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Abstract: [Objective] Using molecular markers to construct DNA fingerprints is an effective strategy
to identify plant germplasm. SSR (Simple Sequence Repeats) molecular markers are preferred for plant
DNA fingerprinting constantly, due to their abundance, co- dominant inheritance, and reproducibility.
The aim of this study was to construct macadamia DNA fingerprint using a series of SSR primers in or-
der to provide technical support for macadamia nut germplasm collection and variety protection. [Meth-
ods)] The genome DNA sequence of macadamia (M. integrifolia) was searched on NCBI website. The
repeated base sites in the sequence were screened, and the primer 3 was used to design primers in batch.
The standard primers were synthesized for subsequent test, according to the primer selection standard:
the repeat unit is more than 2 bases, the number of repetitions is more than 8 times, and it is evenly dis-
tributed on the chromosome. The genomic DNA of the test material was extracted by CTAB method.
The SSR-PCR reaction system is: 10 x Buffer 2 uL, 2.5 mmol - L' dNTP 0.4 pL, positive and negative
primers 0.3 pL respectively, DNA template 2uL (20 ng-uL™"), 5U 7aq 0.2 pL, ddH,O 14.8 uL. The PCR
amplification procedure was shown as fellows: Pre denaturation at 94 ‘C for 5 min; Denaturation at
94 °C for 30 s, renaturation at 65 ‘C to 50 ‘C for 30 s, extension at 72 C for 40 s, a total of 35 cycles;
The final extension was made at 72 °C for 3 min. 4 materials with large phenotypic differences were se-
lected for primer screening. Firstly, PCR amplification products were detected by 2% agarose gel elec-
trophoresis, followed by PAGE detection with good amplification effect. Secondly, the initially selected
PCR products plus the buffer denatured at 94 ‘C for 10 min, and silver staining was made after 6% dena-
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turing polyacrylamide gel electrophoresis and primers with good amplification effect and polymor-
phism were selected. Thirdly, the screened SSR primers were labeled with 6-FAM fluorescent dye. Af-
ter PCR amplification, 0.3 pL PCR product, 0.5 pL internal lane standards and 9.5 pL deionized for-
mamide, were mixed and added to PCR plate, denatured at 95 “C for 5 min, cooled at 4 “C and then cen-
trifuged. The capillary electrophoresis was performed with 3730x1 sequencer. The allele loci of each
primer were counted. The homozygous loci were recorded as X/X, the heterozygous loci were recorded
as X/Y, the small fragment data in the heterozygous loci were in the front, the large fragment data were
on the back, and the allele variation deletion loci were recorded as 0, for forming DNA fingerprint data.
Referring to the methods of Yang Wenjuan and Guo Yanchun, the alleles obtained from each pair of
primers were coded with numbers + English letters, and the numbers 1-9 were used in the order of mo-
lecular weight from small to large, and the parts beyond 9 were expressed with English letters A-Z, so
as to construct the fingerprint code of the tested materials. DNA molecular ID cards in the form of bar
code and quick response (QR) code were produced through online bar code generator and quick re-
sponse (QR) code generator respectively. [Results] 240 pairs of primers were initially selected, and de-
tected by 2% agarose gel electrophoresis after PCR amplification. 155 pairs of SSR primers were select-
ed for 6% denaturing polyacrylamide gel electrophoresis. Finally, 22 pairs of SSR primers with stable
amplification and high polymorphism were selected for fluorescence labeling, and 83 macadamia germ-
plasm genotypes were obtained by capillary electrophoresis. The DNA fingerprints and DNA molecular
ID card of the above materials were constructed using the combination of 9 pairs of fluorescent primers.
For instance, primer P202 had 13 polymorphic loci, encoded in proper order as 286 (1), 286 / 288 (2),
286 /290 (3), 286/ 292 (4), 288 (5), 288 / 290 (6), 288 / 292 (7), 288 / 294 (8), 290 (9), 290 / 292 (a),
292 (b), 292/ 294 (c) and 300 (d). The 9 pairs of primers were arranged and combined in the order of
P211, P127, p238, p132, p118, p163, p202, p141 and P84, the coding information of each germplasm in
each primer was counted. For example, the SSR fingerprint code of Jingha 57 is H7A49A521, the first
letter “H” indicates that the amplified fragment of germplasm Jingha 57 in primer P211 were ranked
17th in the primer polymorphism fragment gradient, and the second number “7” indicated that the am-
plified fragment of germplasm Jingha 57 in primer P127 were ranked 7th in the primer polymorphism
fragment gradient, The third letter “A” indicated that the amplified fragment of germplasm Jingha 57 in
primer P238 ranks first in the gradient of polymorphic fragment of the primer, and the other codes were
analogized in turn. [Conclusion] SSR primers with high efficiency were obtained and used for rapid
molecular identification of Macadamia germplasm resources.
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Table 1 Information of 22 pairs of SSR primers

E[E] A5 ] Em 51 S 551 ZEMEER
Primer Repeat types Forward primer Reverse primer PIC

P4 (AGGTCG)8 GTGGTGGTCAAGGACTTGGT TGTCAGAATGCCCATCTCTCA 0.740 1
P11 (CGAAAACA)16 TGGGTCTTATGGAAACTGGAGA GGGCAAACTTAAGAGTAGATCAGC 0.8759
P15 (GCCH8 TCGTAAGTAGCCGCGTGATC GCGGTGGTGAGATGGATCTT 0.459 3
P16 (GCGTY10 GCAGGTCCCCATCCTTCATG ACACCAATCTATCTGGCTTTGGA 0.820 5
P28 (CT13 GCAGCTCTTGTACAATGAGCC AGCTCACCTTCCAATCTAGTATCC 0.7356
P33 (AG)16 TGGATCTATGCACTTCCCCT TCTCTAATTAGGCGGTTGGGAC 0.8340
P35 (AG)21 TGGGTTTTCCTTGACTCACTTG GCTACCCAGCCAGAAACAGA 0.770 7
P74 (AAG)12 AGAGGGTAAACGTGAGAAACCC CGTCCTCTTCCTCTTCTTCTGA 0.8213
P84 (AT 12 AACCTGATGTCTGGCCCAAT TGATACTGCATATCAAGAAGCCA 0.788 8
P89 (TAD13 AGTTGAATGAAGAGGCCGGG TTGCTTTTCTTCGACACGCA 0.800 2
P95 (TCT)10 CCCCCTCAAGTGAAGAAAAGT TGTCCCTAACTCCCTATAAAAGGC 0.638 2
P98 (AAC) 14 TCTGACCCTTAGATCACTGTTGT TGACCATAGGAGAAGTAGTGAGGA 0.635 6
P108 (GA12 TGTTGTTGATCTCCAATCGAAGC TCCCCCTCCCTTCTTTTTGA 0.843 8
P118 (AT 14 ACTCAAAACACAGATCAACGGC ACTTGGCTGCGAAAGAGTTG 0.8349
P127 (GTD11 TGCCATTTAAATAGGATAAGGCTG TGGAATCAAGATTCAAGATTTCGGG 0.7579
P132 (TAD12 ATTAGACACAAAACAAAAATACATGCT CCAGTCCGACCTGGTTGG 0.767 6
P141 (TAT 11 ACCCCATACATATCAGTAAGAGGG TGGCCCTTGTTTTCTTGGGA 0.823 6
P163 (TCH9 CTGTCACCCTCTTCCGGAAC TCATCTGTTCAGAGGCTTGCT 0.744 2
P202 (AT 14 GCTCTTCCACCTCATCTGGG TGCTACGCTCTGATACGTCT 0.600 4
P211 (AG)16 AGTAGCAGCCGAGATCACTG TCTCTTCCCTTGCACATTCTCA 0.800 1
P238 (TAT)13 AGCTCCCTCAATGGCCTAGA GGAAACATCACAAGGTTGAAGGT 0.7223
P240 (AAATAAA)10 CGGACTCGATTGGGCCTATC TACCATTTCACACGCTCGGT 0.790 3
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Table 2 Amplification results and code typing of 9 pairs of SSR primers detected with capillary electrophoresis
ElEZExS BUNE Ik L SR B Y

Primer name

Code of capillary electrophoresis polymorphism fragments

P211

P127

P238

P132

P118

P163

P202

P141

P84

266/278(1) 268(2) 268/270(3) 268/276(4) 268/278(5) 268/280(6) 268/290(7) 270/276(8) 270/278(9) 270/280(A) 270/
290(B) 274/278(C) 274/288(D) 276/278 (E) 276/280(F) 276/288(G) 276/290(H) 278(D) 278/290(J) 280(K) 280/290
(L) 284(M) 286(N) 290(0)

205(1) 205/208(2) 208(3) 208/215(4) 208/222(5) 208/225(6) 208/228(7) 208/232(8) 215(9) 218/222(A) 215/225(B)
215/228(C) 215/232(D) 218/225(E> 222/225(F) 222/232(G) 225(H) 225/228(1) 225/232(J) 228(K) 228/232(L) 232
(M) 254/257(N)

233(1) 248(2) 248/281(3) 281(4) 281/284(5) 284(6) 297(7) 297/303(8) 297/306(9) 303(A) 303/309(B) 309(C) 311
(D) 319/331(E) 326(F) 334(G) 344(H)

243/248 (1) 243/250(2) 243/254(3) 245(4) 245/248(5) 245/250(6) 245/252(7) 245/254(8) 245/258 (9) 245/264 (A)
248(B) 248/252(C) 248/254(D) 248/258 (E) 248/264(F) 250(G) 250/252(H) 250/254 (D 250/264(J) 250/266(K) 252
(L) 252/254(M) 252/258(N) 254/264(0) 256(P) 264(Q) 270(R)

120C1) 120/227(2) 120/267(3) 120/269(4) 120/273(5) 153/227(6) 227(7) 227/275(8) 267(9) 267/269(A) 267/271(B)
267/300(C) 269(D) 271(E) 271/273(F) 271/275(G) 271/277(H) 273(D) 273/275()) 273/277(K) 275(L) 275/277(MD
275/279(N) 277(0) 277/279(P) 0/0(Q)

257(1) 257/261(2) 257/263(3) 257/271(4) 257/275(5) 257/278(6) 261(7) 261/263(8) 261/271(9) 261/275(A) 263(B)
263/275(C) 263/278(D) 271/275(E) 285/298(F) 285/300(G) 292(H) 294(I) 298/304(J) 302/306(K)

286(1) 286/288(2) 286/290(3) 286/292(4) 288(5) 288/290(6) 288/292(7) 288/294(8) 290(9) 290/292(A) 292(B) 292/
294(C) 300(D)>

266/280(1) 268(2) 268/287(3) 268/290(4) 268/293(5) 270/280(6) 278(7) 278/284(8) 278/287(9) 278/310(A) 278/332
(B) 280(C) 280/284(D) 280/287(E) 280/290(F) 280/293(G) 280/295(H) 284/287(1) 284/295(J)) 287(K) 287/290(L)
287/293(MD 287/295(N) 287/298(0) 287/308(P) 290(Q) 290/293(R) 290/294(S) 290/303(T) 0(U)

271C1) 273(2) 275/277(3) 275/290(4) 279(5) 279/282(6) 279/284(7) 279/288(8) 282(9) 282/286(A) 282/288(B) 284
(C) 284/286(D) 284/288(E) 284/290(F) 286/288(G) 288(H) 290(1) 0(D
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Table 3 SSR fingerprinting of 83 macadamia germplasm 2000
3 :) P211
resources ;%Z( §§ 1500
- - ¥ §§ 1000
SSRARSUEIE || Ak 44K SSRIELIKEE &S5 s00
IR RS . £ 7,
. SSR Accession SSR
Accession name L. .. 279 200
fingerprinting || name fingerprinting 1B Size of bands amplified/bp
05 225ingha22  B74B9472C || #E# 15 Guirel  582C832CH 180 190 200 210 220 230 240 250 260 270 280
10000
$04 8 Jingha8  L34BIISUH || 50427 Jingha27 674F312L9 w3 8000 P127
=8 6000
$ 36 Jingha36 EK2C9CSRE || 54132 Jingha32 EJ2BECTGE g 4000
K =8
M 15 Jinghal5 4J4CHA24C || 50 G6 JinghaG6 4844E52RC =50 ah =
,E‘?\D{i\ 28 Jingha28 384BEA74E %u{ﬁ\ 24 Jingha24 J84BL42GE 474 B¢ Size of bands amplified/bp
5425 Jingha25 BS4BESTAF || 5 90 Jingha90 HS4BEA43C Cpopolf 20 220 240 a0 A0 M0 D K0 A W
85
541447 Jinghad7 EMSCEATRC || 5t1342 Jinghad2 L84CQ35QE 2 5% jggg P23
$EG
5clf 3 Jingha3  H7CC955ME || 5th4 38 Jingha38 484BE42MC K25 2000
.=
]9 Guang9 2BINIF181 54 57 Jingha57 H7A49A521 0 -
I 11 Guangll ~ 3KGC955MC || 95 MF6PIIBBI1 44} B Size of bands amplified/bp
230 240 250 260 270 280 290
HAES246 7647TM22FF || 1100 C8EBL357H o0
85 2000
HAES294 SH44M15CI || 172 IIBMGIT)  Ze<io0 pis2
Hoz
HAES344 II2CKB7FF || 159 KB49F7119 R
=g
HAES508 78BG722EF || 199 MF6PIIB72 0 -
HAES695 LI46E72M2 || 179 6LC2123CC #7741} B Size of bands amplified/bp
100 120 140 160 180 200 220 240 260 280 300 320 340
HAES741 78BG422EF || 163 674F312LC
85 10000
HAES788 1744128CI 164 31A4955RC B 5210000 P18
g2
HAES800 633D775Q1 || J65 F72B99541 DEz s
EE
HAES816 6MAG622EF || T7 582BJ32HH 0 @
HAES856 JICLI22EC || J104 AM2DE95RG 4745 B Size of bands amplified/bp
240 250 260 270 280 290 300 310 320
HAES863 6844123FC || 1103 GGFRGKC21 3000
w0 35 5500
HAES900 H55EO15P4 || J101 9KA4KISGE ~ Z5< 20 P163
HAES918 6MAGD22EF || DM-1 SL2GE19F9 £e b
=.g ¢
HAES948 6MA262601 || J102 NN44BJAAIL 0
HAES951 IE25182QF YB2-715 JA4JIB7C5 #7HJ1 Bt Size of bands amplified/bp
275 280 285 290 295 300 305
HAES842 J84C232EB || YB3-108 I9ADI15JB 2000
wy 35
HAES781 I844ABICC || YB3-168 KM23L3SIH 252600 P02
2 24000
D F821435NF || YB3-1483 J84DI35EG 255 2000
=g 0
o.c 1J2DL65DG || YB3-1484 IM3LI15DG D
A38 J3BJ77QE || YB3-1903 582BJ62DA 4734)v B Size of bands amplified/bp
250 260 270 280 290 300 310 320 330 340
A203 4IA49AFRE || YB3-2044 KL44773S5 L 1000
2§27 800 P141
H2 S8L7BBE75D || YB3-2045 K74B472E1 5 £< 600
R LG 400
A4 IDAOJISI2 || YB4-404 KGAIN37ES HEE 200
- 0
T2 J24BP619C || YB4-477 K4AQI77E8 ]
#1441 Bt Size of bands amplified/bp
D4 L54KP8417 YB4-588 F3A22B7H6 240 250 260 270 280 290 300 310 320 330
Al6 IDAFI358F || YBS-11 EM4B4B2NB o 00001 bs
w82
X8 FC78ID9C2 || YB5-356 ID4MI12KB " §<:§ ‘2‘222
255 0
X35 084BC31KC || YB6-1061 K448126DB Riz o,
X18 I82LM366D || YB6-1060 144DI29E1 B Size of bas amplified/bp
Daddow IE25182QE || YB6-1186 54HAJ7ILI 1 218577 9/ SSR i 5 BB B b 255
Queen Anne DADLIHD73 || YB6-1385 K8ABS72FB Fig.1 The Band features of Jingha 57 detected by capillary
X13 788H122EE electrophoresis at 9 SSR loci
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