- 2528 - 2% %R Acta Pharmaceutica Sinica 2022, 57(8): 2528 —2542

NRAZE[REY) bZIP E F KR L E X EFIE MBI B TheE 44K

ouEY, T R, R OB, BWERS, mEMA, BREAM, MM

(1. = KA SH125 205, Wit B & 443002; 2.t E o E BB b 2581 5857, 65 100700;
3. R EERAHE, = B 650217)

HZE: bZIP (basic leucine zipper) % 8 5 I & FUAK AL W) Hh e K )% i DR e 2 —, FLRRODAFE T B 187 L IR AR
WEMAERK TR E ST REE BB . NIRRT B S S KRR (Cannabis sativa L.) bZIP (CsbZIP) %
BRI 1) A= 00 2 T B, AT 0 2 KRR 4 22 TR AL RN 3 2L B8R, ) A= 015 I8 25 D7 V055 CsbZIP B TR AT R G LA
Flo G5 RR M, TERIRH %552 B 554 CsbZIP FEIR KR Jl 7t (CsbZIP1~ CsbZIPSS), 43 AifE 10 2k etk b, B F 124
WU ZRJ, TR)— 055 1 B 5% 2 [ (1 22 DR 25 ) RO R 1 B P A AR AL, . P BEEE B CsbZIP R Ry sk I R R 3. I
FAEFH TC 53 8 B 73 AN IR & B R 1 A 31 X % F G-box B A-box TG4, qRT-PCR 3256 3R B 74~ CsbZIP 3 1]
HT AN G B AL RE JORRAZ AR IR AR Ak S8 o AH DG 23 i R B 74> CsbZIP HE R FIL 7 AN i G e dik R 2 ) A7
TERZMIEMRR R AW TIER T CsbZIP 1 &5 FIRHAE S 77 ORI R IE 1 20, it — B 5L CsbZIP B TR %
ORRAZ I RE AR ) R4 PR A T B LR R

FHRIR): KRR 25 KRR bZIP JE TR 0 i IR, kAot

& 43S RI31 XHEAFRIRED: A XEHS: 0513-4870(2022)08-2528-15

The identification of bZIP gene family in Cannabis sativa L. and its
preliminary research of the function in regulation of lipid metabolism

HUAI Hao'?, NING Kang’, HOU Cong’, YANG Shu-ming’, WANG Jun-zhi',
CHEN Shi-lin’, DONG Lin-lin*

(1. College of Biological & Pharmaceutical Sciences, China Three Gorges University, Yichang 443002, China,
2. Institute of Chinese Meteria Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China,
3. Yunnan Hemp Industrial Investment Co. Ltd., Kunming 650217, China)

Abstract: The bZIP (basic leucine zipper) gene family is one of the largest transcription factor families in
cukaryotes, and its members play important roles in stress response, secondary metabolism, plant growth, seed
development and other aspects. To investigate the biological functions of the bZIP (CsbZIP) gene in Cannabis
sativa L., we systematically investigated the CsbZIP gene family using bioinformatics methods based on the whole-
genome and transcriptome data. The results showed that 55 CsbZIP gene family members (CsbZIP1-CsbZIPS55)
were identified and distributed on 10 chromosomes, belonging to 12 subfamilies. The gene structure and protein
motif distribution of the same subfamily members were similar. Segment repeats were the main reasons for the
expansion of CsbZIP gene family. Cis-elements analysis showed that the promoter regions of 73 lipid synthesis
genes contained G-box or A-box element. qRT-PCR showed that the relative expression levels of 7 CsbZIP genes

and 7 lipid synthesis genes were relatively high in hemp seed. 7 CsbZIP genes had a significant positive correlation
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with 7 lipid synthesis genes. This study revealed the structural features, evolutionary patterns and expression

patterns of CsbZIP, providing important clues for further study on the regulation of CsbZIP on oil metabolism of

hemp seed.
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Table 1 Details of primers for qRT-PCR in this study
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Gene Forward primer sequence (5'-3') Reverse primer sequence (5'-3")
CsbZIP12 GTTGGCTGATTTGGCACA GCTTCCCTTTGCTACTCCTAA
CsbZIP13 GAGAAACGGGGCTTACACG GGAACAGCCAACCCCATAG
CsbZIP28 CTCCCTGATTCTGCTGCCA TGGGTCCTTCTTGCTCCG
CsbZIP41 CATTTCTGCTGCTGCGGT TCAACATTGTCCAACGCC
CsbZIP42 TCAAGTCACTGGAGAGGGC TCTAAATCGCTCAAGTATGCC
CsbZIP43 GAGTCCTGCGGTCCAATC CGAGTCTCCACCACCGAA
CsbZIP44 GTTTGGGTTTCGGTGGTG CCATCAACGCCAAGACCA
CsHAD-1 CTCACTCAACCGACCCACAA ACAGAAACGGAAACCGATGG
CsENR-1 AGTGGACAGTTCAGGAAGTTG CGTGTTGACTCTAACTCGGTG
CsLACS-4 TTTGGTGGTGCTCGTATTG AAGAGAGCGAAGAAGCCG
CsGPAT-3 AAGAAAGGCGAATACACGAA CACTGACACTCCAACCCCG
CsDGAT-1 TCGTCATCATTCCCATCG GCCAGTAAGGTCAGCAAGT
CsPDAT-3 TGCTCGGTCTTCAAACGC CAAACCTCACCGCTACACG
CsPDAT-4 CCAAAGTTGATGGCACGA TAAACCGAGTCTTCCCCC
CsActin TGATGAGTCAGGTCCATCCA GCCTCTCTCAAAAGCAGCAG
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Figure 1 Phylogenetic tree of bZIP genes in Cannabis sativa and Arabidopsis thaliana was constructed using MEGA7.0 based on the NJ

method; bootstrap was 1 000 replicates
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Table 2 Basic information of CsbZIP genes identified in Cannabis sativa

Gene Chromosome Gene ORF Deduced protein Subcellular
Gene ID CHr i X
name location length/bp  length/bp  Size(aa) MW/kDa pl GRAVY location
CsbZIP1 XP_030490468.1 1 131184-133529 2345 1100 367 40.88 6.07 -0.95 Nucleus
CsbZIP2 XP_030490768.1 1 45266477-45271510 5033 991 332 37.17 8.61 -0.55 Nucleus
CsbZIP3 XP_030489233.1 1 79796624-79799733 3109 1251 420 45.65 8.38 -0.85 Nucleus
CsbZIP4 XP 030506327.1 2 889819-892115 2296 923 308 35.81 6.81 -1.00 Nucleus
CsbZIP5 XP 030503171.1 2 932250-938488 6238 1286 431 48.60 7.81 -0.74 Nucleus
CsbZIP6 XP 030503170.1 2 932250-939218 6968 1 605 538 60.21 6.72 -0.78 Nucleus
CsbZIP7 XP 030503792.1 2 14777800-14779739 1939 927 309 34.19 6.72 -0.68 Nucleus
CsbZIPS XP 030505964.1 2 87269479-87271912 2433 1208 403 43.53 6.07 -0.81 Nucleus
CsbZIP9 XP 030495829.1 3 482152-482895 743 743 247 27.70 5.65 -0.79 Nucleus
CsbZIP10  XP_030493871.1 3 4062813-4066744 3931 1221 410 44.47 6.44 -0.83 Nucleus
CsbZIP11 XP_030495583.1 3 22692505-22693236 731 731 243 26.98 8.69 -0.77 Nucleus
CsbZIP12  XP_030494140.1 3 47006072-47009777 3705 1565 523 57.75 8.35 -0.79 Nucleus
CsbZIP13  XP_030492683.1 3 80289965-80292288 2323 1479 494 53.50 6.82 -0.92 Nucleus
CsbZIP14  XP_030498547.1 4 66699237-66702286 3049 1078 361 40.83 6.48 -0.46 Nucleus
CsbZIP15  XP_030499953.1 4 79302204-79303389 1185 876 292 32.11 9.84 0.86 Nucleus
CsbZIP16  XP_030498081.1 4 80330869-80334502 3633 658 219 25.16 8.58 -0.86 Nucleus
CsbZIP17  XP_030499008.1 4 83685986-83688483 2497 1075 361 37.80 5.85 -0.86 Nucleus
CsbZIP18  XP_030498421.1 4 84898096-84898635 539 539 179 20.51 6.29 -0.81 Nucleus
CsbZIP19  XP_030498505.1 4 91804778-91808068 3290 1365 456 49.05 6.25 -0.73 Nucleus
CsbZIP20  XP_030501220.1 5 33851498-33857736 6238 1231 415 43.96 6.02 -0.88 Nucleus
CsbZIP21  XP_030501737.1 5 66297971-66302307 4336 993 331 36.75 9.13 -0.79 Nucleus
CsbZIP22  XP_030501753.1 5 66567617-66573052 5435 970 325 34.29 6.99 -0.87 Nucleus
CsbZIP23  XP_030500765.1 5 84545743-84547629 1 886 786 263 28.81 5.17 -0.94 Nucleus
CsbzZIP24  XP_030510819.1 6 31989647-31990811 1164 870 290 32.79 4.62 -0.65 Nucleus
CsbZIP25  XP_030510247.1 6 72721569-72724262 2 693 1712 571 62.24 6.16 -0.91 Nucleus
CsbZIP26 ~ XP_030510623.1 6 74719303-74719815 512 512 170 18.89 6.51 -0.62 Nucleus
CsbZIP27 ~ XP_030479688.1 7 1599399-1601449 2 050 929 310 34.12 533 -0.76 Nucleus
CsbZIP28  XP_030481936.1 8 26913865-26920330 6 465 1 600 536 59.97 7.15 -0.71 Nucleus
CsbZIP29  XP_030482272.1 8 31132156-31138924 6768 1396 468 51.33 7.81 -0.55 Nucleus
CsbZIP30  XP_030482275.1 8 31134053-31138924 4871 991 332 37.05 8.85 -0.63 Nucleus
CsbZIP31  XP_030481818.1 8 35602476-35606107 3631 1462 490 54.54 6.1 -0.50 Nucleus
CsbZIP32  XP_030481671.1 8 38542363-38543202 839 839 279 32.27 5.66 -1.12 Nucleus
CsbZIP33  XP_030482255.1 8 51565650-51566793 1143 828 276 30.21 5.82 -0.72 Nucleus
CsbZIP34  XP_030482254.1 8 51565650-51568127 2477 995 332 36.66 6.01 -0.82 Nucleus
CsbZIP35  XP_030482052.1 8 55335000-55335677 677 677 225 26.03 5.65 -0.86 Nucleus
CsbZIP36  XP_030482193.1 8 56575957-56578194 2237 2237 745 80.39 6.51 -0.55 Nucleus
CsbZIP37  XP_030508159.1 9 50617099-50620262 3163 1313 438 47.83 6.09 -0.86 Nucleus
CsbZIP38  XP_030486255.1 X 3101301-3104000 2 699 1433 478 51.18 9.47 -0.63 Nucleus
CsbZIP39  XP_030486266.1 X 3263820-3266559 2739 1439 480 51.30 9.47 -0.62 Nucleus
CsbZIP40  XP_030489067.1 X 9161244-9161675 431 431 143 16.03 9.09 -0.60 Nucleus
CsbZIP41  XP_030493109.1 X 28546514-28546594 2518 938 313 34.12 8.54 -0.55 Chloroplast
CsbZIP42  XP_030495242.1 X 43111516-43116940 5424 500 167 18.30 9.33 -1.12 Nucleus
CsbZIP43  XP_030497414.1 X 59123877-59125886 2 009 1097 366 40.03 8.94 -0.84 Nucleus
CsbZIP44  XP_030507823.1 X 59583168-59585199 2031 747 250 28.22 10.26 -0.91 Nucleus
CsbZIP45  XP_030499089.1 X 75289063-75291690 2627 1280 427 45.87 9.63 -0.61 Nucleus
CsbZIP46 ~ XP_030507426.1 X 82004861-82005544 683 468 156 17.81 9.37 -0.95 Nucleus
CsbZIP47  XP_030508845.1 X 82637160-82638001 841 591 197 22.27 9.76 -0.82 Nucleus
CsbZIP48  XP_030508849.1 X 82637160-82637919 759 522 174 19.62 9.12 0.77 Nucleus
CsbZIP49  XP_030477746.1 X 87682842-87683243 401 401 133 15.41 7.76 -0.75 Nucleus
CsbZIP50  XP_030484774.1 X 102894348-102894878 530 530 176 20.26 6.19 -1.01 Nucleus
CsbZIP51  XP_030485273.1 X 103452793-103455182 2389 1 652 551 59.85 6.26 -0.83 Nucleus
CsbZIP52  XP_030485546.1 X 104179989-104182252 2263 1 050 352 39.77 5.38 -0.61 Nucleus
CsbZIP53  XP_030485505.1 X 104179989-104182292 2303 1104 370 42.29 6.13 -0.59 Nucleus
CsbZIP54  XP_030485530.1 X 104180194-104182292 2098 1099 368 42.10 6.13 -0.59 Nucleus
CsbZIP55  XP _030485618.1 X 104347422-104351748 4326 981 328 36.25 5.95 -0.75 Nucleus

JEE LR ST 1 57 B R B 45 #4938 (leucine zipper domain).
Motif2 R 1776 F W K % D Al K % K # ; motif3.
motif4 . motif6 Fl motifl0 RAZ7E W HKKED H . WK
JoR E AT BEAS B 275 motifs, CsbZIP23 & 1 (F

Kk G). CsbZIP41 [ (5K Ji A) Fl CsbZIP19 £ A
(W ZK % C) B 4 motifs; & T CsbZIP17 & (XK
& G), CsbZIP33 £ [ (L% % E) Al CsbZIP19 & [ (.
F Ik C) A E A motif7, HABMFTA CsbZIP A &
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Figure 2 Phylogenetic relationship, gene structure and conserved motifs of bZIP genes in Cannabis sativa
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Figure 3 Chromosomal locations of CsbZIP genes on Cannabis sativa chromosomes
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Figure 4 Collinearity analysis of the bZIP gene family in Cannabis sativa. The gray lines indicate synteny blocks in the Cannabis sativa

genome, while the red lines between chromosomes indicate segmental duplicated gene pairs
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indicate the collinear blocks within Cannabis sativa and other plant genomes, while the red lines highlight the syntenic bZIP gene pairs. The
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Figure 6 Predicted protein-protein interaction networks of CsbZIP transcription factors (TFs) with other proteins in Cannabis sativa using

STRING tool. The red circles represent CsbZIP TFs, and the cyan circle represent proteins that interact with CsbZIP TFs
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Figure 7 (A) Expression profiles of CsbZIP genes in different tissues including root, stem, leaves, female flower, male flower and seed.
(B) Expression profiles of CsbZIP genes in different stages, S1: Phase I; S2: Phase II; S3: Phase III; S4: Phase IV; S5: Phase V. (C) The

expression levels of CsbZIP genes were verified by qRT-PCR
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Figure 8 (A) The lipid biosynthesis pathway in Cannabis sativa. Enzymes in this pathway are marked in red words. PDH: Pyruvate dehy-

drogenase; ACC(BC): Biotin carboxylase subunit of heteromeric acetyl-CoA carboxylase (ACCase); ACC (BCCP): Biotin carboxyl carrier
protein of heteromeric ACCase; KAS: Ketoacyl-ACP synthase; KAR: 3-Ketobutyryl-ACP reductase; HAD: 3-Hydroxybutyril-ACP dehydra-
tase; ENR: Enoyl-ACP reductase; SAD: Stearoyl-ACP desaturase; FATA: Acyl-ACP thioesterase A; FATB: Acyl-ACP thioesterase B;

LACS: Long-chain acyl-CoA sythetase; GPAT; Glycerol-3-phosphate acyltransferase; LPAT: Lysophosphatidic acid acyltransferase; PAP:
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elements of lipid synthesis genes
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Figure 9 (A) Expression profiles of lipid synthesis genes in different tissues including root, stem, leaves, female flower, male flower and
seed. (B) Expression profiles of lipid synthesis genes in different stages, S1: Phase I; S2: Phase II; S3: Phase III; S4: Phase IV; S5: Phase V.
(C) The expression levels of lipid synthesis genes were verified by qRT-PCR
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