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Table 1 Sequence information of the 14 SSR markers
i S Locus 5| #1751 Primer sequence (5-3") T & ¥t Repeat motif PRIt ¢ Yt Fluorescent
F: CCCAAGCGGAGGTGTATATTGTTAC
sstOeUA-DCA3 (GT)y9 6-FAM
R: TGCTTTTGTCGTGTTTGAGATGTTG
F: AATCAAAGTCTTCCTTCTCATTTCG
sstOeUA-DCA9 (GT)y3 6-FAM
R: GATCCTTCCAAAAGTATAACCTCTC
F: GATCAAACTACTGCACGAGAGAG
ssrOeUA-DCAI11 (GA)»s(GGGA), ROX
R: TTGTCTCAGTGAACCCTTAAACC
F: GATCTTGTCTGTATATCCACAC
sstOeUA-DCALS (CA);G(AC) 4 6-FAM
R: TATACCTTTTCCATCTTGACGC
F: TTAGGTGGGATTCTGTAGATGGTTG
sst0eUA-DCA16 (GT)13(GA)y9 HEX
R: TTTTAGGTGAGTTCATAGAATTAGC
F: AAGAAAGAAAAAGGCAGAATTAAGC
DCA18 (CA)4(CT)1(CA)3(GA)9 TMR
R: GTTTTCGTCTCTCTACATAAGTGAC
F: TGACTCCCTTTAAACTCATCAGG
UD099-011 (CT),(CA),o(CT)x(CA), 2CT(CA),CT(CA)y 6-FAM
R: TGCGCATGTAGATGTGAATATG
F: TCCCTTGTAGCCTCGTCTTG
UDO099-019 (GT)y(AT)s ROX
R: GGCCTGATCATCGATACCTC
F: GGATTTATTAAAAGCAAAACATACAAA
UD099-024 (CA)11(TA)(CA)4 HEX
R: CAATAACAAATGAGCATGATAAGACA
F: TCGGCTTTACAACCCATTTC
UDO099-043 (GT);» TMR
R: TGCCAATTATGGGGCTAACT
F: CCCTGCTTTGGTCTTGCTAA
GAPUS59 (CT)o ROX
R: CAAAGGTGCACTTTCTCTCG
F: GATCAAAGGAAGAAGGGGATAAA
GAPU71B (AG)-(AAG)g 6-FAM
R: ACAACAAATCCGTACGCTTG
F: CATGAAAGGAGGGGGACATA
GAPU101 (GA)(GA)3(AG); HEX
R: GGCACTTGTTGTGCAGATTG
F: TGAATTTAACTTTAAACCCACACA
GAPU 103 (TC)s, TMR
R: GCATCGCTCGATTTTTATCC
Fe il ey (96% ), B A 22 v "Il (170% ) 22 RAREESHIEN
(£2), 221 FEARME 144 SSR A7 AT A7

MR 2B, 2 40N aaE A
2ANIRERPY, R AR R AR F RO R
T, 3l I XA [ b R R AR R, I 327

B A 22 0 RN A 2 Bk B IEH A 13
2 (K1), Hrp Basfh 2w R 2 R A F IE
HWRFEHBIIE 25% (£2) .

44 S AP RS 88 ki A B IE W IR T, H
2RLRE IEH M AR kL, e
80 NPT ACA Y E 4 HT -

FERE 1614 (£3) , Hr, DCA9 i & L4
MERBHEREZ (291) , GAPUS9 fi i b 51
R EHERD (84 ) , HiiEFIH SSR Aric ks
th%*ﬁ@?ﬁ%ffﬁﬁtﬁ%&%ﬁ%”‘” UD099-019 {i;
J5 132 bp 1Y 450 FE AR e s (10.6459) , i
GAPUI01 i1 45 194, 216, 245 Fll 247 bp 125 A Kt
PRI AR, 478 0.002 6,
222 FAAE 14 SSR A WL 2 A R
(Ho) FMIMEAEG B (He) ¥IE 4350 0.788 0
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Table 2 Seed development of different olive cultivars
- . e e SR T a2 e wrpgml E2RLR T Hoh R & IEHMT
UE RIHE RPRAENRSEE BrRAERNRGp W CRAERRT - JORREEERT
Germplasm i FfCultivar Fruit Number of fruits with Proportion of fruits with SR )
Number of bi-seeded Proportion of
number number/#i  well-developed seeds/3i well-developed seeds/% fruits/5i bi-seeded fruits/%
= 0
105  ‘FH‘Arbequina’ 25 24 96 0 0
108 “BZJIUR’ Picual’ 20 16 80 0 0
79 ‘W[E32‘Chenggu 32’ 30 26 87 3 10
ks A M i
M5 =i 20 14 70 5 25

‘Hojiblanca’

(®)

T (B Z O RTNRA 2 R T IER IR (b) A RSN 1 RE T IEWIFT

Notes: (a) shows two well-developed seeds in ‘Hojiblanca’ fruit; (b) shows only one well-developed seed in ‘Arbequina’ fruit.
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Mo EFHZEEEE SRR 0758 8, Hif, UD0O99-
019 1 A5 Fe ik (1 0.520 0) , GAPU103 v 55 &% =
(0918 0) . 141 SSRA A BAFEHMEZEME,
RERS MAFIE L I ZRME B .
R FE R AL RSN, B~ SSR v Ak
SCHEBR A (NE-1P) ZE4bJEH 2 0.268 ~ 0.827,
BIH 0.5505 M —ACEARSLH MO A, B
SSR v/ L I IE AL HEBRME % ( NE-2P) B4k 5 B
0.155 ~ 0.664, HI{H 0.387; 4 XKL H A AT,
BAAS SSR A S AR SCHERRE S (NE-PP ) B4kt [l
47 0.040 ~ 0.504, HJ{EH 0.212 ($5) .
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Comparison of seed development between different olive cultivars
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2 14 1> SSR 7 i BRHEBREAR S5k 0.999,
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Table 3 Number of alleles and allele frequencies of the 14 SSR loci
DASY 45 o FE R % -
L SRR S5 3[R K FL AT ZE Allele and allele frequency
Locus Number of alleles
DCA3 13 231(0.081 1);232(0.060 8);235(0.003 4);237(0.111 5);239(0.128 4);243(0.239 9);245(0.054 1);247(0.013 5);
249(0.131 8);252(0.016 9);253(0.152 0); 255(0.003 4); 256(0.003 4)
123(0.002 8); 144(0.002 8); 157(0.002 8); 158(0.002 8); 159(0.005 5); 162(0.287 3); 163(0.002 8); 165(0.024 9);
DCA9 29 169(0.002 8); 172€0.124 3); 175(0.013 8); 177(0.002 8); 179€0.002 8); 181(0.049 7); 182(0.002 8); 183(0.138 1);
185(0.019 3); 187(0.002 8); 191(0.035 9); 193(0.071 8); 195(0.005 5);201(0.011 0);203(0.030 4);205(0.127 1);
207€0.016 6)5209(0.002 8);211(0.002 8);217(0.002 8);221(0.002 8)
129€0.029 7); 130€0.002 7); 132(0.024 3); 133(0.132 4); 135€0.002 7); 138(0.008 1); 140€0.002 7); 143(0.048 6);
DCA11 18 144(0.310 8); 147(0.005 4); 151€0.073 0); 164(0.086 5); 172(0.002 7); 174(0.005 4); 178(0.021 6); 180€0.043 2);
182(0.183 8); 186(0.016 20
DCALS 13 238(0.002 8);243(0.002 8);244(0.041 4);245(0.447 5);246(0.002 8);247(0.013 8);250(0.002 8);255(0.013 8);
262(0.016 6);263(0.008 3);264(0.433 7);266(0.002 8);267(0.011 0)
122€0.154 9); 123€0.097 8); 126(0.002 7); 132(0.002 7); 144(0.002 7); 146(0.024 5); 149(0.203 8); 152(0.005 4);
DCA16 21 155(0.171 25 156(0.027 2); 157€0.010 9); 162(0.057 1); 165(0.002 7); 171€0.019 0); 174(0.179 3); 176(0.013 6);
177€0.002 7); 181€0.002 7); 199€0.008 2); 201(0.005 4);205(0.005 4);
DCAI1S 15 162(0.023 9);163(0.005 3); 165(0.013 3); 166(0.005 3); 169€0.087 8); 170(0.143 6);172(0.122 3); 174(0.016 0);
176(0.255 3); 178(0.199 5); 180€0.087 8); 184(0.018 6); 186(0.002 7); 187(0.013 3); 197(0.005 3)
92(0.066 3);100€0.008 3); 101€0.265 255 102(0.069 1);103(0.002 8); 104(0.005 5); 109€0.011 005 110€0.140 9);
UD099-011 19 112€0.071 8); 114€0.163 0); 117(0.016 6); 120(0.074 6); 121(0.030 4); 123(0.019 3); 126(0.027 6); 127(0.019 3);
128(0.002 8); 142(0.002 8); 151(0.002 8)
UD099-019 1 98(0.013 5); 101€0.008 1);102€0.140 5); 132€0.645 9); 133(0.027 0); 146(0.002 7); 147(0.002 7); 155(0.002 7);
a 158(0.054 1); 164(0.002 7); 170€0.100 0);
UD099-024 1 163(0.012 1) 166€0.087 9); 170€0.030 3); 171€0.048 5); 178(0.063 6); 180(0.078 8); 184(0.060 6); 185(0.009 1);
B 186(0.533 3); 188(0.024 2);202(0.051 5)
135(0.332 4); 145(0.002 7); 146(0.324 3); 153(0.002 7); 160(0.013 5); 161(0.118 9); 162(0.086 5); 175(0.008 1);
UDO099-043 21 176(0.032 4);179€0.016 2); 182(0.002 7); 183(0.005 4); 185(0.002 7); 186(0.008 1);206(0.005 4);2100.002 7);
212(0.010 8);214(0.008 1);216(0.002 7);219(0.010 8 >; 221(0.002 7);
GAPU59 8 209€0.174 9);214(0.412 6);218(0.010 9); 219€0.265 0); 222(0.019 1);224(0.103 8);230(0.002 7); 241€0.010 9);
GAPU7IB 10 114€0.010 955 116€0.002 7); 117(0.144 8); 120€0.316 9); 122(0.106 6); 123(0.038 3); 126(0.109 3); 129(0.002 7);
1340.002 7); 140€0.26 5)
GAPU101 13 184(0.128 9); 190€0.034 2); 192(0.157 9); 194(0.002 6); 196(0.007 9); 198(0.181 6):200€0.250 0);204(0.005 3);
206(0.118 4);216(0.002 6);218(0.105 3); 245(0.002 6); 247(0.002 6)
120€0.009 2); 122(0.006 1); 137(0.082 8); 140(0.009 2); 152(0.064 4); 159(0.003 1);161(0.070 6); 162(0.009 2);
GAPU103 23 164(0.042 9); 166(0.003 1); 170(0.006 1);174(0.033 7);176(0.138 0); 178(0.033 7); 184(0.061 3); 188(0.024 5);
190€0.012 3); 192(0.095 15 198(0.122 7); 199(0.036 8); 206(0.052 1);212(0.064 4);245(0.018 4)
R4 144 SSR AR MR
Table 4 Polymorphic information of the 14 SSR loci in the population
7 i Locus AMEENumber of WL Z% & Observed Y44 Expected %2 35/5 B ¥ & Polymorphism N 45 7 6 PR %8 Nl
individuals heterozygosity (Ho) heterozygosity (He) information content (PIC) allele frequency
DCA3 148 0.8380 0.862 0 0.844 0 0.008 5
DCA9 181 0.901 0 0.858 0 0.8420 —0.029 6
DCAl11 185 0.816 0 0.8350 0.816 0 0.009 8
DCA1S5 181 0.5140 0.6110 0.5320 0.0727
DCA16 184 0.734 0 0.860 0 0.842 0 0.078 2
DCAI18 188 0.8720 0.8450 0.824 0 -0.0158
UDO991-11 181 0.856 0 0.863 0 0.8470 —-0.002 0
UDO099-019 185 0.584 0 0.5510 0.5200 —0.034 1
UDO09Y%9-024 165 0.618 0 0.689 0 0.670 0 0.023 2
UDO99-043 185 0.9950 0.763 0 0.7270 —0.149 1
GAPUS59 183 0.628 0 0.720 0 0.673 0 0.064 0
GAPU71B 183 0.891 0 0.786 0 0.752 0 —0.067 8
GAPU101 190 0.8950 0.8390 0.816 0 -0.0329
GAPU103 163 0.890 0 0.926 0 0.918 0 0.0172
¥J{Mean 179 0.788 0 0.786 3 0.758 8 -

Ve RN B

Note: No data are reported by “—. The same below.
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Table 5 Non-exclusion probability of the 14 SSR loci ] 5 47 35 PR] A S5 A6 0 45 SRt FE B & SSR A3/ 25 1]
;’;@jﬁﬁé i@%’g‘;ﬁfﬁgﬁgit ﬁi%g%iﬂ TS A AR AR B . T AR HERR 1
- % Average  exclusion probability for ~ Average non- ( Genetic exclusion ) 7 il Cervus 3.0 #4250 |
s sl g oot St 1y 4 SSR AR AL
e By T e ey IR 327 <L B A S L R R R
GAPU103 0.268 0.155 0.040 4 A FEAEEE AT AR ST, K&K
UDO99I-11  0.429 0272 0.106 SRR ZRBEL KR, FERELFMOH
DCA3 0.441 0.280 0.116 T, BRHERHER R 99%, AITAMAEIE AT
DCA9 0437 0278 0.109 FRIBIEF R . T TR, BEACRIMG
DCAL6 0.444 0.284 0.119 ACRBYFEDI AL, AR MR IEACAR R LOD i, M
DCAI8 0.477 0311 0.139 AL A A R AL E Y B3R AS
DCAIll 0.487 0.319 0.139 XTYHARE 4 4~ Fh 80 MFARACA /3 4 R 3k
GAPUI101 0.497 0.326 0.153 B, 7E 80% EAG KF-1] 2 29 4> F A8 2 ik AL
GAPU71B 0.595 0.417 0.231 A, B SRIR, XKERSHALEE M ( Pinus
UD099-043  0.621 0.443 0.252 tabulaeformis Carr.) P I E#Y ( P. massoniana
GAPUS9 0.694 0.519 0.334 Lamb. ) P2 F X ( Cyclobalanopsis glauca (Thunb.)
UD099-024 0.684 0.491 0.269 Oerst. ) B3 2R R 5T 25 SR AR o
DCA15 0.799 0.664 0.504 4 A THTREORYG ot Ao %) 4 QARSI % PR A 328 A AR AR X
UD099-019 0.827 0.653 0.460 g 4 ANER, AN SFEESAT 12%,
49fHMean 0.550 0.387 0212 I b el NS D BB A AR A DR
Ko ] FALEECY YAy B R HEBR 2 17 25 A 53 #r
£ i, B AR R R T 100, A AR
Eos R RZEFA E B AR . AR Rk A A
%0.7 Zik 1144, XA RER HA DI AR SO 2%
gos A RN 2, T[] SRR (R A A L
ER ol el A /DN DX gt o L 5 5 R 2R T B 23 S M %o
£ RAEBIRIH ST RSSE . T EAEAIRBI T LA
=0l —~=NE-PP TR Z 850 AT H AR RS, X il
Rl RSO AR SR RIS R IR
SF 2R3 335512581 SUAMSHBIMNC, ABFCR, 44
5 8 L SSEEE R AU ST RS F R e
i 5 Locus

B2 14 4 SSR i 5 By RFRHERR TR

Fig. 2 Combined exclusion probability of the 14 SSR loci

100% ) ,

I B A 22 5 AR RE i A AR

(L 1A, N ST
30 Wi

SEEE (PIC) RffEENFEEENE

BEbR, SFEENBZ, ZEMMEE . AP

¥y, Rk 327 BA A EAME, ERILAER
SXoF B P Sk 1 e RSORSS el = 2 o ) AE 503 A SRR A
FEABFRW Ik 327 BA —E W A ACEESEhe ). “T
e SN T | 5 ) e o AW e
T A BAERy, N EASSAERMGF, HesaxtikE
Ly TN = w7 i s R T i s S
FHERIE S 45 AR B« 2 A SR AL

“IRE 327 FARUBELEACAR 60% KT R (EIF
JE95% ) , FBH<T A R IL E A IER sk i



28 Mool B o OBF 5 $33%
R 6 BN 4 DM TFRIASTER
Table 6 Paternity analysis result of the four olive cultivars progenies
Fhgg AR e S RS2 A4 LODIE  Delufii  Hf/E
Progeny Female parent Candidate paternal Candidate paternal Trio LOD Trio Trio
number nlfr;?; name parent number parent name score Delta confidence
79-1 79 4§ [E 32’ Chenggu 32’ 105 ‘H > Arbequina’ 5.79E+00  5.79E+00 *
79-2 79 3§ [ 32 Chenggu 32’ 107 “FlJé F>Cornicabra’ 3.53E+00  3.53E+00 o
79-4 79 Y% [#32°Chenggu 32’ 100 ‘ZE 14 Yuntai 14 3.18E+00  3.16E+00 @
79-6 79 [ 32°“Chenggu 32’ 16 4 [#32°“Chenggu 32’ 1.02E+00  7.32E-01 +
79-14 79 4% [#32°Chenggu 32’ 106 B A 2 50 ‘Hojiblanca’ 3.71E+00  3.71E+00 o
79-15 79 Ik [E32°Chenggu 32 ucs = 1.65E+00  1.65E+00 *
79-18 79 [ 32°“Chenggu 32’ 105 3¢ Arbequina’ 3.41E+00  3.41E+00 G
79-21 79 I [#32°“Chenggu 32’ 105 ‘G H Arbequina’ 1.60E+00  1.60E+00 ©
79-24 79 3 [#32°“Chenggu 32’ UC17 = 4.09E+00  8.97E-01 +
79-26 79 I [ 32°“Chenggu 32’ 9 32 Leccino’ 3.87E+00  6.74E-01 +
79-27 79 I [#32°“Chenggu 32’ 105 ‘G H Arbequina’ 428E+00  4.28E+00 ©
79-28 79 I [#32°“Chenggu 32’ 105 ‘Z 3 “Arbequina’ 1.17E+00  1.17E+00 *
79-29 79 [ 32°“Chenggu 32’ 105 G 3¢ Arbequina’ 4.99E+00  4.99E+00 G
105-4 105 ‘ELA“Arbequina’ 109 /PR ‘Manzanilia’ 291E+00  2.79E+00 o
105-5 105 5 5 Arbequina’ 53 S:J?:jligg HENIE ManzaniliaDe | 50000 1 34p+00 *
105-10 105 ‘I 4 Arbequina’ 104 </NESQL “Manzanilia’ 3.81E+00  1.30E+00 *
105-14 105 <G Arbequina’ 36 fit £ R Pendolino’ 3.20E-01  3.20E-01 +
105-16 105 ‘E 4 Arbequina’ 5 4§32’ Chenggu 32’ 2.87E+00  2.87E+00 *
105-19 105 ‘I 4 Arbequina’ 104 </NESQL “Manzanilia’ 1.20E+00  1.20E+00 *
105-20 105 ‘L3 Arbequina’ 104 /PR ‘Manzanilia’ 3.62E+00  3.62E+00 o
106-2 106 A 24 T ‘Hojiblanca’ 98 cﬁu;riﬁ Jt?; t’éro;’:;‘;’; ;Z;;:bsl" 2.12E-01  2.12E-01 +
106-4 106 B4 2= 5’ ‘Hojiblanca’ 104 </IN3E S “Manzanilia’ 3.25E+00  3.39E-01 +
106-6 106 B A 2= 55 ‘Hojiblanca’ 104 /NS “Manzanilia’ 1.48E+00  5.75E-01 +
106-7 106 B # A7 22 50 ‘Hojiblanca’ 101 BT IR B 4N Arbosana’ 8.28E-01  8.28E-01 +
106-13 106 A 247 “Hojiblanca’ 53 s/i:jﬁfi% AR ManzaniliaDe ) o 00 2 86E+00 *
108-1 108 ‘K2 JR/R’“Picual’ 105 & L Arbequina’ 5.36E+00  5.36E+00 *
108-6 108 *J7 KR Picual’ 105 & 4 Arbequina’ 1.43E+00  1.43E+00 &
108-9 108 ¢ B¢ JIR/K“Picual’ 106 B A 24 58 ‘Hojiblanca’ 3.86E+00  1.03E+00 +
108-13 108 B /R Picual’ 101 ‘BT IR VK44’ < Arbosana’ 1.10E+00  1.10E+00 +

e MR B AR LN95%; HUR B N80%.

Notes: * represents a 95% confidence level; + represents a 80% confidence level.
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Paternity Analysis of Main Olive Cultivars Progenies
Based on SSR Markers

SHAO Wen-hao?, WANG Zhao-shan', ZHANG Jian-guo1

(1. Research Institute of Forestry, Chinese Academy of Forestry, Key Laboratory of Tree Breeding and Cultivation of National Forestry and
Grassland Administration, State Key Laboratory of Tree Genetics and Breeding, Beijing 100091, China; 2. Research Institute of
Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China)

Abstract: [Objective] Paternity analysis of main olive cultivars progenies in Wudu Olive Orchard from Gansu
province was carried out to identify the true paternal parent, explore the compatibility, and provide references for the
selection of pollination cultivars in the orchard. [Method] 114 germplasm accessions from Wudu Olive Orchard
were used as candidate paternal parents. Based on 14 pairs of fluorescence-labelled SSR markers, Cervus software
was used to detect the parameters. True paternal parent identification of the four cultivars progenies (‘Chenggu 32°,
‘Arbequina’, ‘Hojiblanca’ and ‘Picual’) was performed. [Result] The 14 SSR loci were highly polymorphic and the
cumulative exclusion probability increased with the number of loci. For the single parent known type NE-2P, the cu-
mulative exclusion probability of the 14 loci was as high as 0.999. By comparing the genotypes of the progeny, the
female parent and the candidate paternal parent, the LOD (log of likelihood ratio) values of each candidate paternal
parent were calculated, and the identification of the true paternal parents of the partial progenies of the four cultivars
was completed. The main paternal parent of the ‘Chenggu 32’ and ‘Picual’ progenies was ‘Arbequina’, while the
main paternal parent of the ‘Arbequina’ and ‘Hojiblanca’ progenies was ‘Manzanilla’. [Conclusion] The SSR loci
with characteristics of high polymorphism and high cumulative exclusion probability selected in the study are suit-
able for paternity analysis of olive cultivars progenies. The true paternal parents were identified for some of the four
cultivars progenies and only ‘Chenggu 32’ among the four cultivars shows a certain self-compatibility, which provide
important basis for the selection and configuration of pollination cultivars in the future orchard establishment.

Keywords: olive; cultivar; progeny; paternity analysis; SSR markers
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