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Abstract

Black walnut (Juglans nigra L.) is a large tree native throughout the eastern United States from New England to Texas. It is a valuable hardwood species that also produces a high quality edible nut. The black walnut nut|
breeding orchard at the University of Missouri contains about 70 accessions used for breeding. Nearly all of these accessions were obtained as named cultivars (clones) propagated by small scale, private, nut growers. To|
maintain the integrity of the breeding program, it was important to verify the identity of the accessions. We combined morphological, phenological, and genotype data from ten microsatellites to group individual accessions b
cultivar (clone). We have found many clones that shared cultivar names did not have identical phenotypes or genotypes, and conversely, some genotypes had been given multiple cultivar names. For example, some accessions,
of ‘Clermont’, were found to have an identical genotype with the cultivars Victoria and Hare, which were found to be identical. On the other hand, other accessions of ‘Claremont’ had a genotype identical to the cultivars|
Thomas and Thatcher, which were also identical to each other. Our results indicate that multiple errors were committed during the propagation of these important cultivars, and that it may be difficult or even impossible to|
properly assign a name to a genotype. This set of microsatellite loci clearly provides a powerful tool for the management of black walnut nut breeding populations|
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Fig.1 Range of Black walnut (Juglans nigra L.) in U.S.| | all data and to place similar genotypes together (Table 2). R AGATGCACAGACCAACCCTC
Table 2 Allele sizes at 10 microsatellite loci for cultivars of black walunut (Juglans nigra ) nut breeding orchard
CultvarName; octin WAGOS WAG24 WAGZI WAGE | WAGGS WAGTZ WAGTS WAGR WAGE WAGRD CumarNameiMrier WAGOS wAG2 wacz Wacw  wases waon waor wace waam waw| | Results and Discussion
MO-2190 Victoria 140158 226240 225231 166 188 172172 145147 229203 164 176 208214 152152  MO-2180Brownrugget LD 158 234 240 213221 182 192 166168 145151 227231 183 204 186 202 158 164 intai i i i i i i
1103158 ol eow mem M i iaie e in Zeos ok o mosi mi  moe Vil Zmow ;o i i e usiw mow 1 0 imew leiw| | 10 Maintain the integrity of the black walnut nut breeding program, it was important to verify the
MO2199ClrmontL 140 155 224 240 225231 166 188 172172 145147 220243 164 176 208214 152152  minte 2 o amom 2 0 1 19 e w61 282 10 26 s 1164 | identity of accessions in the nut breeding orchard. Ten microsatellite markers were used to
Clermont_(L)_BC-8 142 160 226 240 226 232 167 [A6H 172 172 146 6] 230 244 166 178 200 20N 152 152  minde 2 2 232238 212220 183 103 166 168 146 152 228232 190 204 187 203 158 164 N > N e )
Hare_AG-1 142 160 226240 226232 167 167 | 172172 145d6| 230 244 166 178 209 208| 152 152  prnugget BA-LL 12160 234240 214222 183 199 166 166 6152 22823 190 204 187203 1s8164| | characterize 22 reference samples provided by Coggeshall. We identified 17 unique genotypes.
Hare_Al-4 192160 226200 22622 167 6] | 172172 16148 230244 16 178 209 09 12152 pougger BD- 142160 23420 21422 183 193 0 7 146152 2823 190 204 187203 158 164 o N R . ; )
Hare_BD-10 142160 226240 22623 167 167 | 172172 145148 230 244 166 178 209 203 | 152 152 :,:;ﬂgr:;;nﬂzn,s Lo 160 23 240 7 7 183 103 166 166 146 150 28 232 2 2 1s720s 1 104| | ONe-hundred additional samples of cultivars from the University of Missouri nut breeding orchard
Vietora CE-7 v v 7 mea o7 UGIN 2172 146148 230 244 166 176 209 209 152152 prown Nuggel Al-2 192160 2320 2422 183 193 166166 46152 2822 190 204 W23 1818| | were also genotyped. All of these accessions were obtained as named cultivars (clones) propagated by
MO-2183 Thomas 140142 206246 21129 166 180 172176 147150 233237 154 154 188206 156172 pyoo - i i i
STt ook ok o EabhoEsE el Ea g:nsﬂ’:l:::;pm ::2 m ;:g iﬁ g;;z; :sg :;; :;: :;: ::3 ::; g:g: :g: :: :ﬁ i:g % small- scale, private, nut growers. The results showed that many clones that shared cultivar names did
MozimClamoriLNMRISLAZE Z61240) Z13220] (LcORUON Q2pic] LiKtw) Zulesy) LoRLAN 168Je0o] LOMUAl  pgnagipry) 142 142 240248 216222 163 163 174 174 146 148 232232 160 178 189 215 150 158 not share genotypes, and conversely, some genotypes had multiple cultivar names. For example,
Clemont_(1) BE-5 102142 226 28228 167 181 17217 148160 23423 1% 156 189207 15172 oo ot bl ksl nkol oo Tet] | ke il i . PO ) A - N
Clermont_(W)_BA-9 d2l2 226 7 7 167 181 172176 18160 234208 156 156 189207 16172 iy ang 102 142 24028 216222 169 163 74 174 146 16 22 2% 160 is 180 215 130 108| | SOMe accessions of ‘Victoria’, ‘Hare’, and ‘Clermont’, had identical genotypes. Other accessions of
Glormont_(W). BD-3 L2142 23240 23024 167 1Bl 172176 148160 234236 156 156 189207 1S6 T2 e v1 (W) AG2 12 142 240248 216222 163 163 ? 7 146146 232232 160 178 189 215 150 158 “ ’ i - ’ e ;o ragy
Thatcher_BC-1 142142 2626 2220 167 181 17217 148160 23423 15 15 109207 16172 oA M b aEsE S bhabhi v EEE SRS ES Clermont’ had the same genotype as the cultivars ‘Thomas’, * Stambaugh’, * Rowher’, * VV’ and
Thatcher_CD-3 142142 2826 21220 167 181 172176 148160 23423 156 156 19207 156172 o “Thatcher’, which identical t h other (Table 1
Thomas_BD-4 EXl =k B il il Gl mEs]| wled kol Difie] Sieeeds 2142 ZW20 2622 175 83 172174 146148 28223 176 18 185201 154 154 atcher’, which were identical to each other (Table 1).
] Rt S aaol mip AERE PR Sy gl el LR MO—nglEldma Mole g mzs s imim i mow s moae s The most likely reasons for these results are mistakes in labeling and mistakes in sample collection.
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| e EZECE E B ECEE S E T Wi e meme 1M imin ueus mon ;mam mom iniw Most black walnut cultlvar§ were first identified as wild trees or ghanc'e seedllnlgs bvlamateur breeders.
‘Stambaugh_BB-5 12 142 238246 212230 167 181 172176 148 160 234 238 156 156 189 207 156 172  SCrimeer 2 236 ? 165 179 172176 148148 232242 170 178 201200 154162) | Qyer 750 black walnut cultivars have been selected and named since 'Thomas', the first black walnut
Sambaugh B3 12142 26 21220 167 181 7 2 148160 23423 15 15 189 207 156 172  Soimger BE2 14215 23428 2828 165 179 172172 148148 282242 10 178 201209 154 162 8 ) ! !
Stambaugh_BF-6 142144 238246 212230 167 181 172176 148160 234 238 156 156 2 2 156172  Scrimger BA< 1 11T 11111 selected for nut production, was propagated in 1881 (Heiges 1896). Black walnut has great genetic
spartow e 3 . | N N N .
e ot ot ot Rl noke mots Siteel Gkt Dokl Gl e Wi maw wm wun mm uews mue mun w1 potential for improved nut yield and quality because the extensive native range of the species ensures
sparrow . N e
MO-2182 Emma-k 10154 2022 217223 172 18 176178 145147 233235 15 182 184 194 152 158  sparow Lz1s 2% 2626 s 19 12z e zmow moim o o 1| | @large gene pool from which advanced 59"35"'0“5 Ica" bT madfe. G?NIEI'C tflﬁ"ts Thaft would lead to
MO-2185 Emma-K 140 154 240 242 217 223 172 186 176 178 145 147 233 235 156 182 184 194 152 158  Sparmow_AG-3 142 150 234 238 228 228 165 179 172172 148 148 232 242 170 178 201 209 154 162 i i i . i 5 9
e el EZE: BahiEZE C EEEER =S oto] o] amae kol 5hl tehis] bl ok aved Sl advancesin a tree |m;?r0vement program include: latera b.ud ruitful ness,( a.te eal |r)g, resistance to
142155 240242 21824 173 187 2 2 145146 234234 158 184 185195 152 156  crake U2 150 23223 226226 165 179 112172 148148 22242 170 w8 201207 1s4162| | anthracnose Gnomonia leptostyla, (Fr.) Ces. & Not., precocity and productivity, and improved nut
Y 14215 20022 21824 173 187 176176 146148 23423 15 184 185195 152158 droke 2 7 2w2% 2626 165 179 112172 148148 23222 10 178 201207 154 162 N N N N y ) N
Patterson_AK-5 142156 240242 218224 173 187 176178 145148 234234 158 184 185195 152 158  drake 2 o amam 2 7 1es e 1212 usus 2w o242 o s 201200 1s4162| | quality. We will combine genotype data with morphological and phenological data to characterize
Stuber_#2_AK-4 102150 23423 2826 165 179 112172 148148 232202 170 178 201209 154 162 " . :
Wo-2194 Woosy Yoy Zow o5 2s I 20 18I T 292 10 70 208208 156 158 o1 2w w1 o w2 ue e wo w0 s 1| | theMostimportant black walnut nut cultivars for breeding.
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12142 228242 214224 185 201 168172 148148 230234 172 172 207 207 156 158
2 185 201 163172 148148 230234 172 172 207 207 156 156
142142 228242 2023 185 201 168172 148148 230234 170 178 201200 156 158

142142 2024 215225 185 185 168172 148148 20023 172 172 209209 156156  Eldora (@) 142150 2342 28228 165 179 172172 148148 232242 170 178 201 209
142142 2024 215225 185 185 168172 148148 23023 172 172 209209 156 156
142142 2024 21626 185 185 168172 1818 20234 172 112 209203 156156 mO-2188Krause U010 2020 221 174 74 172176 147155 29231 1682 192 184 184 146 154
142142 230244 216226 185 185 7 7 148148 230234 172 172 209209 156 158 irause CCo4 142 142 240240 200220] 175 175 172 176 148 156 230 230 184 104 185 185 146 154
142142 20244 216226 185 185 2 7 148148 23024 172 172 209209 156 156  Krause CE-13 142 142 240240 2202200 175 175 172176 148 156 230 230 184 194 185185 146 154
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Sparks 129.CC2 w2l e 7 7 6L N 77 M6 2424 U2 A2 2120 1619 Cuef cot 2142 2022 2424 17 187 7 7 48159 23223 182 16 18721 152156
Krause CE-13 2142 2022 2024 187 187 2 7 14815 2223 182 186 18721 152 154
MO-2198 Christarson(LN) 140 140 NS 229233 170 180 176176 145147 233235 154 10 200206 156 156 .
[ S e e e e e e i aiae lmis MOZSTDule BB D142 208244 211233 180 192 166176 17150 281283 154 168 188204 152172
sparks 1 4 i [ i o o Drake_BB-6 142 142 238 244 212 234 [QBLUIBLT 166 176 148 160 232 232 156 170 189 205 152 172
sparks 177 142156 23622 2822 171 181 176176 145148 23423 15 172 201 205 156 158 !
terfeeg Ml 0o momd e 00 WSS iz IS0 X2 OE| opgemeves o) me2u OB 0 s NGNS usub B 0 0 o0 115
»  2wzu 118 7 7 46150 2% 12 18 187201 12 1

Clermont_(¥)_BC-6 12 12
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Chvisanson_(TT)_A-12 142 142 238 24 230234 171 181 176 176 146148 204 234 156 172 201207 16 156| Clemont(v).BR9
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Elmer_Myer_BF-12 142147 23423 21423 171 185 176176 146150 2323 172 188 187201 7 2 Fig 2. Breeding Orchard

MO-2196 Surprise 154156 23242 215201 170 216 176178 145147 235235 172 194 200206 152 160
i o e B T e B e N i mozsEmervenr 212 NN 2923 10 12 12176 9159 233239 204 214 206206 152 172
surprise 2 2 220 24214 1L 27 176178 1648 73 23 174 196 201205 152 160  Elmer Meyer AD3 144150 238206 230238 181 B8N 172176 150160 23420 2 2 207207 152172
surprise 77 236240 7 7 171 217 176 178 148 148 236 236 [WEANAF2N 2072070 152 160 Indicates 22 reference samples Fig.4 DNA
o 2 2 2200 PBIEE 171 217 176 178 16148 234234 174 19 201205 152 260 MO-2186Rusell #3 13156 23204 2027 14 188 12172 147 147 229287 170 208 206 208 148 150 Extraction and
‘Surprise_AF- SUS6Y 23 242 21620 171 171 7 7 145 148 23623 174 195 201207 152 160 Russell 43 CH13 140156 238244 222 228 165 165 [6M7Al 148 4B 230 238 172 206 207207 2 ? Indicates 100 cultivar samples_from Missouri rection
Surprise_AHS 656 23 242 21620 1L 171 176178 145 48 23523 174 195 201207 152160 Rusell #3.CB6 W25 pAORaA| p22%2| TBIPEAY W2A76 146 146 23 233 [G6NATE) iBT)203) iSG)E2 Genotype data did not match reference samples Microsatellite
Suprise_BD-6 15615 23242 216200 171 171 176176 46148 2323 174 19 201207 152160 Russell #1.CAI3 140140 228242 222234 179 170 7 7 M8 152 23023 194 206 191200 150 158 CR
Suprise_BAS 15615 2262 216212 171 171 7 7 W66 2323 174 19 201207 152 160 * % Indicates no genotype data
Surprie_BE-12 8156 23202 2 2 17 17 176178 146146 23623 2 7 201207 152160  MO-2189 Hamey R A28 221 M2 106 I2A ST 2920 158 174 20208 150 162| | pwoecoo oo
Surprise (K-03) 156 156 238 24 216 o2 §HONAGSN [78NB0) HATINAS] 232044 WTEN96N 203 200 NS Haroey BF-11 Geusel > o o o jiann ieidsl i4sids| 23520 2 2 70107] 1521160
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