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Abstract: FRK1 is a marker gene downstream of the innate immunity in Arabidopsis thaliana (At), and FRKI’s expres-
sion implies the initiation of the PTI pathway. This experiment screened eight FRK1-like genes from the cassava local
genomic database via the Blastp method. Bioinformatics analysis reveals that all the eight FRK1-like genes encode re-
ceptor-like protein kinases with amino acid lengths between 804-921 aa and an average protein sequence length of
863 aa. The eight genes were found unevenly distributed on cassava chromosomes, mainly on chromosomes 11 and 4.
The analysis of the gene structures showed that the eight genes could be classified into two groups, which in agreement
with the results of the evolutionary tree analysis. Based on the location of the conserved motifs and the length of amino
acid residues, it was found that MeFRK1, MeFRK4 and MeFRKS5 shared three conserved motifs with AtFRK1, and the
length of the conserved motifs was between 50 and 250 aa. By comparing with AtFRK1 and factoring in the results of
protein motifs, chromosome positioning and evolutionary relationships, MeFRK1 was identified as a marker gene
downstream of the innate immunity in the cassava genome. The experiment was conducted on cassava SC8
group-cultured seedlings, and the expression of MeFRK1 gene in leaves was measured by fluorescence quantitative PCR
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after treatment with the hormones SA, JA and the pathogenic bacteria Xam, respectively. The experiment unveiled that
the expression of MeFRK1 gene after the treatment of hormones SA, JA and Xam all demonstrated an increasing trend
followed by a decreasing one. After the treatment of the hormone SA and JA, the expression of MeFRK1 gene both
peaked at 15 min, with the expression under SA treatment slightly higher than that of JA. While after the treatment of
Xam, the expression peaked at 4 d at which time the expression was significantly higher than that of SA and JA treat-
ments, 2.84 times that of the SA treatment and 3.06 times that of the JA treatment. It is evident that MeFRK1 has a posi-
tive regulatory effect in response to SA and JA signaling pathways for a short period of time, and the response is rela-
tively rapid. Pathogenic Xam could better induce the expression of MeFRKI gene, thus improving the resistance of cas-
sava to pathogenic bacteria Xam. The results may lay the foundation for further establishment of a molecular system for

cassava disease resistance.
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ZORB ZUE ik X H RERE N A AT R S, Ot
B TA FRK IR, 7ETRadEe T, HIEH
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2 FI AR FE RO, IR mT
fiff FRK2 SRR RiA 5 B, fEm H S5 pkd,
FIUHTE2WHEES, FRK L ERL S FEiE,
[ Bsf % B4 I o FRK BRI SR A& Fl T
3.3 1%, /8 FRK 76T 54l T K i mE /e,
HAlA % FRK U FHLERF R E K E . Bk,
KRG KESEY Faw kY,

A2 ( Manihot esculenta Crantz ) } 2 4F A i
ARHEY, RHIWRE SEmEyin, 5585 .
e —FRR A = R AR, R X
() E B R L T2 B A 7R T ] g ) BT T A
WHLDC, 7 Ph . AR WEEA (X)) , Hrp
VAR E R R, R AEE . KRB
B EERER 8 fl, MEMEEER (Cassava

bacterial blight, CBB) J&f& % fix N E AR EZ
—, ER N AT I A S 90% 1 kR H AT
CBB $ifi > T HLHEE AN VE 2 . AERIRE T, FRKL
SRR RKAE FUFARC IR, BN KA RS
05 JE R 2 43 F 4 2 M & 19 B B 1S ( PAMP-trig
gered immunity, PT1) B2 Hh. B, AR5
DA BRI S R, SR R IR 51035 U0
K FRKL 83 IR x Hb AT A M5 B 2e 3
KT, DI — S AR PTI AHEHESE,
AT AR 3 = U A S A & TAE 21K

1 MR 5FZ*E
1.1 ##

PIAKZE SC8 #hFP 30 d 4LE54h v AL RE, KBS
PRt | A TACEE, R 3 A, &by
24 D100 pmol/L /KA7ER (SA) , 2100 pmol/L
KA (JA) , OEHRHME ( Xam, ODgoo H
0.6~0.8) o HEANALPE 20 k1, 3 NEE . SA. JA
F M5 25 0 05 SAEA AL FE, Xam ) FH 55 ik 4
HEATARER, DAITCHEKAE XTI, SA | JA 4B S 4
BIZE 0 (CK) . 15, 30, 60, 120 min Bk, Ji%
JREE Xam 243 507E 0 (CK) | 2, 4. 8 d L
B, BUREERAL 4 AR e, B FRE S A 10 B
B S AR AL I B T80 C A .
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12.1 K¥ErtH ¥ RNA 932 BE cDNA 4%  HL
AREM 0.1 g, HEME, SHAEYE RNA £
BULH & ( TIANGEN ) Ui 5 E 45 A Z i B 5
RNA [H2HL, 58 iU HUH0RE B RNA %A 21 30 pL
TR, i DNA T JHB M RNA &
DNA, - H 1%3 b EE A I RNA 575 1) 58 3%
4 S DNA B BRTE AL B 5 uL B RNA iSRG



5 8 1]

RAAE: R FRKL JEUIEIN 1950 8 KRk i 1527

i cDNA, HAKSIK LPRZ MR RevertAid First
Stand ¢cDNA synthesis ( Thermo ) BiBH45E17
122 AF FRKL £MAEE Hik 7 NCBI
( https://www.ncbi.nlm.nih.gov/protrin/ ) £ & 5
R EURIT FRK1 BEH A5 B ( ORF 741
MR F5 ) , SRJIG 7 Phytozome ( https://
phytozome.jgi. doe.gov/ ) P |- FEiAZE 2R H
SEARDCHURT. DRI FRKI S AE N AT
51, iz ] BLASTP /X AR % FRK S BIEE P #E 4T
HRYEE, e HXEN-10,
123 AFFRKARAHBEF S (1) KE
FRK 5 R G R 438 o 38 H ClustalW 3R 44 %)
LR IT FRK1 2L 7 91 FI R 2 FRK 2 LR 741
AT Z2 7 SV BRTC 40 A7, 7 4 Lo R 45 R 3 o R
Mega 7 ( http://www.megasoftware.net/ ) HJ4R4%%:
( neighbor-joining method, NJ ) ¥ & R F ik LFT,
Bootstrap {EH 1%} 1000,
(2) A% FRK ERIEHBZEH T ARE
FRK ZEH ) N & T F150 e 715 B T 2T Phytozome
( https://phytozome.jgi.doe.gov/ ) Wi, fii 7k
W%t GSDS ( http://gsds.cbi.pku.edu.cn/ ) £ il 3 A
B A

(3) K FRK R P ORF T 8. #l
FHEE B ST 2P AE 248 KA )¥ MEME ( http:/
meme.nbcr.net/meme/cgi-bin/meme.cgi ) Tl A 2
FRK HHMRSFEST, WE AR HEE R
H“any”,

(4) KRZE FRK ZERIBER YL otk 7 3 HT o
iz H7E Phytozome( https://phytozome.jgi.doe.gov/ )
PR3ty | T A R B FRK 2L 3 PR S VR e £ AR
FENLE

(5) KRE FRK LiiFRENILRR . i
TEZE M it STRING ( http://www.string-db.org/ ) 1]
BOE e, A FUEEIT FRK &R A LAEMZ K, Tl
A FRK1 AW EIEXR

(6) AR FRK HE DA iy 396 55 1) 2 A H R
TE NCBI 1) SRA ( sequence read archive ) £ /%
R 2k Xam ( Xanthomonas axonopodis pv. mani-
hotis ) 41T 12 Ye A2 Fr iy 3 N st Hiedm au ™)

( SRR1050891. SRR1050892. SRR1050893) ,
27 SCHR[16]1 7 15 1T 55 MeERF 3 78 2 49y Jih 38
AEFE T A RPKM {H., F Mev ( MultiExperiment
Viewe ) HF/EXTEEHEATAL B, N'E HCL 727t
FrIZ2 U 20,

124 MeFRK1 % B Real-time PCR &k 547 Fi
JH Oligo 7 %%t MeFRKL JEPR #EA 745 S 5 | 15
11, BJE A —# PCR gk 50 HA R e i
FHAEZ M3 NCBI () BLAST #Z 8\ i%itm
Real-time PCR 5|90 % 5 It 5 191551 MeF-
RK1-F: 5-TTCGGTTCCTTTTGCTCTCG-3', MeF-
RK1-R: 5'-TGCCATGAGGATGACTACCAA-3',
190G 1 PR A R DRI e 55 A R Wl 8 B
Real-time PCR " #F2)¥ }:95 'C 305;95 C
5s, 55°C 30s, 72°C 30s, 25 MEH; 72 CHE
i1 10 min, 4555 5% FH 27220 (18 7 Wt E AT AR X
i, LIRS EFla JERENNFR IR .
A 3 NMEWFESE , SRS E 5
MeFRK1 £& K Y 35 7KF 5 AL HE 0 min ( ZEFEHT )
A, f#H Sigma Plot %44k B4 51 i 1K .

2 HRE5HH
21 AZEFRK1EBEERESH

FIAT AtFRK1 A2 P AN e T4 2, J515 8
SR FRK B FE R, 422 B EE X 235 SR i 44 R
MeFRK1~MeFRK8, ELI&{FE L% 1. fEAREILH
r, 84 FRK JSISE P A LR K 4 A AH TR,
fiiF 804~921 aa Z [i], H iKY /E MeFRKS,
A 921 NEIER, FJE MeFRK3, A 804 4~
RER, EABTFIFEKEN 863aa (£ 1)
SRR Gt AR b i A B A B R A 5% 3 IR Rk ik
AL TN BE AY T UENE . 8 1> FRK 25 3 N 76 A 3
ek E AR 5040, Hid MeFRKL i T 4 %5
Yefifk |, MeFRK4., MeFRK5., MeFRK6. Me
FRK7 . MeFRK8 ¥Jfi F 11 Sk b, 1
MeFRK2 Fl MeFRK3 i F#%#54¢ Scaffold I+ (3
1, Bl1),
22 RE FRK ZUERERIR4REHWSH

H & 2 AT, MeFRK1~MeFRKS8 Fl AtFRK1
(IR S BT T A RS , S — R
5, 20918 MeFRK2, MeFRK3., MeFRK4 .,
MeFRK6 . MeFRK8, J& T [ — W %", Hrh
MeFRK2 Fl MeFRK6 [[a] 14~ 99%, MeFRK8
S rp 25 L R R JE P A4, A 100%, 55 K
RFEAH 4 MHEE, 55100 AFRKL, MeFRK1,
MeFRK5 il MeFRK7, H:H' MeFRK5 Fll MeFRK7
5 AtFRKL B RIEYE R 50%, 5% R IR,
MeFRK5 FI MeFRK7 Y [RIEPET T, 4 100%.,
A 3 X 9 A3 PR A [R) R I 4B & B, 8 K 3 FRK



1528 A IR 5 44 %
R1 KAEFRKEMEREFERSM
Tab. 1 Analysis of FRK-like genes information in cassava
T [ . e o1 it P
Phytozome %(4# % 4 = FLIH 4 B EARKE h SFHL oy F
Original number in the Phytozome Gene name Protein length/aa s:)?;réo- pl Mw/Da
Manes.04G136000 MeFRK1 915 4 5.95 102 724.98
Manes.S047400 MeFRK2 850 8.32 96 008.92
Manes.S047500 MeFRK3 804 8.10 90 902.15
Manes.11G030900 MeFRK4 827 11 8.76 93 090.56
Manes.11G029900 MeFRK5 880 11 5.50 97 970.36
Manes.11G031000 MeFRK6 849 11 8.24 95 845.80
Manes.11G029800 MeFRK7 858 11 7.59 95 744.66
Manes.11G030800 MeFRK8 921 11 6.23 102 693.11
Chr4 Chrll £|: MeFRK2
Start a 0 Start 0 100 MeFRK6
MeFRK7 \ / 254 Mb 100 L McFRK4
N
e \fyfr2som . S
(2 .
MeFRK4 2.60 Mb MeFRKS
MeFRK6 2.63 Mb MeFRK 1
AtFRK1
50 MeFRK5
100 MeFRK?7
0.10
B2 KFE FRKs filEIT FRKL MR G H
Fig. 2 Phylogenetic tree of cassava FRK genes and Ara-
MeFRK1 26.41 Mb bidopsis FRK1
end 27.11 Mb

end 28.73 Mb
s

N

1 AEFRKECERRGBEREGXE
Fig. 1 Mapping of FRK-like genes in cassava
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BN R IE PR Z R 7 R FE, 1TRE Motif2 A1 Motif3( [ 4), JF K AL T 50~250 aa
HARBAEE N AR GAE KRR M#FTAE PR ZE (R 2) o Hi, Motifl B zRHE H b
PR 2 TR FEAE — 5 1 SIS R 5 PRI 46 4 0 BT 485 ( protein tyrosine kinase, PTK ) EMIE,, REMEILZE
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K& K FRKL ZSIFEH 143 85 KRB HT 1529

# Only Motif Sites [71 Motif Sites+Scanned Sites [~

All Sequences 7] B Motifl OMotif2 B Motif3

Name 7] p-value [} Motif Location [

1. AtFRK1 1.18¢—285
2. MeFRK1 7.75¢-310
3. MeFRK2 0.00e+0

4. MeFRK3 0.00e+0

5. MeFRK4 0.00e+0

6. MeFRKS 1.22e-258
7. MeFRK6 0.00e+0

8. MeFRK7 1.15e-273
9. MeFRKS 0.00e+0
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Fig. 4 Predicted conserved motifs of proteins coded by cassava FRK1-like genes
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Tab. 2 Conserved motif information of proteins coded by cassava FRK1-like genes

sy EPE 1) ik ik
Motif lerfgt}i};la Motif protein sequences Family Description
1 181 QVAVKMLSQNSRQGYKEFQAEAQLLMIVHHRNLVSLIGYCDDRHNMA Pkinase Tyr  Protein tyrosine
LIYEYMANGNLREHLSETSGSILNWEERLHIAADAAQGLEYLHNGCKP kinase
PITHRDVKTSNILLNEKLQAKIADFGLSRAFPNESGSHITTRPAGTIGYLD
PEAQSSGWFNKKSDVYSFGIILLELITGQPAIRRD
2 100 RNCYWVRPEQGKGQNYLIRAFFMYGNYDTQNQWPEFDIYLGCNFWM Malectin_like Carbohydrate-
TVQRPDMTHVLMEEIICFTMMDAICICQVNTRSGTPFISALEMRPLENY binding protein of
TYKAE the ER
3 120 WQGDPCMPRDYWWAGLNCSYDTNSPRIISLDLSASKLTGEISSSFSNLK LRR 1 Leucine Rich

AIRYLDLSGNELTGTVPEFLAQLPNLTVLNLSGNKLTGSVPQSLVQKAN

NGLLQLSLEGNPWLCQTDSCEK

Repeat(s)

PR 86 11 T 1% 2 R p S b, e R |
W5t . e ferh B EEAERT . Motif2 Sy PN 5T M Bk
KA E W4 & HE I ( carbohydrate-binding protein
of the ER) #5443, Motif3 NE F &R EL
(leucine rich repea, LRR ) Z5 443, & 58 H i)

MEAER, ECMPURE AN HEELN

Zi 1, 8 4~ MeFRK % H Al GE¥ 2 5 8 1 T [H]
AR E AR . Hih, MeFRK1 15 AtFRK 1 AY[RIJEM:
IT, SR PIRHIAETTE MeFRKL JEA) A
LR A e R A E T AR I SR I
24 KRE FRK E2R LHERKEREST

Hi1&l 5 FIEE 3 Al %, # MeFRK1 HH 5 10
NEAFELFELR, Hib 8 iy 2¢ AE A
2 fiti( protein phosphatase 2¢, PP2C )AH &, WRKY6
W ke o, PP2C JERTEBL R (abscisic acid,
ABA ) | E#ifR ( jasmonic acid, MeJA ) DA /K%
R (salicylic acid, SA ) FHRF T FEBEP L
BEEREEM, Z5RNTAREESSE. TRUK
R ER 2500 55 b i AR A7 RE S 10200 H T AR
FRK1 BN RES S ARE R AERET , 2 ARE N
XAFMIEBAEGE TN FZ— AR ER,
WRKY # 5t HF XKk 22 5EWERKR AT .
AN EE I ) SERSE (A b7/} SED VRS Uy

SEAR ) S RGP 25 5 38 B I A% O 2H LT
Ay, W0 PTI EERURGAEILL K ETI RGeS 1EYME, XF
TR 5 A B A S Y5
WRKY6 £ A 20 1 A= 9y ik B 2 dE R VR, a2 i
M FRK SR RG0S 5 AR A Wi iy 25 5 2

AT1G34750
anes.02G152100

AT1G07160
(L, \Manes. 18G136400

WRKY6
Manes.16G004100

AT2G17740

mManes.loGISHOO o
N &
\ | L D

B 5 KAZEFRKIEFEEZEAEEME

Fig. 5 Protein-protein interaction network
of cassava FRK1 genes
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Tab. 3 Protein informations in protein-protein interaction network of cassava FRK protein

KR Phytozome (3 ¢ 45 5 GBI

Name Original number in the Phytozome Protein description
AT1G07160 Manes.18G136400 PROTEIN PHOSPHATASE 2C-LIKE PROTEIN-RELATED
PLL5 Manes.04G034600 PROTEIN PHOSPHATASE 2C 36-RELATED
AT1G34750 Manes.02G152100 PROTEIN PHOSPHATASE 2C 10-RELATED
WRKY6 Manes.16G004100 WRKY
AT2G17740 Manes.10G151500 CYSTEINE/HISTIDINE-RICH C1 DOMAIN-CONTAINING PROTEIN-RELATED
FRK1 Manes.04G136000 LEUCINE-RICH REPEAT PROTEIN KINASE-RELATED
PLL4 Manes.04G034600 PROTEIN PHOSPHATASE 2C 36-RELATED
AT2G30020 Manes.18G136400 PROTEIN PHOSPHATASE 2C-LIKE PROTEIN-RELATED
PP2C5 Manes.07G131300 PROTEIN PHOSPHATASE 2C 30-RELATED
POL Manes.05G006800 PROTEIN PHOSPHATASE 2C 32
KAPP Manes.15G025800 PROTEIN PHOSPHATASE 2C 70

2.5 KE FRK EE MR i iE i RiEEHRE

A 3 X6 4% FE PR 2 B Xam i 5 M A R ARk
BT EI, BEE B R HEFS , MeFRKL Al
MeFRK3 11k & 2 AW Fil g feias, B
MeFRK1 AR 4k & % B B i ; MeFRK2 . MeFRK4 |
MeFRK6 —/N3E[H A2 TG il HRE
KT 5 1 MeFRKS ik i 0 G Nl AY
AL, MeFRK7 AW T, {H MeFRK5S —H
AR e — AT R E K (B 6)

MeFRKS5
MeFRK7
MeFRKI
MeFRK2
MeFRK4
MeFRK6
MeFRK3
MeFRK8

B 6 FRKZMUEREAE Xam AEBLEAZHREFR
Fig. 6 Expression of FRK-like genes
in Xam-infected cassavaat 0 d, 5dand 7 d
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HXFRIA R
Relative expression level

CK 15 30 60 120
Kb FH}E Treatment time/min

AbFRE ] Treatment time/min

2.6 AE4AIERH B MeFRK1 EERIZENE

FIH Real-time PCR 7l %E SC8 ZH 54t
A MeFRK1 JE[RITE SA | JA FUs R # Xam =Ffib
R R S A Y, g5 R, HiAE 3 Ahab B
TFRA RS FIHE FREAR LA (B 7) .
TEIE SA JA LS 15 min B — 630 K (8,
MAESG R Xam Zb BS54 Rtk RME, H
FIRTIRER SA bHERT R RE R 2.84 %5, 2 JA
AEFE Y 3.06 5 H b nT DAUiBA , 5 R Xam B
RS S MeFRK JER 93635, A B TR & K
TG IR Xam BT . ABFFEE 1 X AR % MeFRK1
FERBERT R IR BT, B E RS PTI k44
TR IC RN, R AREYUR S LA A E
B

3 it

AEWEFEMPEN Tz E” T
A" AT FRKEARY) PO 4 G B
PIIEHESE FRK XS JEM B fift e . oosts 22 X

r Xam

L [=))
T

X RIXE
Relative expression level
[ %)

(=]

30 60 120 CK 2 4 8
AbFHEFA] Treatment time/d

NG FREFR IR AL BLH] 22 5 3 (P<0.05) o
Different lowercase letters indicate significant difference among treatments (P<0.05).
B 7 FRKLEARELGETHHENREE

Fig. 7 Relative expression of FRK1 under different treatments
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R4, K% FRKL S IEH 43 B M R B 1531

B, RSP RE A B R R R B,
HEA) T RBE VR NS5 0y 7 H s T 5 A
53 A SO R B Gk, 7R A 7 30 BT
i R R AR AR, BB S B
AR 1y FH B 3k R 2 | 26 P 42 A A 5 D sk
R, A ZVETEN FRK L PTE 2 Moy b s
Pio W FRKL 7E AR R T 354G 238, FRK2
A PERESE, TS B AR, FRK
PSR S T XK RS ok B AR &
HEAMEH, e 5K I, OsFRK1 e A &
SRk, i OSFRK2 TR e 51 T Fisl?,

HAT, A AR FRK B M50 MR A
R o ARBEIE LT AR IT S R g T AR e S A
FRKY, i 1348 2 MR I P 2 vh i 8 1 8 42540
FE B AR AR S B 2= b I A A T IR
E N o SR R NG RN R VA M 4 = Bt (AR W& A D
B AH B AE S AT 00T A5 R &, MeFRKL,
MeFRK5 1 MeFRK7 =A~J%L[H 5 AtFRK1 5%
R, FEFARUE RS, LR, Bt 4 3k
PR IR AP e — s A M . Sl A g iR e 7
KL, 84 FRK UKL FE A ZE YA ik [ Ry
)03 A, ATBEAr BIAE AR A KR B R RN
FHThEE. 76 8 ANFEH b 1A MeFRKL i 4 %5
Pefafk, 5 AtFRKL BT8R FR, H4 5 M
F 11 Yk b, FLEE R 5 0T A P R O A
() FRK SR 15 A 5% 7 e (o s e o e A — 3 s i
PRSPPI R B, 9 NEALFE 3 DR AR
SPHE, KIENT 50~250 aa 6], HILFRWT
FIRIBE K B LU ST o % S R G i 2 11 )7
PRSP R FE AR HORE Y FRK 2R AT REAF
TEINRETUAR LS . IR AT 3 AMRSF L7 Sh e ut 7
ST R, Motif 3 25 T & Al WA BAEH,
J& BRI A I L5, K FRKL 24
HEANERIRIF FRKL H R R4 6 24058,
HZ5 R AR, H = # D Re Sl )20 i
PE MeFRK1 Sy A ZE 3L PRI 4] i T iiEAnic SE 1A .

U R IR A 6 A AR AR W W aE s R R T
M, Z2H5&ME IG5 8, DULRs
[ R N . KGR (SA) . &M (ET) . K
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