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Structure, Expression and Function Analysis of Class I KNOX
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Abstract: [ Objective | The expression of Populus class I KNOX genes during the regeneration of adventitious shoot
and adventitious root as well as in the vascular cambium were analyzed to reveal the function of class I KNOX genes
in woody plants meristem formation and differentiation. [ Method ] The nucleic acid and amino acid sequence of

Populus class I KNOX genes were obtained through blast analysis using Arabidopsis STM protein sequence as query
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in the genome of Populus trichocarpa. The phylogenetic tree was constructed according to the full length protein se-
quences of class I KNOX genes from Arabidopsis and Populus. The intron/exon structure and domain composition
were presented along the phylogenetic tree. The regeneration of adventitious bud and adventitious root using leaf and
stem explants from 84 K ( Populus alba x P. glandulosa) was used to simulate the shoot and root apical meristem
initiation and differentiation, respectively. Quantitative real-time PCR was carried out to analyze the expression of
Populus class I KNOX genes during the regeneration of adventitious bud/root and in the vascular cambium related
region. [ Result] Ten class I KNOX genes were found in the genome of P. trichocarpa through sequence alignment
analysis. According to the phylogenetic relationship and gene structure similarity, class I KNOX genes from Arabi-
dopsts and Populus could be divided into three groups. Arabidopsis KNAT2 and KNAT6 along with their Populus
homolog genes belong to group 1, Arabidopsis STM and BP along with their Populus homolog genes belong to group
2. Group 3, to be noticed, was unique to Populus. Through investigating the expression alteration of Populus class
I KNOX genes during the regeneration of adventitious buds, it was found that group 1 genes showed increased ex-
pression during the transition from bud primordium to adventitious bud, while group 2 and group 3 genes demonstra-
ted higher expression during the transition from meristem to bud primordium. As for the regeneration of adventitious
root, group 1 genes showed increased expression in the stage when root primordium differentiate to adventitious root,
while group 2 and group 3 genes demonstrated higher expression in the adventitious root formation stage. In addi-
tion, all Populus class I KNOX genes had an expression in the vascular cambium, and the expression of group 1
gene PtKNAT2/6b and group 2 genes ARK1 and ARK2 were especially high. [ Conclusion ] Group 3 is a new group
occurred during the evolution of class I KNOX genes from A. thaliana to P. trichocarpa, which was along with
group 1 and group 2 to participate in the regulation of different stages of meristem formation and differentiation. Most
importantly , PLKNAT2/6b, ARKI and ARK2 show high expression in the vascular cambium, which may play impor-
tant roles in vascular cambium activity maintenance and xylem differentiation.
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BLAST J3#fr, KB B 1 28 KNOX 2 [H B 2% R S
FEIRY ) sl ad Clustalw2. O BRAF XU RS I FIA% 14 14
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Table 1 Primers used for qRT-PCR analysis.

EILZES Bl )]l
Primer Name Primer Sequence

ARKI-1tF ATTGGTGGAGCAGGCATTAC
ARKI-rtR CATCCATCACCACAAACTGC
ARK2-rtF TGGACTGCCAAAAGGTAGGA
ARK2-rtR GTCTTGTAAGCTCCTCACGGTA
PtSTMb-rtF TTCTGCTCATCAGCATCACC
PtSTMb-rtR CCAGTCGCAGTGACAGTGTT

PIKNAT2/6a-rtF
PtKNAT2/6a-rtR
PtKNAT2/6b-rtF
PtKNAT2/6b-rtR
PIKNAT2/6¢-rtF
PtKNAT2/6¢-rtR
PtKNAT2/6d-rtF
PIKNAT2/6d-rtR
PtKNLPa-rtF
PtKNLPa-rtR
PtKNLPb-1tF
PtKNLPb-rtR
PtKNLPc-1tF
PtKNLPc-rtR
PtACTIN-rtF
PtACTIN-rtR

CGCAGATTGCACGTTTCTTA
AGGCCTTTCAAGATCGGATT
CCTACTTGGATGGTGGGATG
CAGCAAATTGCAGGTTCTCA
AACGAGGATCGAGAGCTGAA
ATCAGCTTCCGTTGGGTATG
GCTTCAATGGTGGTGGAGTT
ATCGTTCTCTTCCCGGATTT
GTGCACCTCCAGAAATGGTT
CGTCAAACGGCTTGGATAAT
CTTGAAGCCATAGGCAGAGG
TCAAGAACGTAGCAGCCTCA
GGGAGGTTGAAGCATCTGAA
TCGCTTTCTCCTCTTCCGTA
AAACTGTAATGGTCCTCCCTCCG
GCATCATCACAATCACTCTCCGA

2 HEREH

2.1 #5Hf 13K KNOX BEERHN ST R LERDHT

VI 7T STM 3 1 17 51 1 B A A7 2k P 20 v vk
FrFIR P X, 73 24 10 4> T 28 KNOX HE[A
FIFH Mega6. 0 EPEAEEE 1AW ARG T 1 28 KNOX
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Fig. 1  Phylogenetic tree and gene structure of Class I KNOX from Arabidopsis and Populus
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R B, Horh , AN ZF AR R 0 ~ 6 d Do
HLTE LB B (B 2A) 7 ~ 11 d O 28 T B B
(E2B),12 ~20 d N AEZFIE AL BL (& 2C) 578

AERFLEL R 0 ~4 d A HLUE BB (F
2D),5 ~6 d AMRIEEIE s Be (B 2E) ,7 ~ 17 d
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R2 BB IELKNOX HREER
Table 2 Detailed information about Class I KNOX genes from Populus

FEH AT RS etk b fE . 240 R o T IR M5
Gene name Locus Genomic position POSRT prediction Protein length introns
ARK1 Potri. 011G011100. 1 Chrl1.844486 — 848858 — N. 14 373 3
ARK2 Potri. 002G113300. 1 Chr02 ;8461980 - 8468320 + N: 14 368 4
PtSTMb Potri. 004G004700. 1 Chi04 ;304576 —308944 + N: 14 369 3
PtKNAT2/6a Potri. 008G188700. 1 Chr08 ;13039428 - 13047773 - N:12,C: 1 341 5
PtKNAT2/6b Potri. 010G043500. 1 Chrl10:7430322 - 7440628 + N: 10,C: 2 309 4
PiKNAT2/6¢ Potri. 012G087100. 1 Chrl2.11401140 - 11409183 - N: 14 340 4
PiKNAT2/6d Potri. 015G079100. 1 Chrl5:10400171 - 10408171 + N. 14 347 4

PtKNLPa Potri. 013G008600. 1 Chrl3.:557144 -561807 + N: 12, M: 1 320 4
PtKNLPb Potri. 005G014200. 1 Chr05 ;1100485 - 1105673 + N: 14 317 4
PtKNLPc Potri. 005G017200. 1 Chr05:1390283 - 1394969 + N: 13 316 4

N AHIAZ 5 C o AU AR BT Che 53 M ZROBE A

N: nucleus: C: cytoplasm; Ch: chloroplast; M: mitochondria.

A BLCHURAE AL R P o L HEUE BT BL (5 d) |
AT B(T d) AEZFE BB (12 d) ;D E F 73500k
AR A R o 2 HAUE BT BE(3 ) R BB B (5
d) AZERIEEHB(T d) 5 ELFIRAREE 1 em,

A, B, C represents meristem formation stage (5 d), bud primordium

formation stage (7 d), shoot growth stage (12 d) during the regenera-
tion of adventitious shoot; D, E, F represents meristem formation stage
(3 d), root primordium formation stage (5 d), adventitious root elon-
gation stage (7 d) during the regeneration of adventitious root. Bar =
1 em.
K2 WAEZE AER A R
Fig.2 Regeneration of adventitious shoots and

adventitious roots
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A, B, C represents different expression alteration of Class I
KNOX members in the regeneration of adventitious shoot,
and two vertical lines marks three stages during the regener-
ation of adventitious shoot.
3 AW 126 KNOX BUATEARE SR A R A RIs T

Fig. 3  Expression alteration of Class I KNOX members

during the regeneration of adventitious shoot
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A, B represents different expression alteration of Class I
KNOX members in the regeneration of adventitious root,
and two vertical lines marks three stages during the regener-
ation of adventitious shoot.

P4 i 12 KNOX 8B A A E ORI i P i e ik o A
Fig.4 Expression alteration of Class I KNOX members

during the regeneration of adventitious root
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Fig.5 Expression level of Class I KNOX members

in the cambium of populus
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