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Analysis of genetic diversity of Malus species resources by TRAP markers

SUO Xiangmin, HAO Jie, FENG Jianzhong, YAN Xinmin, WANG Xian’ge, LI Xueying’
(Shijiazhuang Pomology Institute, Hebei Academy of Agriculture and Forestry Sciences, Shijiazhuang 050061, Hebei, China)

Abstract: [ObjectivelMalus Mill. is a germplasm resource with important economic value in fruit culti-
vation and production. Breeders often use the interspecific hybridization for rootstock breeding. The ge-
netic diversity analysis of parental materials would significantly effect apple breeding. Although there
are abundant data available for the study of genetic evolutionary classification of apple plants, there are
controversies on the standards of classification of different based on for different methods. The TRAP
marker has the characteristics of good polymorphism, high stability and easy operation. In this study,
we developed more genomes of 30 species of Malus and 3 species of Prunus by developing TRAP
markers for phylogenetic evolution studies, from EST sequences. The genetic diversity information of
apple genus was revealed horizontally, which would provide reference for the identification of genus re-
lationship, parental selection, evolution analysis and utilization of germplasm resources. [Methods]
DNA was extracted from young leaves of 30 species of Malus and 3 species of Pyrus by improved
CTAB method. PCR amplification was performed using 4 fixed primers and 8 random primers, agarose
gel electrophoresis detection. The genetic similarity coefficient (GS) was calculated by NTSYS-PC soft-
ware, and cluster analysis was performed by unweight pair group method using arithmetic averages
(UPGMA). The main coordinate analysis was performed using the EIGEN program. The population ge-
netic structure of the test materials was analyzed using Structure 2.3.1 software. Three species of pear
were used as tests for reliability in data statistics.[ Results]In this study, 16 pairs of primer combinations

amplified 407 effective fragments in 33 samples, with the fragment size ranged from 100 bp to 1 200
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bp, of which 404 were polymorphic, and the average percentage of polymorphic was 99.26%. The num-
ber of alleles amplified by each primer combination was between 17 and 50, and the average number of
alleles amplified by each primer pair was 25.44. UPGMA cluster analysis showed that the average ge-
netic similarity coefficient GS of 33 species of Malus and Pyrus was 0.711, of which 30 species of Ma-
lus were GS=0.725. When GS=0.666, three species of Pyrus could be regarded as the first major group,
while the other 30 species of Malus could be regarded as the second largest category. When GS=0.680,
30 species of Malus could be divided into two subgroups, three species of M. doumeri, M. ioensis and
M. angustifolia could be divided into one subgroup, and the other 27 species could be divided into an-
other subgroup. Using the principal coordinate analysis method, which is the same as the UPGMA meth-
od, 33 test materials were divided into 3 categories. The three species of pear were in the first major-
group; the three species of M. doumeri, M. ioensis and M. angustifolia of the apple genus were in the
second largest category, and the other 27 species were in the third largest category. The third category
coulf be divided into four sub-categories. The first sub-categories included M. komarovii, M. ombrophil-
ia and M. yunnanensis, the M. ombrophilia and M. yunnanensis were closely related. The second subcat-
egory included three materials of the M. sikkihensis, M. toringoides and M. transitoria. The third sub-
class includes: M. baccata, M. mandshurica, M. rockii, M. hupehensis, M. spectabilis, M. micromalus,
M. sieboldii, M. kansuensis, M. prattii, M honanensis, M. soulardii and M. xiaojininensis; the fourth
subcategory included M. halliana, M. sieversii, M. asiatica var. rinki, M. prunifolia, M. robusta, M. do-
mestica subsp. chinensis, M. orientalis, M. sylvestris and M. fusca. Structure 2.3.1 software divided 33
test materials into three subgroups, the first subgroup included 13 species of M. baccata, M. mandshuri-
ca, M. rockii, M. sikkihensis, M. sieboldii, M. kansuensis, M. komarovii, M. toringoides, M. transitoria,
M. ombrophilia, M. yunnanensis, M. xiaojininensis and M. ioensis. The second subgroup included 15
species of M. hupehensis, M. halliana, M. sieversii, M. asiatica var. rinki, M. prunifolia, M. spectabilis,
M. micromalus, M. prattii, M. honanensis, M. soulardii, M. robusta, M. domestica subsp. chinensis, M.
orientalis, M. sylvestris and M. fusca. The third subgroup included Malus doumeri, Malus angustifolia,
and three pear species of P. bretschneideri, P. pyrifolia and P. communis. It seemed that the UPGMA
clustering graph and the main coordinate clustering results were similar to the traditional pedigree, but
there were obvious differences in the classification order of the group and the system. The results of
population structure analysis were different from the cluster analysis of genetic similarity coefficient
and the analysis of principal coordinate clustering. [Conclusion] The 16 pairs of TRAP markers were
developed using TRAP marker technology for the genetic diversity analysis of apple germplasm materi-
als . From the EST level, there were 33 species of apple species and 3 species of pear genus. The analy-
sis results showed that the clustering results of UPGMA method and the main coordinate clustering re-
sults were similar, which is similar to the traditional pedigree, but there are some differences between
the clustering results and the analysis of the population results. Relationship analysis provided molecu-
lar evidence for the relationship between the species of Malus genus.

Key words: Malus Mill.; Genetic diversity; TRAP; Group structure analysis
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N — . 5 ~ s S 4 T o, s
TRAP #310 CH A5 X 380 18 2 25 P sl #4755 X Gi 5 MR TR A Origin place of
Code Material name Latin name materials
WA % ‘ SR A i
S B A DB 21 BRI B o b
NCBI ﬁ%}% E qj ﬁ j:ja ;i:ﬁ 9‘% % EST $ ﬁ” s @{ :J:E JJHQE Maluibaccata (L.)Borkh. Llaor}lng‘, China
o ) . N 2 ElHT Malus mandshurica ™51 T
) H #n it FE K] cDNA B8535 EST 74135 1 — A [l 58 Malus mandshurica (Komorov.)Likh.  Liaoning, China
. . 3 WEYLE Mal, kii i E g 1]
519 (fixed prlmer) 02, [) B £t X 9[‘ T 5% Ij‘] é\% i} Malus rockii ScLIllrbllgiS(.)C ! Sichuan, China
VUL e 4 S NN = \ 4 b Malus hupehensis 1 E U )|
Ry WO E B GC BUAT #0 IX AT 227 1 BT BE AL Malus hfpehensis (Pt;gl;‘)ugshg.nm Sichuan, China
. . N — . Y Y . QT
5|9 (Arbitrary primer) , S8 J5 97 34 i [7] H br 2 K AH ’ A%azzsﬁh?:lliana e e .l':'l:;{sjl:l/ China
3\% E% EKJ PCR H‘ &[13] ’ Xﬂ‘ H‘ Eﬁ ﬁ % E 1;@ EX B"J ﬁ ?E 1& {ﬁ—— ¢ %ﬁﬁﬁkihensm j(l/l\;glvzfékfzs:}slge g:i‘cun} | IChina
ST, LLSZEL H B3R EST X I Z #Ef kel . 5 H 7 HrEEEREAR Malus sieversii T
. . } Malus sieversii (Ledeb.)Boem. Xinjiang, China
fth 3 F PCR 14> T Fric A LE , TRAP b il H & &5 8 Malus asiatica var. 1 [E
. ~ L v e e Malus asiatica var. rinki rinkiCWoide.) Asami. China
II%]EH % z&‘l‘i ﬂ} H */T\‘ A E% H %%\ e ‘@ & T?"I% 'ﬂ; ] $ 9 MT Malus prunifolia [ P 1]

N N N S . Malus prunifolia (Willd.)Borkh. Sichuan, China
ELS WA, TRAPIRIZELHEDIRA o W™ i, YR
~H LS HE16] (171 W 25 18] 21 [19-20] 21 [22-23] alus spectabilis it.) Borkh. o ina
FEPP RN HRE R 2 \*% "I%% 11 VURESE Malus micromalus ‘:F_‘)ll )
%D *E % fﬁ J:’% [24-251% E{J Eﬂ: 7‘?.: 1:’3 ! ﬁ ;J:& ﬁ , 1& E i % Malus micromalus Mak. Sichuan, China

12 =iEse Malus sieboldii rpE Y 1
JEAE YD IB AL 22 KM IR 30 0 B2 el Malus sieboldii (Regel.)Rehd. Sichuan, China
. . N 13 BZRigs Malus kansuensis — HE Y1

% %‘ ia ot T E Ed % AT ES é% lj& ’]'/t Tiff ?H‘lt E’:] Malus kansuensis (Batal.)Schneid. Sichuan, China

TRAP it 4 L8 30 80 AR 3 AR Ml iomaron (St Jin, i
g S — , 15 ARt Malus toringoides 1= Y 1|
éﬂﬁ{T j:ﬂ ﬁlﬁ ’ y\ EST % ﬁu 7J<:FJ:TE" AN %}% ﬁ] [i] E@ Malus ZZ:ingoides (Ifeﬁfi.)olfll:g}?éses Sichuan, China
BAEEHEG R NP RER ARG R R O B Mo
A HE AL 7 BT K A 5 B B F SR RS KA 17 THER Malus pratii — FEII

Malus prattii (Hemsl.)Schneid.  Sichuan, China
.. 18 VLS Mal, brophilia 1 E Y )1
1 j‘j‘ )Fll. }FD 73¥£ Malus ombrophilia Hgnﬁdlf-%z;?p e Sichuan, China
19 S Malus honanensis ™ [E{i] 54
Malus honanensis Rehd. Henan, China
L1 A 20 PUbHEE Malus s DI
{ yunnanensis
S : Malus yunnanensis (Franch.)Schneid. ~ Sichuan, China
ﬁ\iﬁTi‘Z%E 304\ﬁ]$u§éﬁ 34\1@#\:33 ﬁj\*j' 21 Bk ) Malysgioumeri EP‘:T?’%“ )
*’L ( % D, ﬁ\: EF' %ffﬁk E l:':l ;& NI j( %z, T Bzifﬁ% Malus doumeri (Boig.)Chev. Taiwan, phma
22 RfFH Malus soulardii T g
vl Fg} W 5'{ Ha j:)f{ fé‘ Z%l“ﬂ*f{' = 1 1:]:‘[ T j”i P %% Malus soulardii (Bai]ey.)Britt:rL Liaoning, China
B 23 NGl Malus xiaojininensis " [E U 1|
IR s S 7E > AR T ¢ S 27 Malus xiaojininensis Cheng et Jiang Sichuan, China
U5 I 5 VS MRS SR B UM AR P I 5 3 R i . Ath 27 Fifb ol Siewan,
72 s o R e R 24 SR Malus robust = i
K F T T 24 [ 2 B R 9 5 Malus robusta (Care)Rehd.  Hebei, China
e 3 , N = N 25 Z Malus d 1
SRR R VI s 5L 3/ A AR BB T S0 Vol domesica g hmensis i, China
Y e ; SN ML e bsp chi .
BRI IR R AL E RMRBEBR 6 g Malus ioonsis AL
= | 2<% B A R SR 5V - Malus ioensis (Wood.) Brit. North America
SRR . R R el (Wood Bt North
5 -l Malus orientalis Uglitz Caucasus
qu:km1%ﬁ%ﬁﬁ ° 28 FRMSER Malus sylvestris R
1.2 & Malus sylvestris (L. Mill. Eastern Europe
. 29 AN Malus angustifolia 163
1.2.1 E.E 40 DNA #& B ﬁﬁ%ﬁ% i/iﬁ 7M‘ >{er E@ 2]'] ﬁ@’[ [H‘ Malus angustifolia (Ait.) Michx North America
s NI, . 30 il Malus fusca (Raf.) Jb3%
H ’ 72% % Ejﬁ_ % /—f—r‘;[m N XIJ kA E—% e EI’:J Vi YZi:. , 18 l‘i E&lﬁ E,:] Malus fusca Sccflrl:grdu.sca North America
vy e 31 Fd* P b hneideri i
CTAB /)M 32 42 B3 [ 41 DNA. 3R IAY 3[4 41 Ey;';s bretschneideri R)éi}”]tés reeneitent I:Pe:e{i?é[}iina
S P N oY SR AR N 32 fhALE P ifoli o [ KLk
DNA Jifi if Nano Drop 2000c STE S U 7[67%& it P/yj;v pyrifolia (l)é}lﬁﬁinl?)f}.r)ll\?aig. Yangtze Ri}\lrer basin,
M-k A 10 4Tt S HE R s B S5k S Y R, China
FRETE 1% (B R TRk A PR T U0 4 A i 33 PR Pyrus communis L. LY FE 5
Pyrus communis Western Asia

TEEWFiRE % 250 ng- uL ', /47 DNA T-20 ‘C#%H.
122 3140 5 PCRY ¥ K HuZ:® 5 )%

T A ROR BB MR+ RN TELL AR

Note: * indicates pear material; ** indicates flower red variety.
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455,35 CiB k455,72 ‘CIHEAH 1 min); J5 548 354
TEIR (94 CAEE 45 s, K57 514 50 ‘CiB k455,72 C
FEAR 1 min) ; /5 72 CZEAH 7 min. TRAPARiCY 1Y
PCR 7 W) 48 I 1.5% 1) B BiE Al e JB 180V HA s FELVK
15 min Wl , A8 FH %12 A8 3 4t (Syngene, G:BOX-
CHEMI-XRQ)iZ 45

123 $ABL 5%t 54 TRAPFRIC N 2R
i, B B R M ERE R R B %l 8 1, Joar Al
g9 LLOid 3k . i# T Popgene32™" Gt it T it H A
30 55 v HE K 25 Shannon 48 2055 G 86 S 8. DA
NTSYS-PC FAF: v A R [a] (1) 38t % AH AL 22 2 (ge-
netic similarity coefficient, GS) , LA JE I AT ¥4 £ ik
(unweight pair group method using arithmetic averag-
es, UPGMA) 47 Kt fE Kl . FI A EIGEN #2 7
HEAT F AR 3BT . LA Structure 2.3.1 304 43 B L3
MR A AL S5 0, A TE B FE AR L A K™Y,
B K HUE 6 E 1~6, % 2 4] iterations 2 10 000
%, Z % burn-in period ¥ 100 000 X , B & 12 7%, it
HZH QM. VMR ORI N, 24 KB FF 2L
KIS 38X AK I vE B € KAE . 42348 3 APl
RHHR G AR S

2 HRE0H

2.1 TRAPHRIEESMSH

33 4 #4 kL 3L R 4 DNA £ PCR ¥ 1 )5 , LA iR
W g Jo WLk i O AR 4 B i BRI, o A R
71N> FILFH 07 38 HA 16 16 %5F 51 P 4045 78 A6 1 33 40 4 )
T3 A 1 407 26 kAT BaOR/NVE 100~1 200
bp Z IH], i 2 MK A 404 5, 25V H HRIA
99.26%. &SI G Y IG A Rk B AE 17~
50 2k Z [a], P35 B 0 51 W) 4 8 H A 3Kkl O 25.44
%% HohbRid D4 AY 729667 3 B A S Sk i i b, N
17 %, i ric D11 EU635450 F W (1 i £ , N 33 %%
FEYC L 79 3 i %2, N 124 4, TU PR B 1 e
884k, 1 5% DI1 A EU635450 414 (3 1
GERL LY AT 31 K, 2B ML 3K, 2 E
PEH 7R IE 100%. 33 /Nl i) 250 00 %% 5547 356 DR £
(Na)> 9 1.992 6,7 G B Ky 1.442 5, Nei s 2
Z R R EL(Ne) 4 0.274 9, Shannon s 5 B 15 %1



512 W

FAARL, 55 BT TRAPFRIC HO3E 8 M i) 4% 2 AR 20 A7 1613

M1 23 456 78 9101112131415 16 MM 1718 1920 21 22 23 24 252627 28 29 30 31 32 33

M. DNA 43 T brid : 1~33. M7 5.
M. DNA molecular weight markers; 1-33. Accessions code.

1 D11 F0 EU635450 A& 5|4%t 33 3R EFREM B0 15
Fig. 1 Amplification of primer D11-EU635450 between Malus and Pyrus materials

(DH0.430 6. H A LR (Nm) 9 1.284 2, 4% 41
1k 2 % (Fst) 4 0.280 2, Ho “F- 41 4 0.447 3, He *F-
¥IME N 0.356 7.
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MG RA .
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NG T A N — /NN /N R T 50 R
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Fig. 2 Cluster analysis of 33 materials between Malus and Pyrus base on TRAP data
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Mo 24 K=3 M 33 43 34 Rk 1) 550K B 28 & Q (L1 4%
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Table 3 Distribution of Q-value of lines in five groups by model-based cluster method

K {H e T RS AL Q{H i [E Ranges of Q
K value Groups Number of parent materials Q<0.6 Q=0.6 Q=0.7 Q=0.8 Q=0.9
K=3 1 414 Red 13 5(38.46%) 2(15.38%) 1(7.69%) 000%) 5(38.46%)
2 {4 Green 15 3(20.00%) 1(6.67%) 2(13.33%) 000%) 9(60.00%)
3 #5 % Blue 5 2(40.00%) 0€0.00%) 0€0.00%) 0€0%) 3(60.00%)
*4 K=3H#HEE Q EEMNHIMRIE . A
Table 4 Numbers of materials in the ranges of covariate Q 3 Lﬂ‘ W
when K=3 b g
AW 16 % 51 W 4H A A AL 33 45 44 k)
g QUEH Ranges of S 407 S A I 2 B A 404 %
value
Q<0.5 0.5<Q<0.6 0.6<Q<<0.9 Q=0.9 NN . N A
2 B VET 73 305 99.26% , - 2505 51 04 1 H A 2
K=3 309.09%) 7(21.21%) 6(18.18%) 17(51.52%)

k1 N 25.44 %% . T 2R AP B 80 4™ SSR FRic Xt
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48 13 SE A KL o BT SRAF A BT 5 254 4, F Rt
519 8.47 A, LA K @ P AR SR FH 19 %% 7% ' SSR bR id
Xt 155 43 37 B AR B PRk T 08 AR 2 R AT 2
T, 3R 15 390 NS4 FL 1, ¥ 45 20.526 4~ . 5 LA A
FEE RH L, AW 5T B9 TRAP bR iC 46 I 23 #r o 5 by
RS 1 B A ok B £, AL S DTk I A
RS EONEE . LU TRAP ARIC 263 3L & Fha) (1)
AL o B TR T DLSRECTE R E e (S B, v E R
S B AR AL 2 B AR AR 1T

7E UPGMA £ 3H 47 3R 0] TR 5 2 GS=0.666 B
AR AR R 3 S 2 A KK RIS R oy AL R
MRS BLE A R, XA TR & MR RLX 53, i B
TRAPFRICIHI AT 5EME . 24 GS=0.680 i 3% 5@ A1 k] 4
NI VITFRAEZ, W T A HEAL S04 25 b i) B
R AR RAL, WK IS TG0 32
% Mk o AN G 3 LA, 1X — 45 B 5 Robinson 257
FI FH matK F1ITS 7 51 J 5K 7 & B R0 4= 3 55 09
AFLP #F 55 (1) 25 SR AHARL , 22 I i o 2 A0 28 5 R 2H 5
S ¢ ZORE , B T 2H RN A6 MR S B4 SR 45 B
iI. £ T RGFAh Z2 B i F N, =i
55 B R PR LT RA T, AT SRR IX
—4Ew. BEWENARE -BEFEBRRKSUES
S e R B SR A R R REAE SO AR AR S A R (1
RHE 5 24 GS=0.800 Hif LA J = A bR 43 #T o #4445 4 16
S 55 AR I g S AR I 5 3 AN B CH 1A 052, X
Ut B4 & 1 2 5 10 AR SR 4 FP A A A 3 AN E -
HORGRAREIR, 27 MMAETE [ MERER,
S IR & M () 8L FE R A, 5 IR AEUR] FH 2¢O SSR
FRACAE 155 4 3 5L @ 4R 55 Rk 7 & 269 1 3 FL @ 1
IR0 B A FT 2 AL . 24 GS=0.680 I, 2K 1T
HH 7 g S TR 5 R O (1 [T A o 3 ) 5 6 B S5 1)
FBR i 0 ] P S R A R S R AT ) a8k it
B A 5 1 PG S I R O S IR MR AR R, b
SEYNE SEIE R O AR IE S8 2R T, vl B AE &
P8 T 5T B R A 5 IR S I 5 (E AR I S SR 3 R o0 1)
B VB S A6 S5 P 37 SR IR o 1) 5 S R A
Y S ST R W 2 TT AR 0 B S 4 51 Rl — e R 2 0
X PO SR A A e AT R AT R AL
IFa) & 5 o o 5 U0 11 383 A% L b A SR B A B YY)

R UPGMA LR KK S A bR BB R 5%
Gt R WEAHUT  (HTELL R IG5 KB o F AT R

ZE 5, AT RE 5 5 BB i B A B AR A A AR B A 8
B2 PP E JMpA 58, £ 50 K ERISES R R4y
Mrol e 5 B L ORI R TR S F R G R R
IIMTAFAE— & 2 5%, T HANF 70 T hric BoAR 2 1]
AT REAFE2ZE R o U anag AN 80 v S 5 el
SEEPSE R AL TR (H T HNR A R, W
g e S R VG I I SR LU DR 1A A o R R
TE— 2 , X L0 75 LR U4 SR AR 78

BT B R (R 45 1 2 A R ORI A AT IR T
PR AR OCHAE F M E R R . BL Eg5 5 UP-
GMA V2 J 3 [A] AL bR 73 A1 () S L I & SR 17
G B R AR S5 40 3 A 1) 45 B[R] DA B A 43 2K
HA —EMESR, TR F N GS RIS T 8%
FRBS IR, 3 BRI BRI SR 2 B i ¢ &, 1M
T A 5 48] 4 BT 1 B 28 0 ik T W 2 A % %) B 5 A
AL T U 2R BT DALt e e A A 2 A 1 4y
M, N JE WS B G IR E I B0 T SR Al . M K HUE N
333 R B K A B QIE M A AT L 23 1y
MORHR AR B Q= 0.6, o i1 K} 1 69.7% , Ui W 1
B MERHA] IR 58 2500 2 88— s IR 48 AR 45 0 79 A 4
BHEBE DR R, 73 K45 R 5 BRIE R AW &,
X — 45 B IR & R S5 S S R LR R A AT A
Bho w3 S AT B VR A 2 AR, 7R T
3T 2 B A R YR B AR T R

FIH TRAP FRICH AR M EST K F L4 173 R
J& 30 AN Fh LB JE 3 AP 33 4 b4 R a8 AL Y B 46
RER UPGMAVER KL RS F AR KA M
A Ry, 5 4% Gt RAIG AR (RS BER &5 R B A1
—EZE R, R TS MRISEG R R, N A FhiE
KGR R 17> TR .
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