAE Q-analyze 3.0 A {4 7R ) 3 BU 45 5L 76 AH
A B, A4 IR 1 B4 RN <07, 115
PEAP R 8L AL R EC(GS) |, R AR AL AL - 14
T (UPGMA) A7 R, BRI, DL B #4E
¥J7E EXCEL 2016 Fl NTSYS pe 2.10e G214 #r5f4:
HsE R

2 BRI

2.1 FABMF-—RMFoRBEHBESHEYE

K 13 X%t SSR 51 AR Mk 12 4~ —1R
FERRAN 54 AF ZARRERR UEATI8E ZRE 0BT, 45 R
L33 Mk 4,

FH% 3 Al 13 X SSR 51446414 i 128 A~
MEERIFEP (N,) £ 51 P05 B A7 50 NAE R 6~17,
PIME R 9.8 RO FENEL(N, ) J 2.4~8.5, ¥(H N
4.4 WM ARG (H,) M 0.421 ~1.000, #1{H 4 0.738;
W5 B (H,) ;9 0.524 ~0.873, ¥ {H N 0.727;
Shannon’s ZFEPEFE 5L (1) A 1.058 ~2.319, H1{H N
1.559; Z 55 B & (PIC) M 0.425 ~0.906, ¥ {H
49 0.723, ZHAK LI Z SRR . 13 X SSR 514
W, AL4 A21 A61 A67 FiT A82 5| W%t I oz s, 1) [ 72

SR(F)/NT 0, H 13 XF SSR 51 Hyxd iz 51 F, 8
P SEAL /N T 0, RIE MR N AAAE 2 k5
FIBERGE I ah — TP Y- M A 0 25 SR 5 B . 13 X SSR
SIS R 4 X SSR T X B A A5 2
BT, AR, 13 XF SSR 5145 WA A
R A HEREC(N,) R 1~ 8, BMH g 4.2 TR 55
{7 R AR R 0.000~0.279

12 4 AL SE AT — AU AR I AL
ZREACE SRR R, 51— AU L, AT
)AL Z R K F & (N, =9.2,N, =5.0,H, =
0.740,1=1.671) , FHAMT BN H HKXT H,
{8, M+ ZACHHARN H BT H AH, B+ — AR
IERZERE(F)/NT 0, T ZACEHAR FEKT 0,3
WA Th 2 & 3, - AR AP 2 5 1
B BEAh, T ARERARR) H (RSN T — AR
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Table 3 Genetic parameters of loci corresponding to 13 pairs of primers used for SSR marker analysis on populations of first filial generation and

second filial generation of Acer yangjuechi Fang et P. L. Chiu"

5|9 Primer N, N, H, H, 1 PIC F; N, F,
A4 7 3.4 0.671 0.703 1.352 0.671 0.048 * 2 0.000
Al4 6 42 0.771 0.755 1.516 0.701 -0.025 * 1 0.046
A21 17 8.5 1.000 0.873 2.319 0.906 -0.147 5 0.000
A27 13 4.9 0.657 0.777 1.714 0.823 0.129 8 0.161
Ad4 9 2.9 0.611 0.651 1.303 0.659 0.070 5 0.015
A52 13 6.8 0.787 0.829 2.051 0.898 0.056 5 0.022
A61 12 5.5 1.000 0.810 1.825 0.874 -0.238 6 0.000
A67 7 2.4 0.845 0.583 1.066 0.522 -0.452 * 3 0.028
A82 9 3.7 0.886 0.719 1.411 0.740 -0.241 5 0.279
A88 9 3.0 0.468 0.667 1.315 0.685 0.301 = 5 0.133
A102 9 3.9 0.664 0.744 1.459 0.706 0.106 5 0.173
Al18 11 5.6 0.807 0.819 1.877 0.793 0.011 3 0.065
A120 6 2.4 0.421 0.524 1.058 0.425 0.329 1 0.160

YI{H Mean 9.8 4.4 0.738 0.727 1.559 0.723 -0.004 4.2

DN, WEIZE7 LRI EL Number of observed alleles; N, ; 7 %% %Av 3% % Number of effective alleles; H, :

XJL{D"J?K & Observed heterozygosity; H, :

WA Expected helerozvgnslty, I: Shannon’s %ﬁé P45 %% Shannon’s diversity index; PIC: g* lﬁ{n B Polymorphism information content;

F;. [EE$8%K Fixation index; N, .
frequency. * . P<0.05.

R4 FRETR(F,)5FIR(F,) BERNEESHEMELLRY

AU A S L KB Number of alleles unique to second filial generation; F, : TCREE A FE AR ZR Null allPlP

Table 4 Comparison on genetic diversity of populations of first filial generation ( F,) and second filial generation (F,) of Acer yangjuechi Fang

et P. L. Chiu"
A FERREL N N
Generation Sampling individual number ! ¢
F, 12 5.7 3.9
F, 54 9.2 5.0

H, 1 F; AR Py Fi
0.758 0.715 1.447 -0.064 3.461 1.648 -0.015
0.717 0.740 1.671 0.056 3.593 1.780 0.040

1>/V NI 548 5 AL Number of observed alleles; N, : 45355 RIEX Number of effective alleles; H, :

S 2% £ BE Observed heterozy, gosity; H, :

f,[ﬂ%;k A Expected heterozygosity ; I: Shannon’s %# PEFE %L Shannon’s diversity index; F;: I?i],J_:j?H;%I leanon index; Ay S5 HE R F & Allelic
richness ; PA FA A N E B Private allelic richness; Fi : fiE 3 Inbreeding coefficient.

UL T ACHE A b SEBR 2% 5 AR L g —AURFIA
ZENIN
22 FAWF—RMFRBENESXRZSN

F AR 66 AR ] 1Y 358 1% A AL R £ R 0.540 ~
0.908, FEftlT—fFEMRT, Y4 5 Y10 R CR
BT (AL R BN 0.897) ,Y5 5 Y12 fE4% %
BRI (BB RECH 0.644) ; E AT —CKERR
,Y33 5 Y34 LUK Y41 5 Y43 BRSO R il (35t
LRI 2R B34 H0.908) , Y17 5 Y65 1Y 3E %% X R et
(BALHIILZRECN0.540) . FAMT—URERR S T =
FREERRIE], F—10 Y5 57 A% Y24 3R 4 ¢ R il
(B AL R H R 0.851), F—1L Y12 57 =A%
Y36.Y37 Hl Y65 I3 %% 3¢ R IRk (35t % A Bl & 48y
9 0.575) .

BETF 84 AH AR B0 2 A i — AR AR

RE) UPGMA RZEE LA 1, dE 1 A% LU E A
LR %2 0.709 R, 3 FA Bk 66 HEREST A A (B Al
C34l, AZAFE ST ARERE, LIS fE Al R %k 0.723
R A R A2 N, A B4, T
—fR Y1 B R — 3, 51 248 Y46, Y49, Y50,
Y51.Y52,Y53 Y54 Y55.Y56,Y57.Y58.Y59, Y60,
Y61.Y62.Y63 Y64 Fll Y65 13545 R 5030 ; A, W41
1R Y7 F1 Y8 51 AR Y14 Rl Y29 AU E
R, B AAEE 14 MR, DLsE A IR %L 0.718
J B4 B, F B, 2 AN EAH, B, W4 45 T
—fR Y2.Y3.Y4,Y6.Y9. Y10 Y11 Al Y12 DA}z F—
RY13.Y19 1 Y24, Hirp Y4 5 Y10 56—, 3%
GRRBOR B, DAEHEF— Y5 LR+ 240 Y22
M Y23, REHWF R RSEAE B 41, C 41X
TR Y66,
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Y1
Y46
Y49
Y64
Y57
A Y50
Y58
Y53
Y61
Y54
Y56
Y59
Y52
Y60
Y51
Y55
Y62
Y63

| | | | J
0.684 0.740 0.796 0.852 0.908

MEMIIZREL  Genetic similarity coefficient

Y1-Y12; F—1CFE Rk 4 5 No. of sampling individual of first filial
generation; Y13-Y66: F A% No. of sampling individual of second filial
generation.

1 FRETF-RMFIRBEEN UPGMA EEHE
Fig. 1 UPGMA dendrogram of populations of first filial generation
and second filial generation of Acer yangjuechi Fang et P. L. Chiu
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FAREHAR I s L Z RO B, B AR
VRIIEAL 2 RE P KT o T — AR X 2
AT FTAE SRR B TE b D b s e RGP R
FOMRCER M SR — 28 TEMRUE TP AR IR . 5 I B A
(Acer griseum ( Franch.) Pax ]! 5 35 4 ( Acer
davidii subsp. grosseri (Pax) P. C. de Jong) "' 44k
W ( Dipteronia sinensis Oliv.)m] M= 4
( Dipteronia dyeriana Henry) A AR s £
FEPEKF A, HOB s 7 28 4 0C R B0 1Y J 5 Bk
(Acer miaotaiense P. C. Tsoong) ( Shannon’s Z F: P45
B0 0.291 8) W LB A A A B — 2 1 R
W, AW FEAMT AR EA A S 2
TEAER T —BHA P, i T Ak — AU A
SIAERRCAET HED 5 AR ARSI 3 4 A A B
AIRERIE T CIET 1 F—fCha bk

ARWFFE T, 13 X SSR 5 |y % WAL s i Z2 AP K
WAETE—E 25 A21 A27 (A52 A61 il A118 5|H%t
JOEASE R O 5 7 B LB 22, O 11~ 17 A, HaX
5 X% SSR 51X WA 4 Y 1] B2 2% 45 BE | Shannon’s £
FEVERRBOM Z 28R (5 B o il T HAL S 1, U X
5 %F SSR 5y RESE 7 - MBI B O 5 Bt 2
FEPEAR .. Ay 8 XF SSR 51 W X6 1o A7 asi, oy ORI 252 457
BEREEL A (6~9) , HAHN (3515 Z S H AR R
BUAR, FAT — ACRE A B0 2 5 B R T B 4
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