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Effect of Cd on autophagy-related genes of celery
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Abstract: Autophagy is one of the most common protective mechanisms during plant stress response. We studied the effect
of exogenous Cd on autophagy in celery, by using transcriptome sequencing technique to analyze the differentially expressed
genes under different Cd concentrations (0, 2, 4 and 8 mg/L). Eight differentially expressed autophagy-related genes were
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screened and identified by gRT-PCR. Cd had obvious toxic effect on celery, in a dose-dependent manner. Eight differentially
expressed autophagy-related genes were screened, among which ATG8a, ATG8f, ATG13, AMPK-1 and AMPK-2 were
up-regulated, whereas ATG12, VPS30 and VPS34 were first up-regulated and then decreased. The up-regulated expression of
differential genes may resist Cd toxicity by increasing autophagosome structures; however, 8 mg/L Cd exceeded the
autophagosome tolerance limit of celery, resulting in decreased expression of multiple autophagy-related genes. The above
results can provide help for subsequent functional study of autophagy-related genes, and provide a reference for further

exploring the tolerance mechanism of celery to Cd toxicity.

Keywords:

DLEAEURARGE 5% (Cd) oK™, “fZz it
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1.1 MREFRREEIT
PR R SR A B, Tk E Tezier
N o IR A T PG ARl K 2 B 2 S 3 5E A
2017 4 4 JI N AIHERN T B IR TRAIHT K 2 5-6 cm
B, PR KA —FOWEREE R T3 A 1 L EK
[CE R SR P, pH 6.0, IR 25 °C, JEIR
SIS 200 pmol/(s-m?), HEA 6tk BikGFR 2 JA
5, AMEVRIN CdCl,-2.5H,0 % Cd® Ab 3k JiE
SR 2 PNEE | 3R 2, 4. 8 mg/lL, IR
ININE 42 )8 X ERZH (Control check, CK), E&
3k, 32d JF kK.
1.2 cDNA XXEWME. FERENFESH
% H Trizol Plant Extraction Kit (TaKaRa, H
A) RBUTIEM R S RNA, 1.5%38 I B sE I vk
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¥ A Oligo (dT) MIREERE 4 mRNA; JA
W52 il (Fragmentation buffer) ¥ mRNA i
TTREHLFTHT; DL mRNA SR F /SRS | 9
(Random hexamers) & 55— 2% cDNA %, SRJ5
AZEuPi . dNTPs, RNase H Fl DNA 40 1 &
A — 2% cDNA £, I AMPure XP fiER4i1L
cDNA; Zlifk i AUEE cDNA TR TR e . i A
eIy 453k, AR5 AMPure XP @3k T
Fr B R /INESE ; B il PCR & 44595 cDNA 3L
JEPR . SRS N A4 O, SR A Hlumina HiSeq2500
Fa TR E N, WKy PE100, 2R
() Raw data Z8 46k 8, H H b2k e 41 A BT
T LR, 19385 BE TS 5dE (Clean data)
J& . TEf# A Trinity #4124,

K] DESeq” k1722 5 %ik43 47, i FDR
(False discovery rate) fF k75 5 3 3K KL K i £ 11
fehr. fEREERESF, ¥ FDR<0.01 H FC (Fold
change) =2 1EAliidtriE. X223 R kLR T
GO (Gene ontology) %, /il DAVIDv6.8:
BT H 2%t 22 R S R AP, R 22 5
KL KEGG #dia/F (Kyoto encyclopedia of
gene and genomes) FPIFFATIIRE, B E M ST
i) P-value {EI T AE(E R GO &4/ HrAflE .

13 BEMEAXEREGEIRXELEE PCR
(QRT-PCR) i
>R 1 DESeq J7 i i F AR SCHE N, gRT-PCR

#1 RESIMEFT
Table 1 Sequence of primers used in qRT-PCR

AR KA TransStart Top Green qPCR SuperMix
(Transgen A4, W), WSHEN B-actin, X
METHBIPI R 1, A TAEY TR (L) Kk
A B2 F A

PCR W iK% N . 2xTransStart Top Green
gPCR SuperMix 10 pL, #&#k 0.4 pL, . TF5l
Y145 0.4 uL, JInKE 78K 2 200 pb; PCR KL
%MK 94 °C 2min; 94°C 55, 58 ‘C 155, 72 °C
10s, 45 ME¥h; 72 CLEMH 7 min,
1.4 B

15 Excel TAEF R 2724 20 #r ATGs St
DR X 2k T, R ANRE SIS 3 AN
5, B EE B2

2 BREH

2.1 Cd hiEx etk E Ka#

ARG SE RIS AT T RIS | i
5N, B Cd WRIETHRE, AR
SRR MR RKZEE . RS PR T
FeSERIR (B 1), BEWAJTSEAE AR AR K A2 2 W
W, A, 2. 4, 8 mg/L AbFRAH - | AR
fitf B 45 6 BEZH 43 0 B IR T 15.29% . 42.38% .
66.49%7F/1 19.42% . 50.49% . 58.98%, H.ib¥HH[H]
Z5 W (P<0.05), BLHHSME Cd Wy~ 4: 7H
SRR, EUWE Cd hnE X AR AR K A
IR, HSWBER=E T RMER (& 2).

Upstream primer sequence (5'-3’)

Downstream primer sequence (5'-3')

Genotype Gene ID  Gene symbol
Differential c131646 ATG8a
genes c140253 ATG12

c143897 ATG13
c144576 ATGSf
c146704 VPS30
c149168 AMPK-1
€149570 VPS34
€156499 AMPK-2
Intrinsic genes ¢95536 B-actin-1
c140911 p-actin-2

CCATCTTCATCCTTCTTCTCGTC
CATCCAATCAACTTGCCACTCC
TATAATGCACCAACAAGGTGGC
GACCTTACTGTGGGGCAGTTTG
AATGATTCCTCCATTGCCTTCC
GCAGTCCCAACTATGTTGCTCC
CCAACATCCCTGACATAGCATC
ATTTACATCTCGCCATTCTCCA
CTTCTATGTCATTGGCACCGAC
TATTTTGCCTTTGCCTTGCTTC

TATCTTGTCCCATCCGATTTGA
TTGATGAAAGTTAGCCCCATGC
ACGCCAACTGTTTGGTCTTATG
GACATTATCGCTCCTGTGGGTG
TTCGTTCTGGGATTCAGGGTTC
CCATTTTGGGATTTGAGCTTCA
ACCATTTGAGGAAACAATGCAC
TGAAAGATTAACTGGGCTGCTG
ATTCCGAGAAGGCTGTCATACC
AGCTTGTCATCTGCCTCCTTGA

http://journals.im.ac.cn/cjbcn
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Bl AERECIIIET FRERBES
Fig. 1 Plant morphology of celery under different Cd
concentrations.

F 2 AEIRE Cd BB ARSEMZFIRESH
AL

Table 2 Leaf, stem and root fresh weight of celery
under different Cd concentration

Leaf and stem

Treatment freshweight (q) Root fresh weight (g)
CK 31.45+2.43° 4.12+0.25°
2 mg/L 26.64+1.53" 3.32+0.12°
4 mg/L 18.12+1.94° 2.04%0.13"
8 mg/L 10.54+0.41° 1.69+0.08°

Note: the same letters indicate that the difference is not
significant at the 5% level and different low-case letters
indicate the difference between different treatments at the
5% level.

*3 HREANFEESIT
Table 3 RNA-seq data statistics

22 BRAHBEREITME

Wt X HRFESL S 2, 4. 8 mo/L AL ERZFE S Y
RSN, HAR15 83.78 Gb JEIAKE, &AL
B # P R ¥35 %] 6.21 Gb, GC & & LIE N
43.09%, Q30 L H 7 e 91.43% LA | (3% 3),
W B S 4 I SO et A s o AR, SRR R (Raw
reads) MJSF-3%055 4 23 905 679, 22 971 867,
22306 185, 24 666 755, £:5d Denovo 20 %% 5 34k
15 64 914 /> Unigene, Unigene A% N50 >4 2 005 -,
B R R, AR ETE 1 kb LAEAY Unigene
A 24 375 4~ S RE LIRS B R (Clean
reads) S41%E5 3 Unigene FEJEFTIES HEXT,
XTHRAL 5 2. 4. 8 mo/L #E S H AT T IR S2 M i
FeXf3% (Mapped ratio) 43415 80.26% ,80.23% .
80.14%7F1 79.32% (3 3).

X Unigene #EATINREITERE, 455 NR.
Swiss-Prot, GO, COG. KOG, eggNOG k& KEGG
BORER e, H:3R75 40 400 4% Unigene AYVE B
i (3% 3). o, A BIETE] NR L 5L
J& 37 438, BN 92.67%; Swiss-Prot JE )3k
PRI 26 328, 1Rl 65.17%; GO JERYEEN
B2 20 966, KN 51.9%; COG J& kL [H %k
J& 15 869, THBRN 39.28%; KOG J# (13 K %k
J& 25238, HBHEN 62.47%; eggNOG JF 5L

Cd Concentration Raw reads Clean reads Mapped reads ~ GC content (%) Q30 (%) Mapped ratio (%)
CK-1 25 087 416 24 964 488 20 215 107 43.25 91.75 80.97
CK-2 23 631 152 23 243 879 18 472 467 42.93 92.53 79.47
CK-3 22 998 469 22888076 18 388 368 43.46 91.43 80.34
2 mg/L-1 20 766 040 20 664 286 16 777 406 42.75 91.82 81.19
2 mg/L-2 24 076 490 23 956 110 18 841 475 43.63 92.18 78.65
2 mg/L-3 24 073 071 23957 520 19 366 089 42.88 92.29 80.84
4 mg/L-1 21164 182 21054 128 16 913 491 43.03 92.49 80.33
4 mg/L-2 21 952 005 21 842 751 17 330 245 43.01 92.05 79.34
4 mg/L-3 23 802 368 23 707 159 19 141 449 43.03 92.28 80.74
8 mg/L-1 21577 734 21 489 265 17 260 274 43.09 92.17 80.32
8 mg/L-2 28 539 196 28 322 893 22 027 299 43.17 92.66 77.77
8 mg/L-3 23 883 336 23 766 307 18 980 984 42.83 91.87 79.87

% : 010-64807509
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B 36 753, 1 BE N 90.97%; KEGG JFERYIHLIEL
17848, 1HRR N 44.18%. {1 KOBAS2.0%8144
#] Unigene 1£ KEGG " /i) KEGG Orthology 454,
M 5E Unigene A2 508 751 2 J5 i FH HMMER
BEP0 5 pfam Hodi B X, 45 R W] Pfam FE
Y3 R 02 31 687, TERRIAE) 78.43% (A 2).

DA b5 TR0 I 00 5 5 20 20 R R e A, TR
T2 R T
40 000192.67%

35000
30000
25000
20000+
150001

10000
5000F

90.97%
78.43%
65.17%
51.90%
39.28%

62.47%
44.18%

Number of unigene

0 L 1 1 L L I J
33:55,?(0‘ O oG \LOS% %\\\OO%EGG it
Database

B2 CdMBTANRFINE 7 NMEEEFIEIRIER
Fig. 2 The annotation of Cd stress on celery Unigenes
among 7 databases.

23 ERFTIEEAFERS

K F DESeq Jrikiiik, XRS5 Cd b2
LT AN ) P Cd Ab BRAH W 22 ] SE 3545 7 253 4~
ZSEE, Horb FE 4698 4, T 25554, H

H, XTHEZHYS Cd A B[R] 25 57 2 Tk i DR B i
K, H FRZERBGELS A, B0 Cd e Xt
i SRS R e SR 7 A T RE ) 5 T Ak LA [ 2
SR 5 B B/, JEHE 4 mg/L 5 8 mg/L
ZHA], D 4 mo/L AT RE S T SEANIE Cd B ik
RS A (8 3A),

BT LA B, % RRZE AN 2 mo/L A
2 A11 ML BT, MR A 4 mg/L A
1999 /™, XFRAZHFN 8 mo/L 4fEI 4 2 356 > Ht: A
72 5 3% 3k (0f 1 2% 14 |log2.Fold_change.|>1 H.
g-value<0.005), XfHRZH Y Cd AbFRZH I [m] 1) 22 5
FIREEH Ky 1278 4~ 3B).

IV Fil DAVID 788 T H. Xt 96 i ik it 1 W] 21
HEFRIIILHEILT GO TEERIE M, ok
3RF 194, Hi Y b 42.1%, LIgifl
FEICH R R T B i 2 5 A0 AL 53 36.8%,
DL A Al M o i B i 2 A FUIfE S 21.1%,
LSS ARG R R Z (K 4).

Wik KEGG H&EAHr, XIS 2 mg/L 4t
FRZHAIA 662 4> 22 5+ Unigene Al 4325 % 50 MR
W XTIRLY 4 mo/L AbHIZ A4S 554 4R
Unigene AJ 4328 %8 50 /M QI % ; X HRZH 5 8 mg/L
A FRZH )4 683 N2 5% Unigene Al 7325 % 50 ML

B
CKvs 2 mg/L group  CK vs 4 mg/L group

A
1 80011 699 [ Up-regulation
1 600F 1497 [J Down-regulation
2 1400 1249
en 1 200
1000 859

800 | 712 750
186145

G
=}
2
E 600F
=
Z 400f

200

(58 T

[ o0 m NV
Comparison of treatment groups

3

l 8 ‘ v
VI

CK vs 8 mg/L group

MHES Cd ABAR Cd ABAEZ B EREFH ST

Fig. 3 The number of differential genes between CK and Cd treatment groups, Cd treatment groups. (A) The number
of up-regulated and down-regulated genes among treatment groups, I, II, III, IV and V presented CK vs 2 mg/L, CK
vs 4 mg/L, CK vs 8 mg/L, 2 mg/L vs 4 mg/L, 2 mg/L vs 8 mg/L and 4 mg/L vs 8 mg/L, respectively. (B) Venn diagram

between CK and Cd treatment groups.
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Growth

Developmental process

Cellular component organization or biogensis
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4 EFRFRIEEESIMGO IR
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Cellular component

T

Molecular function

Fig. 4 Analysis and GO annotation of differentially expressed genes.

WHER ; 2 mg/L 5 4 mg/L AbFRZH A 47 4% 5
Unigene 7] /325 % 25 AMUMIEK; 2 mg/L 5
8 mg/L AbFRA A4 114 4~22 5 Unigene Al 7328 %
38 AMUCHERS; 4 mg/L 5 8 mg/L AbERL A
11 /~22 5 Unigene 7] 7326 % 5 MU P& Horr
R B0 I i B IR AR X R % 8 4K (Ribosome

136 4~). WEMZE N (Protein processing in
endoplasmic reticulum, 63 4~). #&fti (Carbon
metabolism, 45 ). WM ZESHS (Plant
hormone signal transduction, 42 4~). ZKNEEAY)
4 %, (Phenylpropanoid biosynthesis, 39 4“). %)
JREAH HAER (Plant-pathogen interaction, 33 ) .

% : 010-64807509

IR Y4 L (Biosynthesis of amino acids,
324Y) e
2.4 BWEMEXEETFIERE gRT-PCR WHiE

v s 7 1 1 2 15 = v s B
5 B VIR B VI AE G 1) 22 5 3L [ iE {7 gRT-PCR
B E 4T . Hip, ATG12 (c140253) . VPS30
(c146704) . VPS34 (c149570)%% b5 F /%, i
ATG8a (c131646) . ATGSf (c144576) . ATG13
(c143897) . AMPK-1 (c149168) 7l AMPK-2 (c156499)
¥ BRI . A 5 AT, qRT-PCR F k4R
B S A 7 25 SR — B, U B A SR 4 SR
ATEE, AT T —2Ees .
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Fig. 5 Analysis on expression abundance of the autophagy-related genes. A, B, C, D, E, F, G and H presented ATG8a,
ATG12, ATG13, ATGS8f, VPS30, AMPK-1, VPS34 and AMPK-2, respectively.

3 it

LA, MYR B WEAF S T iE R, MR
PP IT B3 . MY Y, s
L A 7RIy G Rl B i L7 IS I P2 d i ol -
Hean b, IEE S OL T A0 N B W 4E R K
e, Y A B SRS T, X TERERE
SRk e RSP, EL s b, Cd %
S W AT Sy A S BL PR,
AR —FFE T AL PR A e AT, AR A
A 5 e DR P %34 iy R 7 LA 2R L
LG, HETH ARG,

Y B W K T ARZAmiE s, FUHR kL
AR Py A M AR 8 R B = S R BRSBTS A W, B
fife AR N P oAb SR 2 LR M, DAZEFRR 20 AR
B MGTEAYAERKT . RBENE . M EE K
PRI 30 B S AR P R B T A0 B
WIFGIF, © % E Bt 36 ML ARSI ATGs 43
5 AWES . AR M SR
YRl A s RS AR AR W i S AN
R R 2 P AR, FREERIRRTE Cd b

http://journals.im.ac.cn/cjbcn

HFARKEE, S, mHY Cd WA
BHRRESER, W Cd WragERLAS TR K,
P R O e g R — 5 Ak, TRk
B 8 A~ AWEAH KL K, ATG8a., ATGSf, ATG13,
AMPK-1 fil AMPK-2 ik—H i, 1fii ATG12,
VPS30., VPS34 —=AELHENMESE FRJE FRE.
W, ATG13 nf 5 ATG1 HAEIL[RE 3h A w7,
ATG13 ik LA A UL T A WEIR AT RERE Cd ¥
JE TR AT . B s g |
H.0E. BT REENEAIET, BRI Y
A 5 35 PR 3 K 5 AR B T, Zhou 412
K Cu® . Ni%, zn* Cd*"F1 Mn? 4k B 254
B, RI 18 1~ ATGs X /A [R5 4 A B A L[] f
ML, Hid 11 4> ATGs ik /K Fim FiE ., LA
AR T AR S, HCER A MRES
ATGs J¢ B T RER LG, X AT B2 7 32 Pk
Pk, BRI, Cd AT ATG13 ERFTRESIERM A
Mk A 184 T 5% 8 X &4 2 PR 4 D R A 2 B 5 T B

SRARHN, fHM 4 mg/L 55 8 mg/L b P [A] i 22 5
FEIRI] WD HEN , 4 mo/L T AER SR Cd
MR B 5 0o
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FiAk, ATG8 & [ WY it B v A n] 5 fi
MR E, e R SRR B E A PFE R,
ATG8 St o B IE M 2 &1k (ATG8-PE)
PR A WA R, P T AR RN, ARDF
i H, ATG8a il ATGSf J& /3¢ ATG8 ARl Y
PEUl . B Cd ¥JE b, ATG8a Fl ATGSf | i#
KA RERE N T ATGS-PE &2 & 1KHEE , fEEE 5
YIRS R, DAEEE e nixt Cd kA iR
TSR IE R E K . X1 Kaufmann 25
R I ATG8 i 53t 7KV 7 4 M 8 YU AR W3 s 138
ok 2 A VO S AR M R T P ek TGS JEIH, B
R R BR T Cd [0 A B PERS 5 T, S A i)
KB AGT8a 1] i & 4 K | Ul 7 X HIL &8
T P PRI AE T 45 SR - AEARL, X502 A O g K 306 5%
8 B FF IS R AR B SR i — A B AR L
Hil. BAh, AMPK J2 20 i fig sz 2 191,
AMPK-1 F1 AMPK-2 FRik7KF- b [R] A mT 58 2
3R AZ A M R R B SRR . S SRR
fil e B FVE SRR R B .

A, HWEMCE ATG12 1 ATG12 i,
5 ATG5 4546 T8 & G W s m 3 Wi e st
F2l8l. 1 VPS30 5 VPS34. VPS15 %7 [ HAE,
VPS34 X &5 AWgilG, VPS34 JEH— H gL Sk
51 1 R T A BESE, ATG12.
VPS30 il VPS34 L [H J¢ FifljE Pk, nlaks
B WS A G, ] BB T SRAEARACA Cd Bk
4 107 380 R I T, 8 mg/L Cd® &b vk 3 m] fig i 3k
T SRHMRT SZJ0 R, Bl ATG 3N (ATG12,
VPS30 1 VPS34) ) mRNA /K E R, X 168 ATG
TE A WEAE T 2Z (B ] RE A FE 4 E A, B RS2 T
TRAT ORI FIAT PR A0 BE Sk ZE R 4 i #0E F A9 R
A7, Kang 2B F g 4 S0 T ARDFSE ML

4 G

Wi Cd WeJ¥ EJh, ki Bl RKgE ., @
HRER T RESEAEIR, FRPEREZ A A AR G 2E
PR IR ER . Wk DR 7 A A i A A

% : 010-64807509

R, Wi AR s AR A R
FHAE M 3E -2 W 4 Cd B RE JT . 1T 8 mg/L ¥k i
CA** Al BEHI H F 3 MM S2 R B, Bfd ATG12., VPS30
I VPS34 Fik I T REEH
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