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FIW B A= 22 M (QLD, AUS) 63 Rt JL A I &% (New Guinea
Island) 5 #B CE[J B J& V4 V. (Indonesia) F11 B A5 V.87 JL N V. (Pa-
pua New Guinea, PNG)), W ¥ K VEBR . & IE K F 2
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Table 1 Details of 23 natural provenances of E. pellita studied

it i G B/ m KERH
A17854 Bupul-Muting, Indonesia 140°36'E, 7°21'S 40 8
A20659 Meru WP, PNG 141°29'E, 8°27'S 40 8
A18197 S of Kiriwa WP, PNG 141°30'E, 8°25'S 45 10
A18199 Serisa Village WP, PNG 141°26'E, 8°36'S 45 10
S16120 6 km South Keru to Mata, PNG 141°45'E, 8°36'S 30 9
S16121 North Tokwa to Kiriwa, PNG 141°25'E, 8°30'S 45 11
S16122 Between Ggoe and Kiriwa, PNG 141°32'E, 8°20'S 50 10
S11947 Near Kuranda, QLD, AUS 145°33'E, 16°14'S 450 8
S14211 5~12 km S of Helenvale, QLD, AUS 145°15'E, 15°45'S 500 10
A18773 Kirrama Range, QLD, AUS 145°46'E, 18°12'S 560 9
A18774 Helenvale, QLD, AUS 145°14'E, 15°49'S 220 8
A18599 Julatten, QLD, AUS 145°28'E, 16°37'S 425 11
S14339 14. 6 km NE of Coen, QLD, AUS 143°17'E, 13°53'S 580 12
A18314 El Arish Tullybringa, QLD, AUS 146°03'E, 17°50'S 50 8
A18597 9.25 km S Cardwell, QLD, AUS 146°08'E, 18°36'S 15 8
A17860 13 km SSW Kuranda, QLD, AUS 145°36'E, 16°56'S 425 8
A17861 NW Kuranda, QLD, AUS 145°32'E, 16°41'S 440 10
A18749 Daintree, QLD, AUS 145°21'E, 16°15'S 25 8
A18598 Cardwell-Kennedy, QLD, AUS 145°55'E, 18°15'S 30 9
A18596 5 km NW Ingham, QLD, AUS 146°08'E, 18°36'S 15 8

B10 SF 591 Abergowrie, QLD, AUS 145°57'E, 18°25'S 50 9
A18750 Wonga-Daintree, QLD, AUS 145°22'E, 16°16'S 15 12
A18772 N Kuranda, QLD, AUS 145°28'E, 16°38'S 420 8
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F 45 R 214U Phazir Rx (1624) (Polychromix, Ther-
mo Scientific, USA) F T £E NIRs [ % 4 . Phazir Rx K
JEFE A 1 600~2 400 nm, 43 #H 12 nm, AR AHHKS 100
4 RO . A E SR RIE ., NE R g AR B MEMS $OR AT

56 .
1.3 Fik
1.3.1 RiERE

G R A S DNA G5 HTFEAR 58 24 B, B4 K Rk
P 4~6 FAMEERER M R, B F ClassicLine T4 (BIND-
ER, ), ¥ % 60 °C, 72 h, L E4 T, 253700 i
JEHRNEY] B B AR, ] Phazir Rx (1624) Fi 4494 5
W HIEACFZEE B AL 2040 NIRs 5 BT, &4 Fh It
P53 8~12 % NIRs,
1.3.2 NIRs #4889 A& 2 Fa 5 H7

ZAN[A) 1 T4 RS IR RT FL )R . AR 4 NIRs J5 ba £ 4
AT Savitzky-Golay F-HF 19 B FRCHAL B, SRAI 2 H
N A UIGAES 1 57 H AR AR A8 32 43 43 B (PCAD KL
T, 3 5 A S T O = (SIMC A ) B 43 #7551 %oF b Al 5
B B ARF AR (A] 1) NIRs J6i%0E 8 . 3k T NIRs B [C &

(Euclidean distance) % 4= 4% #2225 1 (Complete linkage) . %}
AR HE 1T 2 9 3 2% (Hierarchical clustering) , # #f £t 4
NIRs $#% PCA (¥ 5 15 43 B 23 Hr Aol 1] 1 38t 1% SR 4 6 R K
FCig A% A8 5 . NIRs OH 14 740 3 A1 43 B7 24 B The Unscram-
bler x10.4 (CAMO, Oslo, Norway) 223 ,
1.3.3 MHAREESTHE

38 3 4 5 R 41 3 ) i (Whole Genome Resequencing) J5
AR AL B AR IR & X R 1) DNA 5 B, R ¥E Kimura $2 3 1
WA R Fr 51 22 5 I HEL . (T Mega- X 501 4 55 KL B2 A il 0% 1)
)AL BE g o] |
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PR o B R s 2 K DR S U ) g /N o e R BT B
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Table 2 The genetic distance of provenances between New Guinea Island and Queensland of E. pellita

. B L P 5 F i
A20659 A17854 A18197 A18199 S16120 S16121 S16122
S11947 0.303 0.251 0. 230 0.252 0. 359 0. 323 0. 295
S14211 0. 309 0. 249 0. 224 0. 257 0. 355 0. 335 0.298
A18773 0.323 0. 262 0.223 0. 260 0. 377 0. 345 0. 304
A18774 0. 287 0. 230 0. 206 0.237 0. 337 0.311 0.277
A18599 0. 321 0.261 0.236 0. 260 0. 379 0. 345 0.312
S14339 0. 317 0. 265 0.243 0.274 0. 374 0. 337 0.313
B A18314 0. 332 0.268 0.228 0. 266 0. 384 0. 357 0. 309
; A18597 0. 326 0. 257 0. 220 0. 264 0. 384 0. 349 0.314
ol A17860 0.310 0. 252 0.228 0.253 0. 367 0. 336 0. 303
Tg{ A17861 0. 311 0.252 0.225 0.252 0. 368 0. 334 0. 301
A18749 0. 241 0.214 0.224 0.227 0. 308 0.262 0. 244
A18598 0. 331 0.262 0.221 0. 264 0. 385 0.353 0.311
A18596 0. 334 0.271 0.241 0.277 0. 394 0. 356 0.323
B10 0. 321 0. 262 0. 235 0. 267 0. 380 0. 342 0. 306
A18750 0.323 0.263 0.237 0.262 0. 380 0. 347 0.314
A18772 0. 322 0.262 0.238 0.262 0. 383 0. 349 0.312
B 0. 313 0. 255 0.229 0.258 0. 370 0. 336 0. 302
f ! 0.295
*3 HEFLANLEZMIESE LT =/MN#IEEK NIRs B IKEHR
Table 3 NIRs Euclidean distance of provenances between New Guinea Island and Queensland of E. pellita
i BN 5 B
A20659 A17854 A18197 A18199 S16120 S16121 S16122
S11947 0.129 0. 390 0.161 0.153 0. 100 0.099 0. 100
S14211 0.163 0.468 0.183 0.174 0.135 0.117 0.116
A18773 0.134 0.236 0.158 0. 160 0.236 0.221 0.215
A18774 0. 148 0.183 0.136 0.136 0. 239 0.192 0. 205
A18599 0.129 0.198 0.136 0.134 0.225 0. 185 0.185
S14339 0.174 0. 390 0.168 0.172 0.178 0.121 0.143
B A18314 0.107 0. 160 0.075 0. 082 0. 236 0.115 0.148
1_: A18597 0.203 0.223 0.135 0.135 0.272 0. 189 0.220
M A17860 0.165 0.114 0.082 0.076 0.231 0.124 0.167
E A17861 0.191 0.216 0.123 0.126 0.277 0.167 0.220
A18749 0. 156 0. 159 0.099 0. 090 0.251 0.127 0.161
A18598 0. 142 0. 150 0.105 0. 099 0.229 0. 145 0.183
A18596 0.153 0. 185 0. 107 0. 099 0.263 0. 160 0. 201
B10 0.191 0. 429 0.183 0.179 0. 200 0.123 0. 200
A18750 0.091 0. 146 0.116 0.107 0.203 0. 186 0. 187
A18772 0. 150 0. 227 0.148 0.172 0. 251 0.194 0.203
I 0.152 0.242 0.132 0.131 0.220 0. 154 0.178
P 0.173
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Fig. 1 Hierarchical clustering by Euclidean distance of

foliage NIRs from 23 provenances on E. pellita
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Fig. 2 PCA score plot of NIRs from provenances of E. pelltia (partial)
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Fig. 3 The loading weights for the first latent variable of the

PCA clustering between provenance S16120 and

A17861. The loading weights for that of other prove-

nances were similar with above
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The Relationship Between Genetic Variations and NIRs Differences of
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Abstract Clarifying the pedigree on Eucalyptus pellita populations is of great significance for studying rules of interspecific
hybridization of eucalypt and the development of excellent new eucalypt genotypes. The purpose of the present study was to
assess the accuracy and reliability of near infrared spectroscopy (NIRs) used in the analysis of the pedigree of E. pellita
populations by comparing the relationship between genetic variations and NIRs differences that. The genetic materials involved
natural provenances from the E. Pellita population, fresh leaves of 8 ~12 families were collected from each provenance. The
DNA information of materials was obtained through whole-genome resequencing. Firstly, the genetic distances among
provenances were evaluated with the DNA nucleotide sequence differences between samples. Meanwhile, four to six healthy
leaves of each sample were placed in a drying ovenuntil completely dry. The dried leaves were milled and then put into a
transparent self-sealing plastic bag. A portable NIR device, phazir RX (1 624), was used to take the NIRs information of
samples. The NIRs spectral distance between validating provenance and calibrating provenance was estimated with the soft
independent modeling of class analogy (SIMCA). Hierarchical clustering was performed for all provenances with NIRs Euclidean
distance. PCA scores plots of provenances NIRs demonstrated the pedigree and the genetic variations of provenances. The
results showed that the total mean of the genetic distance of provenances from New Guinea Island and Queensland were 0. 186
and 0. 157 respectively, the total mean of genetic distance between New Guinea Island and Queensland was 0. 295, which was
higher than that within each separate district significantly. There was a positive correlation between NIRs spectral distance and
genetic distance between provenances in two separate districts, but a negative correlation was also found between some
provenances of E. pellita. The correlation between genetic distance and NIRs spectral distance was also proved by the NIRs
Hierarchical clustering of all provenances. However, the clustering did not completely correspond with their geographical
distance of provenances, suggesting that gene flow of some forms greatly affects the genetic relationship among separate districts
of E. pellita populations. The PCA score plots demonstrated that PCs plots of some provenances with large genetic distance or
NIRs spectral distance would overlap seriously, and PCs plots of some provenances with close genetic distance or NIRs spectral
distance would be clustered, which verified the sensitivity of NIRs in the distinguishing of heterogeneous samples, also showed
the genetic variation among families inprovenance of E. pellita. All the current study results proposed that NIRs could genuinely
reflect the genetic differences among provenances of E. pellita, and could be used to analyze the genetic relationship and genetic
variation within eucalypt populations, and could be used to assist the improvement of eucalypts breeding populations in a

generation.

Keywords Genetic distance; Spectral distance; Hierarchical clustering; Soft independent modeling of class analogy (SIMCA)

(Received Nov. 6, 2020; accepted Mar. 12, 2021)

% Corresponding author





