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Abstract: Calcium signaling plays a critical role in response to various abiotic and biotic stresses in plants.
Preliminarily evidence showed that calcium signaling perceived and transduced the harmful signaling generated
from continuous cropping stress in R. glutinosa. To investigate the roles of calcium signaling in continuous
cropping injury formation, the key genes involved in calcium signaling transduction were identified in
R. glutinosa transcriptome through bioinformatic methods. Furthermore, the calcium ion concentration in
both normal and continuous cropping R. glutinosa root cells were measured by potassium pyroantimonate
precipitation and calcium fluorescence method. As aresult, a set of 84 calcium signaling-related genes, including
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5 CaMs, 12 CBLs, 21 CDPKs, 21 CIPKs, 16 CMLs, and 9 CRKs were captured in R. glutinosa transcriptome.
The analysis of expression profile in continuous cropping compared to normal growth R. glutinosa indicated that
continuous cropping stress significantly increased the expression of calcium signaling-related genes in continuous
cropping R. glutinosa. At the same time, the abundance levels of 12 calcium signaling-related genes quantified
by gPCR further validated the high expression of calcium signaling-related genes presented in continous cropping

R. glutinosa.

In addition, the continuous cropping condition significantly promoted the accumulation of

intracellular calcium ions in R. glutinosa based on two methods of potassium pyroantimonate precipitation and
calcium fluorescence. This study verified the possible roles of calcium signaling in the formation of continuous
cropping injury on molecular and cellular level, which lays a solid foundation for illuminating formation mecha-

nism of continuous cropping injury on molecular level.

Key words: Rehmannia glutinosa L; continuous cropping injury; autotoxicity; calcium signaling system;
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Tablel Primer sequences used in this study

No. Gene Name Sequence (5'-3")
Contigl CaM1 F: TCGGTATCCTTCATCTTCC
R: GAGGTCACTTGGACAGAA
Contig10 CaM3 F. TCGGAGTCTGTGTCTTTC
R: AATGAAGGACACCGACTC
Contigb CBL4 F: TCCATCCTGGTCAATGTC
R: ACTTCTGTGTGAGTCTGAG
Contigl1 CBL6 F: CTACGACTTGAGGCATACT
R: CTACTACATCATCGGACAGA
Contig262 CDPK11 F. CCTCAACAACTCCTACAATG
R: GGCTGGTCACAAGAATATAG
Contig363 CDPK20 F: TCTCGCAACCTACATCAG

R: CAGCACTCCAAACATCAG
F: GAAGATATTGGACGAGGGTA
R: TGGTCTTGTGAGAGTAGTG

Contigd7 CIPK2

Contig351 CIPK10 F: GAAACCCTGAGACCTTGA

R: GAGCGTAAGTCTTGATGATG
Contig455 CIPK20 F: CTTATCCTCGTGCTTGGA

R: GTGTGGCGTTATTCTCTATG
Contig33 CML2 F: ACGGAGGATCAGTTGAAG

R: CTGCCATCACCATCTGTA

F: AATCTCCCTAACCGAACTC
R: GTCTAACTCCGACATTATGC
F: CCTTCATCGCATCAGTTG

R: TCCACAGTTAGCCTATCTTC

Contig139 CML6

Contig9 CRK3

F Trizol vE4&HUEAE A Sk 2 H 38 AN [F) I AR &
fIA& RNA, ffH TaKaRa A= PrimeScript™RT
reagent Kit /4% s i 7 & & i cDNA . I SERT 5%t 8
 PCR (QRT-PCR) 7 48l flr i J25 (R 7 7 1 F0 Sk
B AN [F] I AR ZRIE Ko % cDNA B f 43 3 Fi X 7
KN (£ 1) MASHNBEAT IO & & PCR, H
A RMEST 3R, RNAKZRA 25 pl: SYBR Premix
Ex Tag 1I (Tli RNase H Plus) 12.5 uL, cDNA 4k 2 pL,
ddH,0 85 uL, 314 1 uL®". PCR & RiFEFE: 95.0C
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Figure 1 Calcium fluorescence of root tip cells and calcium ion concentration of tuberous root cells in normal growth (one-year) and
continuous cropped R.glutinosa. The comparison of calcium ion concentration in root tip cells and tuberous root cells between one-year
(A, B, a, b) and continuous cropping (C, D, c, d) planted R.glutinosa. Calcium fluorescence: A—D; pyroantimonate precipitation: a—d;

A-D: 10x; a, c: 3000x; b, d: 5000x
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K. 94 CRK KIEHRK (K 2). FHIKEE 2RI,
Hi g CaM SR Hk R AU e I Jik R (1 ~F 240 A ALLFE Ry

83%, FEIKFHIKFEN 1024 bp, JFUHELAHE (ORF)
KM R 451 bp, 4afid 2R 11K B35 ME v 149 2
1% (ag); CBL S I Kk PR AU, B 7 Jik IRl 1) ~F 240 AR ABLFE Ry
83%, K I4K B N 1429 bp, ORF K & #4118 4 685
bp, 4ifSE K EEHIME N 226 aa; CDPK 5%k I [K Al
TR T B D5 1~ B AHAULFE 9 79%, RSP 3K
2349 bp, ORF KE¥IMA N 1619 bp, 4kt K fEY

Table 2 The genes related to calcium signaling system identified in R. glutinosa. S: Signal peptide; M: Mitochondrial targeting

peptide; C: Chloroplast transit peptide

Name ze?::t':;?:z Accession No. Piig;g?g:g aﬁj;zl n ! d(j;ilty Nucl ez)ct)lgtle:)length Protein length  Localization
a CaM

1 CamM1 Contigl AT5G21274.1 81 1004 (450) 149 -

2 CaM2 Contigb AT4G14640.1 85 698 (453) 150 -

3 CaM3 Contigl0 AT3G56800.1 83 1143 (450) 149 -

4 CaM4 Contig46 AT3G56800.1 85 1287 (450) 149

5 CaM5 Contig92 AT5G21274.1 80 990 (450) 149 -

b. CBL

6 CBL1 Contigl ATAG33000.3 78 1303 (759) 252 S

7 CBL2 Contig3 AT4G26570.1 82 1191 (684) 227 S

8 CBL3 Contig AT4G26570.1 83 1219 (735) 224 S

9 CBL4 Contig6 AT4G17615.1 81 1400 (642) 213 —
10 CBL5 Contig9 AT5G24270.2 79 1370 (678) 225 M
1 CBL6 Contigll AT5G24270.2 96 1455 (648) 215 -
12 CBL7 Contigl2 ATAG33000.3 78 1077 (756) 251 -
13 CBL8 Contigl7 ATAG26570.1 84 1579 (675) 224 S
14 CBL9 Contigl8 AT5G24270.2 84 754 (618) 205 M
15 CBL10 Contigl9 AT4G26570.1 82 2 446 (681) 226 S
16 CBL11 Contig20 AT4G26570.1 82 2220 (684) 227 S
17 CBL12 Contig21 AT4G17615.2 91 1134 (660) 219 -

c. CDPK

18 CDPK1 Contig129 ATAG36070.2 80 2416 (1782) 593 C
19 CDPK2 Contigl32 ATA4G21940.2 79 2298 (1635) 544 -
20 CDPK3 Contigl41 AT5G23580.1 79 2344 (1593) 530 C
21 CDPK4 Contigl56 AT1G76040.1 79 1855 (1584) 527 c
22 CDPK5 Contig225 AT1G74740.1 78 2263 (1 629) 542 c
23 CDPK6 Contig228 AT1G35670.1 79 1687 (1491) 496 M
24 CDPK7 Contig247 AT4G23650.1 76 2017 (1545) 514 C
25 CDPK8 Contig248 AT5G12480.1 79 2142 (1596) 531 -
26 CDPK9 Contig249 AT5G19450.2 79 2505 (1 596) 531 -
27 CDPK10 Contig261 AT2G17290.1 82 2559 (1 707) 568 -
28 CDPK1L Contig262 AT2G17290.1 82 2623 (1707) 568 -
29 CDPK12 Contig265 AT3G51850.1 77 2067 (1587) 528 -
30 CDPK13 Contig267 AT1G74740.1 81 1951 (1 629) 542 —
31 CDPK14 Contig268 AT1G74740.1 78 2 466 (1 629) 542 -
32 CDPK15 Contig305 AT1G50700.1 7 2504 (1554) 517 -
33 CDPK16 Contig321 AT5G04870.1 77 2720 (1 866) 621 -
34 CDPK17 Contig339 AT2G17290.1 82 2525 (1707) 568 -
35 CDPK18 Contig343 AT1G12580.1 80 2900 (1 479) 492 M
36 CDPK19 Contig350 AT3G51850.1 78 2309 (1587) 528 -
37 CDPK20 Contig363 AT1G12580.1 80 2915 (1 476) 491 M
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Continued
Name ze?::t':;?:z Accession No. Pi?;;g?g:g aﬁj;zl n ! d??/gty Nucl ez)ct)lgtle:)length Protein length  Localization
38 CDPK21 Contig260 AT1G74740.1 81 2262 (1629) 542 C
d. CIPK
39 CIPK1 Contigd4 AT4G14580.1 89 1989 (1 335) 444 -
40 CIPK2 Contigd7 AT5G21326.1 87 2678 (1443) 480 M
41 CIPK3 Contig48 AT2G26980.5 80 1957 (1320) 439 M
42 CIPK4 Contig79 AT1G01140.3 79 2030(1332) 443 M
43 CIPK5 Contig92 ATAG24400.2 87 2194 (1341) 446 -
a4 CIPK6 Contigl38 AT5G58380.1 81 2768 (1 359) 452 -
45 CIPK7 Contigl65 AT1G30270.1 81 3170(1122) 373 -
46 CIPK8 Contigl96 AT2G30362.1 83 1730 (1263) 420 -
47 CIPK9 Contig337 AT2G30360.1 78 2398 (1314) 437 -
48 CIPK10 Contig341 AT1G01140.3 79 2046 (1323) 440 M
49 CIPK11 Contig351 AT5G58380.1 87 2555 (1359) 452 -
50 CIPK12 Contig362 AT2G26980.5 80 1937 (1320) 439 M
51 CIPK13 Contig373 AT4G18700.1 84 1951 (1401) 466 -
52 CIPK14 Contig395 AT1G30270.1 79 3368 (1401) 466 C
53 CIPK15 Contig402 AT5G01820.1 82 3018 (1311) 436 -
54 CIPK16 Contig409 ATA4G24400.2 80 2237(1341) 446 -
55 CIPK17 Contig430 AT4G30960.1 81 1999 (1 287) 428 -
56 CIPK18 Contig431 AT5G45810.1 84 2095 (1359) 452 -
57 CIPK19 Contig437 AT5G45820.1 86 3004 (1383) 460 -
58 CIPK20 Contig455 ATAG30960.1 81 1991 (1 296) 431 -
59 CIPK21 Contig488 AT4G18700.1 82 2897 (1431) 476 -
e.CML
60 CML1 Contigl AT3G50770.1 88 1229 (471) 156 -
61 CML2 Contig33 AT1G32250.1 81 996 (495) 164 -
62 CML3 Contigs1 AT5G63960.2 100 1243 (669) 222 c
63 CML4 Contig56 AT5G63960.2 100 1118 (753) 250 c
64 CML5 Contig82 AT5G39670.1 81 856 (567) 188 S
65 CML6 Contig139 AT5G67360.1 95 1423 (456) 151 -
66 CML7 Contigl47 ATAG23260.2 100 1204 (495) 164 -
67 CML8 Contigl56 AT5G63960.2 80 1078 (756) 251 C
68 CML9 Contigl96 AT1G12310.1 79 836 (444) 147 -
69 CML10 Contig234 AT2G27480.1 91 1146 (792) 263 -
70 CML11 Contig241 AT4G13730.3 100 1541 (666) 221 c
71 CML12 Contig244 AT5G04170.1 79 1301 (891) 296 C
72 CML13 Contig281 AT1G24620.1 20 855 (582) 193 M
73 CML14 Contig286 AT5G39670.1 86 993 (573) 190 S
74 CML15 Contig292 AT1G32250.1 81 828 (495) 164 -
75 CML16 Contig308 AT1G12310.1 78 911 (444) 147 -
f. CRK
76 CRK1 Contig2 AT3G50530.1 81 2519 (1845) 614 -
77 CRK2 Contigb AT2G46700.1 79 2385(1821) 606 -
78 CRK3 Contig9 AT2G41140.1 79 2327 (1827) 608 -
79 CRK4 Contigl5 AT2G41140.1 78 1997 (1731) 576 C
80 CRK5 Contig2s AT5G24430.1 85 2538(1785) 594 -
81 CRK6 Contig48 AT3G50530.1 80 1697 (1251) 416 -
82 CRK7 Contigl52 AT2G41140.1 79 2764 (1 740) 579 -
83 CRK8 Contigl55 AT2G41140.1 79 2800 (1 740) 579 C

84 CRK9 Contig200 AT3G50530.1 80 2563 (1845) 614 -
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fE )y 539 aa; CIPK X Jk K A1 4D re 71 5 D] (1 - 34 A
BARE DN 82%, FEPAS-HKJE Ny 2382 bp, ORF K JEH
B 1335 bp, 4nhdE HKEESIME Y 444 aa; CML 5K
i DR FR 0L g T TR )P S5 AR AL RS Sl 88%, i[RI
YK BN 1097 bp, ORF K FE¥ME v 597 bp, 4nft &
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Figure2 The phylogenetic relationship and conserved domains of calcium signaling related proteins, and expression pattern of calcium
signaling related genes between first years and continuous planting R.glutinosa. A: Phylogenetic analysis; B: Conserved domain; C:
Expression profiles. Note: C2—4 and Z2—-4 indicated different developmental stages for continuous planting and one-year R. glutinosa,
in which 2—4 represent elongation, pre-expanding, mid-expanding, late-expanding stage, respectively. The colors and its depth in
legend show gene expression levels in different developmental stages. The reds and greens represent for regulated and downregul ated

expression in special stages in comparison to stages
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Figure 3 Expression analysis of 12 selected calcium signal related genes. E: Elongation; PE: Pre-elongation; ME: Mid-elongation;

LE: Late-elongation
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