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[Abstract] Objective: The type 2C protein phosphatases (PP2C) are involved in numerous plant signal
transduction pathways. They mainly participate in plant stress response and regulate second metabolites

biosynthesis via negatively regulating MAPK signaling pathway. Herein, we were to identify and analyze PP2C
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(CsPP2C) gene family from hemp genome, in hope of providing comprehensive insights for studying CsPP2C
function during the development of hemp. Method: Molecular Evolutionary Genetics Analysis (MAGA )-X was
used to construct phylogenetic tree. Expert Protein Analysis System (ExPASy), WoLF PSORT, Multiple EM for
Motif Elicitation (MEME) , Batch Conserved Domain Search (Batch-CD-Search) , PlantCare, and TBtools were
used, respectively, to predict CsPP2C physicochemical properties, subcellular localization, conserved motifs,
protein structure, cis-element in promoter and collinearity with Arabidopsis PP2C. Cannabis sativa transcriptome
and Real-time polymerase chain reaction (Real-time PCR) were used to analyze and verify gene expressions,
respectively. Result: Fifty-two CsPP2C with conserved domains were identified from the entire genome of
hemp, encoding proteins ranging from 244 to 1 089 aa in length and with molecular weights ranging from 26.76
to 122.53 kDa. Those genes were mainly distributed in the nucleus, cytoplasm and chloroplast. The 47 CsPP2C
were divided into 10 subfamilies, and the remaining 5 were not clustered. Seven pairs of homologous genes
between hemp and Arabidopsis thaliana were identified according to collinear analysis. The light-responsive
elements and abscisic acid elements are most abundant in the prediction. The gene expression heat map showed
varied expression pattern of CsPP2C in different tissues. Real-time PCR results of three CsPP2C were consistent
with transcriptome data. Moreover, alternative splicing analysis showed that some CsPP2C had alternative-
splicing genes during evolution. Conclusion: We predicted and analyzed CsPP2C gene family in genomic scale

and showed that CsPP2C are involved in many biological processes, whereby provides foundation for CsPP2C

functional study.
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EARAR vh id Fe 35 NeMPK4 5 R R 36 35 NeMPK 4
B RRT DL s el T AR W 5 I, T NtPP2C2b il
i 25 B R AL 1k NOMPK4 i 20 Je o T i L,
KW PP2C AT e = H M W W AE MW & Ly
PR
H i, 15 2 [ 20 Y 25 AR 9 59 PP2C 3 A
KGO AT T % M B, L 3R I K R 43
A 76 4 2H 784 PP2C RN KRR 51, & T
80 AN, BAT 125 AN CHE 128 AT BB AE
94 N8 FFZ 83 AR L KRR B AL 2 58 R
H ¥ R A 56T KK PP2C L N R G M WF 78 il . A
AFF 5% 5 T 1M KRR 35 P 2 RN 2 i 2 854, ok A=
5 R F R X CsPP2C K& P 5K 6 i#F 47 % 5 F1 43 Ar
DL R J5 S240F 58 CsPP2C 4 K T g 48 41t = 25 ik i
Sy ol KRR & b Rt o BB .
1w
AT 5 A Tolk K PR CRBRx JE X 21 045 Je

HAth & #F Cherry Chem . Canna Tsu, White Cookies .
Black Berry Kush, Black Lime. Valley Fire., Sour
Diesel .Mama Thai I Terple i & %% 5% 21 i 95 25 >k Ui
T3 F W15 B b0 (NCBI, https : //www.ncbi.
nlm.nih.gov) , 6l B§ J 3 K 41 il AtPP2C 3 [R 52 Ji% 5k
P& ok Y5 F TAIR % 45 & (https://www. arabidopsis.
org) . Ll KJfk Dinamed Kush(Diku) () i (16 | 4L
R S5 A A vl AR DR I AR A
2 Ak
2.1 CsPP2Cs 4 K 5 i b3 % € B B¢ (3 4K 5E fif

i I TBtools 4K {4 1 BTk KRR JIF 5 25 14 )7 41
5 AtPP2C 1 b1 SO 4T WUIA) Blast, I 45 15 45 14 3
FRIUAT B 1Y CsPP2C 2 [R5 6 1l 0, 25 Bk i 52 e ok
A JG AW CsPP2C H T 41 . | ExPASy (https: /
web.expasy.org/protparam ) % ¥ X CsPP2C %5 1 ¥ 1k
PR 43 A A R e R R A R AT
& il WoLF PSORT (https://wolfpsort.hgc.jp) M ¥ |
R 45 S (L 70 CsPP2C £ H 3V 41 A <€ £ -
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CsPP2C 5 AtPP2C 4 H ¢ 51| 3 [7] 5t A MEGA-X #k
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TR ST 257 (Motif) , P& 5F 56 77 Z 508 10, HoAth B AR
ik o #| i NCBI A9 Batch-CD-Search (https://www.
ncbi. nlm. nih. gov/Structure/bwrpsb/bwrpsb. cgi) Xf
CsPP2C £ 1 45 Sl i 47 B0 . fie ) L % CsPP2C itk
PO SCA 4 ik PR 20 13 B SO CsPP2C IR ST KT |
CsPP2C R ~F 45 A4y d8 b i iy 44 SCHF7E TBtools B4
HEAT AT AR

2.4 JLLRMESHT ANCBIMEE L F#MIMIT K
JBR B 4= 3 DR 21 558 L 7F TBrools B A H 1Y
FE R P 9 S Tl 5 A CsPP2C Y ID, Xof 45 (1Y
LLPE I R AT AT .

2.5 AR ST PE B 38 i TBtools 7 4k i
CsPP2C F: A I+ i 2 kbp J¥ 51 3CF , F] A PlantCare
(http://bioinformatics.  psb. be/webtools/
plantcare/htm1) J 3 500 J5 2l X (4 LA FH e
TE TBtools # A vk Haf M4k .

2.6 FIXBAX M K O HRE RS 9 S KRR B
Ff (Cherry Chem, Canna Tsu, White Cookies, Black
Berry Kush, Black Lime, Valley Fire, Sour Diesel,
Mama Thai F1 Terple) B & % 5% 20 UL Je Tl KR
Diku i A (8 i 6 g R R T 0 B St 2 s b
CsPP2C HE N B9 3 15 B 4045 5 A TBtools i b 2
il B 6 2 35 PR AR A [] 4 4 v 2 S ek N [
TEAS [ it B ) 2R 3K AT R 207

2.7 SEBF AL E & R A 4E XX R N (Real-time
PCR) 73t M4l e st A B0 ds i 22 SR ik
CsPP2C31, CsPP2C33, CsPP2C41 #t 1T Real-time
PCR 530 43 #7 . FI Fl WARYONG it 7 & #2 5L Tl
KR Diku fi B 4E 45 )T AL RR TR RNA, R
TransGen iat 5| &% 2 % 5% 48 U cDNA . | I NCBI i%
1519, 1 FOREVER STAR i 7 & # 17 Real-time
PCR 4 M1, B B2 )5 2 95 °C T AE P 3 min, 95 °C7E
P 305,56 °CiH k 20's,72 °CHEfi 15 s, FEFF 40 1K .
CsPP2C31 I1i# 5'-GAAAATTGAGGACGACGCCG-
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3, F % 5-GCAAATGTTCGGCGGTGAT-3'; HI TBtools #X - # T ok KR FE WA & A ¥ 5 5

CsPP2C33 L 5~-AGAACCAGAACTTGCTCCGG-
3, F ¥ 5-GTCTTCCATCTCCTCTCGCG-3';
CsPP2C41 I % 5-GGCGGTTCTTGTTGTGTGAC-
3', Fiff 5“TGTTAGAGCCTCAGCAGCAC-3'; N &
I N EFla | % 5'-~-ACCAAGATTGACAGGCGTTC-
3", Fii# 5'-CCTTCTTCTCCACAGCCTTG-3',

2.8 ARG YI AT R IGV B X Tk KRk AT
A GG SO Tl KRR PR 4 SR R A Ak 3L AR R
BRI 43 e IR 52 e B B4 TT 748 5 U] (&1 3% . 4% Diku i
IO SN NS e D 2 2 N e el
CsPP2C I 51 1Y 3 35 & %45 5 A TBtools £ 22
il AL

3 ERESW

3.1 CsPP2C PR G875 il 51 % 0 Rk AL 2 b )
F1 TAkBEPP2C ERREERIS BRI

Table 1 Information and characteristics of CsPP2C

AtPP2C £ [ ¥ 51 #F 17 XL 1] Blast b X}, 3815 52 4~
CsPP2C A% 5t . CsPP2C % H W i /> F # 5g IF LK
P25 EWIE B0 k8, CsPP2C 19 5 11
TR B H A 244~1 089 A XF 43 F Jit i 26.76~
122.53 kDa, HXF 43 ot 5 AH 25 850K ; 45 L i 4.74~
9.60, /.5 1. H|J{] WoLF PSORT %} CsPP2C 3 17iF
21 5 o7 W % B, 52 4~ CsPP2C AT fig 43 A1 7E 4%
A 40 M A A0 M T 2R IR RV R . 90% LA
S A N il Rl O B D S S N [
TBtools 73 BT & B, CsPP2C JE P AN 24 5] #b 43 A 6 T
A K BR Y 10 25 4 A4k b, Forh Chr.NC_044370.1 4%
ik L PP2CsE HiR £ .35 134, Bz afk b &
A WA 3N &, I CsPP2C10-13, 1 Chr. NC_
044372 11U & A 14 CsPP2C23., WK 1.

B AR RS 2} P EREN K/Naa  FFHLAL XS R /Da A0 E A7
LOC115696549 rma-XM_030623445.1 CsPP2C1 NC_044378.1 499 5.35 55717.73 YR
LOC115696847 rma-XM_030623732.1 CsPP2C2 NC_044378.1 624 5.59 70 158.13 Y%
LOC115698277 rma-XM_030625488.1 CsPP2C3 NC_044378.1 658 5.52 72 660.58 2 it 5T
LOC115699256 ma-XM_030626601.1 CsPP2C4 NC _044370.1 244 6.59 26 762.13 RIS
LOC115699343 rma-XM_030626696.1 CsPP2C5 NC_044379.1 471 5.48 52 144.63 RS
LOC115699509 ma-XM_030626965.1 CsPP2C6 NC_044370.1 438 5.48 47 590.23 RS
LOC115699513 ma-XM_030626970.1 CsPP2C7 NC_044379.1 283 7.80 30913.34 41 A 5T
LOC115700505 ma-XM_030628049.1 CsPP2C8 NC_044379.1 385 8.90 42 672.04 41 5T
LOC115701251 ma-XM_030628999.1 CsPP2C9 NC_044379.1 376 6.77 41 948.55 RS
LOC115702601 rma-XM_030630013.1 CsPP2CI0 NC_044370.1 381 5.81 41 658.01 5
LOC115702862 rma-XM_030630309.1 CsPP2CI1 NC_044370.1 387 5.18 42 360.82 21 a5
LOC115702900 rma-XM_030630358.1 CsPP2CI2 NC_044370.1 397 8.78 44 093.95 41 A T
LOC115703037 rna-XM_030630519.1 CsPP2CI3 NC_044370.1 377 8.66 42 099.88 LRSI
LOC115704787 rma-XM_030631996.1 CsPP2C14 NC_044371.1 373 6.98 40 208.62 21 i A%
LOC115705123 rma-XM_030632362.1 CsPP2CI5 NC 044371.1 436 5.46 47 584.81 21 5
LOC115705630 rma-XM_030633026.1 CsPP2C16 NC_044370.1 351 5.45 38 657.54 21 i A%
LOC115706627 rna-XM_030634341.1 CsPP2C17 NC_044370.1 542 4.74 58 969.51 EEREN
LOC115707022 rma-XM_030634825.1 CsPP2CI8 NC _044371.1 541 4.74 57 955.86 RN
LOC115707309 rma-XM_030635226.1 CsPP2CI9 NC_044370.1 320 7.22 35319.18 21 i A%
LOC115707407 rma-XM_030635364.1 CsPP2C20 NC _044371.1 1073 4.98 119 330.50 21 i A%
LOC115707545 rma-XM_030635555.1 CsPP2C21 NC_044370.1 289 4.85 31269.59 21 5
LOC115707957 rma-XM_030636077.1 CsPP2C22 NC_044371.1 350 5.21 38 417.25 e
LOC115709373 rma-XM_030637460.1 CsPP2C23 NC 044372.1 395 8.45 43 902.83 2 5
LOC115712168 rma-XM_030640419.1 CsPP2C24 NC_044373.1 427 8.43 45739.24 L
LOC115712666 rma-XM_030640986.1 CsPP2C25 NC_044373.1 395 8.21 44 084.20 2 i A%
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gx1
S ARG RS EAs e i K/Naa  AFHLEL FHAS ST RTEE/Da 2 A E L

LOC115714536 rna-XM_030643269.1 CsPP2C26 NC_044373.1 700 6.27 78 029.34 EEYEN
LOC115714587 rna-XM_030643333.1 CsPP2C27 NC_044370.1 361 5.14 39 583.36 L4k
LOC115714713 rma-XM_030643471.1 CsPP2C28 NC_044373.1 380 6.24 42 456.26 EEREN
LOC115715787 rna-XM_030644459.1 CsPP2C29 NC_044374.1 400 5.35 44 671.36 -4 {k
LOC115715848 rna-XM_030644518.1 CsPP2C30 NC_044374.1 797 5.25 88 003.05 - £ {k
LOC115716087 rma-XM_030644798.1 CsPP2C31 NC_044374.1 394 521 43373.76 i A%
LOC115716196 rna-XM_030644937.1 CsPP2C32 NC_044374.1 357 5.48 39519.43 e
LOC115716767 rma-XM_030645665.1 CsPP2C33 NC_044374.1 393 5.09 43 102.67 LN
LOC115717232 rna-XM_030646204.1 CsPP2C34 NC_044374.1 376 8.76 4172428 i A%
LOC115718843 rma-XM_030647653.1 CsPP2C35 NC_044375.1 425 6.40 45 675.40 i A%
LOC115718894 rma-XM_030647702.1 CsPP2C36 NC_044375.1 719 5.26 80 394.64 NEEEN
LOC115718972 rma-XM_030647806.1 CsPP2C37 NC_044375.1 478 5.72 52 577.34 Y%
LOC115719402 rma-XM_030648473.1 CsPP2C38 NC_044370.1 1089 6.10 122 534.50 N2tk
LOC115719439 rna-XM_030648491.1 CsPP2C39 NC_044375.1 413 5.58 44 974.44 2 it A%
LOC115719734 rna-XM_030648908.1 CsPP2C40 NC_044375.1 369 6.02 41 119.36 2 it 5T
LOC115720616 ma-XM_030649778.1 CsPP2C41 NC_044375.1 382 6.67 4115343 IEEYE
LOC115722308 ma-XM_030651486.1 CsPP2C42 NC_044376.1 285 9.60 32374.46 41 i #%
LOC115722596 ma-XM_030651838.1 CsPP2C43 NC_044376.1 474 8.73 51397.42 RSN
LOC115722610 ma-XM_030651855.1 CsPP2C44 NC_044376.1 513 4.80 56391.23 2 it A%
LOC115722697 rma-XM_030651971.1 CsPP2C45 NC_044376.1 424 4.87 46 516.58 2 it A%
LOC115723145 rna-XM_030652580.1 CsPP2C46 NC_044376.1 576 5.67 64 195.36 2 it A%
LOC115723385 rna-XM_030652857.1 CsPP2C47 NC_044376.1 383 6.28 42 497.09 IEEYEN
LOC115723420 rma-XM_030652906.1 CsPP2C48 NC_044376.1 387 4.85 42 562.11 41 L 5
LOC115724355 rma-XM_030653704.1 CsPP2C49 NC_044370.1 405 5.43 44 288.30 Wl

LOC115724774 rma-XM_030654121.1 CsPP2C50 NC_044377.1 384 4.83 42 452.87 41
LOC115724962 rna-XM_030654348.1 CsPP2C51 NC_044377.1 283 7.73 30915.75 I & A
LOC115725091 rma-XM_030654516.1 CsPP2C52 NC_044377.1 477 5.03 52 963.46 RN

PP2C [K H: 45 44 19 ¢ 5k 14, N 3l Eb C g fR 57 1%
2N i iE 11X ) 22 S Pk e s T AR B 22 1A A 2 g
S O T — 2B iR 5T CsPP2C 3 K 52 il B itk
164V L ¥ AtPP2C 5 CsPP2C R R S & &
B, UL 2. AR HE AR AR 1Y 4y 25 85 L, FIKE CsPP2C
O30 10 KM o H A% 0 505 A 5% 43 A 17 1k A
W% 44 B 44 .C K 44> D W.ji% 74 \EE
LA F L 6 4 .G #E 54> JH W% 34~ L% 2
A TR LA A S A BLBUR RS, 4y HoA 2.
3.2 CsPP2C & [K 5 5 {7 7 ik [N 45 g R it =X
YEH e 20 M F ) MEME % 36 A1 TBtools 43 51 %
CsPP2C 57 3 7 A FE R Z5 M AT T 5081 o PR ST
ST AT BB RSF T 1.2 300 T S1A Tk R
Jik PP2C 5 P 58 1 i B, B CsPP2C4 AN % i 57 2L 7
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1, CsPP2C46 A & PR 5F 2 JF 2, CsPP2C42 N & R 5F
BE¥ 3 A, At JH R G k5% 4 B AR R 1 25 A
{R5F R 4.6 8 FE7E T 48 1~ CsPP2C Ji i 1, fi 5F
FF 5.9 10 0 A DB RGN 5L o BRib 2 4k, A
— % A B DA AR ST R A UL T AR ) i — 2D 3R
HH AR AR 4 25 0 o] S TR (] ST o 1) PR S 3
HMEA—EXR. WE3.FK2.

RN 450 43 i R L, CsPP2C 3 38 & A 4 i1
M2ALL B & . Hd A C.D MG % K
AR FEE AN 44 . T RN, SRR
R PP2CHM I & A 1040 DL 48 F (CsPP2C4
6.CsPP2C3, CsPP2C33) , & X & A 3 4~ 4k & F
(CsPP2C34 .CsPP2C31), WIE 4,

SE R 2 1 0 35 DA 1 3 3k RO 4 1 DG i, TR
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Fig.5 Heat map of CsPP2Csexpression in different varieties and tissue.

*&3 CsPP2C K& Real-time PCR#& (3+s,n=3)
Table 3 Real-time PCR of CsPP2C family (x+s,n=3)

B 4 R ki (N I iy

CsPP2C31  1.06£0.50 10.69+0.63 13.96+2.34  82.20+8.00
CsPP2C33  1.65£1.30 13.49+£0.65 74.43+3.75  1.01+0.21
CsPP2C41  16.54+2.14  55.89+3.07 20.69+4.43  1.01+0.20

NS H N EFla

B X ABA &b R R ARk R R CsPP2C48 F
PRI 2R PR L R AT3G 17250 E B RE S IR FL b 323k, 3
B 95 R AR AR I 2R AR T 5 T A A R SR T TR
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PR ZE SRR AT BB LA 2SR T 6 .
i 73 Real-time PCR X ¥ 43 22 S5 38 3k 19 2& A
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