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Abstract: Cuticular wax plays an important role in resistance to environmental stresses in the xerophyte Zygophyllum
xanthoxylum. B-ketoacyl-CoA synthase (KCS) is the key enzyme catalyzing the synthesis of wax precursors. In this
study, the full-length cDNA of ZxrKCS6/CERG was cloned. The 1548-bp sequence encoded a polypeptide with two
highly conserved transmembrane regions that determine substrate selectivity and three enzyme catalytic sites, and it
belongs to the condensation enzyme superfamily. Comparison with homologous protein sequences of other higher
plants revealed that ZxCERG6 belongs to the CER6 subfamily of the KCS family and has a highly conserved cysteine

activation site at amino acid position 224. A phylogenetic analysis revealed a close relationship between ZxCERG6 and
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AtCERG of Arabidopsis thaliana. Transcript profile analysis revealed that ZrCERG transcript levels were much
higher in aboveground tissues, especially in the leaf epidermis, than in below-ground organs. Expression of ZrCERG6
was strongly induced by 50 mmol-1. ' NaCl treatment and its transcript level peaked at 36 hours of this treatment.
ZxCERG6 was expressed in A. thaliana under the control of an epidermal-specific promoter, and the performance of
the transgenic plants was compared with that of wild type plants. Upon drought treatment, the shoot dry and fresh
weight, total chlorophyll content, net photosynthetic rate, and water use efficiency of transgenic Arabidopsis were
significantly higher than those of the wild type, and the water loss rate, chlorophyll leaching rate, and relative
membrane permeability of detached leaves were lower than those of the wild type. The wax content, especially the
alkane content, in the aboveground cuticle was significantly higher in the transgenic plants than in the wild type
plants. These findings indicate that ZxrCERG can increase the proportion of alkanes in the cuticular wax on the
epidermis of transgenic plants leading to reduced water loss, and consequently, improved drought resistance. The
results of this study reveal that ZxCER6 mediates the accumulation of epicuticular waxes that play an important role
in the drought resistance of the desert plant Z. xanthoxylum. Our findings highlight an excellent genetic resource that
can be used for the genetic improvement of drought resistance in forage and crop plants.
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8 K i g 7 R (very-long-chain fatty acids, VILCF As) J& & BUAE 9 Ff 502 56 B AT AR Y i . 76 VLCFAs A4
A R A P B-T i L 4 A A A U (B-ketoacyl-CoA synthase, KCS) & it AL JIg 1 2 4E 11 i S B BR ek Bl . BT, E
ZAE M IF (Arabidopsis thaliana) 3R 21 v % 2 3 214 KCS R DR, 43 408 42 3 7R 5 97 () 5P ) 3 43 b 4 AN S0, 43
il J& FAEI-like \[KCSI-like \FDH-like fl CER6"' . H ¥ —45 & i FAEL i 4L 7 VLCFAs 9 & i ; KCS1,
FDH .CER6 U #IE I 2 5 7 85 5 o 19 4 o B B Ry 1k, A GRS IF KCS1.KCS2 . KCS6 (CER6/CUTI) |
KCSI10(FDH) \KCS13(HIC) Hl KCS207E & J W i & i i ThBe © A VA RIEY 70 Todd % & e fE S R I7 h
SrEYE R KCST, RIS FAE TR IR YE R 53 %0 , 01 57 AL IS B TR VILCF As 1Y & s 5 kes1-125 (1A 2R
HRR T LT b R R 1 AR [ R B Y kD | X 2R W KC ST AT R 7E I 5 A B A4 R 35 R R A R AR A
Lee Z e M IF i 7 Be 8] KCS2/DAISY M KCS20, 31 H % # KCS20 Fl KCS2/DAISY (148 75 77 858 A8 (K 15
A= TR LU 3R Bz A 0 B O T W 3 25 S (L A LSS A A v i T D el D, 3R Dk 1 A R DR A A R T
Ao Pruitt % SRS B4R ST KCS10(FDH) | i %k P 4 A% 119 25 11 B8 8% 11 £k A 107 % 16 & 9 10 28 <, L i 2k 58 748 fR
It AR TS DB RE BB RA KRR FIRE AR EA . B IF KCSI3(HIC) K I, 18 hic 537
Rt R B R R AL RN T 422, R IUTZEE R R SALEE . CER6(KCS6/CUTI) S H i A 1k £ /g IF
Hh g B P — T TR Ak A B T B AR A L 5 T AR RO B cer6 W AR JBT R B 0T B LIS T 4806, 1T 25 v IR
A>80% LA B, B R BALIIRETE R S B C24 MBS AT AE M KA R, RUZE N S 5 C26 K L F B EE 19 8K 5
Jig 107 W2 (A2 W A R, TE B R T R RS T A LR R BB G REEAE BT L JE AR Ok, & & 1E & il (Lycopersicon
esculentum)'"" . K3 (Hordeum vulgare)'" K3 4E ( Gossypium hirsutum)'"™ /NER ¥ (Thellungiella halophila)™ [ H
WM 3% (Brassica napus) ' 55 Z FiAEY) T 45 € 8] CERG6 JE P R IE L b1 .

0T )2 I T S 7 A i A AR 3R T (0 TR AR R AP 5 R AR S A R IR A g W b R AR
¥ It 19 CER1.CER6 . WAX2 Fl SHINE 1 43 5l % A F jiti v, & 9 % ik PR AR Ak 19 B0 52 B ) S B A R B 35 4
R R 4 A I G B DG B IR B R TR A 1 3 S AR HE AT B BT SR AR M T A O HE R K B (Botrytis
cinera) MM B (Phytophthora infestans) 5 955 B , % 3iE 13X 26 56 PR 2B 9 Jok 30 0 o ;o 35S 58 et 8l 1 9K 3
AtCERGFEF it 63k , 5 BF A RUAR HE , 55 3L IR bR vh ArCERG JE R 26 1k 8 W 3 38, {H 0 B 0R A B R FI Y
M It CERG H B )3 ) 7 it 3 1k ArCERG, % 3k X Rl bk 25 3 fz W5 I & s 4™ . 88 3R K % 2 15 18 (Medicago
truncatula) WXP1 RENSAE FE K46 H 16 (Medicago sativa) W3¢ Bz I A B 48 55 L8 /K B8 7, It 32 i He 4 S
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FIH CERG A 8 T3R8 8 WXP1TESEACE 15 th 83k | K BT 5 5 08 T i 56 DR R Pk 5 M9 A R0 W 8 108 AR G 85 7K o
R K B S R I B TR PR . TE KRS (Oryza sativa) it ik OsWRK Y89, {4 ) 5 5 1
Oy A ORAL R T S R OK R B PR L T B s T LR SR AN AP AR Y i R OsGLI-2 B T K
FeE I A it O R BRI 8 8 1 3 S DRUK AR R B B 2 v 3 363K DRE 2 7K e Ml e Pl 26 T s J5it 5 48 Jm
K TR AR T S R [ e A B A 20 A G B R R 3R 3k B IR Y. R2R3 MY B #% 5% [ MdM Y B30 i
1ok 8 T 3R R W 5 A WA R R T AR 0 R DR AR P . 3t 3k BnKCS1-1.BnKCS1-2 fl BaCER1-2 H 5 %1 j
S 1A I 3% B I AR R RN, K O B SRR A, DU R R G AR L DL WS R B AR ) I A Rk P v
Yoot s B

1 £ (Zygophyllum xanthoxylum) & —Fh 2 3 5 AE R, 35255 A 76 3 PG 3050 A0 o 9 70 385 4b 1X, 2 1)
S P BT RN R B8 0T W 9 Rk B R I I SR R A TR R A N T TR B Y B RRAE L SR, AT G
Wi A B2 AR W) G A L BB A R UL o ARBIE S N W E b Ay B A B ZeCERG T I EE T
I IF AtCERG6 3 J2 F5 5 1 5 8 7 3K 81 11 Zx CER 6 R4 338 B4, 43t HAE £ 53 )2 5 o & e S bt R i D 66, T
7~ ZeCERG A5 1) 355 J5t B SR 76 T AW 49 5 Ehi Sk h Ve A
1 MR57H%E
1.1 MRS

BT T 20184F 8 H 2Rk A PN 5ty Bl 7 3 2 JHE b 35 22 Bl oA e o7 J¥ A 75 K (397057 N, 10534 E; 4K 1360
m) o PRIEFFRLEE /N ST JC IR, R KISE DR BR K 2% 0T, P 1026 1 SRR #1113 0 7~10 min, B 1]
i) B 4 5 3~5 WK, SR 5 I ZE 1 /K oh ik A~5 G 5 2 4 “COKA N DGR 2 d, Bl S 25 ‘CRIEZE 2d. K2 B
KBERIFHB A BN TBERERA AR E IR (5 cm X5 ecm X5 em) 1, B 1/2 Hoagland 5 F2 W [ 2
mmol-L 'KNO,,0.5 mmol-L ' KH,PO,,0.5 mmol-L ' MgSO,*7H,0,0. 5 mmol-L ' Ca(NO,),-4H,0, 60 pmol-
L 'Fe-citrate- 3H,0, 50 pmol-L 'H;BO,, 10 pmol-L 'MnCl,-4H,O, 1.6 pmol-L ' ZnSO,-7H,0, 0.6 pmol-L '
CuS0,*5H,0,0. 05 pmol-L ' Na,MoO, 2H,O | ¥EF7 85 5% . 45 2 d e — 8 F2 0, T = B R0 E  (28+2) °C/
(234+2) °C,Y6M 16 hed ', Y& MR8 JF 8000 Ix(150 pmol-m “+s ), A XF¥EEE K 50% .

XF 3 JE S W E A W AN R AL B R Cl B R A 22 bRl N ) B A A 32 ) R 2 i
(F0F) , DA B AR v J2 3 F2 3 3ol 147 BURE 1 S DR A 3R ab A= o0

[ Bsf %k 3 8] % 19 3 E 4 54T 50 mmol- L' NaClAb B R (1 B0 20 #r - & A 50 mmol- L' NaCl ¥ & %
WAL B 0.1.3.6.12.36 F1 48 hy b P A K T 40 , DA ORE Ab 3 25 (2 ARG 1E 2 o A BG5S, BURE IR v )23 i 5
L ZR AR Pk S P U AR T 2R E K A, TR R T A T CE T — 80 Ol IR IR vk A R A, T S 22 RNA
PRI

LA T B A= B Col-0( 22 R 27 Bt A Ml B 27 e i S AF W) 00 B 28 315 35t 4% 80 R WF 50 Jor 56 40 28 (R A7 ) RN 3%
AICERGpro: : ZxCERG U IF 4li 5 R Fh 7 H 75 % L BEAN 5% WA TR 1 (NaClO) 43 31 8 3 min, # [ AS Wi 5 3l LA
PRE P 7 26 1B T8 20 T B L SRS K B A 2R K e 5~7 ik, Bl SRR A IR 0 T AR K R B A 4 CF AL 2~3
do ¥ H AL BN R IT R T 46 R0 T8 A B B /INMEZL (58K -4 D TG % B 2 d A 2R IR K R — k. B
FEM IR 22~23 °C, B IR 120~150 pmol-m *+s ', 16 h(&) /8 h(#) , MIXHEBE 50%~60% . XA K F % +
Y 4 J 8 BT 42 Y Col-0 (wild type, WT) e 44> 4l £ 5% 3 5+ OES . OES \OE12 #1 OE19 M #k #4724~ +
SR P ) Ak B (A TR R AL B 7 d JF R K 1 d, BB S AR E B EE SHRE) , UEAT 5 S22k B bR
AR BT )25 0 B o A A
1.2 5
1.2.1 RSt S5 vl % I UNIQ-10 4158 Trizol B0 RNA i 23077 & ( Fifg A= T A9 TR ey
AR ) 0 AR UL BT 5 IBOA (6] 4 BRI A [6) 2k 3R & A B 1] S % E B RNA . Evo M-MLV RT Kit with
gDNA Clean for qPCR % s i 0 & (K& 4B TRA R | #17 cDNA G L. 2 Clone-tech SMARTer™
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RACE cDNA #3350 & (R % £ AW TREA BRA &) 3 5 i B AR S m AR 9547 37 A 57 cDNA R4 4 . F
JH WF-CERG6 1 WR-CER6 PCR ¥ 34 1 iZ H I 2 7 91, R W AR FR K E R m 51 %) (£ 1)45 0.5 pL, PrimeSTAR
Buffer 2 pl.,dNTP Mixture (2 mmol-L ") 2 pl., PrimeSTAR HS DNA Polymerase 0.5 pl.,cDNA 0.5 pL, /il dd
HOE AR ZE 20 pl.. PCRY MR : 94 “CHALIE 5 min, 94 “CAEME 30 5,58 “CiR k 30 5,72 “CHEfHi 1 min 45 s, 30 M
W, 72 CHEA 10 min, 4 CIR-AE .

x1 FRASIMER

Table 1 Primer information used in the experiment

5|4 4 FR Primer name 519 I¥41 Primer sequence (5’ —3") H i) Purpose
3F-CER6 ACGAGGCGGAGACTGTTATTT B B R

3FEN-CER6 ATCCCAATTCAAATGCTGTCG Gene cloning

5R-CER6 CTTCATACACGCAACGATAGG

5RN-CER6 TCATCAGCTCCTTTGTGGGTC

WE-CER6 AACAGTCCACTGCCTTCAACAGTAC

WR-CER6 GCCATCCACCAATCAACCTTAT

P CTAATACGACTCACTATAGGGC

NP AAGCAGTGGTATCAACGCAGAGT

QF-7ZxCER6 CGTTGCGTGTATGAAGAAGAGG qRT-PCR

QR-ZxCER6 TATGGCTTGATTTTCGGGTTG

QF-ZxACTIN TTTTCCAGCCATCCCTTGTT

QR-ZxACTIN TGCAGTGATCTCCTTGCTCATAC

VF AtCER6(Hindl ) TGTTGGCCCAAGCTTCTTCGATATCGGTTGTTGACGAT L 235 B A b

VR AtCER6 CAAGATTTGAGGCATCGTCGGAGAGTTTTAATGTATAAT Construction of plant expression vector
VF ZxCER6 ATGCCTCAAATCTTGCCCGATTTCT

VR ZxCER6(Sac 1 ) GGGAAATTCGAGCTCCTACAGCTTGACAACTTCAGGAAT

1.2.2 AYEE¥S FIH DNAMAN 6. 0 844 xF 5 51 847 B 45 | Lo b Fn i . R AE 80 TMHMM
Server v. 2. 0, Compute pI/MW NCBI ¥ i CDD search (https://www. ncbi. nlm. nih. gov/Structure/cdd/wrpsb.
cgi) PA R FE L 8 Cell-PLoc 2. 0 (http://www. csbio. sjtu. edu. cn/bioinf/Cell-Ploc-2/ ) #E47 £ [ Ji 25 5 (X 25 H,
BT RSPAS R TI . A Clustal X 2. 1M MEGA 6 80F HEAT Ho X 44 2 2R 48 AL

1.2.3 RT-qPCRHt K H SYBR Premix Ex Taq TMII qPCR iU & (K& £ EY) TREA R\ #1790
5 B PCR, PCR & W& % 4 20 pL: SYBR Premix Ex Taq TMII Buffer 10 pL, ROX Refernce Dye 0.4 plL,
Forward primer(QF) 0. 8 pl., Reverse Primer(QR) 0.8 pl.,cDNA B4R 3 pl., il dd H,O X% £ 20 pl., PCR Y"1
P :95°C 3083595 °C 55,60 °C 30 s, 40 MG . H MM RE)T:95°C 155,60°C605s,95°C 15s, HMHEFHEL 3
W, R 2 2L ZeCERG W AH X Fe35 f .

1.2.4 g vt (G5 b R IR oy 52 WM @41 pBIB-BASTA-pAICERG : : ZrCERG FH ) % ik %
A3 S G e AR AR AT A GV 3101 B AR RS2 A Al A, 7E % 50 pg-mL ' Kana F150 pg-mL ' Rif i LB & 4
Ki#i 3 (5 gL' NaCl,5 gL 'R0y, 10 g- L BREE (1R, 10 g+ L' 3is By ) b 64T BH 1 s B i %, 8 16 75 PCR 58
TIE S K5 8 Ak Ty 9 A AT B B DR AE T — 80 “CUK AR o 38 2o MR A AT BT A 3 M A 7 28 e v B AL 87 A R 4D g T, 1
it 0. 01 % Basta X = %4 Y 48) g J1 HE Ak HEAT B0 G 1 , 43 Bk SOIRPUPEAE AR (0 R - 0 € 28 T ARG 3RA5 56 KL 40 me
Irali FR o IR R IBUR L DA I 2 i 0 R B RNA K5 8 cDNA, B AtActin2 3N S 0 ZeCERG #47 RT-PCR
il

1.2.5 /EHGRARIE SR O g A P S A B S I R A R AR - 1) RE RO Y 2)
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TR . R E I A2 5 3) A A 2 8. F GFS-3000 1 #5 2006 A A (FE E WALZ 28 7)) Il 58 ol A R
(net photosynthetic rate, P,) . 7% % # % (transpiration rate, T,) fl ' fL 7 J& (stomatal conductance, G,) , 7315 /K 4
FI IR (water use efficiency, WUE=P,/T,)"""c W R H] EPSON V750 807 A AR AL [ 5% A (b [5) A7 B2
A 134 1 Digimizer software B3 Mk AF G iH i 505 4) 4 5 . R FH 800 & s 12 JUy: 2 a2 5 5) - A AR X
K o FH AR RN I 5 6) I R R R TS A M - 2 TR B O S 5 7) BRI R K A 8) M 4 R R

P 23R A 0 S D 4 A 0 A R I A 6, AL L SRS 2 R Kosma 55 i1 J7 i R i F 3150
1.2.6 MBUZMEEERNE BT b B RN A 0T IR A UL RE T AR R ) I S5 R ARSI 2R

ANFEE3ATESE . 10 mL A5 Al S 05 IR 30 s, R BB ASAE S oA 25 pL dE = kR (1 pgepl DYER N
b, Z J5 H NDK200-2N 2 WAL (B M K BRAES A BR 2 7)) B2 3 e+, 1323508 i A 100 p. BSTFA 1100 pl.
MERE , 100 “C N 30 min #E47 % Bo Ak, 75 07 8 45 o 5 7k T A WAXAE 37 “CTF T, Bl J5 im A 100 pL. A 3% 26 0E
BE A . 2 BRLUAE 1 7 6 R ASOH 6 33% — BRI FH A (GC: 7890B s MS: 7000D , ¢ HE 46 A} i 47 B2 w] ) Xof o 3k
AR5 BB i AT 00 22 B A AT o LA PN B 1) i TR R 2 B X e R i 2R A T A e R R A A I R A i pgeem
TR,
1.3 HEam

i Excel 2019 844 % BEEE , A SPSS 19. 147 483t 70 B , A ] Origin 9. TR, A [w] &k 24 8] 1) 22
S 8 R B 7 2243 B (One-way ANOVA) , i3k FJy P<<0. 05(LSD #:55) .

2 HBREHSH

2.1 $H EZrCERGCA R S5 AMIZ B F 5 Hr

FIH 1 E O A 85 sk 41 CL6403. Contigl Al TF 41 Ry #%.0 B BE, 26 3" M5 I PCR A 1S Al 7, 4R 45 T
ZxCERG 3" 5" S K B, 4351 4 1230 #1 1025 bp., # ZrCERG 1% 5240 B 51 .37 & 5/ 3 )5 1 Jl DNAMAN 6. 0
AR AT O P A R XA S RKITS] . I T F—2 058 0l S0 9- P 5 A7 51 ik it s R B
fitf 64T PCR ™19, 38 3 W 45 3] — 4> 42 K 1548 bp #Y cDNA FF 31, £ & 1491 bp A4 IF 5 B 32 HE (open reading fram ,
ORF) , 4 i 496 4~ & IR vk 5 i Haw 4 0 ZrCERG (B 1) . M H 5+ 54 55. 9 kDa, 5L 5N 9. 22, %74
PRI 2R A 6 S X, P AT 24 M FE RSP I 58 2 5 I IX (TM L. TM2) , 435l 57 T 5% 23~45,58~90 24
FRRAEIEZ I (K 2A) , g K Yk £ bk . R & BUX & U8 T 45 A B K 8 34 B AL 17 05 (Cys224 |
His391 Fil Asnd24) , e 55 224 7 1) 2 e 20 R 2 /5 BE AR ST i AL 55 )%, 11 A7 W 45 5 0 s, 8 T Bk JE-CoA 45
BT A A B A R AR i (] 2B) , 3 2 4544 149 5 ik 15 19 1) & )R e fit A O
2.2 7xCER6%& & A7 bb &F B ikt AL 4 #7

W 7E LR X, KB ZxCERG 5 (i S5 AH Y 19 CER6 & 14 W] P Ve, 5 AR AUPE 38 1) 7 R A ) CER6 45 11
FLEX . 455 BR,ZxCERG6 5 HAh = 2 ¥ CERG & 117 51 B A B iy F M, A58 2 & ARSI 52 4
PERE X (TM1.TM2) , H 55 224 37 (1921 B 2R (Cys224 ) 2 8 B2 OR ST I B0E A7 83 (81 3) o R MEGA 6 -t g 1
MY CER6EHMWAGR KB M. 45 HEMW,ZxCER6 H 1 5 g 5% . K5 K |75 52 18 [ (Gossypium
raimondii) % X AR ) ) CER6 25 [ i — 4> K948 32, H ZxCER6 8 1 54 R I+ AtCERG 8 1 Y R 4% ¢ & i
U IFRELER ANy 3 B R T AATE SRR T 5 22 5800 A B m AU RO R B  AEDIRE bl
AE A7 TE AU o 7 B R 4 /N SR B B 8 (Musa acuminate) 6% (Phoenix dactylifera) 55 ) CERG6 25 H #% 15
KRG — DKo (EL),
2.3 ZxCERGM LA R A B 343 T ) Rk X 547

YLV S PE M R B, Ze CERG FEAE Bk i 13 41 2000 ik 4 i, L HAE vt 38 i dh Rk F R L FEAR TR 1
FORFEEMACESA) . 50 mmol-L ' NaClZEH R, % £ ZrCERG (192 5 95R Z1i% S, I 7E 36 h ik ik 2 & {1,
% BEE 14 % Bl 5 280 R B (A AE A8 hi i B B i & T XTI (I 5B) . 45K W, ZerCERG W fig 2 5 H
KN 7R 1 5 A, HOHE R R 2 SR Ab #3515 S .
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AAAAAAANATGLCTCAAATCTTGCCCGATTTCTCTAACTCTGTCAAGCTCAAGTATGTCARA

B 1 M P Q I L PDFSNS SVZEKTLTEKTYVK
75 CTTGGGTACCAGTACCTTGTCAACCACATTATCACCCTCACGCTCATTCCGATCATGGTTGCTATTGCCGTAGAG
19 L 6 Y Q Y L VN HI I TZLTTULTIGPTIMVATILIA ATV E
150 GTTCTTCGTTTAGGCCCCGACGAGATTCTTAATCTTTGGAGGTCACTTCATTTCGATCTTGTCCARATTCTGTGT
4 VL RLGPODETITELU NTLTW®RSTLIHTFTIDTILVOQTITLC
225 TCAGCTTTCCTTGTTATCTTCATTGCCACTGTGTACTTCATGTCARAGCCTAGGTCTGTTTATCTTGTTGACTAT
69 S A F LV IFTIATVJYTFMSTZ KTPRSVZYTLJVTDY
300 GCATGCTACAAGCCTCCGCCCACTTTTAGGGTGCCTTTCTCTACCTTCATCGAGCACTCTAGGCTCAATCTGAAR
94 A CYKPPGPTTFRVZPFSTTFTIEH ST RTLTINTLK
375 GACAAGCCAAAGAGTGTTGAGTTTCAGATGAGAATTATTGAGCGTTCAGGTCTTGGTGAAGAGACTTCCTTGCCT
119 D K P K S VE F Q M R I I ER S G L GETETS L P
450 CCTGCCATTCATTACATCCCTCCARAGCCCACGATGGAGTCTGCAAGAGACGAGGCGGAGACTGTTATTTTCTCG
144 P A I H Y I P P K P TMESARTGDTET R ATETTUVTIF S
525 GCCATGGATGCTTTGCTCAAGAAAACAGGAGTCAAGCCTAAGGATATTGATATTCTTATTGTGAATTGTAGTCTG
169 A M D A L L K KT GV KPEKDTIODTITLTIVNTCSL
600 TTTTCTCCAACACCATCTTTGTCAGCTATGGTGATTAACAAGTACAAGTTGAGAAGCAACATAAAGAGCTTCAAT
194 F S P T P S L S A MV I NK Y KLU RSUNTITKSTSTFN
675 CTTTCTGGGATGGGATGCAGTGCTGGGATGATATCCATCGATTTGGCTCGTGATCTTCTTCAAGTACATCCCAAT
219 L S G M G CSAGMTISTIDTILARTDTILTLG QVEHTPN
750 TCAAATGCTGTCGTGATAAGCACGGAGATCATCACACCAAATTACTATCAGGGTAATGAGAGAGCCATGTTGCTG
244 S NA VYV ISTETLITITPNTYZYOQGNTETRAMTILL
825 CCAAATTGCCTTTTCAGGATGGGTGGGGCAGCCATCCTTCTCACCAACAGGAGATCTCATCGCAGGACAGCCARA
260 P N CLFRMGGA AR ATITLTLTPNT RTERSTEHTRRTAK
900 TATAGGCTTGTTCACGTTGTCAGGACCCACARAGGAGCTGATGATARAGCCTATCGTTGTGTGTATGAAGAAGAG
294 Y R L VHV VRTTHTEKTGA ATDTDTERKA ATYR RTCVZYETEE
975 GACARAGAAGGCAAAGTGGGAATCTCTTTGTCCAAGGATCTCATGGCCATAGCTGGTGAAGCCTTGARATCGAAC
319 D K E G KV G I SLSKTDTELMATILABAGETA ATLTEKSN
1050 ATCACAACAATTGGACCTCTTGTTCTTCCTGCATCCGAACAACTTCTCTTCCTCTTAACACTCATTGGCAGGAAG
344 I T T I G P L VULTPASE L L FLLTTLTIGTREK
1125 ATCTTCAACCGGAAAATCAAGCCATACATTCCCGACTTCAAGCTGGCCTTCGATCACTTCTGCATCCATGCGGGC
39 I F N R K I KP Y I PDFKTLATFTDIHTFTCTIHAG
1200 GGCAGGGCTGTGATCGATGAGCTGCAGAAGAACCTCGAGCTATCAGCCGAGCATGTTGAAGCATCTAGGATGACA
34 G R AV I DETLG QI KINTLETLSA AETHTYEA AST RMT
1275 CTGCACAGGTTTGGCAACACATCATCCTCATCATTGTGGTATGAACTCAACTACATCGAAGCCAAAGGGAGGATG
419 L HR F G NT S S S SLWZYETLNTYTITEA AT KT GT RM
1350 AAGAAGGGTGATAGGATTTGGCAGATAGCATTTGGAAGTGGATTCAAGTGCAACAGTGCAGTTTGGAAATGCAAT
444 K K G DR I W Q I A F G S GFZKTCUNSGSATYVTHTZ KTCN
1425 AGAAGCATCAAGAAACCGATAGATTCACCATGGAATGATTGTATCGATAGCTACCCAGTTCACATTCCTGAAGTT

2000 bp ——

1000 bp ——

469 R S P DS PWNDTUGCTIU DS YUPVHTIUZPTEYUV
1500 GTCAAGCT-GTAATAAGGTTGATTGGTGGATGGCAATCTCTAGAG
494 V K L

El1 ZxCER6HIEIES cDNAEKEINEHF

Fig. 1 Cloning full-length cDNA and corresponding protein sequence of ZxCERG6

A: ZrCERG6 FEH I PCR Y1 7 ¥ PCR amplification product of ZrCERG gene; M: DL 2000 DNA marker; T [i] The same below. 1: ¢cDNA #3474
¢DNA amplified product. B: ZrCERG [ cDNA 4K J5 51| Full cDNA sequence of ZrCERG. 21 {4 )7 HE A Jy A2 13 % 5 T (ATG) M 1% 7 (TAG) .

The start codon (ATG) and the stop codon (TAG) were marked in red boxes.
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§ — i eSS A4 454 Malonyl-CoA binding site PR S Produet bindg it
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=04 — JEZ?‘ I(;‘leigiie . Qiﬁ%‘m\‘ Superfamilies S SR Cond_enzymes superfaily
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B2 ZxCERG6EHHMFIES T
Fig. 2 Structural characterization analysis of ZxCERG6 protein
A: ZxCERG6 % [1 1 #5 [ 45f ZxCERG protein transmembrane domain; B: ZxCERG6 & [1 {4 5F 4% #438 Zx CERG protein conserved domain.

2.4 M REEAGHE

% Hind 11 M Sac 1T XY E AtCERG J7 31 7 1 ZrCERG ¥ & F #i ¥ % 35 8 1K pBIB-BASTA-35S-GWR-
FLAG™ (Kl 6A~C). Wik PCRA&M 2] 1239 F1 1506 bp 2247 9 Hbr 5% (K 6D) .
2.5 # ZxCER6#Adoag %

XM/I\%%%ur'ﬁﬁﬁe/%0E5\0E8\0E12\0E19EP&CERM@%%@ AR, 43590 45 3] P A 2% 3K 5 B0
(omz%nom9)%mfﬂi4\%ﬁiﬁ1ﬁ§(01~:5%no%)ﬂ@%%%%(lﬁmﬁﬁﬁ?}éﬁéiﬁiﬂﬁo
2.6 2 ZxCERG 4k 369 3 F A 5 47
2.6.1 T RACPRNSEE BRI ST AR R S mT N 4 R S A Y N A R TR DL p ST R AT R I T R A B XA [
5 T A A R DR B BT AR R R A 0 AE ROIR B BEAT LA R B, B SRR A B DR O AR R SR —
BOAES LA T SRS B A B O & AR B B 3R 5 R O AR RS R, LA kPR T A AR R 1Y
ok e 0T B2 ) W B AIR (1B 8) o 2R ik 38 24 1 2 TR DTG, B9 A B b e i o 5 o R R O R R R PR W 0, X b v
(P9) b b3 1 5 (1] 10) AT AR S e it R 8L, 7656 24 T 5 R W 45 oo mt 5% 56 Bk & OE12 f1 OE19 1Y
MR S XA AR L If o e 22 5 W B S TR AR (P<<0.05) . 7258 240 T R R W 45 st , 5 %5 BEAL AR L, B 4
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CmCER6 S WK ILAIFLE] ;) LV F ) ( F 7 80
CsCER6 ILAIFIQ| 2 E ) 80
EgCER6 K GVLME] y E ) 80
GMCER6 KK Y VK : ISIFIE] HFD LesBF vy 80
PmCER6 DS dYLVNE GIFLE] GP L i3 80
PtCER6 < GILIE] ) LG 80
TCcCER6 80
ZxCER6 80
CmCER6 160
CsCER6 160
EQCER6 160
GmMCER6 160
PmCER6 160
PtCER6 160
TCcCER6 160
ZXCER6 160
CmCER6 240
CSCER6 240
EQCER6 240
GmMCER6 240
PmCER6 240
PtCER6 240
TCCER6 240
ZXCER6 240
CmCER6 320
CsCER6 320
EQCER6 320
GmMCER6 320
PmCER6 320
PtCER6 320
TCCER6 320
ZXCER6 320
CmCER6 400
CSCER6 400
EQCER6 400
GMCER6 400
PmCER6 400
PtCER6 400
TCCER6 400
ZxCER6 400
CmCER6 480
CSCER6 480
EQCER6 480
GMCER6 480
PmCER6 480
PtCER6 480
TcCER6 480
ZxCER6 480
CmCER6 496
CSCER6 496
EQCER6 496
GMCER6 496
PmCER6 496
PtCER6 496
TCCER6 496
ZxXCER6 496

B3 ZxCER65EiH%EYW CER6HEEBF I ZHLL

Fig. 3 Amino acid sequence alignment of ZxCERG6 with other CER6 from higher plants

CmCERG6: #f JK Cucumis melo CER6 (XP_008446598.1) ; CsCER6: # JK Cucumis sativus CER6 (XP_004135090.1) ; EgCER6: F #% Eucalyptus
grandis CER6 (XP_010066726.1) ; GmCERG6: K & Glycine max CER6 (XP_003555901.1) ; PmCERG6: #f Prunus mume CER6 (XP_008243224.1) ;
PiICERG6: & R4 Populus trichocarpa CER6 (XP_002311457.1) 5 TcCER6: 1] 1] Theobroma cacao CER6 (XP_007044356.2) ; ZxCER6: #i T Z.
xanthoxylum CER6. F [Al The same below. # {5 J5 fi£ & /8 CER6 19 2 4~ B i X (TM1. TM2) , £1 4 & 5 F % & B {2 5F 8006 7 21 Cys224.

Transmembrane domain (TM1, TM2) was indicated with yellow box. A highly conserved catalytically residue was indicated with red asterisk.

TR b 1 FR & F A 0 T 36 %0 .21 %0, T i L DR bR R 43 - b T 13 % 6 26, DL EES IR B AT R
14 s ZeCERG 40 IF L1 W7 A= Y T B CR AR (A 3, DTG 4 415 1E 35 A= 4

2.6.2 T RALFIXSHIER B IT IR S LOCE IS BEE SXT IR, T 5 Ak B e 5 DY R ik
MR G IR R A A R ML E LR 2R MK MR B E e TR AR 1), DL EgS
W] 1 52 A 3 7 e PR Pk R T o A R A e 1 R R R AL B DT DR IE TAELBR O 1R Y I R AT
2.6.3 TRAFMFEILHBIREIT R L BERZM EW KT RSB R R 0B R 2R K R4 3232
RBUR T HF AR 2k 24 M T R AL BLG |, BT A 6 5L R bR 3R 0 B A i R 2 7K R R 2 3132 1 AR L T 0 B 2
P TR B AR AL SR R R A T B A B (B 12) o DL 25 SRR, 5% Ze CERG 4T I bk 5 28 B0 MERR AR, AT Uk
DT KGR

2.6.4 T T4 B0 B DL R T I R R X SOK RS AR AL SUAR G K B B TR 2 S K A AR
FIAL Y ) DR K R ) R A 90 5 B8 ) 0 JE B . B R AR T, 45 Bk R Z II I g AR K RO B 3 25 R (P>
0.05) , ¥HUERFAE 7250 7oA s 76 T AL RS 55 3 IR Bk 2 49 0 3 A X 3 7K AP 4 5 78 70 %6 22 Ay, T B A= 760 ) o 28
54% . UL SE Ze CERG 40 g IF 7 22 BT 510 30 J5 475 A8 e REH 4 i K 2 kA (181 13)
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92 XP_003555901.1 GmCER6
XP_014514208.1 VrCER6
XP_004135090.1 CsCER6
2l 100 XP_008446598.1 CmCER6
XP_004299082.1 FvCER6
XP_008243224.1 PmCER6
67 XP_008339680.2 MdCER6
7 XP_012082087.1 JcCER6
XP_021637941.1 HbCER6

85 24 XP_010066726.1 EgCER6 ST A
38 EXP_OOBIMS’]'I PICERG Dicotyledonous plant

73 XP_011007926.1 PeCER6

ﬁgﬁ

49

m

7 XP_006437664.1 CcCER6

= XP_012467884.1 GrCER6
E XP_007044356.2 TcCER6
% 65 XP_022725817.1 DzCER6

XP_011099559.1 SiCER6
37 — AAM65060.1 AtCER6
99L— @ ZxCER6

— XM_008802938.3 PACER6
57— XM_009393133.2MaCER6 B A )
NP_001310469.1ZmCER6 | Monocotyledonous plant
AAY52458.1 GbCER6

E4 AREHEY CER6 R 4t /L # 5 #r

Fig. 4 Phylogenetic tree analysis of CERG6 in different plants

VICER6: =24t & Vigna radiata var. radiata CER6; FVCER6: #k Ml ¥ % Fragaria vesca subsp. vesca CER6; MACERG: 3 Malus domestica
CERG6; JcCERG6: FRINH Jatropha curcast CER6; HbCERG6: B IEH Hevea brasiliensis CER6; PeCERG: ##% Populus euphratica CER6; CcCER6: 7
3 T Al Citrus clementina CER6; GrCER6: 75 5 8 [K M} G. raimondii CER6; DzCER6: #f 3 Durio zibethinus CER6; SiICER6: Z Jik Sesamum
indicum CER6; AtCERG6: #lM JF A. thaliana CER6; PACERG: #F % P. dactylifera CER6; MaCERG6: /NREHF A M. acuminate CER6; ZmCERG6: &
K Zea mays CER6; GbCERG: R4 Ginkgo biloba CERS.
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Fig. 5 Expression pattern analysis of ZxCER6

21 2V S 1 3K A 2K Tissue specific expression pattern; ML: H1 )2 1 Middle leaves; MLE: )2 13 iz Epidermis of middle leaves; UL: L)zt
Upper leaves; C: F Mt Cotyledons; S: 2£ Stems; R: # Roots. B: 50 mmol-L ' NaCl4bH T % ik # 3 Expression patterns under 50 mmol-1. ' NaCl.
AR /ING 7 3 R A [ 350 407 R (] b BB R) R 22 5 @ 2% (P<<0.05) . Different lowercase letters indicate significant difference among different tissues

or different treatments time (P<20.05).

2.6.5 15 4b B P e R 40 R ST R X O A A 14 R il FAFTR Bt J DR U A A R 1 R G ST 3% M T
2R (P>0.05) ;1 T2 A5, A8 S B Az 8 3 2 e J5 DR R PR 19 4 X o 35 1 250 1 1 ) AL, 3 A 78 A
) 18 MR /R 3K 137 %0 o X U B T R AL B e Ze CERG 405 JF Wk 72 14 40 it 5 A7 451 P 2 B A T3 2R AU (R 14)

2.6.6 ZxCERG XU I7 # 5T 2 W 1 A= ) 5 J 14 52 Wil N TN ZeCERG A5 #f 52 W 573 i b /9 £ R, % B
A FH OES \OE8 \OE12 F1 OE19 4 A% 3 K #k Z 11 3% JA& 1 4K I 25 o J5 (1 20BN B EAT T A B (15
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DAg7 BAR - Pmas- pAtCER6

12M34 D AtCERG6 ZxCERG

Elo #EYMREHMEHHE

Fig. 6 Construction of plant expression vector

A AW # 3K BAK pBIB-BASTA -pAtCERG : : ZvCERG ¥ 7 78 7 €] Schematic diagram of plant expression vector pBIB-BASTA -pAtCERG: : ZrCERG
construction. B: pBIB-BASTA-35S-GWR-FLAG 3£ Tl # A& Hind 1l 1 Sac T W Y] 3k K 3% pBIB-BASTA-35S-GWR-FLAG Hind 1l and Sac 1
double enzyme electrophoresis; 1, 2: XU H 7k 477 The electrophoretic bands of double enzyme. C: A/CERG #l ZxCERG 43 | il A Hind 1 Fl Sac T
Jitg 17143 25 L Yk B 3% AtCERG and ZxCERG join Hind Il and Sac 1 enzyme electrophoresis; 1, 2: A?CERG HLJk 47 AtCERG electrophoretic bands; 3,

4: ZxCERG WLk 4ty ZrCERG electrophoretic bands. D: A¢?CERG6 #l ZvCERG T i PCR HiJk i PCR electrophoresis of A/\CERG6 and ZxCERG strains.

R 16) ., 76IE% & T , 554 M, OE5.OES, WO OBs OF8 OEl2 Ol
OE12 Fl OE19 % K& R bk 22 Ja it 50 B 25 1t 0 1) 3% ZxCER6

T 25 69% .56% .87% 1 73% , Hivh, 4 45 L R bR

ek & BB A B o e T 96 % .85% .129% AtActin2

FI110% (P 15A) o [F] i & B e 5 DR ik 2R v ) o K50tk
. ¥ 7 U 7% 1 ZxCERG6 B RT-PCR & ill
B bR o B0 B T (P<0.05)  #F IR Cog 7 FREEIBEING ZxCERG ) i .
Fig. 7 RT-PCR detection of ZxCER6 in transgenic
Feke 1 OE12 F6 3L 0 RBR 00 & R S UMM EEHE o, pidomis
T 1.64%5 (K 15B) . T 78 B A= AR 4 AN 55 L R Bk & WT: ¥4 Bl m JF A Bk Wild type Arabidopsis plants; OE5, OES,

. TN OE12, OE19: #% 3 A #l B JF ¥k R Transgenic Arabidopsis lines;
25 o U 30 A Bt 0 (P
ALY 55 EF‘ W b et ¥ ik B 2R i i€ AtActin2: W23 H Internal gene. T [A] The same below.

A 4J8 e 4y, IEH BE K8 d B 4R R 4 H, Ak BE KT d, K1 d
4-week-old seedlings, normal condition for 8 d 4-week-old seedlings, drought for 7 d, rewater for 1 d

‘*:t;ga,
WT OE5 OE8 OE12  OEIl9 WT OE5 OE8 OE12 OE19
C SFE WS S, IEH# Beke d D S S, kB KT d, K1 d

5-week-old seedlings, normal condition for 8 d

S-week-old seedlings, drought for 7 d, rewater for I d

WT OES OES OE12 ‘ OEI19 WT OES OES OEI12 OEI19
E8 AETEAHTHERMZXCERCEERMBTHERKRE
Fig. 8 The growth state of wild type and ZxCERG6 transgenic Arabidopsis under different drought periods
TRl A KB 43 5010 S 55 14 1 52 J 350 x) B R &b 315 PR C R D 43 501 SRy 55 24 1 52 R B X B B b 3. A The first drought period control; B: The first drought

period; C: The second drought period control; D: The second drought period.
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Fig. 9 The plant height of wild type and ZxCERG6 transgenic Arabidopsis under different drought periods

A 5B 1A T 2 A The first drought period; B: 25 24T 5 JA 1] The second drought period. AR /NE 75} 36 7 B A= B FIAS ] e 5% R Bk 2 76 R [R) b B
[A] 22 5% 1 3 (P<C0.05) . Different lowercase letters indicate that WT and different transgenic lines have significant differences among different treatments

(P<<0.05). F[A] The same below.
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Fig. 10 Shoot dry and fresh weight of wild type and ZxCERG6 transgenic Arabidopsis in the second drought periods
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Fig. 11 Analysis of chlorophyll content and photosynthesis index between wide type and ZxCERG6 transgenic Arabidopsis in the

second drought period
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Fig. 12 Cuticle permeability of wide type and ZxCERG6 transgenic Arabidopsis leaves

TEH ZAF (A B)AES 24T 5 AR (C D) B AU Ze CERG e 3 LR JF 1 7 2 K R (AL C) B2 R R (B D). Water loss rate (A, C) and
chlorophyll leaching rate (B, D) of wild type and ZxrCERG6 transgenic Arabidopsis leaves under control (A, B) and the second drought period (C, D). %
{5 R F- 45 + bR (n="5) . Data are mean= standard error (n=5).
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Fig. 13 Relative water content of wide type and ZxCERG6 Fig. 14 Relative membrane permeability of wide type and

transgenic Arabidopsis leaves ZxCERG transgenic Arabidopsis leaves
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Fig. 15 Wax amount and amounts of different chain alkane constituents on rosette leaves of wide type and ZxCERG6 transgenic
Arabidopsis
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Wax amount (A, C) and amounts of different chain alkane constituents (B, D) on rosette leaves of wild type and ZxrCERG6 transgenic Arabidopsis under
control (A, B) and the second drought period (C, D). RREI/NG F 83K IR 4 bk & 2 [ 25 5 8.3 (P<<0.05) . F[A. Different lowercase letters indicate

significant difference among the lines (P<C0.05). The same below.
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Fig. 16 Wax amount and amounts of different chain alkane constituents on inflorescence stems of wide type and ZxCER6

transgenic Arabidopsis
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Wax amount (A, C) and amounts of different chain alkane constituents (B, D) on inflorescence stems of wild type and ZrCERG transgenic Arabidopsis

under control (A, B) and the second drought period (C, D).
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