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Cloning and Expression Analysis of Two SERKs Genes in Oriental Lily
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Abstract: The ability of sensing and transmitting extracellular signals exhibited by somatic embryo genesis
receptor-like kinases (SERKSs) plays an important role in plant physiological processes such as growth and development.
Base on the transcriptome data of Lilium oriental hybrids ‘Siberia’ , two SERK genes of Lilium, LoSERK1 and
LoSERK?2, have thus been coloned. The open reading frame of LoSERK]1 has a total length of 1875 bp, encoding 624
amino acids and containing 53 potential phosphorylation sites, while the open reading frame of LoSERK?2 has a total
length of 1 887 bp, encoding 628 amino acids and containing 55 potential phosphorylation sites. The amino acid
sequence similarity exceeds 90% between LoSERKs and plant SERKSs such as Arabidopsis thaliana, Oryza sativa
and Camellia sinensis. The phylogenetic tree analysis shows that the LoSERKs of Lilium are in the same group as the
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AtSERK1 and AtSERK?2 of Arabidopsis thaliana, and two OsSERKs of Camellia sinensis. A real time quantitative PCR
analysis shows that LoSERK1 is characterzied with a high relative expression level in both petals and anthers, while the

relative expression level of LoSERK? is high in open petals. It is speculated that LoSERKSs are involved in the regulation

of pollen development and floral organ abscission.
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1 HIRE=

A 4 B R & A 25 2 AR B4 ( somatic embryo
genesis receptor-like kinases, SERKs) J& T &
5t TR T 4 Z K W (leucine-rich repeat
sequence receptor-like kinases, LRR-RLKs ) ZJi%
AU HEAZGHWAS - MH S E S REAmRER
J¥4 (LRR) ZHRC A M AP EE IR . — A 5 B 25
3ol R — A 20 B DY SRS R 3k P, SERK (K 5 ) 2
MBS ARG SR b o g ok, JFAE A R
JEIE SRR E B Y Rk, Bhgfe Hph pAE
i 3 SERK SR S0, Biln, st ™. kg P,
FoARE R NE T RV F P SERK
EE TR Y, IR AERK . KRB &
70 J52 I H A T A VR

H AT, SERK Mg 5% = 2 A L AR
PFg Ik I . AR IT H A 5 4> SERKs K B
B4, M ASERK1~AtSERKS, . 7E Col-0 % 5t F
AtSERK1~ASERK4 HATWHEMEI 2 5 T 2504w
I8l , 1M AISERKS 1€ Ler 558 N A HAT G £
WF5E R W], SERK 1EHHL3Z14k (Coreceptor) , HA
[Fi] 1) 32 1A A 1 — R ISz A L A AN (] B B A4y -, T
TR N N g v N (2 = W 74 1B R DA
A fE 5 5 AR LA sh U ik TPD1

(tapetum determinant 1) 5 I 5% & EMS1 (excess
microsporocytes 1) M4 E M 45 G 5, EMS1 #H5%
AtSERK1 8, AISERK2 & i 5 I — R AK, I 4% 40
EEE) =11 U= M) 111 B E 0 i N O 195 A %)
I atserkl . atserk2 SR AR & B R MEPEAS &
AtSERK3, L FX & BAK1 ( BRI1-associated receptor
kinase 1) , HEWE 7E A ¥ i & BR ( brassinosteroid,
M3 KR ) 5 B 2 K BRIl (brassinosteroid
insensitive 1) 254 J5 P s 4% 47 55 i “BR-BRI1-
SERK3” &%), #EMEHE BR /v 3R AE K &
B M. BR T ASERK3 b, AtSERK1 Fl AtSERK4
1 BR 55 REIIRETUARVER, RIS atserkl |
atserk3 . atserk4 =575 RXF BR A 5E AR T

AtSERK3 5j AtSERK4 —f2, AT T IV S 2
i ' ASERK3 1 AtSERK4 et i3l 5 Az Ak FLS2
( flagellin-sensing 2 ) . EFR ( elongation factor-Tu

receptor ) & PEPR1/2 ( PEP]1 receptor 1/2 ) T 54
TRIK, IR SRR A f1g22 (—> 22 M
FERRBRIEZ IR ) | elf18 (—A 18 DNEIERILIEL i )
NAEYINIRZ K Pepl (peptide 1) {554rF, JEmi
DRI e S M URE ST atserk3 . atserkd WG
AR RS KGR B iR e, FECEERM
PR RN EOE U, BIRHF AISERK1-A(SERKA
T4 5 % 1k HAE (HAESA) s HLS2 ( HAE-like
2) g5E, FEILE A T4 £ K IDA (inflorescence
deficient in abscission ) VLR F %, atserkl
atserk2 . atserk3 Y, atserkl . atserk3. atserkd4 — %%
ARPR RIS AER B A EIE 1 27 T sk, B IT
SERKs 182 5 1 45 At AR KOk kRS, et < 4L
#3X, ( stomatal patterning ) JERY, P70 ARAG AR B
/SR A

FEHABAE Y, WAESE T SERKs 7E/r FAEY A4
KT Mo SO i T SRR T o /KA ( Oryza
sativa ) OsSERK2 fE % 5 % & 52 1K X421, XA43 Fl
OsFLS2 HAE, Z 5% /KR $ 0 E ( Xanthomonas
oryzae pv. oryzae ) PitERIEE . P 1 OsSERK1 Fl
OsSERK2 #[s 8t 15 52 & OsBRIN A, FFA 'S BR 1
Zm Ji B K A B ( Nicotiana benthamiana )
NbSERK3A Fl NbSERK3B 5 NbFLS2 HAE, I+ &%
A Sy INF1, 3 T 80T 200 A 5 4% S M 2
B ( Phytophthora infestans ) {24 27 1eAbh,
FiAE . T 5 R SERKs Z Hfgm Bl F R L5 .
BR T[N [ S REtag & B

AR BRI —, HAER
b, AEAREER . AR HEMRBIEL e
TERICH KA BT A R L, X 275 L AL AR AL )
RRAR LR A AL, IR MG A 88 T 75 R TN T e e
T AR AR . TERE LA, AARS
ZREE . A SRR R, TR E R i &
a, R, Wik, FFREA SR AR
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K4 FHLE B 0F 9T, LAE 4> 7 7 FlAE 2 e
R RO &, A E A EEE P,
SERKs L4 IE S 5 THYABER 755 . &
S N AR N I 2R aniG g, BHRTTE A A PR
FHRHIRIE . AR INA T EHS “PARNE” Hripe
#1724~ SERK [RJEFEH, 435444 4 LoSERK]1 Fil
LoSERK2. FIA W15 B2% )5 %t LoSERKs 47 T
A3Mr, [A)As SR A SR R B PCR AR X} SERKs 16 ANf]
AP RIKRIAT T 00T, LI il —2 T
HAH SERKs H T RE S LAt

2 MEEFE
2.1 SRIEHR

SEEMEL AT A A CPTHARE” B, T
W Tk KA A TR O, Y2020
RNA $2HGAF & A bt s A MR A R A w]
PrimeSTAR GXL DNA R AW A 5 H EAEY AR
(dbmt) BRZAF; PCR YRR NG H &,
4 3% R B A M-MULV 3855 SRR A AR T A T
B (Rl B AR, SERF 9Ot 7t PCR 3K
A BigE AP Al
2.2 H RNA $2E

FIHT RNA 250 G “PEAANE” & RNA, R
JEUEFTHLPRARIN (1% BRHE ) . LLE RNA WA,
FIFH Oligo dT18 51¥1F1 M-MuLV 33 %% 3 i & 18 55—
B cDNA, T -20 C N EE&E.
2.3 LoSERKs HWERE=[E

M4 B A e P 45 5, SRR T 24
SERK [R] Y5 I 741, 3% 2 4~ Ik PR 35 45 50 24 11 JF
T ] BEHE (open reading frame, ORF ) , K B 43 7
S 1 875 bp 1 1 887 bp, 43 Jll fir 4 A LoSERK1 Fil
LoSERK2., #) ] Primer Premier 5.0 i 311X 2 >4
H) %5 5 51 ¥ LoSERK1-LP/LoSERK1-RP #1 LoSERK2-
LP/LoSERK2-RP ( W35 1) , HF ¥ 44 LoSERK1 Fi
LoSERK?2 X ¢cDNA J¥41, Dk cDNA 25— At ,
F] Fil PrimeSTAR GXL DNA 3 & [} ¥ 1% LoSERK1
Ml LoSERK2 %:[H ¢cDNA J¥ 41, PCR J i 14 & Hy 25
mmol/L dNTP Mixture 2.0 puL, GXL buffer 5.0 pL,
GXL DNA Polymerase 0.5 uL, Template 0.3 pL, 1
[514 0.7 uL, K514 0.7 uL, ddH,0 #ME % 25.0
uLo P HGFEF: 95 CTFP I HAEYE 2 ming 98 CF
P 10s, 60 CTFPHE 15s, 68 CTH 1 2 min,
AT 32 MEFR; 68 CHEH S min, 12 C{RfF. PCR
77 5 B R AR IS L UK R S5, PRI AR K/INIE A
BHMFBOEEATAY TR ( BiE) BRrARA

Al AT OOl DA R B SR AL B T LoSERK FNl
LoSERK2 FL[H ¢cDNA J¥ 41 [ IEfft: .

% 1 LoSERKs EEH5|#/F 5!
Table 1 Primer sequence of LoSERKSs genes

K L

Lospriip S ~CCAAATCGACTCTAGAGCTCCCTTCTACTC
o T AATCCTC =37

5’-TCGACCCCGGGCCCCTGCAGAACAAATCA
GCGAACCGACAG -3’

LoSERK2-LP 5 —CCAAATC,GACTCTAGAGTTATCCTCCTCGC
CAGAAAT -3

LoSERK2-RP 5’-TCGACCCCGGGCCCCTGCAGCTAGTCGTA

GCCCTACAAAGAA -3’

LoSERK1-RP

24 HEWMEEESW

| Jil DNAMAN 9.0 %t LoSERK1 Fll LoSERK2 ¥
(K% ORF M H: gl 2d FElR /¥ 1 #4743 5 FIIH NCBI
B ¥ FE ) BLASTp ( https:/blast.ncbi.nlm.nih.gov/
Blast. cgi ) Xf LoSERK1 Fl LoSERK?2 (/][5 2 3L/ ¥
S HEATI42; FIH] BioEdit 7.0 X A [F##h SERKs 4
B P A\ AT Z FE A, TR MEGA 11.0 B 28 4%
#: (neighbor joining ) #4 % R G k& LW ; I+ H
TE 2% K 1} NetPhos 3.1 ( https://services.healthtech.dtu.
dk ) TR AL i, AL 2R (https://www.
novopro.cn/tools/ ) X H: i 47 5 B 45 44 F1 45 5 Bk A9 il
s f# A SWISS-MODEL ( https:/swissmodel.expasy.
org/ ) AT =BT
2.5 LoSERKs IEEH

PEAGIARRAZ, B AANEE ST AL
A B CHOR T 0 A8 8 SR B AR 2h T R
Uk, PRAFZE -80 CUKAEh. TG % B8 2 R IT
J& 1 d BULTF R AR IR B A AL 2 H R B B, b
FHR RS RG, RAFZE -80 CkAih. JaCHEM
AN [ B[] 5 s A () 2 R0 Ay e 9 4 s ] B A R
SLRNA, fiff T30 %% S i) G261 7 F 4 First-Strand
cDNA )& i, M3 LoSERKs 3& [ ) )y %1, fif H
Primer Premier 6.0 #X {4 1% i qRT-PCR 5%, LIH &
B-Actin FEFHINZ:, 519175 0Lk 2.

R 2 ¢RT-PCR HTHIS| #1551
Table 2 Primer sequences for gRT-PCR analysis

5 W Il

P-Actin2-F 5’-CGGTGTCTGGATTGGAGGGTCA-3’
Pp-Actin2-R 5’-CTTCCTGTGGACGATGGCTGGA-3’
qSERKI1-F 5’-GACGGCTTGCGGATGGTACATTAG-3’
qSERK1-R 5’ -AAACCCACGAAGACGGAGAAGATTC-3’
qSERK2-F 5’-CTCCATCCGAACCTCCACTTGATTG-3’
qSERK2-R 5’ -CAGTGATCGTGCAGGTATGATAGCC-3’
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¥ cDNA 1 ¥ # B 10 £i5 1F i qQRT-PCR % i/
R PR BB, SR A QRT-PCR B9 37 A K I 95 A4~
LoSERKs BERNTEH & AR AL iRk i . AR
%4 SYBR Premix Ex Taq IT 10.0 uL, 1E[ 514 1.0
uL, FZM5145 1.0 uL, ¢cDNA 5.0 uL, ddH,O b2 E
20.0 L. ZJ W FEEFE N : 95 °CF 10 min; 95 CF
10s, 60 CF 155, 72 CF 20s, 40 MEHFZH
Fifik, 95 °CF 10s, 65 CF 60s, 72 CF 20,
RS 3 A ERE UK AREERES, W
PATC K AR A 2 P X HE g B 27T SR A
AT FR A

3 BRES

3.1 LoSERKs EEERFIINMER

FEF A7 A A VAR 5 S ¥ 5088,
Hp i S 2 AN A A IR & AR 2 A7 AR S SERK 1)
R IE . DUE G M R cDNA 155 — 255 0 15
M, 4350 5E 5 51 90 % LoSERK1-LP/LoSERK1-RP
Ml LoSERK2-LP/LoSERK2-RP #k 17 PCR 4" $# ., 3k 15
LoSERK1 Fl LoSERK2 F:[H 1) cDNA J¥41], PCR 4 1
TR 1% B R0 6 e H Dk A, 45 2R BOR H AR
P14 4 H LoSERK1 %9} 2 200 bp, LoSERK2 %]
2400 bp, XSHIAZEHAEST (ILE 1, Hb M
DL5000 DNA Maker ) .,

M LoSERK1 LoSERK?2

3000 bp

2000 bp

B 1 LoSERKs i) cDNA FF3| PCR ki 18
Fig. 1 PCR electrophoresis amplification of cDNA sequences
of LoSERKs

W 45 B W R, LoSERK1 I LoSERK2 Ji
cDNA J7 41| 55 410 45 - — 3, 135 56% ORF
J¥%1, b LoSERK1 JE[H ORF 42Kk 1 875 bp 54
i 624 AN FERRIRIE (UL 2, o, A iR 1L
{7 AT ), LoSERK2 K:[K ORF 42Kk 1 887 bp,
Gty 628 NEASLIRERAE (UL 3, FHodr, (R R BEIR
A7 ST ) .

IO IO I

PT LVN PCT WFGH

s G(s)LV PQL GoL

RN
NV Loy oD
z DL G N A AL
N O PN I R O N RN I O e
3 o IO IO PN I IO
151 !.(;)Gsxrqsx.@uxsAquLannnHL@ctvP
) S G() T B L (AP TS EAN N E G E G (R T )
N P ()R R END PVE mm m()(‘f,’)a.x.
R S S N S S W RN NN
D Ve AEE DR EVRLGO LK RF(L REL QA G)
301 F(S)N K NI L GR GGF GKV YK GR LA DG(T)LVA VKR
RO G e R LD T OO E R e Ay AN L L
Re E C M(T) PR E R L L VoY B XM AN GBIV e R R
391 P p(s)E 2 P L DwW m!nRXALG®AIGLs¥Lnnuc
a2 R T TR DV K A AN T L LD B D E R AV D E oL A
x

x 1 1
51 k1L Mo xnﬂvmr.vncﬁcuz.rgm;mc
o1

Y

[0 O N R R N I N S A
511 N D DD VML LD VK e L L KB R R B MLV D BB L o)
sen N T T EVEY B LTa VAL Les oo ion
51 VU R ML B G D LA B R e R R R Y RGN
601 B R G WC(E)E WE VDS D NE R AV E LS G RN

B2 LoSERK| HHERS MBI BEBRKERFT
Fig.2 LoSERK]1 nucleotide and encoded amino
acid residues sequence

I ML LHPGH

PR N RVE AN P E
DAL H@L RGN L WD SN VL @G D
T

P TLV NPCT

™
o
w n v c N ND N VTR VD LG NAAL S GTL VPOQL
s C e LK NI (D ,_@)s... G I r s B LGON LoE¥L
VS LD DL NN EEo G o T @,_G.. xR E LRLN
IO EROTION l((g)).x@xs'r!—nvl.nl.snnﬂn@s
E v P T G () F L (@Mer 1 s FaN NeP@E)L C G P G(D s K

> L
crece
® R A PP F ()P PP PFN P PAP L(S)PQ G N(DA S (SXT)G

A G GV A A AR L E A AP A TG A M R KR KO
x F oV AE ED BEY HOLGO LEKRE(DLREL GVA
DG E GON KN T LG ROG F RV XK R L ATDCE T
v KRR RCDE G G E L e E e Y E M TS A RN
TR L ORGE C M) )RR Y m AN G VoA e T
= o Dw PV RR RI ALG()ARG L(E)¥ L
2 “oom P T E R R DV KA AN T L LD ED EEA VY &D F
a1 CC L AR LMD KD IR V(D) T AR @) G NGO
81 @cx:xrnvrcvc!unxzxxr SR A E D LA
S5 R LA H D DD VML LD WK e T L KE KK LB Ly D
L o(D N ®vlvalsnxqvn).l.croz:®p).nn x
M(E)E vv@unlcna @lxuuluqxv:v).no v

A A E R RS DE R T Ih D BN RaAr EL s e ry

B3 LoSERK2 ZHERS MBI BEBRKERFT
Fig. 3 LoSERK?2 nucleotide and encoded amino
acid residues sequence

3.2 LoSERKs {55 Rk, BRELMIR =KL

fif /1 DNAMAM9.0 4K 4 7 #t, LoSERK1 # [
J B A 4> T R 68 591.0, EHIZE e (PT)
M 5.35, GC & &4y 48.27%; LoSERK?2 %% [ J5i A Xf
gy Rk 68 933.2, “F¥AEHL AL (PI) K 5.50,
GC 14 47.38%. L FEL AR H K] 4a R 6 %01
LoSERK1 Fi {55 AR BER R . 99.32%, 175 KR!
k1 SP(Sec/SPI); VI HIA7 ii: 24~25, MRy 87.67%
= 5 Bk J¥ 41; MAVAERAWFLILVLLLRPIARVSA
i &l 4c A %1, LoSERK1 T #1 — ™ 5 B X, i 4%
TF 242~262. H1 &l 4b A] %I, LoSERK2 fi 15 5 Ak
) A 2 Ok 99.82%, i % JIK 25 7 3 SP(Sec/SPI);
PIRIAL 51 27~28 (9 HE % 90.90%. 15 5 ik JF 41
4 MAVVEQSSALWFLLLIMLLDPLAKVSA, H
4d AT A1, LoSERK2 &A1 — A~ BEIX, JLA7 s A
239~261. LoSERK1 45 53 PR AL (& 2)
LoSERK2 #7 55 A~ IR Ak A2 &5 ( 181 3) . LoSERK1
Fl LoSERK2 — 5 Tl i &1 5 o, P& DL oK
SERK M#iti, f#i ] SWISS-MODEL #EA7 i, %
PR ) PSR AR 3k 90%. -t [ B 5 4 35 ik [v] V5
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Signalp-4.1 prediction (euk networks): 20220719202054021
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d) LoSERK2 W5 545K Tt
4 LoSERKs S MK BIEEMTN LR
Fig. 4 LoSERKSs signal peptide and transmembrane

structure prediction

Syl

REL,

C-terminal

N-terminal
a) LoSERK1
SPP

. Kinase domain

C-terminal
b) LoSERK2
B 5 LoSERKs =Zk&EHgFniml
Fig. 5 LoSERKs tertiary structure prediction
33 ARG HTRRFEHUMGESER
T WS E A SERK 123 1R )7 9 A6 2F Ak i 72

R BRSTIE R ZREE, #F LoSERK1 FI LoSERK?2 28 %%
1% ¥ 41 5 oA R W) i SERKs 2 518 7 41 B4 T HE Xt
£ 5 BU RS 5% (Arabidopsis thaliana ) . K% ( Oryza
sativa) . R\ %L (Ananas comosus ) . Ml £% ( Elaeis
guineensis ) . 4% W ( Camellia sinensis ) . Ut /K Fg

( Cinnamomum micranthum ) , V] 0] # ( Theobroma
cacao) . 45 B I /N, LoSERK1 Fll LoSERK2 K 2,
FETR ¥ 5 AH DL 15 5] 90.22%, W& 5 H AL RSy
SERKSs 0 HEMR 7 41 AP e vy, S5 RUAL L i
H 45 B - I AR W) 9 SERKs 42 5 R 5 91) AR AL A B
92.74~93.21%. 5 XU MAH ) A S5 AR (DAL iRy ik
90% (K 6) .

i3 NCBI ( https://www.ncbi.nlm.nih.gov/Structure )

o3 Mt & B LoSERKs A1 W A 8 8 e 8 B2, 0 il A
PLNO00113 superfamily ., PKc_like superfamily ( U, [&]
6) . 1 PLN00113 superfamily J& & 75 4% %4 R T 4
741 X 4 (LRR) , PKc like superfamily 7 J8{ fiff 2%
Fdsl, [R5 T S BIR ST AtSERK1~AtSERKS FI/KAH
OsSERK1. OsSERK2 AT R G EAL W Fy , fi & 7
A1, LoSERK1 5 LoSERK2 4355 /KR OsSERK1
Fl OsSERK2 ARAUTERL S

N-terminal
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Fig. 6 Multiple alignment results of amino acid sequences between LoSERKs and SERKs of other plants

52 OsSERK1 Q6Z4U4.1
86 A LoSERK]
Jl—é‘ LoSERK2
100 OsSERK2 Q7XV05.1

100 AtSERK1 NP177328.1
AtSERK2 NP174683.1

AISERK3 NP001190904.1
—{—100|7AISERK4 NP178999

AtSERKS NP001324219.1

—
0.02

7 ETFHlETT. kTR BE SERKs RAEXEHHEE
Fig. 7 Construction of SERKs phylogenetic tree based on

Arabidopsis thaliana, Oryza sativa and Lilium

3.4 LoSERKs LHtEE PCR ##7

T HFGEE A SERKs FEAE#R B H I kB
PLE A M H A LoSERK1 ., LoSERK2 3 [H 3¢ ik & >
1.00, RSB M LoSERKs KN AEM 1. RIFjik
PIAEE . IR . REIAEZS . C R AR
PR Rk . BRI, WIS LoSERKs FE[H
TEA R H RIS EAETE2E R, LoSERK] HEH (1A
8a, Htr, L yith; UF HARIFILIEME; OF NIt
HIAE M TA AR BUEARIAEZ) s MA i E AR 1
25 ) FEARBUAIALZS Th AR X R A e d s, A
WY 14.39 % HAEC B R S s
10.76 , ARFFHLAIAEIEAN T BRI AL 245 TR AR Rk 1,
S9N 4.43 F14.98, LoSERK2 K4 (14 8b) fEE T
HCAAE I AT A R (4.10) B R T (1.00) |

KA (0.79) . EREMIEZ (0.44) | K
FEICHIAEE (0.40 ) 5 1 LoSERK2 J PR 7E R B2
25 BT R AR Rk 22 5 B 0.35; %
SERTEARTF LR AR 2k SR AIER 0.40,

20

relative expression
> v

w

L UF OF 1A
a) LoSERK1

MA

5] w =

relative expression
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