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Abstract: Objective To address the difficulty of early sex identification in Cannabis sativa and the instability of existing molecular
markers, this study developed stable and accurate sex identification molecular markers based on the structural characteristics of sex
chromosomes of C. sativa. This approach aims to provide a reliable tool for early sex determination at the seedling stage. Methods By
comprehensively utilizing multiple chromosome-level haplotype genomic data of C. sativa, the male-specific segments in the male-specific
of Y (MSY) region were systematically compared and screened through bioinformatics methods. Specific molecular markers were then
designed from large MSY fragments and tested for specificity and stability using 36 C. sativa samples with known sex (15 males and 21
females) through PCR amplification and agarose gel electrophoresis, and the newly developed markers were compared with previously
reported ones (MADCS and MADC®6) for validation. Results A total of 15 648 Y chromosome-—specific sequences were identified, from
which 12 SCAR markers were developed. Among them, five markers (MSY99M-3, MSY99M-4, MSY9IM-5, MSY100M-1, and
MSY 100M-7) consistently produced distinct male-specific bands in all male plants, without amplification in female samples, achieving

100% identification accuracy, which was superior to that of previously reported markers. Conclusion The SCAR markers developed
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from Y chromosome-—specific regions demonstrated high specificity, stability, and relia, enabling rapid and precise early sex identification

in C. sativa. These markers offer significant potential to enhance the production efficiency of medicinal cannabis and related products.
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Table 1 Basic information of C. sativa samples

hiaes pn -4 5 5 s rn -2 | Fe -4 53
1 TR 1 5-1 i 13 MR 15-2 ii3 25 JiRt15-2 I
2 JERERL1 52 i3 14 HRR 15-3 i3 26 JiFRF1 53 i3
3 TR 15-3 i3 15 HFR 154 HE 27 ARl15-4 Tt
4 KWK 1'5-4 HE 16 MR 15-5 i 28 JiRt1%5-5 I
5 BARM15-5 i3 17 R 1 5-6 i3 29 HRFE25-1 i3
6 KA1 5-1 T 18 R 1 5-1 o 30 KM 25-2 I
7 JRKHE 152 i3 19 152 i3 31 BRE25-3 i3
8  JRKRWE15-3 i3 20 K 15-3 i 32 BRH25-4 i3
9  JRKHE1 54 i 21 154 i3 33 BRM25-5 i3

10 KRB 5-5 i 22 K155 i3 34 K256 i3
11 JRKFE15-6 i 23 K 1%5-6 i3 35  Dinamed KUSH CHfEfkdFf) i3
12 HBE15-1 i3 24 HE 151 I 36 Tatanka CHELLSFP i3
#x2 ARSRMARKNSEEFEABIFMES
Table 2 Detailed information of reference genomes from different C. sativa

hiaes HAETUIL R 44 o b AP EEA R MR FPA R R A R e T e A T
1 AH3Ma Ace High 3-2 THCA [ chrX
2 AH3Mb chrY
3 BCMa BooneCountry CBDA T chrX
4 BCMb chrY
5 BOAXa BoAx CBDA HfE chrX
6 BOAXb chrX
7 GERvla Germany CBDA HE chrX
8 GERvI1b chrX
9 GRMa GoldenRedwood CBDA i3 chrY

10 GRMb chrX
11 KCDvla KCDora monecious CBDA ki3 chrX
12 KCDvl1b chrX
13 KOMPa Kompolti CBDA it chrX
14 KOMPb chrY
15 NLvla NorthernLights THCA HfE chrX
16 NLv1b chrX
17 SAN2a Santhica-27-2 monoecious CBGA e chrX
18 SAN2b chrX
19 SODLa SourDiesel THCA I chrX
20 SODLDb chrX
21 WHWa WhiteWidow THCA HfE chrX
22 WHWb chrX
23 YMv2a YunMa CBDA I chrX
24 YMv2b chrX
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Rapid Taq Master Mix 13 uL, 1EM5I4) 1L, [
5% 1 uL, ddH,O 9 uL, J&[KZH DNA 1 uL. PCR
RN A 95 ‘Cy 4 min; 95 ‘C. 30's, 55 C. 30
s, 72 C. 10s, 357#; 72 'C. 10 min.

[ I 5 B ITS2 AL i 1 e o 4 57 b il
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Table 3 Primer sequences

EIE/EA) 5IFSI (5°—3)
MSY99M-1 F: TAGGGGAGTGGAAAACAACC
R: TAAGCCGTACACACTCACTC
MSY99M-2 F: TGTGTCTGTACTGTGCTTGT
R: GGTTGGACTTAGCGTCTACA
MSY99M-3 F: CAACTATCAGCACCGTACCT
R: GGTTGTTTTCCACTCCCCTA
MSY99M-4 F: GTAGAAGCCCCATCCCTTAC
R: GTCTTCTCTACGACCTGCAA
MSY99M-5 F: CCAGTTGACCAAACAAAGCA
R: AGGTACGGTGCTGATAGTTG
MSY100M-1 F: CCCCCAATAGTTAAGTCGCT
R: AGAAACCTGTGTCGAACCTT
MSY100M-2 F: GTGCCAATGTAGACAACCAC
R: TCACCTCCTCTCCTCTTCAA
MSY100M-3 F: GATACCTCGTCCAACCATGT
R: AAGAAACCTGTGTCGAACCT
MSY100M-4 F: GGTGCTTCCTTTTGTGTGTT
R: GGCATCAACACTCAAGGTTC
MSY100M-5 F: AGTGCCAATGTAGACAACCA
R: TTCACCTCCTCTCCTCTTCA
MSY100M-6 F: AAGCCTCACAATGCTCGATA
R: GATTTGGGGTGTTTTTGCCT
MSY100M-7 F: CGGGTGGAACTTTGATCCTA
R: GAGGGAAAAACCCAAGCATC
ITS2 P3: YGACTCTCGGCAACGGATA

E4: RGTTTCTTTTCCTCCGCTTA
SCAR119 (MADC6> F: TCAAACAACAACAAACCG

R: GAGGCCGATAATTGACTG
SCAR323 (MADC5) F: GAGCGGACATCATTGCCT

R: ATCACCCCACCGTTTAGG
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MSY100M-2 MSY100M-3
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MSY100M-7

MSY100M-6
1 2 3 45 6 12 3 45

M-Marker; 1-J2KRK 1 5-2; 2-J78} 15-4; 3-JE KRR 2 '5-1; 4-J KRR 2 %5-5; 5-JRKKK 1 %5-6; 6-Tatanka C(HELLSFfD.
M-Marker; 1-Longdama NO.1-2, 2-Fangke NO.1-4; 3-Longdama-NO.2-1; 4-Longdama NO.2-5; 5-Qingdama NO.1-6; 6-Tatanka (feminized seeds).
Bl 1 (REEMSRME S FRRCHRE

Fig. 1 Preliminary screening of candidate male-specific molecular markers
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K 1S 1-IfEH
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8 9101112 1 2345 67 8 9101112

45 67

i1 5 IR 1 AT
345 67 8910111212345 67 8 91011 12

e R 2 51Tk

2000 bp 345 67 8910111212345 67 8 9101112

M-Marker, 1-SCAR119, 2-SCAR323, 3-MSY99M-2, 4-MSY99M-3, 5-MSY9IM-5, 6-MSY99M-4, 7-MSY100M-1, 8-MSY100M-4, 9-MSY100M-

5, 10-MSY100M-7, 11-ITS2, 12-ITS2 (%A .

M-Marker, 1-SCAR119, 2-SCAR323, 3-MSY99M-2, 4-MSY99M-3, 5-MSY99M-5, 6-MSY99M-4, 7-MSY 100M-1, 8-MSY 100M-4, 9-MSY 100M-5, 10-

MSY100M-7, 11-ITS2, 12-ITS2 (blank template).

2 MRES FARMCER R A RAEZA P HIIEIE
Fig.2 Validation of candidate molecular markers in different C. sativa samples
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