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Transcriptome analysis of regeneration process of primary cell wall in xylem
protoplast of Betula platyphylla

Zheng Jie YuYing He Zhuoxi LuMingyuan SunYu Yin Tianlong Wang Chao
(College of Forestry, State Key Laboratory of Tree Genetics and Breeding, Northeast Forestry University,
Harbin 150040, Heilongjiang, China)

Abstract: [Objective] The properties of wood are determined by the composition and characteristics of
xylem cell wall. It is important for wood improvement to study the molecular regulation mechanism of
xylem cell wall formation. In this study, the molecular regulatory mechanisms in the process of regeneration
of primary wall in the protoplast of birch (Betula platyphylla) xylem were analyzed and the important
regulatory genes were identified, aiming to provide data and materials for the study of wood properties.
[Method] The protoplasts of birch xylem cultured for 0 h and 2 h were used as materials, respectively, and

the regeneration process of primary cell wall was observed by staining with calcofluor white. The
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differentially expressed genes (DEGs) and differential metabolic pathways participating before and after the
regeneration of the primary wall were compared by transcriptomic analysis. The detected DEGs were
aligned with GO, KEGG and PlantTFDB. [Result] Observation by fluorescence microscopy showed that
protoplasts had no cell walls after enzymatic digestion and the primary cell walls had been regenerated after
2 h culture. The DEGs were screened using [log,(FC)| = 1(fold change, FC) and ¢ < 0.05 as the parameters.
The results showed that compared with the protoplasts without cell wall, 4 396 up-regulated genes and 4 056
down-regulated genes were detected in the protoplasts cultured for 2 h, with a total number of 8 452 DEGs.
In the GO database, there were 10 significantly up-regulated terms. KEGG analysis noted 10 significantly
different metabolic pathways. Total of 360 differentially expressed transcription factors from 16 families
was annotated in PlantTFDB database. The GO database annotation results showed that DNA replication and
cell cycle related genes were up-regulated in the cell wall regeneration lines compared with that in control.
The results of KEGG database annotation showed that genes involved in glutathione, a-linolenic acid and
other stress-related metabolism genes were down-regulated, and pectinester related genes were up-regulated.
PlantTFDB annotation results showed that bHLH, NAC, MYB, bZIP and other transcription factors closely
related to cell wall biosynthesis were differentially expressed. [Conclusion] Above results show that xylem
protoplasts are in a state of cell wall regeneration and division preparation at 2 h culture. DNA replication,
cell cycle, polysaccharide biosynthesis and other related genes play a regulatory role in xylem protoplast

culture and primary cell wall formation of B. platyphylia.
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cultured for 0.5 h; ¢, protoplasts cultured for 1 h; d, protoplasts cultured for 2 h.
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Fig. 1 Fluorescence microscope observation of cell wall regeneration in protoplasts of birch
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Fig. 3 Cluster analysis results of control group and experimental group
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Fig. 5 GO annotation of differentially expressed genes in protoplasts after 2 h culture compared with just isolated protoplasts
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72 AR IE I R G B ) g

Enzyme cluster of DEGs encoding

ZE SRR B B C RS+ NI
Total DEGs number (up-regulation
number + down-regulation number)

UDP] % Wi FR % #4 i UDP-glucosyl transferase (UDPGT) 37C13 +24)
UDP#] %] #i #£ #% i UDP-glucose transferase (UDPG) 33+0)
FWE BRI Fructose diphosphatase (FBP) 1(1+0)
TLbE — BRI 4R Fructose-bisphosphate aldolase (ALDO) 1+0
FRILH SIS % Glycosyl transferase family 12€0+12)
TR % AL BT WEILIZ LA SR Glycosyl hydrolases family 9(9+0)
Glucose and glucosyl metabolic N 5 W B 45 4 Di-glucose binding within endoplasmic reticulum 5(2+3)
3-B7HI &M 3-beta-glucosidase 33+0)
13- R M 5 il 1,3-beta-glucan synthase 1C1+0)
G- TR T 4 B2 1L 6-phosphogluconate dehydrogenase 100+ 1D
6-THE R 75 4 b 7 M8 Glucosamine-6-phosphate isomerases 1(1+0)
3-T H s i & Glyceraldehyde 3-phosphate dehydrogenase 1(1+0)
A AT B-1,4- K WEHL T Beta-1,4-xylosyltransferase 1(1+0)
Xylose metabolic B-1,2-ABEILH4 FE i Beta-1,2-xylosyltransferase 1(1+0)
?Hﬂﬂ@ﬁ%*ﬁ?ﬁ&%%ﬁ%*%*ﬁ%@%ﬁ o 1004 1 6)
Wall-associated receptor kinase galacturonan-binding
AL L UHE R L R BE Galactosyltransferase 5(3+2)
Galactose metabolic P BERE IR Polygalacturonase 5(2+3)
TN FLpE I L W41 77 Polygalacturonase inhibitor 3(0+3)
Wi /K Rl Glycosyl hydrolases 200+2)
TR R Ut K HE S Ribokinase (RbsK) 33+0
Pentose phosphate metabolic 6-TE 2 751 % 1 i 208 Phosphogluconic dehydrogenase (G6PD) 202+0)
B AR AL RS Pectinester 6(0+6)
Pectic metabolism R ZL#EE Pectate lyase 7(7+0)
KREEYE R H i 28 Cinnamyl-alcihol dehydrogenase (CAD) 2(0+2)
Phenylpropanoid biosynthesis it E AL Peroxidase (POD) 6(6+0)
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FE IR b R GE A 1A SROpE T R I 46 G (ALDO,
fructose-bisphosphate aldolase) & K] L i # ik . iR
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KI5, 24 AV FE UDP-4 %] 4l 1Y) UDP-H] %) 0% % 2 %
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T, 13 4~ UDPGT £ L, KEGG &4 45 R R
N UDPGT S AR . 78 R AU A2 o, A i )
5 R o AR R 2 A S 6 N R B 85 (PE,
pectinesterase) & K| T A ZIA DL K 7 A FE I R fift lilg ik
BRI _E R SR
2.63 fmieEEF AR P A ERMEF RE AR
TE R A e AR A2 vh, A 3 Bl T 2 A4
A W W EE B Bt & ¥ (CAD, cinnamyl-alcohol
dehydrogenase) 4 [K Fe 8 5 HY L BH S5 1 I, T AR
J & A R I S AL W B (POD, peroxidase) 3 [K
6 MEE L.
3 4 7w
FEA I8 A 5 30 5 AR o A R Bt v, A5 3 SR A
JARTE 73 B 48 h N, MRARPRFF AR B 8 4t ife R & HAR
AW BRI — i Be A, o 5T 5 AR Jo A 4 A EE
A R R R IE R, AEAR KR RS B T AR
B AH O HE R I R IE TR 1 L, 3X — R R HoAth 4
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AW FHH Mlumina 1 £ 15 18 58907 552 AT W
Pt e 200 B B 1) i A PR (O D RN AR J5 55 97 2 h 1)
JR A RAR AT T AN P . GO RS R B R,

7 51 05 K K AE DNA & i) 48 i 8 S AH 5 i 2% H
TNRFEEE. ERNBMNE LR R K5 H
SCHR, 0 BH b B 2 3 o3 5 AR AR AL T 24RO
O JEA AR A T RE R & BT 1) 70 4k 46 1] . KEGG
SLVERE R 10 > B E R A uhE R, Hrh st
Jik A 15 (map00480) A1 o- V. J#k 82 £ 15 (map00592) 3
R34 R NI ERE, X 2 AMRIHE B S5 25t
T 3 R 5 RO, B O 4 B R R T A
T, EJRAEAR B R, 2R T — e R
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AR 34 38 B (map00195. map00860)3E K 4 & 2 1) b
WAL o 7 A% B 251 T, AT 30 41 B TG I SR A
RE, X2 R RIA L I, AT RE 2 B s 7R
AT AR A G, — e AR AR T 0 e A
E(] 72\ z'%: [27-28] .

1528 R R RIS it FE v, 2056 AR A
J 2 A S A B BE A A DG R R Rk B R AR T AR
0o SWE-1,6-B 2 Bl (FBP) i 4k S bE-1,6- — B2 1)
RVE-6-BE R IL A, BRI T BRI 1 R O
BE(G6P. FOP) AR 212, M5t vf FBP 2R 1 F i
FIA (B 8a), 15 B 1% JE R 7E 41 M BE A O F2 1 b
R AE o o — 7 T, IR I W 4 44 v e 5 -
6Tk 12 ot S g AR A W il S A9 W B i A2 R AR R 1)
TR IR CL W r) B TR R 38 42 v A N B0, AT 7 v %
(113X 2 AN Pl 3L IR B 1 30 (P 8b), b — 25 ik B LA
BT R BE G R R BRI R . TR R A IR
DR O IR T A B R R i (UDPGT) /2 14k
UDP-] %) B8 5 A5 T 4 % 7 S B2 T FE UDP-7] %) B
(B R R 25 N R IA G R T UDP- % b
AR, — e AR T AR E R, HiknTel
M AR TS B I N RIS UDPGT EF (K] 8dD
TE R 2 Ji A 0 A4 4 B 2 4 3 b B B AR
F o 1E 08 B &0 B S i A i A (18] 8o,
AT %558 B 6 A R EL R (1 2 2 N RIS
7 AN B 2L S IR 1 A Rk . 2007 4E, AR E
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PA) [ ¥ o v TR PR 00 R Rl 4 AR A R DG Bl 2 S
B R B, SR T g 4D % 12 5 4 e v SRR R T B
fif B T3 IE AR G . Rk, SRR AR BE L M 1Y T AR IA
AR T R AR, — e R R TR
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2 i Sk REK £ P I V. Red text refers to gene up-regulation, the green text refers to gene down-regulation, the solid single arrow represents an
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Fig. 8 Schematic diagram of differences in glycolysis (a), pentose phosphate (b), pentose and glucuronate interconversions (c),

cellulose synthesis (d) and phenylpropanoid metabolism pathway (e)
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