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Abstract: 10 inflorescence traits of 200 domestic and international Macadamia germplasms in the Jinghong Macadamia
Germplasm Repository of the Ministry of Agriculture and Rural Affairs were evaluated using QGA Station combined
with different genetic distance metrics, clustering methods, sampling strategies, and sampling proportions to conduct a
core macadamia collection construction. The optimal methodology for core collection development was identified as
“Mahalanobis distance+multi-clustering deviation sampling+centroid clustering method+15% sampling proportion”,
resulting in a core collection comprising 30 accessions. The mean difference percentage, variance difference percentage,
range coincidence rate and variation coefficient change of core collection and original collection was 0.00%, 90.00%,
99.31% and 150.08%, respectively. No significant differences in trait means were detected between the core and original
collections (7-test). The variances of all traits in the core collection exceeded those of the original collection, with 9
traits showing statistically significant differences. While genetic diversity indices slightly decreased, the conformity rate
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for all traits remained above 80%. Principal component analysis (PCA) demonstrated that the cumulative variance con-
tribution rate of the first three principal components was 74.118% and 84.350% for the original and core collections,
respectively, with congruent geometric structures in their PCA scatterplots. Correlation analysis further confirmed that
trait relationships in the core collection closely mirrored those of the original collection. The core collection comprised
8 Australian accessions, 10 Hawaiian accessions, 9 China Yunnan accessions, and 3 accessions of special types, exhib-
iting a degree of geographic representativeness. Analyses using both cluster analysis and PCA on the core collection
revealed that domestic and foreign accessions were distinguishable to a certain extent based on the inflorescence phe-
notypes. The Macadamia core collection developed in this study, based on inflorescence phenotypic traits, effectively
represents the genetic diversity of the original collection and would provide a robust foundation for future research on

Macadamia genetic resources.
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Tab. 1 Origin categories of 200 Macadamia accessions
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Tab. 2 Quantitative characters measurement methods
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Inflorescence trait Measurement method
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Tab. 3  Assignment criteria of quantitative characteristics

P BRI 1B Bt (i PRI TRAEL

Trait measurement . Trait measurement  Assign-
Assignment
value value ment
x<X-2c 1 X<x<X+0.5¢ 6
X-20<x<X-1.50¢ 2 X+0.50<x;<X+o 7
X-1.50<x<X-0 3 X+o<x<X+1.50 8
X-0<x<X-0.5¢0 4 X+1.56<x;<X+20 9
X-0.50<x<X 5 xi=X+20 10
T xRS AME, X FRIBIRTEHME, o Fomtk

TR AR AE2E

Note: x; represents the i value of the indicator, X represents
the mean value of the indicator, o represents the SD of the trait.
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Tab. 4 Comparative analysis of sampling strategies under 25% sampling ratio and Euclidean distance
HURE S m RLET7 P 28 5 1 4r % i 2525 H AR W 2456 5 o R BCE R
Sampling strategy Cluster method MD/% VD/% CR/% VR/%
Z W R KB FV- 17k 0 10 91.94 115.73
B 227 Jr ek 0 10 94.49 112.91
T A R R T 0 70 99.36 125.25
SEAN =R 0 20 93.77 115.02
r ] B g 0 20 97.31 114.93
O 0 10 95.31 114.92
ARk 0 20 96.56 115.18
GRS 0 50 98.24 120.14
LR R SC R V-1 0 50 100.00 122.92
R R iRl 0 60 100.00 121.28
T A I 0 70 100.00 127.63
I5aN 0 40 100.00 120.32
v ] B 5 0 40 100.00 119.87
GERINES 0 40 100.00 120.86
ARk 0 40 100.00 120.19
Al AR 0 50 100.00 120.96
22U R 5 A 15 B BBUAF: V-1 0 60 97.17 124.91
R R iRl 0 50 96.54 125.05
T A 0 80 98.82 128.59
o] PR R 0 50 96.51 121.73
HL B 0 50 96.70 121.41
ARk 0 30 96.54 124.74
A AR 0 30 96.54 124.18
I3 0 50 96.60 125.86
x5 25%EUELLGIFIS RIS T AR B A X LR
Tab. 5 Comparative analysis of sampling strategies under 25% sampling ratio and Mahalanobis distance
HURE SR W RAEF L PIE 25 H R T 2R IR WMZEFF & 5 5 R BB R
Sampling strategy Cluster method MD/% VD/% CR/% VR/%
Z R R BEHLIURE KTy 0 30 94.32 115.84
B2 5 Al 0 10 96.70 118.49
e 0 40 95.74 117.64
KB 0 10 97.00 114.88
r I R 0 10 94.99 114.62
RTINS 0 30 93.68 117.00
A AR Hy ik 0 20 92.32 115.78
CIRIS 0 10 89.35 112.55
LR B S HURE FP Ik 0 50 100.00 122.95
B2V 0 70 100.00 124.60
o R B 0 50 100.00 121.84
KB 0 60 100.00 121.93
v ] RS 0 50 100.00 122.14
HLE 0 50 100.00 120.22
Al AR ik 0 40 100.00 121.37
Al AR 0 40 100.00 121.38
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Tab. 5 Comparative analysis of sampling strategies under 25% sampling ratio and Mahalanobis distance (continued)

HURE SR W RAEIE {E 2 e | 4% Ti 2 4R WMEFFE 5 R BB R

Sampling strategy Cluster method MD/% VD/% CR/% VR/%
20 IR 2 Al 5 R LR KBk 0 80 99.23 130.52
B2V T M 0 80 99.95 132.18

o B 0 90 99.31 131.33

BARKEEE 0 70 97.22 131.70

o i) 1 0 70 97.76 131.90

Lk 0 80 99.95 132.99

Al AR 4k 0 70 97.94 130.83

AJ ARk 0 70 97.39 128.90

() JE A T 28, JF IR AT BRSP4 S BUK T 45
KR (F 6), mMEHEEDLLL 25%BURE ] H
FE, VD xRk, CR>99%, VR N 131.33%; .0
BB 15%EUCHE L A, VD K,
CR>99%, VR i 150.08%, 2 F7iaqE 5%HURE
B MD EL45EF 0, HE DU 4G b 3 A7 7F — o st

L T0AY, BLARZ O b 5 BURE EE i /N A, e
TEPE T [ B+ F 0 VR + 2 WK R S e S R +
15% HURE LU A5 R4y A2 00 0 BT o ) S 1140 A 00 o 5
B A ERER R A B L ANRN [ N R B Sk Y B 43
FiET, o BEAG BT A9 53 S 100% . 20.69% 1
7.50%.
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Tab. 6 Selection of sampling ratios based on different sampling methods

5 B9 75 B 25 Single linkage cluster method

H 07 B2 Centroid cluster method

HORE 1]

Sampling PR E HEERE WMEREGER TRRFAYLT WHEXERET FEERE  WmEALER LRI
ratio/% /s MD/% 42 VD/% CR/% % VRI% S MD% 435 VD/% CR/% 16 VR/%

5 0 90 96.51 188.76 0 80 92.35 180.01

10 0 90 97.41 163.31 0 90 98.24 161.79

15 0 90 98.50 146.02 0 90 99.31 150.08

20 0 90 98.77 137.19 0 90 99.31 140.59

25 0 90 99.31 131.33 0 80 99.95 132.99

30 0 70 99.31 126.60 0 80 99.95 127.34

40 0 70 99.95 119.71 0 50 99.95 119.23

50 0 40 100.00 114.56 0 40 99.95 115.07
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Tab. 7 Comparative analysis of differences between original and core collections
YI{H Mean 757 2% Variance ZREPEFE R HY
Rk BURRB BORBE e FURRE BUHE L. RRRE BOME  HO%
Ori gm_al Corg Povalue Ori gll‘{al Core _col- P-value Ori glr{al Corg Coincidence
collection collection collection lection collection collection rate/%
AT K i /om 18.53 18.85 0.7739 14.88 34.30 0.0004  2.016 2.006 99.53
A6 T /om 2.48 2.39 0.5370 0.21 0.49 0.0004  2.003 1.728 86.29
A6 7 WM B /mm 1.43 1.45 0.6592 0.03 0.06 0.0048  2.074 1.933 93.19
167 9 B /mm 28.17 27.79 0.7210 11.62 31.08  >0.0001 2.034 1.997 98.17
/NAEREK E/mm 3.21 3.32 0.6132 0.51 1.29 0.0001 2.021 2.006 99.29
/NEK B /mm 12.59 12.28 0.6033 4.97 9.85 0.0035  2.084 2.064 99.03
/N /mm 1.43 1.44 0.9151 0.04 0.08 0.0015 2.081 1.867 89.69
@4 /mm 5.04 4.88 0.5807 1.99 2.75 0.1040  1.986 1.931 97.26
MRS B /mm 9.89 9.66 0.5909 2.14 4.82 0.0006  2.052 2.012 98.02
WP LR /(Flower-em™)  16.15 16.68 0.6095 9.58 30.83 >0.0001 1.921 1.579 82.17
*x8 FEpFMREZOHMBRERD ST
Tab. 8 Principal component analysis of original and core collections
JE 4R Original collection KLt Core collection
F s ] o N ) R R
Component Eiiiﬁ/{aﬁlue Conifl?ofkj‘ie 1% Cum%lfl?je}égﬁfszution EitfeilEv{aElue zi;ﬁfﬁi Cumi?:llllijje}é:;lfjszution
rate/% rate/% rate/%
1 4.613 46.132 46.132 5.979 59.791 59.791
2 1.484 14.837 60.969 1.547 15.467 75.258
3 1.315 13.149 74.118 0.909 9.092 84.350

A3 X SRR OB L A O ol R BE ML AR B P
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L FLAR A 3 A MR R RN 5T S 3 40 B a R
i
fifi R 2o M5 B AT E 1550 B 241
g5 R MR 14> 1 (principal compo-
nent 1, PC1) Il PC2 1343505 (15 4A), 456 #
il (I 4B ) RIS (K 3) ardn, s
BRAEIT B SR , FAAL P PR B R 1 1T 2
TR SR, WTHE—ERE LK
A6 7 2 PR DX 43 R e SR ] pig 0 ) 1

3 Wit

P B TR DA SR /N SEIRBCRE Fgt e B2, AR
FEA PR A 8L ZHREMER O T2 oD
SRR 20 B T IRICIBRE BEAT , F N 5 o 2R
JfRin e . RITE . RICHUE Tk SOURE L
BIFEAT oY, B R AT AR | 8L 7R
TN RERE (A AT PSS FHAS [ S s A 722 114
BobRhmT, UMEZER AR, TREEFA TR,
e 22 75 6 AR ME 57 Z B0 A R 0 FL AT 384 22



2598 O AE B F R %46 &
6 A. o EANE USSR B o EANE BB
ENE RS . EAE R Lk
o FERFR o FERFR
4 2+ *
® 2 @ .
= o, b .
: ® ) : 'o: H . . : 0 o o -
8 0 < Q. .0‘0 T ) 8 ® LI .
...":..Q:r':.:..l . c.. A : . .
-2 .. ": .o, . Sl L.
B -10 8 6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6
PC1 (46.1%) PC1(59.8%)
D, o AR
4 o BHLEEA
5.0
2
25
SEY 3}
& &
0
-2
4 25+
- 1 1 1 1 1 1 1 1 1 _5.0 1 1 1 1 1 1 1 1 1
-10-8 6 4 -2 0 2 4 6 8 10 -10 8 6 4 2 0 2 4 6 8
PC1 PC1
A JEIRF B SR By LR OO E s C: SRR TR BTG A% O R BT S A5 O3 1 LR
D: JRAAF BT 5 BEALRE MR 3280004440 TR LA
A: PCA scores plot of original collection; B: PCA scores plot of core germplasm; C: Comparative PCA scores plots between
original and core germplasm; D: Comparative PCA scores plots between original germplasm and random population.
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Fig. 1 PCA scores plots of original collection, core collection, and random population
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A:

FURFI; B: BOFE; C: BEVLEEAR. PDL: fEFAKEE; PSL: fEFMIHAK ; PD: fEFHMEE; TW:
PLF: /NMEFMEKEE; FL: /NMEKEE; FD: /NMEME; CD: fE5d4; PL: M

K IC: fEPHER,

RN FEAS (P<0.05) 5 R REFMAL (P<0.01) .
A: Original collection; B Core collection; C: Random population. PDL: Peduncle lengt; PSL: Peduncle stalk length; PD: Peduncle diameter;
IW: Inflorescence width; PLF: Pedicel length of flower; FL: Flower length; FD: Flower diameter; CD: Corolla diameter; PL: Pistil length;
IC: Inflorescence compactness. * indicates significant correlation (P<0.05); ** indicates extremely significant correlation (P<0.01).
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Fig. 2 Phenotypic trait correlation heatmap
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Tab. 9 Geographical composition of core collection

il A 1

Gormol JEF B ol 5 W0 B 5 L i)
ermplasm Original collection  Core collection  Ratio/%
source

KA 32 8 25.00

=N 54 10 18.52

THEZ 106 9 8.49

TR F) T 2 2 100.00

=N 1 1 100.00
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Fig. 3 Heatmap of Macadamia core collection
cluster analysis
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