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Abstract: During the evolution from lower plants to higher plants, lignification is the key to adapt to the terrestrial en-
vironment, while lignin deposition in the cell wall is an important manifestation of lignification, and MYB61 plays an
important role in lignin synthesis pathway. In order to explore the molecular mechanism of MYB61 in lignin synthesis of
Impatiens chlorosepala and Impatiens uliginosa, MYB61 genes, named ICMYB61 and IUMYB61 in this study, were
cloned by using the RT-PCR method. The full-length cDNA was 1035 bp and 1002 bp, encoding 344 aa and 333 aa,
containing an intron of 84 bp and 66 bp, respectively. Physicochemical analysis suggested that IcMYB61 and IJuMYB61
were unstable hydrophilic protein. Domain analysis of protein showed that IcMYB61 and TuMYB61 contained two
typical SANT conserved domains. The comparison of amino acid sequences of MYB61 with that of other species showed
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that there were highly conserved R2 and R3 regions at the N-terminal, which was speculated to be R2ZR3-MYB gene.
Based on the phylogenetic analysis, it found that IcMYB61 and lUMYBG61 were clustered together with |. glandulifera,
confirming that the same genus is more closely related. The qPCR showed that ICMYB61 and lTUMYB61 were expressed
in three different parts of the two periods, and the expression levels were the lowest in roots. In I. chlorosepala, the
highest expression of ICMYB61 was in the leaves at the seedling stage, and the highest expression level was in the stem
at the mature stage. In |. uliginosa, the expression of lUMYB61 was the highest in the stems of both periods. By meas-
uring the total lignin content in stems and leaves of the two species, it was found that the lignin content of both species
was the highest in stems, which was consistent with the expression trend of MYB61. It is speculated that MYB61 mainly
regulates the biosynthesis of lignin in the stems of |. chlorosepala and I. uliginosa. The above-mentioned results would
provide some basic data and scientific basis for exploring the regulation mechanism of MYB61 on the lignin synthesis of

Impatiens and the culture of new varieties.

Keywords: Impatiens chlorosepala; Impatiens uliginosa; MYB61 genes; lignin; expression analysis

DOI: 10.3969/j.issn.1000-2561.2023.08.005

FEAR AL 1) s M A AR h, R
JR Ak SR 1 0 o B 5E 0 ep e = — 1 KR4k
JEFE AT AR A AL I AT Y A I R A A i RE
DR, R A B R R e R R R 1
DURE R — i e A AR A AR TR, AT G SR AE W)
LR S 7 | PRBEAE R P 078 33 9 3K i
12 F R A ) B IR W ke AR H gl
SRR, WEE T . SR AR (42055
T AR, MY LR o F IR LS C A5 3
WABISE . REREAMEPER AT SR
—FP AR AR, H A RS2 S R T RN
i 2y, Hih MYB. NAC Hl WRKY 2555 5% A+
KR F B S 5 AR YA SO HA R 2 40
JRLBETE A i A2 TRl MY B 2854 5 A T
TE I v % 4 HL B R R

MYB ZIGAE MY e K T R 2
—, HFERHWYHEYMAERKEFE SR, Wi
9 AR AR Y B R S N 2R 3 SR 2
JEI R D MYB RS R Y & — B
TRSF BT MYB 25RO AR R MY B 45 #4g 4l ) 25 i
NP 8 2 A BORT], S IR-MYB
R2R3-MYB. RIR2R3-MYB Hl 4R-MYB!'!, 5%
W, R2R3-MYB | 125 5N LR,
WA AR R A A A . AR A 2 i o 4
2557 N BFST & PR E RS I AtMYB6L & T
R2R3-MYB #6521, FES H5RERY AR
A TRAL A ALFLAR S w1 U R
(1) CIMYB61L i A 7E A B v ook R i, A BE B A
R (4 25 A e R PR R S i R RO ZE
P I R k AMYBGBL 2 fii A T E S a1
H MYB6L1 J& 45 7K i 4 B BE v 27 4k 2R A i) ik

PR Tz 22 | MYB6L RS 5 T
T A BT W E D6 1

I EKAIAEJE (Impatiens L. ) Fi#%EIEM K
FHE, Y 270 K, H BB F A E PR Hb
XU AR AN K o AR B, 8240
KA AR AR =R, HOARRIZE R RUINAE
i A S5 A R A A A R 22 RO s Al 46
( Impatiens chlorosepala ) FI7E 7K 4x X\ ( Impatiens
uliginosa ) EENMTE S FEE M INE, KR
M. S BCRET) ER A I SRR A, AT AR A B Ak
)T LAIF & AHPY; G RUIEA: K T I &
K EMSS, HEEME R H KRR, BT
AU AE RUAINAE s K &R EZ KA,
ZEESHA D, HEUR, BT AR K AE RNE
TEL 7K 4 U 22 RUAN A A Jo2 A IS8 AS A RE XTI
JE AR DK A 380 Bl A= 1 3 7 AL T A 1 A 1 T 1T
WA BT E e f KAl ERE vk . BRT,
LK 4 RURI 2525 RUALAE AR BB 3R AH G R MYB61
MYHRIE o ASBIFFE DL KU A FITE 7K 462 KA i 56
MRE, 0B STl MYB61 KL, I Xt H R o kAT R
WG B RRG LB 8T R qRT-PCR REH
TEIX 2 TR R 3 ASASTRIFRAL 2 A>3 Ay g 2
Fkwi, EAEARRE BT RPN ELS R, Jm
PRIT MYB6L 5 P 7 22 XU A FEL 7K 4 A JB
RAEVE B SIRE SEN, N E IR
ANTR] R A 52 Ak 22 S5 K3 it R 335 B P ik — o 1
PIS M o

1 #MRE5FE
1.1 ##
PERB LR 283 A AE FTE K 42 XL, 2R R



5 8 1]

MR A S RUNIAEFITE K 4 X MYB6L FE A 7 B I 218 534t 1563

AR AE T P e MO R 2 AR A el v, TR K 42 XL
Kefifi TR M B am Ak, REGX 2 FRLHEL)
MR RIS em ACRYAR | BE TR AYEE 5 A
TEFIHL 5 em AL ZEFT

12 Ak

1.2.1 % RNA #3235 MYB61 £ B4 £ 1%
M8 RNA #EHGRH & (OMEGA ) FRAE A B HE sk
ERANAEFITE K 42 RS 1Y 6L RNA 5 Pl FH 00 7 %
®AE (24 ) K RNA &% cDNA, JHEHE
T—20 COKFEA o FIFHA UREULH 1 77 sk 2 24l
wits (£ 1), HAETAY TR (L) &
WA BR AT A . i cDNA B A 5| Xt
MYB61 %L [K 47 PCR ¥4, HAKFRH 50.0 pL.
PCR W &fF: 95 CHIAEME: 5 min, 95 CAEM:
50s, 58 °C (luMYB61) /59 ‘C (1cMYB61) iE k
1 min, 72 ‘CIEffi 1 min, 36 MEH; 72 CHEfH
10 min; PCR ¥ At ik )5 i% #2: 5) pMD19-T %,
&, J-564C DHSo ERSZZASANML, 0k BHPE B s
HAE TAEY TR ( 1) By A BRA R AT

£ 1 cDNA FE3H S|4

Tab. 1 Relevant primer sequences of cDNA amplification
L/ PN SI175 (5-3")
Primer name Primer sequence (5'-3")
IuMYB61-F ATGGGCAGGCATTCTTGCTG
IuMYB61-R CTAGGAATATTGGCCATATGTTGTGGC
IcMYBG61-F ATGGGCAGGCATTCTTGCTG
IcMYB61-R TCAATCGCAGGTGAAGATGTTAATCTGTTG

1.2.2 MYB6Ll AW &£ M1 &5 54  IcMYB61
I TUMYB61 & [N i BEAL A 5 iE i ExPASy 1E£k#K
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Tab. 2 Relevant primer sequences of qRT-PCR
amplification

51914 Fi SIHIES) (5-3')
Primer name Primer sequence (5'-3")
DNC-F TGAATGTCCCTGCTGTTTG
DNC-R ACCTTCCGCATAACTTTACC
IuMYB61-F CAAACCCATCTCCGGTGGAC
IuMYB61-R ACGCTTAAGGACCCCAATGA
LNC-F CTTGATTTGGCTGGTCGGGA
LNC-R TTGACGGCTGGAACAAGACC
IcMYBG61-F CCCGGACGAACGGATAATGA
IcMYB61-R CCGGAGGAGATGGGTTTGTT
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2 RT-PCR ¥R MRBIH R B (18 1) , K4l
WA G SRR LU B, s —3, A5k
HAw 44 4 1eMYB6BL( %55 : OP490310 )fl IUMYB61
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M: DL2000 DNA marker; 1: IcMYB61, 2: luUMYB61.
E 1 IcMYB61#1 luMYB61 & FE 5 &
Fig. 1 Cloning of IcMYB61 and luUMYBG61 genes
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Fig. 2 Structure map of IcCMYB61 and ITUMYB61 genes

%3 IcMYB61#1 luMYB61 & F S EE A E LR
Tab. 3  Physicochemical properties of amino acids of IcCMYB61 and [TUMYBG61 genes

BN ST AHXT 3 F 5 AL 43 FX AFEHREL
Gene Total number of atoms ~ Molecular weight/Da pl Formula Instability index
luUMYB61 5206 37 533.75 6.66 C654H2560N4580526Ss 65.89
IcMYB61 5330 38 548.78 6.83 Ci697H2610N4820533Ss 67.67
IcMYB61
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Fig. 3 Conserved domains and superfamily of IcCMYB61 and luMYBG61 genes
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Solanum lycopersicum XP 004230371.1 4('RHS(‘("KOKT RKGLWS PREDEKL |9 90
Capsicum annuum XP 016538869.2 IGRHS rrlkm(r RKGLWS PEEDEKL 83 90
Salvia hispanica XP 047979776.1 IGRFS rr'kmq RKGI WS PREDEKT [0S 90
Impatiens glandulifera XP 047337748.1 IGRHS r‘rllmm RKGI. WS PREDEKT 'S 90
Erigeron canadensis XP 043620641.1 MGRHS C ‘IKOKLRKGLWSPF.FD <LIRS 90
Lactuca sativa XP 023748179.1 /GRHS CCIYROKT.RKGL. WS PREDEKL 89 90
Helianthus annuus XP 021970794.1 MGRHS rrlxm« RKGI.WS P REDEKL Y 90
Solanum pennellii XP 015067980.1 IGRHS Prlkmn RKGI.USPREDEKL|RS T IRPGKS(‘RI RWI NYT.RPDI.KRG 90
Salvia splendens XP 042008725.1 1GRHS(‘L‘“K()KLRKGLWSPEFDEKL XH L§RCGKS CRLRW NYLRPDLKRG 90
Cynara cardunculus var. scolymus XP 024966385.1 IGRHS CCJJKOKT.RKGL WS PEEDEK. B9 T.3RCGKS CRL.RWI NYLRPDLKRG 90
Impatiens glandulifera XP 047341623.1 M(’:Rusrrlmm RKGLWSPEEDEKL Y RLRW NYLRPDLKRG| 90
Olea europaea var. sylvestris XP 022861921.1 MRS COYKOKTRKGL WS P ERDRKT IS S CRLRW NYT.RPDLKRG 90
Camellia sinensis XP 028108727.1 AGr l—mr‘rlk'nm RKGT.WS PREDEKT {48 90
Coffea arabica XP 027114974.1 MGRHS IKOKT RKGLWS PREDEKL RS 90
Citrus clementina XP 024035251.1 MGRHS C rlk'm(r RKGLWS PEEDEKL AN 90
Nicotiana tomentosiformis XP 009600845.1 [MGR HS COKOKT RKGIL WS PREDEKT. RS 90
Camellia sinensis XP 028101157.1 /GRHS r‘rH\'m{T RKGT.WS PREDEKT. [0 90
Impatiens chlorosepala MYB61 MGRHS crumu RKGLWS PREDEKL|4Y 90
Impatiens uliginosa MYB61 JMGRHS CCfKQKLRKGL WS PEEDEKL] 90

Consensus HETET g RoTvwepeeacr

Solanum lycopersicum XP 004230371.1 o1 APSILP GRTDNET KNLWNS § [#IKKKL 0% SELENEBKASA. . ..o oonnnneennnnenn NSN...TK...N..N.D 148
Capsicum annuum XP 016538869.2 JI.SEVESEREKASA. . . ... kK.v.s 151
Salvia hispanica XP 047979776.1 SEADSE. . .......... 151
Impatiens glandulifera XP 047337748.1 SDOTT ENDLLEKS TNPS . 150
Erigeron canadensis XP 043620641.1 SETNEDOR, Lttt 137
Lactuca sativa XP 023748179.1 SEVNDDRK. 137
Helianthus annuus XP 021970794.1 SELND. . T. .ot 135
Solanum pennellii XP 015067980.1 SETENERKASA. 151
Salvia splendens XP 042008725.1 SEADSE 148
Cynara cardunculus var. scolymus XP 024966385.1 SEVNDDHK. . . .\ \tteo ettt 137
Impatiens glandulifera XP 047341623.1 1. S EVENEREKLNNNI NTESNQNS DKTI QMP VVVQNI PVTP THEFFHEERFVNS 180
Olea europaea var. sylvestris XP 022861921.1 SEVENE. . ......... .. EKASPSSKNNE...K..A. 8 149
Camellia sinensis XP 028108727.1 i SET ENEEKVS ATI KNNE. . . 149
Coffea arabica XP 027114974.1 PRARNEEKGS ATSKNNE. . . 149
Citrus clementina XP 024035251.1 JILSEVENDKEQQLTVI NKN. . . 149
Nicotiana tomentosiformis XP 009600845.1 JI SEVENEEKASA. .. ...... 151
Camellia sinensis XP 028101157.1 _SNAESBEKASGGSKSNE. . . 149
Impatiens chlorosepala MYBG61 T SRNNNELETSTNPS. . . 150
Impatiens uliginosa MYB61 Q1 APYOILP GRTDNEI KNL WNS S KKKL Q% SDQLI ENDLLEKSTNPS. . . ..o o vitneenainnnnnns 149
Consensus e Fyrer prenee

B4 MYB6LZEBHE

RSB 5 Lt

Fig. 4 Homologous amino acid sequence alignment of MYB61 protein
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Fig. 5 Phylogenetic tree based on amino acid sequence of MYB61
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Different lowercase letters indicate significant difference (P<0.05).

B 6 IcMYB61#0 luMYB61 £ [F KR & 547
Fig. 6 Expression analysis of IcMYB61 and lUMYB61 genes

x4 BHRKERMFERMEZNMHOARRZRZEE
Tab. 4 Total lignin content from |. chlorosepala
and I. uliginosa of stem and leaf

HyFh AU Z &% & Total lignin content/%
Specie Z£ Stem M Leaf
WK 4 K 10.43240.435" 3.200+0.228°

LR Rl 4.209+0.156" 2.629+0.198°

I ARG FRAAREERRE (P<0.05) .
Note: Different lowercase letters indicate significant differ-
ence (P<0.05).
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( Colorless 1) J524, AR Y MYB 255 5
K F-AHAk B sk, IEXT DD RE A THR T S AT
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% ( Chrysanthemum indicum var. aromaticum) i
R A YR IT ( Arabidopsis thaliana ) 2544
AT, HIGEFZW KRN 4R AR
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T B RN AL R K 4 XU MYB61 R,
cDNA 2K 3051 1035 bp H1 1002 bp; H:PH 435
Y 344 aa M1 333 aa, H#AH—-THNET, BN
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RA—, Wk TR —EESECRERI,

A ) 210 BT JT A A0 S v R 8 B LA 2 4 i e
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SCW ) , XLF AR Hh ) A o 58 545 A2 4
EATAT LA FoK 43 AR BEHLAR S 352705 i o 2
SCW R MAMRAEYN A MTE R SCW Fi 5
P s P ok 1 B A E g A B AR R A
CiMYB6L 76 M B i Feah it I FI25 (0 B f 3
B, H R BR R A OR BT E S i B
30%~45%!""'; MYB61 F R 75 /K ff Hhoid 26 ikt i 3
FREA AL B4 MYB6L 1615 B gl A 2 B
AR R AAIE 3L, BE ELEE IS CaL
CCR Ml HCT “FiH# AR BT 3 A B AH G L I 1y 2%
PRI MYBG6L 45 A B 2 A 1 U Al 3 DR 7 A
TR T AR Y P A HGE P g BT R
MYB61 7EfE i A R A sl # b & #7 T B EAE
. C AP LB MYB61 75 K &8/ vh 494G %
ik, HAEAS R A AS [ A7 ) 22 35 1 25 Ak,
FEmAEE MM PR AR EES P A
qRT-PCR A4 R & H, 1cMYB61 Al lUMYB61
TE 2 ANEHIAR . ZERnE R A KR, TEAE I
I A AR b 1 238 B I, (E S8 A
B KA RE, 5HMEEHEY PR ER—
U, HEM MYB6L T EAE R 2K rp & AR
Fo &It , MYB6L 2 R 7 4 32 RUALAE A
Tk E R, MEKESREENRRE ST, X
AT HEJE TR 40 B T K 4 JRUAY B 57 25 e a2 X
e E N 2R AR R & s A R
i, MYB61 J A 7E 2 KU AE FEK 4 /U, 25
kB R E, MIARFRNRRE DS REEH
— 8, XSGR ER RIS R — 2wy R
I 1cMYB61 1 luMYB61 3[R 7E 442 XAl 48 FlTE /K
SRR Y & R h B T EEAEMH, (B



5 8 1]

i) AR 5 2R RUANAE FIEOK 4 XU MYB6L J [A v [ 2 35 ik 73 #r

1567

FLIART g KA FIMLEA A R Tk — 20 i e B R )
RESRIIE .

AW B 1cMYB61 Fil lUMYB61 L A & F XL
filAEH ) R2R3-MYB W5 R LG , )i % Ho e 5t
AN AL R 7K 4 XU AN [ B 3 AS ] 350400 114 B 25
PRI A AR TR M & =T T 00, HEm
IcMYB61 1 [uMYB61 & K 2 78 A it A= ) A il
RAFEEAEN, 1E—2E R LT RAIEA
KA BN FAURISRAE T — & i LRl B, i H
R RAIAE ot s B B A7 i it — 2 1 B AR 4
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