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Genetic structure analysis of the cultivated blueberry (Vaccinium spp.)

species and wild species in China based on EST-SSR markers

LIU Youchun', LIU Cheng', YANG Yanmin', SUN Bin', LIU Shuo', YUAN Xingfu®, WEI Yongxiang'
('Liaoning Institute of Pomology, Yingkou 115009, Liaoning, China; ‘Liaoning Academy of Agricultural Sciences, Shenyang 110161, Liao—

ning, China)

Abstract: [ Objective ] Blueberries, belonging to the genus Vacecinium of family Ericaceae, including high—
bush blueberries (Vaccinium corymbosum), rabbiteye blueberries (V. ashei) and low—bush blueberries (V.
augustifolium) are the most recognized commercially cultivated species in the world. Some wild species of
this genus are unique to cold resistance, drought resistance and fruit nutritions, and are valuable resourc-
es for the germplasm innovation and also broaden the genetic basis of the blueberry. An understanding of
the genetic structural differences, relationship and genetic backgrounds among cultivated blueberries and
wild species have crucial meanings, and guide the breeding programs accompanied by genetic exploration

and utilization of the wild blueberry species. [ Methods]Conducted a total of 84 tests including 58 cultivat-
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ed varieties from abroad and 26 wild types from China. DNA was extracted from the young leaves of the
plants using a CTAB method with modification. PCR reactions were carried out in a final volume of 15 pL
containing 3 pL template DNA (20 mg- L"), 0.2 pL forward primer (2.0 pmol - L"), 1.0 wL M13 (labeled
with 6-FAM, NED, VIC or PET), 1.2 pL reverse primer (2.0 pmol - L"), 7.5 wL Mix—-Taq (CWBIO, China)
and 2.1 pL. HO (CWBIO, China). PCR amplification conditions were as follows: 94 °C for 5 min, 35 cy-
cles of 95 °C for 30 s, 52 °C for 45 s and 72 °C for 45 s, and a final extension at 72 °C for 10 min. All reac-
tions were conducted using a thermal cycler (Veriti 96, Applied Biosystems, Foster City, USA). The PCR
products were separated by capillary electrophoresis using a ABI3730x] DNA Analyzer (Applied Biosys-
tems, Foster City, USA). After PCR amplification confirmation with 2.0% agarosegel, nest—PCR multiplex
sets were made based on fluorescence—labeled M13 primers. For nest— PCR multiplexing, 1 pL of 6-
FAM, VIC—, NED- and 0.5 pL. PET labeled PCR products representing different SSRs were combined in
13 p. H,O 1 pL mixed product which was then added to 7 L. Hi—Di formamide containing 0.07 . Gen-
eScan™ 500 LIZ® as the internal size standard, denatured for 7 min at 95 °C, quick chilled on ice for 5
min, and loaded on a ABI3730x] DNA Analyzer. The fragment analysis was performed by using GeneMap-
per v4.0 software (Applied Biosystems, Foster City, USA). The genetic structure was investigated by using
software STRUCTURE and Principal Coordinate Analysis (PCA) and a neighbor— joining tree cluster
which was analyzed based on Nie’s genetic distance and applied through software PowerMarker. [ Results ]
1) Totally, 101 polymorphic alleles were obtained with 8 EST-SSR primer pairs, which were screened
from a total of 54 EST-SSR primer pairs, with an average of 12.63 alleles per locus. The average of effec-
tive alleles (NVe), Shannon’s index (/), observed heterozygosity (Ho) and expected heterozygosity (He) per
locus were 8.711, 2.262, 0.523 and 0.860, respectively, and the polymorphic information content (PIC)
ranged from 0.640 to 0.915 with an average of 0.845, indicating a high polymorphism. 2) Genetic structure
analysis based on the Bayesian method indicated that AK reached maximum when K=4, all the 84 tested
blueberry accessions were clustered into 4 groups: S1, which is given priority to lingonberry (V. witis—
idaea) and cranberry (V. macrocarpon) and characterized by red fruit; S2, which is given priority to bog bil-
berry (V. uliginosum) and characterized by being highly cold-resistant; S3, which is given priority to south-
ern highbush (V. corymbosum SHB) and rabbiterry (V. ashei) blueberry, and characterized by having a low
chilling requirement; S4, which is given priority to northern highbush (V. corymbosum NHB) and half-
highbush (V. corymbosum HHB) blueberries and characterized by having a high chilling requirement, the
above results showed an obvious genetic structure within Vaccinium spp. 3) Both the results of neighbor—
joining tree cluster analysis and principal component analysis (PCA) identified large genetic differences
that existed between the cultivated species and wild species of China; 4) The  value of the 84 tested blue-
berry accessions higher than 0.6 accounted for 91.67%, which were considered an individual assigned un-
equivocally to a cluster, with single genetic components. [ Conclusion] Obvious genetic structure and dis-
tantly relationships existed between the cultivated species and wild species of China, however, there was a
limited amount of cultivated varieties with an ancestry of wild species (with ST or S2 components) and this
indicates that there was introgression between the cultivated variety and wild species. This shows that you
can obtain variant plants through hybridization to innovated germplasm and broaden the genetic basis for
blueberries, which also should enhance the exploitation and utilization of wild blueberry resources in China.
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Table 1 List of 84 blueberry accessions

Ji
Origin

HT Rk N eSS
No. Taxon Accession Pedigree/Type
1 S V. uliginosum 53701 Bog bilberry-01 %42 Wild
2 AT V. uliginosum 702 Bog bilberry—02  BF4: Wild
3 g v uliginosum o3 Bog bilberry-03 A= Wild
4 GG V. uliginosum 531 04 Bog bilberry-04 B4 Wild
5 BTG V. uliginosum 53105 Bog bilberry-05 ¥ Wild
6 AT V. uliginosum 51106 Bog bilberry-06  HE Wild
7 EAE V. uliginosum o7 Bog bilberry-07 A Wild
8 MU V. uliginosum ‘%37 08 Bog bilberry—08 B Wild
9 BHTHUE V. uliginosum 53109 Bog bilberry-09  Hf: Wild
10 ZEHHHAT V. uliginosum  Z5H7 10 Bog bilberry-10  #7A: Wild
11 ZHPEAE V. uliginosum 17 11 Bog bilberry—11 A= Wild
12 s v. uliginosum Zir12 Bog bilberry—12 A Wild
13 G V. uliginosum 537 13 Bog bilberry—=13 74 Wild
14 ZLEAG V. vitis—idaea  #155.01 Llingonberry-01  ¥7/f Wild
15 L0585 V. vitis—idaea  #1.5.02 Llingonberry-02 A Wild
16 ZLEAS V. vitis—idaea #1503 Llingonberry—03  ¥F/E Wild
17 ZLHU V. vitis—idaea #1504 Llingonberry—04 7/ Wild
18 ZLEHAG V. vitis—idaea  £153.05 Llingonberry-05  ¥7/f Wild
19 ZLEHAE V. vitis—idaea  £153.06 Llingonberry—06  EJA: Wild
20 G V. macrocarpon  E#A% C6 Cranberry—C6 T4z Wild
21 EEEAE V. macrocarpon AT C8 Cranberry—C8 A Wild

22 EAE V. macrocarpon

% C13 Cranberry—C13

i Wild

23 BB V. bracteatum R Wufanshu A Wild
24 LRV, fragile L9501 Wuyaguo—01  BFA4E Wild
25 LR V. fragile I 02 Wuyaguo—02  Hf4: Wild
26 GHSR V. fragile 03 Wuyaguo-03  HF/E Wild

rPE M JEVT Heilongjiang, China
o [ By T Heilongjiang, China
TR E 2 JEVT. Heilongjiang , China
HE B IEVT Heilongjiang,, China
FRE PR JEVT Heilongjiang, China
T E 2B IEYT Heilongjiang,, China
[ BT Heilongjiang, China
FREBIEVT Heilongjiang,, China
R E PR JEVT Heilongjiang, China
o [ B g T Heilongjiang, China
[ B T Heilongjiang, China
Ly IT. Heilongjiang , China
FRE B JET Heilongjiang, China
[ B g T Heilongjiang, China
o[ BT Heilongjiang, China
IT. Heilongjiang , China

IT. Heilongjiang , China
THE B IEIT Heilongjiang,, China
HHE 2 IEYT. Heilongjiang , China
P bR Jilin, China

P& bR Jilin, China

HrE A Jilin, China

H1[E = Yunnan, China

H1[E = F Yunnan, China

[ Z# Yunnan, China

F1[E = F Yunnan, China
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F1(4) Table 1(Continued)

' ZEs RifuA! Ji 7
No. Taxon Accession Pedigree/Type Origin
27 CERENEAE JtBt Northland Berkeley (JerseyxPioneer)X(Lowbushx & [E M

V. corymbosum (HHB) Pioneer seeding) Michigan, United States
28 PG Jt#% Northblue Mn-36x%(B-10xUS-3) P IEY ISy

V. corymbosum (HHB) University of Minnesota, United States
20 2R AR 4t Northcountry B-6xR2P4 EFEETRA R

V. corymbosum (HHB) University of Minnesota, United States
30 AT MISTR Blackpearl A1 Unknown *

V. corymbosum (HHB)
31 BN 1 JUA 2 Polaris B15 (G-65%Ashworth)XBluetta S [ P

V. corymbosum (HHB) Michigan, United States
32 JbE AR Wi Bluecrop (JerseyXPioneer)X(StanleyXJune) & [E T

V. corymbosum (NHB) New Jersey, United States
33 b G {A5EF] Bberkeley JerseyxPioneer FEEHTEY

V. corymbosum (NHB) New Jersey, United States
34 bR ARG FETECRIE) (IvanhoexEarliblue)x192-8 (E-30xE-11) 5 Y

V. corymbosum (NHB)  DuKe (Dalian) New Jersey, United States
35 dbE ARG PEVGSE Jersey seeding  Jersey seeding ®

V. corymbosum (NHB)
36 dbE G EJ 31 EarlibluexJersey *

V. corymbosum (NHB)
37 At A FEve (BEH) (IvanhoexEarliblue)x192-8 (E-30XE-11) & ELHTE Y

V. corymbosum (NHB)  DuKe (Xiongyue) New Jersey, United States
38 dbEm G % Earliblue StanleyXWeymouth 5 [E R

V. corymbosum (NHB) New Jersey, United States
39 b G A StanleyXWeymouth *

V. corymbosum (NHB)  Earliblue seeding
40 dbE AT JAZE Darrow (WarehamXPioneer)XBluecrop E[E United States

V. corymbosum (NHB)
41 b ARG B Brigitta Lateblue{Herberd|StanleyX(JerseyxPioneer)|x K F|I Australia

V. corymbosum (NHB) Coville} 32/ Seeding
42 b Mobh K Sierra US 169xG-156 ESEp e

V. corymbosum (NHB) New Jersey, United States
43 b ABG AV Legacy ElizabethxUS 75 BT

V. corymbosum (NHB) New Jersey, United States
44 b B H i Sunrise G-180xME-US 6620 o EHEVY

V. corymbosum (NHB) New Jersey, United States
45 b G B ZE Toro EariblueXIvanhoe LB

V. corymbosum (NHB) New Jersey, United States
46 b B # F Bluechip CroatanxUS11-93 S AL RE kg M

V. corymbosum (NHB) North Carolina, United States
47 b AR WA BLEE Elliott BurlingtonxUS 1 [DixiX(JerseyXPioneer)] & R BT

V. corymbosum (NHB) New Jersey, United States
48 b AHRAG 4t Patroit (DixiXMichigan LB-1)XEarliblue FE[E United States

V. corymbosum (NHB)
49 b BRI 't Blueray (JerseyxPioneer)X(StanleyXJune) 5 Y

V. corymbosum (NHB) New Jersey, United States
50 b ARG ik Reka E118 (AsworthxEarliblue)xBluecrop BVE 2% New Zealand

V. corymbosum (NHB)
51 dbm i PEVT Jersey RubelXGrover & [# United States

V. corymbosum (NHB)
52 b G % Bluejay BerkeleyxMichigan241 (PioneerxTaylor) SEEHETE

V. corymbosum (NHB) New Jersey, United States
53 b ARG el Croaton WeymouthXF6 (StanleyXCrabbe4) &I United States

V. corymbosum (NHB)
54 b AT Z [ Patriot Dixi[(JerseyXPioneer)XStanley |XMichigan ESEEEES|

V. corymbosum (NHB) LB-1)XEarliblue Maine, United States
55 At BTG W5 Bluetta (North SedgwickxCoville)xEarliblue B EFaRe]

V. corymbosum (NHB) New Jersey, United States
56 b G XG# D- 10 ATE Unknown [ United States

V. corymbosum (NHB)
57 At A YA FI Aurora BrigittaxEliliot 2 E B M

V. corymbosum (NHB) Michigan, United States
58 b B FIFAFE Liberty BrigittaxEliliot e 2 PR

V. corymbosum (NHB) Michigan, United States
59 dbm ARG A% Herberd StanleyX(JerseyXPioneer) [ United States

V. corymbosum (NHB)
60 b At FERL Sierra US 169xG-156 KB

V. corymbosum (NHB) New Jersey, United States
61  dbE MG it 78 PG Dixi (JerseyxPioneer)XStanley EERRE i

V. corymbosum (NHB) New Jersey, United States
62 db B RS Chandler DarrowxM-23 [Berkeleyx18-9(GM-3xCU-5)]  %[# United States

V. corymbosum (NHB)
63 NG W+ Gulfcoast G-180xUS 75 SE[E HPUVE LM

V. corymbosum (SHB) Mississippi, United States
64 = A 2% A1 Sapphire ATE Unknown *

V. corymbosum (SHB)
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R 1(4£) Table 1(continued)
i 2 L FRigu i}
No. Taxon Accession Pedigree/Type Origin
65  FE = KRG V. corymbosum (SHB) H.JE/K O'Neal WolcottxFla 4-15 EEIL 2 H4890 North Carolina, United States
66 ARG V. corymbosum (SHB) Hifis Sharpblue Florida 61-5xFlorida 63—12 SIS Bk ReE

67 B EAE V. corymbosum (SHB) N3
68 FEMHEAE V. corymbosum (SHB) N5
69 B KEAE V. corymbosum (SHB) 254 Misty

70 R AEEAE V. corymbosum (SHB) FR{AEAT Georgiagem
71 B AKEAE V. corymbosum (SHB) Ui 7 VY Biloxi

72 TG V. corymbosum (SHB) ##547 Emerald

ARPE Unknown
A3 Unknown
Fla 67-1XAvonblue

FLI1-69XNC1528

University of Florida, United States
#

Sl TRy

University of Florida, United States

[G-132xUS75 (Fla.4BxBluecrop) J[EFFA WM Georgia, United States
SharpbluexUS329

FE A

Department of Agriculture, United States
25 United States

73 R AT V. corymbosum (SHB) ERE Jewel A Unknown %[H United States

74 R \ERE V. corymbosum (SHB) %5 Reveille NC1171xFla61-7 FEEILFRZ 4 North Carolina, United States
75 B EAKEAE V. corymbosum (SHB) JEIA Cooper G-180xUS 75 e BVHPY LU M Mississippi, United States

76 FEINHAE V. augustifolium &% Blomidon Augustax541 JnZK Canada

77 HRHEAT V. ashei Hi54E Choice T-31 (SatillaxCallaway) S Bk Florida, United States

78 TR AAE V. ashei Rb 5 A1 Unknown *

79 HRHAT V. ashei JlZ Brightwell TifbluexMenditoo FEEILEZ KM North Carolina, United States
80  lRERAE V. ashei Rb 13 A Unknown *

81  ARHLEAE V. ashei 784 Premier MyersXBlackGiant FEILF 49 North Carolina, United States
82 AT V. ashei el Gardenblue MyersXClara FETTIE A Georgia, United States

83 AHNEAE V. ashei #3115 Powderblue MenditooXTifblue FEEILF 45 North Carolina, United States
84 RHHAE V. ashei FEFRHE Tifblue EthelxClara FETFIE A Georgia, United States

T HHB. 2 5 Ak s NHB. b2 A s SHB. 1 e MBS 5 * 2R I AR TRl s AR Je 1L
Note: HHB. Half=highbush blueberry; NHB. Northern highbush blueberry; SHB. Southern highbush blueberry; * mean origin unknown or seedling

progeny.
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T :95 CHIZEE S min, 95 CZE4: 1 min, 52 CE 45
5,72 CHE(H1 45 5,30 PG, 72 CIEMH 10 min, SN
1F Thermal PCR 1Y I # 17 (Applied Biosystems, Fos-
ter City, USA) . W Wit AT 2l Ab 3 -# B, 500135, fin
7 wL B kA1 0.07 pL Liz—500 Size—Standard ( 4
B8 ), 95 CAEHE 7 min, VK B3 HI 5 min J5 , H ABI
3730x] DNA #1253 Hr A% PCR 7= Wy kA7 6 407

N

VKO
122 #AE45H  EST-SSR51YH M7= 2 Gene-
mapper 4.1 B2 Fr BER /N 1 e S5 A
1A A1 R0, R Pover-
Marker V3.25" {353 — 57 s Bt R Y 45 o7 ik
L (number of putative alleles, Na) \ A 8 5537 3&
K (effective allele number, Ne) JHEE 425 (expect-
ed heterozygosity, He) . Shannon’ s 2 25 P4 15 B 45 5L
(Shannon’ s information index, I) fll Z & E(E B & &
(polymorphic information content, PIC) 25844 .

R STRUCTURE 2.2 % (bt R k£ 56
T UL H37 (Bayesian ) BUA IR 135 AL 2548 73 B 5
W RHEH (K) R 2~10, % MCMC (Markov Chain
Monte Carlo) B AVEEGEA (Iength of burn—in period )
B 10 000 U, FRA5 A 11 ik A QR 19 MCMC 0
100 000 4K , B4~ KAEIZAT 5 UK, MR (B IRy S5
PEH—A 5 i KA, THEE A A Y Q 1 (5 i ik
B EST-SSR 37 i A8 57 U5 F1 5% K ERERIHE R ) , 221
BT R R AL S5 A 18

FIH PowerMarker V3.25 B4, M5 Nei’ s 1A%
0 2938 1 Neighbor—Joining B3 HE 17 TCARBPIR 2 A%
K FR K IF AT E W53 53 BT (principal coordinate
analysis,PCA ) .
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Table 2 Primer information and genetic diversity of 8 EST-SSR markers in tested materials

N b ! bl I

Iﬂierg iﬁi[iﬁiiij (5°-3") gi{rﬁlei%ﬁij(s -3%) Na Ne ! Ho He pie

V(€063 AACACTAATTGCTCCCTTGA TGTTAATGCAGCGTAGACAG 18 12519 2673 0846 092 0915
V(€024 TAATTCGTACTTGCAGGGTT TCAGTTATTGCCACTTGGA 12 8299 2204 0316 088 0869
VCO004 TCAGTACCTCTGTCTCTCTCG ~ GGCATGTTAAAGACGGATAC 15 9.139 2461 0316  0.891 0.882
V€002 CAACCTGATTAGCTGGAAAG ~ AGAATACGGTCGATTAGCAG 15 11378 2577 0625 0912  0.906
VG113 CGCATCTGCTGTACAAATAA TCATCAACAACTTCAAGCAG 14 11.645 2532 0368 0914 0.908
V(013 GTTACAAGCAGGTGGTTAGC GTATTACAAATGAGGACGCAC 11 4661 1953 0478  0.785 0.769
VC068 TTCAAGAAAGAGCCCTAGTA  GCCATTATTGTCGTAAGGAG 11 8779 2271 0731 0886 0.875
VC116 ATACATATACGCAACGACCC GCACCAAAATGGATACAAAT 5 3266 1334 0500  0.694 0.640
EHIE Mean 12.63 8711 2262  0.523 0860 0.845

T« Na. W SEA7 BEPRUE; Ne. 80GOS KB 1 Shannon”’s $85; Ho. WAL FE ;s He. WIHEA A FE s PIC. ZAEMEAS B &t .
Note: Na. Observed alleles; Ne. Effective alleles; I. Shannon’s index; Ho. Observed heterozygosity; He. Expected heterozygosity; PIC. Polymorphic in-

formation content.
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e RISRBUER KB, 2 K=4 I}, BEFRAT AK IR
25

20

K/H K value
E1 FIA AK HER 84 B EEF R R M AR XI5
Fig. 1 The optimal number of groups for the 84 blueberries

were determined by using the second order
statistics (AK) method
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X-axis represents different material number, Y-axis represents the proportion of different genotype sharing the genetic background.
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Fig. 2 The genetic structure of the 84 blueberries based on a mixed model
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Table 3 Population structure of the 84 blueberry accessions
iﬁ_i% Q1 Q2 Q3 Q4 ?ﬁé ;ﬁ)% Q1 Q2 Q3 04 ZJ@# ;ﬁ)% Q1 Q2 Q3 Q4 fé#
1 0.014 0.981 0.003 0.002 2 29 0.257 0.460 0.275 0.009 57 0.052 0.042 0.037 0869 4
2 0.013 0976 0.009 0.002 2 30 0.204 0.031 0.295 0.469 58 0.003 0.003 0.723 0271 3
3 0.140 0.844 0.004 0.012 2 31 0.021 0.008 0.070 0.901 4 59 0.007 0.003 0.046 0943 4
4 0.015 0.622 0.360 0.003 2 32 0.133  0.005 0.013 0.848 4 60 0.137 0.004 0.004 0.856 4
5 0.009 0.546 0.440 0.006 33 0.003 0.002 0.002 0.992 4 61 0.004 0.098 0.007 0.892 4
6 0.005 0.955 0.018 0.022 2 34 0.004 0.004 0.003 0.989 4 62 0.044 0.050 0.015 0.891 4
7 0.027 0.967 0.004 0.003 2 35 0.004 0.007 0.005 0.983 4 63 0.017 0.008 0.622 0354 3
8 0.016 0.975 0.004 0.005 2 36 0.008 0.022 0.019 0952 4 64 0.020 0.017 0.895 0.068 3
9 0.005 0.988 0.004 0.003 2 37 0.004 0.007 0.003 0.986 4 65 0.037 0.246 0.014 0.703 4
10 0.099 0.891 0.006 0.003 2 38 0.007 0.006 0.006 0.981 4 66 0.024 0.440 0.015 0.520
11 0.004 0.990 0.004 0.002 2 39 0.004 0.003 0.009 0.984 4 67 0.005 0.005 0.981 0.009 3
12 0.008 0.985 0.003 0.004 2 40 0.079 0.003 0.003 0915 4 68 0.003 0.005 0.654 0338 3
13 0.049 0.024 0.924 0.002 3 41 0915 0.024 0.057 0.004 1 69 0.020 0.022 0.900 0.057 3
14 0.980 0.012 0.005 0.002 1 42 0.029 0.039 0.006 0.926 4 70 0.005 0.005 0.003 0.987 4
15 0.991 0.003 0.002 0.004 1 43 0.015 0.149 0.005 0.831 4 71 0.017 0.006 0.965 0.011 3
16 0.970 0.024 0.004 0.002 1 44 0.057 0.106 0.031 0.806 4 72 0.314 0.012 0.620 0.054 3
17 0.978 0.003 0.016 0.002 1 45 0.585 0.133 0.008 0.274 73 0.005 0.004 0.606 0385 3
18 0.836 0.055 0.005 0.103 1 46 0.494 0.005 0.007 0.494 74 0.003 0.002 0.988 0.006 3
19 0.851 0.039 0.107 0.004 1 47 0.010 0.010 0.012 0.968 4 75 0.004 0.003 0.989 0.004 3
20 0.992 0.003 0.003 0.002 1 48 0.888 0.014 0.024 0.074 1 76 0.085 0.387 0.110 0.418
21 0.984 0.011 0.003 0.002 1 49 0.067 0.005 0.003 0.925 4 77 0.005 0.037 0.955 0.004 3
22 0.983 0.011 0.004 0.002 1 50 0.005 0.009 0.007 0.979 4 78 0.006 0.110 0.858 0.027 3
23 0.923 0.032 0.008 0.037 1 51 0.004 0.006 0.006 0.984 4 79 0.054 0.009 0.935 0.002 3
24 0.012 0.980 0.004 0.004 2 52 0.647 0.223 0.005 0.125 1 80 0.020 0.144 0.830 0.005 3
25 0.006 0.987 0.003 0.003 2 53 0.054 0.024 0.782 0.140 1 81 0.033 0.070 0.894 0.003 3
26 0.087 0.236 0.669 0.008 3 54 0.005 0.003 0.003 0.990 4 82 0.009 0.008 0.007 0975 4
27 0.005 0.003 0.010 0.983 4 55 0.030 0.037 0.200 0.734 4 83 0.021 0.208 0.769 0.002 3
28 0.025 0.014 0.033 0929 4 56 0.074 0.004 0.007 0914 4 84 0.008 0.018 0.971 0.003 3
H: SRR 1.
Note: The numbers are the same as Table 1.
+o 4 N
+ * 1" V.uliginosum
B #$! " Vvitisidaea
© 4 A %! " V. macrocarpon
g_ + L0 oo .-X X &' ( V.bract_eatum
=) + oL ) <" X &) * V fragile
: oo fod 0 Ve
8 + + * ° 3 éi- +’.’Q [~] 0 / ' " V: corymbosur(SHB)
+ o b o 1/ 1" V. augustifolium
4 ¢ 231! " V.ashei
=+ +
N o

PC14 48.64%

B3 84 MBEHRRNERS S

Fig. 3 Principal coordinate analysis of the 84 blueberry accessions
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Fig. 4 Neighbor—joining tree of the 84 blueberry accessions based on Nie genetic distances using 8 EST-SSR markers
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