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Analysis of COBRA Gene Family and Gene

Editing of ZmMCOBL03 in Maize
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Abstract: The sequence characteristics, evolutionary relationships with other species and tissue—specific ex-
pression patterns of 10 COBRA family members were analyzed by bioinformatics method. The results showed that
all the 10 COBRA family genes contained CCVS conserved domains and were localized in the cell membrane. The
results of phylogenetic analysis showed that the family could be divided into two subfamilies, and the genes in each
subfamily had similar gene structure and physical and chemical properties. Further research focused on the signifi-
cant member ZmCOBLO3 as a candidate gene for gene editing. In this study, using a dual target site design strategy,
maize lines with targeted mutations of the ZmCOBLO3 gene were successfully obtained through maize genetic trans-
formation mediated by Agrobacterium tumefaciens and the CRISPR/Cas9 gene editing technology. Phenotypic analy-
sis confirmed that the mutation of ZmCOBLO3 gene seriously affected the normal development of maize, which
showed dwarf plants without female and male panicle, and confirmed that ZmCOBLO3 gene played an important role
in plant cell wall cellulose synthesis.
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1.1 COBRAERZIREEMEBFS
1F MaizeGDB(https://maizegdb.org/) "X} ZmCOBL
LN 2 5 S0 AT 1R RS 4 H T AtCOBL

BN R 0 17 4003 Blast HLXT, 9 3 H T 2K CO-
BRA FEH FIEHE 11, Lh E-value /T 0.01 FEAT i E ,
HPRAF 101 ZmCOBLE A TRIFH o 9 T 1 E ¥ 51
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bl-heidelberg.de/) %} i & 21| (1) J5 51 1) 45 44 Bl i 4 7 248
E AR —E . KI5 5 B MEME 782814 (hup:
//[meme-suite.org/index.html), 1% £ motif (& 4 10,
KR 6 ~ 50, ¥448 2 2 19 7 51 K| H TBrools #E47 1]
WAk . FIH ClustalW X4 T~ /NZE 3R KA AL E
KB COBRA K ¥ 81 BEAT He X , #I I MEGA7.0
WHERGE R TN KEWELPERE AR (Maxi-
mum likelihood) % , bootstrap 1 000 ¥X . ¥ £ K | 7K
FET /N2 R B 11 i PR ZH AT Blast FEX 4 L X445
AR AL F MCscanX FEAT 23 # , #F 73 Br 4 2R A
TBtools(https://github.com/CJ—Chen/TBtools) #1771 #i
fb. 7ENCBI _F T 28 B K 154 548085 (GSE27004)
1 HI TBtools 23l %K ZmCOBL 3k P AE A R 1)
FBHA

1.2 SKIGH#

T R R K FT B TR bR TOP10 AR AT BT 781 A
EHA105, 24Ky pXGOO1, 52 {44 #Hh £k H 22 &
KN5585(LA L Hi 5 Mg Rl B 2= B ol A= W B R it
FEITRAEFEAL)

1.3 KA 5ZMm

GAE S SNk S nen kol Tl enwil kod O
bR R 22 2 /] (WP ) ; 2XTaq Plus Master Mix 14
TR BT A MR R AT BR A W (P D) s B
FEWA T TaKaRa 4= 9147 BR 2% 7] (H 4%); CTAB Il /1
A TR A A BR 2 5 (7 ) A S 56 24 it 2
WAL st AR RS AT BR2A B (R )

1.4 314¥50%

&1 PCR#&MS|#5I%
Table 1 List of primers for PCR detection

ElE s Fe %1

Primer name Sequence

CRISPR-CAS9-F
CRISPR-CAS9-R

CGATCCGTGTCTCGTACAGG
AGATGATCGCCAAGAGCGAG

SG-F TCCTTCTATGTACAGTAGGACACAGTG
SG-R GGAGAACACATGCACACTAAAAAGA
ZmCOBLO3-F GTCGTAAGTAGAATGCC
ZmCOBLO3-R GTACCTCACCTCCAGAA

1.5 BEHMERAFHENTSHEEEL
H Pst 1 1 BamH 1 BR i1 14 P9 U1 X} CRISPR-
Cas9 2R AR5y N BV, B U1 P= Wy oE A7 L 9k o0 15, 4lifk
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WIS, FH T4 32 52 il 8 #0845 A7 2% 51 5 CRISPR-
Cas9 FF V15 FVS™= WA T8 2 o W& =ik
FEAZ B RIAFF R, Ui, ks BH M B IRV , 2E 4T
FETH , TR PCR UG UE TG IR , 3 BUTCRL I 251 7 XU
PIBAIE , AFAF B 74 PCR UL U156 1E 205 SR 44 R 1)
FEPE AR . EET R BTk el i AR AT B A (R Ak
DR AR Y TR GIIE , Fe AP A AR B B[R]
HREHT TR, Z B AR B IR E W) A 5B
PFPT
1.6 FE{LERR BiRE E AL F TR

TE TR K 6 1 F 1O I e HEA T HURE , Bt
R AL T, ] CTAB 752 U DNA,
ISR DNA WIS T PCR Y1, PCR J= 1% 18
TR B AE R ARAT B R T

2 ER55Hr
2.1 COBRAEERKEMIEREN

F K104~ COBRA JEH 43 5l F FE K 1.2.5.
7.9 5 YL R b MRS AR Y R b W B A B Y
SISl A 445 0 ZmCOBLOI ~ ZmCOBLIO(#2), H:
1SR T S QAR EA A 3R 55 RT9 S
b7 LR RN 3 T U 1 A W=7 (R N o L TR '
DU, BB COBRA JE R e B0 a1k I ORI 5] 43 A
(E 1) R EK NE KRG AT B3 COBRA
FEEITHIE T R, £k COBRA JEH K%
(AL A3 7 45 B oK COBRA BB 14 R34, H
HE—4 T fift COBRA IR HEALHLH , BEHU FF 34~
RABHEY) KT /N T e COBRA FE K i#E 1y
LMo, 45 R B, TR TOKRE /NE RS
2.8 2RI RN . ARG I IRE , b AT
T EARSFELF T, 25 R &8, 101 COBRA F [+

A 107 FEARSF LT, o, motif 1 2 COBRA 4%
B, B IRSE o 101 B 1 & A COBRA 514
B, ZmCOBLO5 #1 ZmCOBLO7 & 45 21~ COBRA,, fir i
L 2 A7 motif 7 motif 8 Fl motif 10,9 4~ i B & 47
motif 2, 8 MGt & A motif 3 Fll motif 4,6 51 &4
motif 8,5l 5 & A motif 6 Al motif 9, MRS H4H
B, 70 M K COBRA JE TR Y 2 845 S M 3 SR A
A, ZER IR, ZmCOBLOS5 M1 ZmCOBLO4 4y S 1 it
Jv R R o B AURE S s ZmCOBLOT TEAR Fil:
H B 4R35 5 ZmCOBLO9 TEARFIAE 22 vh 5 363K 5 ZmCO-
BLO2 £ 2 FAE 22 vh (5 263K 5 ZmCOBLO7 FEAR (I
FEFNIRFL P 2235 s ZmCOBLIO TE AP i M AN 25 v 3
ik . ZmCOBLO6 . ZmCOBLO8 F1 ZmCOBLO03 M| j& 1F
W A FP R K  ZmCOBLO6 1E RN 2 R 25
M 22 3K s ZmCOBLOS FEFP 2 MR ZE AR,
3K 5 ZmCOBLO3 1EFh iz AR ZEFNHERErp G5, 5
& 3] ZmCOBLO6 . ZmCOBLO8 1 ZmCOBLO3 1t % />
YA A, X 3 BRAERER
BN W5 R E ZmCOBLO3 £ R T J I 221 3
AEYIE
2.2 ZmCOBLO3E F % #¥in

FI H Softberry X i (www.softberry.com) X} ZmCO-
BLO3 B A 5 A EA T T, 25 3R R, P A N
4 754 bp, ZISEF R A T 1EHE, A 6 MNE T
(1 2) F H ExPASy 7E £k T H (https://www.expasy.
org/) ¥ ZmCOBLO3 [ 25 11 BT E 47 3k Pk BT 43 #
B A X 43 F B 49 599.87, LR AT 448
Ao AFHLTN 8.88, MR R s AR REUNT
40, AGOE FE 1 AR S E K PE R -0.146, 2
SRARMEE . FIH7EL T H TMHMM-2.0 XF ZmCO-
BLO3 HEAT T B5 WEE5 M3 0 A , S5 SR IH IR BE R 3R

#2 EXKCOBRAEEZXEM REES K MaizeGDB &R
Table 2 Maize COBRA gene family member gene number and MaizeGDB name

# K B 5 MaizeGDB £ ¢

Name Gene ID MaizeGDB name
ZmCOBLO1 Zm00001eb014120 roothair defective3
ZmCOBLO2 Zm00001eb035300 /
ZmCOBLO3 Zm00001eb057580 cobra—like3
ZmCOBLO4 Zm00001eb075290 cobra-like9
ZmCOBLOS5 Zm00001d0072080 cobra-like8
ZmCOBL06 Zm00001eb214720 cobra-like4
ZmCOBLO7 7Zm00001eb323040 cobra-like5
ZmCOBLOS Zm00001ebh326990 cobra-like6
ZmCOBL09 Zm00001ebh327000 cobra-like7

ZmCOBLI0

Zm00001eb393070

brittle stalk2
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Note: A, Chromosomal location of COBRA gene family in maize; B, Evolutionary tree of COBRA gene family in maize; C, Collinearity analysis of CO-
BRA gene families in maize, rice, wheat and sorghum; D, COBRA conservative motif of maize; E, Tissue specific expression pattern of COBRA
gene family in maize.
E1 COBRAEREZRREMIEBESM
Fig.1 Bioinformatics analysis of COBRA gene family
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Note: A, ZmCOBLO3 gene structure; B, transmembrane structure of ZmCOBLO3 gene; C, expression levels of ZmCOBLO3 in different tissue parts.

E2 ZmCOBLOSEREMEBZENHT
Fig.2 Bioinformatics analysis of ZmCOBL03 gene



214 B4 T oK COBRA R K40 HT S BB R 5t ZmCOBLO3 2: R 4 27

A 449 A2 LR , TN 2] 2 /4> 5 AR 2548, B
FE1 ~ 6, ISEIRTELE 7 ~ 24, UAME 25 ~ 429, 5
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K. ZmCOBLO3 1251 A A -t LA rh A 7K
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DNA FE41 , AR 3 55 R B9 CDS X 43 A1 A 7 A 35 DR 45
A, R0 e IR B s Mg o DX, g i s i s
AR, R R U 5 2R Y SR, R CRISPR-P
2.0 P35 [CRISPR-P v2.0(hzau.edu.cn)|[i% 311> B
ZmCOBLO3 3 K (R ¥R AR A 15, , A #0590 F 58 3
AT B S —AY P51 TTTCGGCATATCGGCG-
CACCTGG, U 5 — Y 57 51 CTTTCTTGCAGCAAT-
GGGGTGGG(E 3)o X HA E I 1 AR AR HEA T B VI B0 IE
FERIH PCRIFATEEE o S5 5UEIT , LR R PR 2k A At
Ui AR L R ARFF A S W SR A Ak 7
AT T AR A S  #1 2 #3 #4

!

C
15000bp »«i-

10000bp o
7500bp .
5000bp

2500bp
1000bp

250bp w

T A N ZmCOBLO3 K [H R A 1 SRR s B 7% PCR, 1 9 Maker2000,2 497K ,3 ~ 7 WEES: ; C 4 ZmCOBLO3 J DA Bl 2 (A o it LT 6

HE, 18 Maker15000,2 A8k , 3 A AU SR

Note: A, Construction and target location of ZmCOBLO3 gene knockout vector; B, Colony PCR, lane 1, Maker2000, lane 2, water, lane 37, sample; C,

Enzyme digestion verification of ZmCOBL03 gene knockout vector, lane 1, Maker15000, lane 2, plasmid, lane 3, double enzyme digestion plasmid.

B3 #HEEREBYIRIE

Fig.3  Vector construction and enzyme digestion verification
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FER R G, 29 T 1.2.5.7.9 542 ok |-,
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SR I E 11 38 1T E . R K K
T SRR R AR AR AR R A ), FR0 A 53 B3R
HOHIR] s N RGBTSR, BT LS R B i 22
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2000bp |
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750bp -
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+/+ TTCGGCATATCGGCGCACCTGGTTGG...NNN...GCAGCCCACCCCATTGCTGCAAGAAA

-/ - TTCGGCATATCGGCGC--------

TTCGGCATATCGGCGCACCTGGTTGG
+/ +

MMM AAAAD

TTCGGCATATCGGCGC

CCATTGCTGCAAGAAA  114bp (-)

GCAGCCCACCCCATTGCTGCAAGAAA

CCATTGCTGCAAGAAA

AW

1A PCR % E ZmCOBLO3 37514 1 Maker2000,2 .3 H7K ,4 J CK, 5 ~ 8 Jg#1 #2 #3 #4; B N F K ZmCOBLO3 F K R 4% B P R S AR X 46
M 5 C LA ZmCOBLO3 H BRI AR MMM AL, 22 CKL AT A KO, FEBIR - 10 em.
Note: A, The mutant ZmCOBLO3 was identified by PCR, lane 1, Maker2000, lane 2-3, water, lane 4, CK, lane 5-8, #1, #2, #3, #4; B, Sequencing of Zm-

COBLO3 gene knockout positive plant target region; C, Plant phenotype of ZmCOBL0O3 gene knockout mutant, left, CK, right, KO, scale, 10 cm.

B4 REFEEFRBKRE
Fig.4 Mutant genotype and phenotype
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