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Abstract: The heat shock protein 20 (Hsp20) gene family plays an important role in regulating the stress
response and plant development. The characteristics of Hsp20 in Cannabis sativa (CsHsp20), however, are still
unclear. We systematically analyzed the CsHsp20 family based on the whole-genome and transcriptome database
of Cannabis sativa using a series of bioinformatical tools. A total of 35 CsHsp20 genes (CsHsp20-1-CsHsp20-35)
were identified in Cannabis sativa; they distribute onto 9 chromosomes and belong to 10 subfamilies, each with
similar protein motifs. The promoter region of the CsHsp20 genes contains a variety of hormone-responsive and
stress-responsive cis-elements, indicating that CsHsp20 genes are involved in plant growth and development and
various stress responses. Protein interaction analysis showed that CsHsp20 proteins interacted with other members
of the Hsp family and were regulated by transcription factors Hop and HSFA2. Transcriptome data showed that the
expression levels of CsHsp20 genes were different among different tissues of Cannabis sativa and across different
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developmental stages. CsHsp2(0 genes were highly expressed mainly in hemp seed and its maturation stage,

suggesting that CsHsp20 gene family members regulate the growth and development of hemp seed. Our research

lays a foundation for the studying the function of CsHsp20 gene family and the directional cultivation of high-

quality non-psychoactive medicinal cannabis.
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Table 1 Basic information of CsHsp20 genes identified in Cannabis sativa

Chromosome Gene ORF Deduced protein Subcellular

Gene name Gene ID Chr i - i
location length/bp  length/bp  Size (aa) Mw/kDa pl GRAVY location

CsHsp20-1 XP_030490809.1 1 3085138-3086065 927 652 217 24.36 6.22 -0.694 Mitochondrion
CsHsp20-2 XP_030490810.1 1 3085138-3086065 927 649 216 243 5.61 -0.693 Mitochondrion
CsHsp20-3 XP_030486745.1 1 3192668-3193595 927 652 217 24.36 6.22 -0.693 Mitochondrion
CsHsp20-4 XP_030486747.1 1 3192668-3193595 927 649 216 243 5.61 -0.692 Mitochondrion
CsHsp20-5 XP_030488139.1 1 16088327-16088803 476 476 158 17.86 6 -0.654 Cytoplasm
CsHsp20-6 XP_030488011.1 1 26709460-26709897 437 437 145 16.54 8.67 -0.599 Nucleus
CsHsp20-7 XP_030487941.1 1 90317603-90318190 587 487 162 18.1 6.75 -0.483 Cytoplasm
CsHsp20-8 XP_030491708.1 1 97332136-97332610 474 400 133 15.1 4.93 -0.394 Chloroplast
CsHsp20-9 XP_030488503.1 1 99529712-99530523 811 697 232 25.9 7.88 -0.625 Chloroplast
CsHsp20-10 XP_030504301.1 2 73362176-73362649 473 473 157 18.02 5.72 -0.687 Cytoplasm
CsHsp20-11 XP_030504472.1 2 75207638-75208114 476 476 158 18.08 6.2 -0.741 Cytoplasm
CsHsp20-12  XP_030505988.1 2 77265290-77265721 431 431 143 16.17 462  -0.266 Chloroplast
CsHsp20-13 XP_030503425.1 2 77281435-77281863 428 428 142 16.05 5.64 -0.566 Cytoplasm
CsHsp20-14 XP_030503294.1 2 77290249-77290713 464 464 154 17.52 5.82 -0.618 Cytoplasm
CsHsp20-15 XP_030503293.1 2 77302713-77303177 464 464 154 17.5 5.82 -0.595 Cytoplasm
CsHsp20-16 XP_030506109.1 2 77322938-77323411 473 473 157 18.01 6.34 -0.671 Cytoplasm
CsHsp20-17 XP_030506322.1 2 77346098-77346562 464 464 154 17.55 5.83 -0.602 Cytoplasm
CsHsp20-18 XP_030506389.1 2 95194121-95194594 473 473 157 18.02 5.72 -0.693 Cytoplasm
CsHsp20-19 XP_030492869.1 3 11745785-11746694 909 679 226 25.89 6.47 -0.976 Cytoplasm
CsHsp20-20 XP_030498784.1 4 7456382-7457170 788 691 230 26.19 8.96 -0.729 Chloroplast
CsHsp20-21 XP_030496271.1 4 31444855-31445436 581 581 193 21.95 6.14 -0.46 Cytoplasm
CsHsp20-22 XP_030496178.1 4 31448353-31448901 548 548 182 20.61 6.14 -0.354 Cytoplasm
CsHsp20-23 XP_030500431.1 5 493071-494740 1 669 691 230 25.77 7.72 -0.584 Chloroplast
CsHsp20-24 XP_030500432.1 5 493071-494740 1 669 682 227 25.49 7.72 -0.623 Chloroplast
CsHsp20-25 XP_030501888.1 5 7189722-7190201 479 479 159 17.79 5.55 -0.478 Cytoplasm
CsHsp20-26 XP_030479775.1 7 11645467-11645886 419 419 139 15.66 5.79 -0.586 Cytoplasm
CsHsp20-27 ~ XP_030478987.1 7 13387006-13387470 464 464 154 17.5 6.19  -0.555 Cytoplasm
CsHsp20-28  XP_030484237.1 8  4995542-4996895 1353 634 211 23.6 778  -0.744 Nucleus
CsHsp20-29  XP_030481883.1 8  58221037-58221489 452 452 150 17.15 8.68  -0.645 Cytoplasm
CsHsp20-30 XP_030483092.1 8 59927548-59930535 2987 875 293 33.07 6 -0.627 Nucleus
CsHsp20-31 XP_030508304.1 9  43837311-43837826 515 421 140 15.87 6.98 -0.404 Cytoplasm
CsHsp20-32 XP_030508810.1 9 59085550-59086514 964 487 162 19.14 9.37 -0.658 Nucleus
CsHsp20-33 XP_030502953.1 X 21935109-21935663 554 554 184 20.21 5.77 -0.441 Cytoplasm
CsHsp20-34 XP_030493133.1 X 28634577-28636460 1883 973 324 36.49 4.98 -0.601 Cytoplasm
CsHsp20-35 XP_030485488.1 25700-26176 476 476 158 17.9 6 -0.661 Cytoplasm
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CsHsp20 25 (4 i 51 7 4 motif 8, 16 4~ CsHsp20 £ 4 i
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WA, X ] g5 H B g I DI REAH K o A —IE5K
T RS SR Z 18] ) motif 2H AR B, X 26 45 53K B CsHsp20
RRFER AT LREREER.
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ERLAE G i Ak b, i LA R AT 34 > CsHsp20 3L R 1E 9 2%
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Phylogenetic tree of Hsp20 proteins from Cannabis sativa and other plants including Arabidopsis, rice and soybean was

constructed using MEGA7.0 based on the NJ method; bootstrap was 1 000 replicates
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Table 2 Segmentally and tandemly duplicated CsHsp20 gene pairs

) (E5)e 7334 6 N34 12N F1 24 CsHsp20s %2
BR 5 900 R I K R 8 2 P oK 2 TR AR AR SR R e &R
X 4% (WL IT K FE A8 2 F0 oK) 22 1) )[R JR
X A 8Kt 3N 12 XA 3 % . FE KRR R T 2
], CsHsp20-3 F1 CsHsp20-10 #3AT W AN 3 45 1t 52 7 %,
7 KRR A & K 2 [6], CsHsp20-10 746 W3 A 35 28 1 3 K]
Xt , HEW CsHsp20-3 1 CsHsp20-10 7] REAE Hsp20 F&
KA R A A AR .
5 CsHsp20 EREBoh FXIBIE TS

B PR E 37 XA AR F oo AT AT R 8 s bl L
R ThRE . 45 SRR BLAEIX 2 CsHsp20 3L R (18 3 7
FEAE KB I S5 BER AR R B o, SR1, 1£ CsHsp20-22 Al
CsHsp20-32 W/~ BL K] 13504 % e B9 %8 13X 8 AN RF 8

Gene name Gene ID Gene name Gene ID Duplication type
CsHsp20-11 XP_030504472.1 CsHsp20-26 XP_030479775.1 Segmental duplication
CsHsp20-12 XP_030505988.1 CsHsp20-27 XP_030478987.1 Segmental duplication
CsHsp20-13 XP_030503425.1 CsHsp20-14 XP_030503294.1 Tandem duplication
CsHsp20-14 XP_030503294.1 CsHsp20-15 XP_030503293.1 Tandem duplication
CsHsp20-16 XP_030506109.1 CsHsp20-17 XP_030506322.1 Tandem duplication
CsHsp20-21 XP_030496271.1 CsHsp20-22 XP 030496178.1 Tandem duplication
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Figure 4 Chromosomal locations of CsHsp20 genes on Cannabis sativa chromosomes
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Figure 5 Synteny analysis of Hsp20 genes between Cannabis sativa and four representative plant species. Gray lines in the background

indicate the collinear blocks within Cannabis sativa and other plant genomes, while the red lines highlight the syntenic Hsp20 gene pairs.

The specie names with the prefixes 'C. sativa', '4. thaliana', V. vinifera', 'O. sativa' and 'Z. mays' indicate Cannabis sativa, Arabidopsis

thaliana, Vitis vinifera, Oryza sativa, and Zea mays, respectively
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Figure 7 Predicted protein-protein interaction networks of CsHsp20 proteins with other proteins in Cannabis sativa using STRING tool.
The blue rectangle represent CsHsp20 proteins, and the circles on the inside represent proteins that interact with CsHsp20. Different colors
including red, orange, green, pink, purple, and cyan represent HSFA2 transcription factor, Hsp20 family proteins, Hsp70 family proteins,
Hsp90 family proteins, Hsp100 family proteins and Hop3 protein respectively
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Figure 8 Expression profiles of CsHsp20 genes in different tissues including root, stem, leaves, female flower (FF), male flower (MF) and

seed (A). Expression profiles of CsHsp20 genes in different stages, S1: Phase I; S2: Phase II; S3: Phase III; S4: Phase IV; S4: Phase V (B)
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Figure 9 The 3D structure modeling of CsHsp20 proteins
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