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5 FE A AFLP 2 TARICEOR, ot 31 Fhfe B Ak 7 s D@ N P RL A (K R S ML B S AT 1A% 2 REVE 0T, LS b
B R, TR E S E R AR NIRRT A E K . 7T 94 X HIMH Gh, SRR AT IEMWAR T . AN
519 10 X FATEREIEY 38, 153 DNA 4547 601 4%, P 2P 519 4%, YA SR 86.22%. 31 Aifg i
) Nei's FEK ZREMEFG H M 0.184 4~0.313 0, 14 0.240 6; Shannon {5 B % h 0.300 5~0.470 8, *F*#4 0.376 5, XFHAAEIR
BRI TS AR gt AE Z R0k % 31 AMFEMIFTIRE T, 7B s 0.204 &b, WdRigssh 5 K& %
A 17 FBT, 5 TR 1 R, B PURTH RIS AT 1B, SR R T & LR SR &G R, IFIRARAE T
HRRS 0 R E .

KHEIR W3 AFLP; BUEZ RN 0K

AFLP Analysis of the Genetic Diversity for 31 Euramerican Ornamental
Crabapples
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Abstract To identification, classification of crabapples cultivar, and parental selection in the breeding of new varieties, the
genetic diversity of 31 ornamental crabapples from Euramericanshowing a good adaptability in north China was analyzed using
amplified fragment length polymorphism (AFLP) markers. Ten pairs of primers with clear, stable bands and high polymorphism of
bands was selected from 94 pairs of primers. There were 601 bands were produced, of which 519 bands were polymorphic that had
86.22 percent of the total bands. For the 31 samples, Nei’s gene diversity index was ranged from 0.184 4 to 0.313 0, with an average
of 0.240 6; Shannon information index was from 0.300 5 to 0.470 8 with the mean of 0.376 5, which suggested that therewas high
levelof genetic variation among the 31 crabapples. The UPGMA cluster analysis revealed that 31 samples formed five distinct groups
at 0.204 genetic distance. Two Groups were composed of 17 and 11samples separately, and only one sample in each of other groups,
which revealed the genetic relationship of 31 ornamental crabapples, and confirmed the rationality in morphological classification
ofthe tested materials.

Keywords Malus spp.; AFLP; Genetic diversity; Classification

BeRH: 20134203 H 02 H HRE =

B2 HW: 20134205 H 03 H #5358 (Malus spp.) 8 2 8P} (Rosaceae) ¥ 1t
RFRHW: 2013405 H 17 H (MalusyHi, 6o A5 B AR ) EL
FEEWH: A H LR AN B R TR (SRR AE T W i , T X ‘D ‘ i ;:/ ‘
2007-217)% By R LB EL, AEXTARPE MR St b I T T2 (AT iR
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FlfaPeTE, 1956, fM> IR, 52): 77-110; FFH
4, 2001, 7 B A M H AL, pp.201-266). 3T 200 £ 4K,
A 5 IR IF 2R T R 2448 IE & sl -, [ Ak
WETAEERT T —R50AE RO 55T
S, GERR AW B RS (Dirr, 1990). 3 245 | HERK S
WFHG S SRR AT I, 3 I8 B E AN [F] 7 4
PRAER A R R, o] PRosde i f - F i I 2
MERMZIR, TRARE BA B 7B e (i
TREEAR HEREMYEEY 5520y, o
HHME ZFEENCON 5, ATAF OB 5 A e
oIS R AE(RTE RIS, 2007; HM5E, 2008), 254
U BB IE R T AME . B, s A
TEFEEARTBE, WA 2> 85 i 2 1 184 22 REPE Ak

HHT, W5 35 (R I 9T 3 205 S e 5 (R
BSR4 2002; A7/ ASE, 2006). ibt4L 2 FELERLE R
43J%(Ranney and Eaker, 2004; FR4H%E, 2009; 44T
4, 2011), 308547 (Lloyd et al., 2006; T y4+4%,
2012) Je AR 23 #r (RS 5 A iz PE [, 2004 SCAE R
S, 2010)85 77 10,  Hor e Ty Sl 2 AR T
IR, NARECYFEE . PEATEE (e
FOCHEDT Y Sl d T IR 2AES MR, A
THMRZ PR S R AR, ENAbEE
BHIEEZ DI ESRAZ B E, 2004; K%,
2008) - JE A ] 2 A U8 27 73 2 (Martens and Fretz,
1980a; 1980b; ZEMe#%E, 2008). [ TEbric 702
(Marquard and Chan, 1995; Simo Santalla et al., 2000)
ST, UL SEREAT T s Z RS B A A
o, R T M. H BTSRRI
FARRUERIANI] 3R v i Sk A B A7 AE IR 2 22
S (RS, 2007; 282 A iz PEE, 2008,
WEEE AR, 43(7): 15-17).

I THRICE AR TILE DNA ZKF 40 I A= ) ) 22
5, A SERNEREZ RN, S5&580E
U IR TR % e BOARAR G, T B T B S b
WA Rl AL e R BT, 2 ThsidERER
i RFLP. RAPD. AFLP. SSR. SRAP /% SNP
S PPk Hod, AFLP 4) F4rid(Vos et al., 1995)
HAEZEML. Bethm. 8500 5L 4 55
R LEJURR 3 Fic b By R AENE B %, 47
BRH B, BLC 2 N TR o YR S e oo
(FKBRIESE, 2012) W)Pisift Z FE 1% 5> M (Hend et al.,
2009)55 4. HET, ¥R FAReHAR 754 5
FEHME Z PR A IRE, (HILREARZ B TR L8(0)

a5, 2006; Benson et al., 2001; %52 & F1i7
BEIE, 2008). JEAREEARGR R A, 2010; (R4 &5,
2011), a4 e A R0 I DG &R (9K T A,
2007) EI5%F KB AR T W S W B T 5 it P st A 2 RE1E
(13538 B it i o3 FEE R AT

ARG LA 8 ARG MG A RIE L7 XA K
(1) 31 BRI TR HE AN G, FIH AFLP 2 FAx
WA AT B AL ZFEVERISEG S R T, S1E
h T 5 LR RR S I B B S R s e Ry 2%, DA
BRI B RS AR L R T A K

1 4R 55
1.1 31 AN 5 DNA (3 ER

DNA 2R, il e KA,
fifise T HIREEFAiRE, FFH 0.8% Agarose i FEIK,
&I DNA 5E 3R AT .

1.2 g s 7= e vk A

X 31 AFE ST B AT 1.5%Z0 IR B e s i vk
R, AT 4 RURECIR, DNA B2t T
250~750 bp, UiWIREVIETE A, BEkERALT

1.3 AFLP ¥ #6729 &%

M 94 5 A G ik Al B b R e . 24
PEEIS 14 10 %F: EAIM51C. E42M51G. E41IM51G.
E44M51C . E44M51G. E83MS51C. E83M51G.
E84M51C. E85M51G. E86MSIC (% 1), *f 31 {7
W SR UM RLEAT R BEVEY 3G, IR TR 9 1
R S 601 4 DNA 47, &4 519
%, ZAMEAL SR 86.22%, NIRRT 2 [FAF-AE
—EMIAE ZE . 7E 10 X519, Ll E44MS1G 4
EY A S iRZ, 71 4 E83MSIG 4l & ik,
K 524N Bl A ES3MSIC I K 2 2 MEAT 55 L
K, N 95.08% (I 1); E4IMSIC § #8112 &M
P EER IR, N 76.36%. iX KA E G|t 18
1 2 BT ECR R A B E R

1.4 31 FhRE B FD FUN B 15 S HEE

Nei's 5 K 2 #£ V£ 45 20 (H) « Shannon 15 B 154D
JEFERIBE ZFEE AT 1 FFRAR . 31 i SR i
) Nei's LK L FEMEFEECA 0.184 4~0.313 0, 1)
0.240 6; Shannon 15 S ¥54Ch 0.300 5~0.470 8, -V
10376 5 (3R 1), Ut SRR TR I H A S
BUEZFEME . AT ITEAE 10 X51ms, s
71N (100 5 Y S P A A7 A R Bt A 2 AR PR AP e —
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ZE5t: E86MSI1C 514 o f) Nei's JEK 2 4
HI Shannon 17 B Fa 4RIk, E84MS1C 1A (R
1), REGE5IPAETENS A TR L 31
T LTRSS Ui L A B i ) LR S8
1.5 31 FHERE M B3 M BRI R K17

X 31 By HEHERNRIEAT UPGMA B0 HT 14
TIRCIR E (B 2). DAL PR 0.204 4, PR
R LR 5 280 BB—2K0 17 MR, GHEZ
AW AR IR SR M SR B 2R )

R, b I AR SER i
BEHT B, R0 =R GRIIE . A
TR, A I B
W AR BRI S s
W EHEIOWISE . F BRI S A
VU BOFRET. 3= PRI M 5L 1
BHRERR, A BURSESE BRI AR R
W R, SHZFUR G %
B RGBT K, RGO RIE

M1 2345678 91011121314151617 181920212223 2425 2627282930 31M

300 bp

200 bp
160 bp

140 bp

120 bp

100 bp

80 bp

B 1514 E83/M51C L& %f 31 MFL AFLP B PEEd™ 18 F %
VE: M: DNA 2000 maker;1~31: &M G5 Hik: M FFIITERSRIC
Figure 1 Map of AFLP selection amplification in primers E§3/M51C for 31 samples

Note: M: DNA 2000 maker; 1~31: Samples number; Arrows: Fingerprint of some samples

1 3IMFEAAFLPY 170 2 35 1 S bl Z ek
Table 1 The polymorphism of AFLP amplified bands and genetic diversity among the 31 samples

519 MV R EZ YDA 2 V=) I 547 56 R AR SE PR EL e 2R Shannon
Primers Nb Np LE% (%) Na Nei H BRI

PPL (%) I
E41M51C 55 42 76.36 1.763 6 1.3313 0.207 0 0.3256
E42M51G 65 57 87.69 1.876 9 1.4679 0.2773 0.422 2
E41M51G 62 50 80.65 1.806 5 1.388 5 0.238 0 0.368 9
E44M51C 55 47 85.45 1.854 5 1.359 7 0.2309 0.366 1
E44M51G 71 65 91.55 19155 1.3773 0.243 7 0.3870
E83M51C 61 58 95.08 1.950 8 1.424 5 0.260 8 0.408 0
E83M5S1G 52 46 88.46 1.884 6 1.350 1 0.228 3 0.3659
E84M51C 63 51 80.95 1.809 5 1.2832 0.184 4 0.300 5
E85M51G 58 48 82.76 1.827 6 1.359 6 0.2222 0.349 6
ES86MS51C 59 55 93.22 1.9322 1.536 1 0.3130 0.470 8
Yl 60.1 51.9 86.22 1.862 2 1.387 8 0.240 6 0.376 5
Mean

i Nb: MR Np: 23005 PPL: 230700 LUK, Na: WIS JE K] Nei: £ 30 %5 7 3 K1 £ (Kimura and Crow, 1964); H: it
fEZ ¥ (Nei, 1973); I: Shannonfi B 4541 (Lewontin, 1995)

Note: Nb: Number of bands; Np: Number of polymorphic bands; PPL: Percentage of polymorphic loci; Na: Observed number of
alleles; Nei: Effective number of alleles (Kimura and Crow, 1964); H: Nei's gene diversity (Nei, 1973); I: Shannon's information
index (Lewontin, 1995)
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Figure 2 Cluster analysis of 31 euramerican ornamental crabapples
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2 Wie

AWFRFI AFLP 43 TARidgiR, & oo 31
AN IR S A B S SRR REAT TR 2 AR RIS GOk
RN LER ISR, RO AL ERA
SRRSO R, 20 I
R S T IR UF I A — 3, 31 R R
SRS AR 4l B NFRESE L e,
7~ 10 X544 Wi 2 A4 vl g S il squ
PERA G, MAETEASE 2, Ay P S 3 1 A
ANTCLLt . BlE—3, AR AANTEA
. Bk, SAACREINE, £ TKF
FEOERIR RGO R, HES LB T4
TEFEME AR, Uk, I EOR A e s
R ST SR, 3 O LB T S T A PR A
HEARTTSR LS B T 4 1AW 248 5

SRR, FI W, TR, BRED
WL CBWEIOWH. BURIEATE W W
DUDUSE RN LA RN — AN, SRR
BT, et AR T S aEkg
VM — K, 5 A PR A (R 4T L AR B
G BRI F S T o MEE RBAE T A 2 H T
SRAM R ZR (LA, 2009), MR T iy 250
Sl Re S OAEFAS; IR E M, BEET
W CEIEIOME RIS RO R
DU ¥ B R0 L0 4 U 58 A2 1 HLAE & B L it
PP A IE SR A K

AT, ¥ B BRI HE 2 501 b 43 28 AT 5T
AL o EFANEE(2009)%F 72 MERERR. LAl
J SR AFLP 23 H7 v, SR 2 B 0 e 5 < i
WA B I HIRG R R, 5205, BN
GRE SRR NN . AT, LIk
4 ANEINRAE R 2B, (05 e 5% it
RGO R 1) N P, AR 2 B
LANRKRL 2 IR S AFLP BRI 85 A
)35 T o T 5 5 XA Y SR R < 4 T T S TR
PAEH KB, SRGEXRRRIE, FHE_EFRAL —
¥R (M. baccata) ) F 2 O8 M5, 2008; 2
H5E, 2009).

AFLP JE2 45 LR ARIILIA) 2 o ) 6 DR R ) 222
S, T A PRI 2 6 Th 6 L R £ Py 36 R 21
HABE L FAE R B A R R R4, 2011).
DRI, 0565 D (0 I 9 I B4 2 i B 2y 26, AFLP
SRR KRG RS0 W 2 AR AE
1056

R ZE SR ARSI, PR OIS
JHE)w B A AR, A R SR S al R 22 SIE 2
Bt A (BRIEHT AR, 2007).

3RS T
3.1 AR R

2004 4 2 JiD, HEATI AT 2=, S 51U
SR (F46 A, FEGFRIMINEFEEE. 21
ZAERAERKEN R R, T 2012 4 6 YL
i 6 WL E B = DU AR R 31 kAT
AFLP {5 (3% 2).

R 2 AR RSB SRS 31 AN Al (i)

Table 2 Introduction of 31 Euramerican ornamental crabapples

Gy R4 R Gy AR

No. Cultivar name No.  Cultivar name
L g 17 SR
M. ‘Eleyi’ M. ‘Gorgeous’
2 CHRRRE 18 REAIEMAE
M. ‘Strawberry Parfait’ M. “Neville Copeman’
3 HFT I L
M. ‘Spring Snow’ M. “Thunderchild’
4 JER 20 PR
M. ‘Dolgo’ M. sargentii
S & 21 FRMGER
M. ‘“Winter Red’ M. sylvestris
6 xg 22 AR
M. “Winter Gold’ M. ‘Profusion’
T ZAeilgR 23 e EER
M. floribunda M. ‘Professor Sprenger’
8  JuEERSE 24 CFER
M. ‘Van Eseltine’ M. ‘Royalty’
9 kA 25 R
M. ‘Pink spire’ M. ‘Hillieri’
10 5 26 CHEE
M. ‘Red Jade’ M. ‘Radiant’
1T eagks 27 HEY
M. ‘Jewelcole’ M. ‘Snowdrift’
12 <3eHr 28 CESREBETr
M. ‘Hopa’ M. ‘Indian Magic’
13 gy 29 IR
M. ‘Lemoinei’ M. ‘John Downie’
14 < HZERp 30 EhiEinEs
M. ‘Liset’ M. tschonoskii
15 BiER 31 KRB
M. ‘Rudolph’ M. ‘Evereste’
16 <hyiKye
M. ‘Makamik’
3.2 RETTIE

3.2.1 DNA3REL
BEALIE I — & 2 s Ry - S A AR



KQ 5T HIMY b (FA 40
Fenzi Zhiwu Yuzhong (Online)

DNA. i P S AR RS KA i DNA KA
aif, HH 0.8% Agarose K FEL KA £ DNA 5¢
.

3.2.2 AFLPR%:
(D) BB BT & A i R EcoR T /Mse T XL
Y): BEPIRZR(20 uL)A: 10xT4 Buffer 4 uL; EcoR
I (10U/uL) 0.4 uL; Mse I (10 U/uL) 0.4 pL; kR
DNA #j200 ng; #b ddH,O % 20 pL. FE§Y) V4%
£ 37C 3h, 65C, 3h.

(Q)HEEREIERAK R(20 pL) A : 10xT4 Buffer 2 pL;
EcoR [ Adaptor (50 pmol/L) 1 uL; Mse I Adaptor
(50 pmol/L )1 pL; T4 ligase 0.4 uL (5 weiss U/uL)ff
VIr=#%1 10 uL; 4h ddH,O %2 20 pL.

(3) Ty 18 [ MiAA Z : 2XPCR Mix 10 pL; Ego 0.5 pL
(20 pmol/L); Mg 0.5 pL (20 pmol/L); B FEREHR 2 pL;
T ddH,0 % 20 uL. PCR ¥ B4FEFF Ny 94°C FiiAr
3min; 94°CATE 45s; 50°CHEME 45, 72°CEM
1 min, 26 MEI,

(A)IEPEMEY 8 VAR R: 2% PCR Mix 10 pL;
Eprimer] HL (20 pmol/L); Mprimer] L (20 pmol/L); #5

R 3 AFLP 51 ALY 5
Table 3 Primers and adapters sequence for AFLP

B DNA 5 uL (Fiy ) #ike 20 £i5); I ddH,0 &
20 uL. PCR ¥ #4FE/ 70 : 95°CHIAME 5 min; 95°C
A 355, 65°CHEME35s, 72°CHEM 1 min, 12 M
s 94°CAME 308, 56°CHE 30, 72°CLEH 1 min,
23 MIEH
(5)HLIKFI L L HLIK IR, EqE 90OW TH I 4
NTUHLIK 30 min, RS HEAE ARG S /N BRI
AT BFE(7.5 ul), 90 W THINHR K 1.5 he Jetay
JITH EcoR 1 W LA S B, 519008 3 i
PR TREREARSARAF, Mse 1 . T4
DNA Ligase ffJlJ [1 Promega /A ] o £k A5 [ #)4)
TENAE 3.

3235 0T

gy iV O o Vb R BN ERT @ S I S
F0” 23 I S 45 1A TE « AEAT ) 1 BEA B B A7y
WA, e <0”. HIME 0 /1 FiPE, 1E0 /1%
Fifi A\ POPGENEL. 32 S AFHAT 0 #T . VAN
Nei A1l & #(Nei and Li, 1979), 3] NTSYSpc2. 10
HEAT UPGMA 250 #7

L5519 (53" 514 JFHI(5'-3")

Primers and adapters Sequence (5'-3") Primers Sequence (5'-3")

EcoR | adapterl CTCGTAGACTGCGTACC E44 GACTGCGTACCAATTCATC
EcoR | adapter 2 AATTGGTACGCAGTCTAC E83 GACTGCGTACCAATTCTCA
E00 GACTGCGTACCAATTC E84 GACTGCGTACCAATTCTCC
MO0 GATGAGTCCTGAGTAA ES85 GACTGCGTACCAATTCTCG
E41 GACTGCGTACCAATTCAGG E86 GACTGCGTACCAATTCTCT
E42 GACTGCGTACCAATTCAGT Ms51C GATGAGTCCTGAGTAACCAC
E43 GACTGCGTACCAATTCATA M51G GATGAGTCCTGAGTAACCAG

YE& TTHR

Ji3 SCAR A TR A2 AT 1) 5 36 v A0 S B0 1 B
AT XIRZE R R ZE R A58 A 73 47, W SCHIRa TN
BAE M. ERES SRR Or BRI X
R H Wi B R i N, 8RSkt Bdlair,
LERS B AR I R SR A I SO
i

KA L ARAE RN R A TRR(E R AT 2007-217)

TRy o VR IS LI AR R K 2 AR A2 e 0 SR AT
BARSFFHR T

SRR
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