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Abstract ; In order to observe cytological development of prickles in fruits of Rosa roxburghii, R. roxburghii GLABROUS
2 (RrGL2) , a prickle-development related AtGL2 homology gene, was isolated from ‘ Guinong 5’ and relative biological
information and expression were analyzed in this paper. The cytological development of fruit thorn of Rosa roxburghii was
observed by paraffin section. Leaves of Rosa roxburghii was used to synthesize cDNA based on the manufacturer’s in-

structions of RACE. Subsequently RrGL2 was made relative informatics analysis and the gene expression level was eva-
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luated. The results were as follows: (1) The base cells continuously divided at the early stage of flower bud, then out-
ward developed. The middle cells continued to become thinner and longer to form a “needle” structure. In the early stage
of flower bud formation, the cells in the base of the thorn structure first divided continuously and continued to develop
outwards. The cells in the middle became thinner and longer, forming a “needle” structure. The lignification gradually
was observed at the top cells to make the prickles hard. (2) The full lengths of RrGL2 was 2 292 bp by RACE, encoding
763 amino acids. (3) The RrGL2 had a structure of Homeodomain and StAR phosphatidylcholine transfer protein, which
is likely to regulate the development of Rosa roxburghii prickles. Then, a search for homologous species in the NCBI da-
tabases revealed a high similarity of amino acid homology encoded by the RrGL2 with other Rosa species, and phylogenic
analysis revealed a close relationship of structure domains between Rosa roxburghii and Fragaria vesca. (4) Finally, re-
al-time PCR analysis showed that the relative expression value of RrGL2 in fruit prickles after seven weeks after flowering
was the highest, almost respectively 7.87 times and 2.10 times than that during three weeks and during five weeks after
flowering. RrGL2, a prickles-forming gene acted to regulate the morphology and development of prickles. Therefore, the

function of RrGL2 is closely related to thorn formation. These results could provide theoretical basis for thorn formation

40 %

and development.

Key words: Rosa roxburghii, trichomes, prickles, RrGL2, gene expression

HIAL (Rosa roxburghii) 75 R 22 4T A Vi W
R A28 0 ST, BB RAF  RUR R o 1Y)
TR AR 52 0% 5 5 %, A6 T [ VY R b X0 2
SEINAE KRB, RS A LR s
Y BUEALY S (Van et al., 2008) , A] V5 ik 5651
47500 0 Bk g 310 4810 77 ( Liu et al., 2012; Xu et al.,
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) A SR i o oy O SR )Xo K SRR A LS N T
FH i) 7R 2 el A5 38 o AN 8, 3 4 oF Bt 2 el 2000
oA kY [RRZEI R S E A ST

FE 2 A TR Y b R 84 K
FIHE 1000 7 92 588 ( Kellogg et al., 2011) , A] 77 7E
T 2R RS HALZY B (Feng et al., 2015) , 4
() A TE 3G N A ) 2% e JEE B U/ B i RTOK 43 1 1
I, B 1k B R JE A 1) 47 28 sHLAR AR 493 ( Gomes
et al., 2012) . 7 %51 FVFCBR 1% 30 Sk P8 T 15 1 1)
BRE B AT 4k 2k A K I die S0 Ak B B & 1Y IR T
B ENREHEWINEY, HIL, HRRELEES
BB 2 A0 0 AR TE BT IR B 5 R 2 R A W A
BRI LA IS5t R B R BN
FEH B A Rk 2 —Fh = 0 IE Z A WP (An
et al., 2011) . FHYIR K B K E B 1R 7
PUREIT AT B T AR K Ay i e 3l ok B S
T MYB [ GLABRA 1 ( GL1 ). WEREWOLF,
CAPRICE , TRIPTYCHON ] ; WD-40 %! [ ( TRANS-
PARENT TESTA GLABRA 1(TTG1];bHLH[ GLA-
BRA 3 ( GL3)]; ENHANCER of GLABRA 3
(EGL3) ; HD-zip[ GLABRA2 ( GL2) ] Fl WRKYI 2&

% 5 N ¥ [ TRANSPARENT TESTA GLABRA2
(TTG2) ] ( Zhao et al., 2008; Gan et al., 2011),
T BE X 2% 32 52 3 45 3] GL1 #l TTG1 A D) 25 4 5
GL3 Fl EGL3 AYASIH] X 8k, % B MYB-bHLH-WD40
EAYRIE B = AR S0 iy, I PR 4% 3R B
EBET W T KN MIE A K A (Pesch et al.,
2015; Ramsay & Glover, 2015) . GL2 7] il o 2 5
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MYB-bHLH-WD40 &5 1A i hE, 783K & £ MR
BT S R v, T AH 408 B4 40 i R 98 AH B SE 4
GL2/TTG1 4BV T (Pu et al., 2003)
G2 AEREEWESRAE T RHEEEEEH,
ALHE 20 0 43 A2 P 5K R 20 G BE B A ( Szymanski et
al., 1998) . GL2 Jj& — F [a] Y5 A 5 A, 4 05 % A
StAR ( steroidogenic acute regulatory protein ) %5 #4) 3,
(1) HD-Zip %% 5 PR, 33X i [R) 5 25 11 nT /A
AN K A B b P R R0 L ] ) 2R 3K ( Rerie et
al., 1994; Di & Al, 1996) . GL2 {Ef K Fh
Frgk kil JF HRERBIE S LA TIER 405
KB AL b T (Fyvie et al., 2015), ®j A
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GL2/GL3 AL R g i e f2 B & K4, Bl
W ) 2 R B B i A D R GL2 28 A8 (R A
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H1,GL2 J2& GL1 F1 TTG1 W) T iiF IR FE ) (Pesch &
Hiilskamp, 2011)
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1T T A5 B AT Rt 25 F R 86 0, ] Sk ik — 254
FERNBL S IE BN & B 1 53 F AL AR GE a SE R T
PRI B IAL TR R et 1 st A% B8 PR B LAl

1 #H# 57 ®

1.1 EY MBI R =5

RAERIAL  SeAge 55 it 7 FER SR, — 3
G35 BVTE WA Th Y VROIT A 7E - 80 C, et
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SEWMZ AR 1 20) o A KM ORAF R [ T 4
B 0% 0K 4 CUKFERAF . 25 1 KA 70% W5k
B, 55 2 K 85% W5 HE \95% 154  Jo /KA | JC/KIE
K. 1/5 2R 2/5 WO 3/5 R 4/5
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(BN 36 CHERS, BCE 3 d DL Wik, KrE EHE
B4 B W P AR AR i e % b R BDE S, ¥
TIRAEYI R P TR RS R 8~15 pm,

O PR TEANUMEREF, 25
25 3% % ( BXS53, Olympus, Japan ) W 25, SPOT
FLEX™ CCD #A14% ( Diagnostic Instrument, USA) ,
1.2 RNA RERFn 4L

i Trizol ik 7| ( TaKaRa, Japan ) #2 Bt 25 | nf
A ACZE P RES 3 L5 SRR T JE G R R A
(1) RNA, B L RS 00 & 3, Y6 DNA
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(TaKaRa, Japan ) Ff HEHU ) RNA #E17380 5% 5%
1.3 %5 GL2 ¢cDNA
1.3.1 3'RACE #4&-5 FIH] 3" RACE(TaKaRa, Ja-
pan) A & DA AL it 7 $2HUAY RNA F 47 5 — 4%
cDNA & i, # #& NCBI ( https://www. ncbi. nlm.
nih.gov/) NEM A EY IRGEN SR A ETA
Ky GL2 [FR Tt 519, H 51 i1 ™ fe
PCR P B BEAAY 3" R (£ 1), 5 —% PCR: &
%694 CAEME 3 min, 2R J5 HEAT 20 E IR P
(94 °C 305,55 °C 30 5,72 °C 2 min) A5 72 °C
FEAH 10 min, FRJG LASE—%8 PCR P2 #/EMEE Ik
PCR ¥ ¥4 Wi, JF HAE 5% —% PCR M W45
P Fis1T 35 MEH

#& 1 GL2 cDNA =[£ RACE 3|4

Table 1  Primers used for GL2 ¢cDNA isolation from Rosa roxburghii
BT
219 2R (5'-3") 5 Annealing conditions
Primer Sequence of primer (5'-3") Application T i i)
Temperature (°C) Time (min)
RrGL2-1 TAGCTGCATAAATGCTTACG Ist of 3" RACE 55 2
RrGL2-2 AATCGCAGGAACGAGTGGG 2nd of 3" RACE 55 2
RrGL2-3 GGGGTGACTCCTTGAACA 5" RACE 55 2

1.3.2 5'RACE #54&% 14 SMARTerTM RACE c¢D-
NA P 1445 5 £ ( No. 634923, Clontech ) , LA M A &
RNA WA & B cDNA 55—, #1837 K i
B 5 A R R R S5 1) (36 1) #3547 Touch-down
PCR: 5 %6(94 °C,30 s;72 °C,90 s)5 MEH, K5
(94 °C,30 ;70 °C,30 s;72 °C,1 min)5 MEH, )5
(94 °C,30 ;55 °C,2 min;72 °C,2 min)30 MEIR,

1.4 SEREFNN F

PCR W) 1% S REAEEE A I, 42 i [ml i fs
DL B R OB % il DNA 4 fk iR 7] & ( DVSOSA,
TaKaRa, Janpan ) & 1k, 5 B& % pMDI8-T %k {&
(TaKaRa, Janpan) 1, 5 J& 0L 5% 46 K W #F
DH50 T Bk (Trans, China) o Bk ve B iy b 42 T
AW TR AR MR 55 A PR /) (i ) WS
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fifi i NCBI ORF finder X} PCR 4" 3§ 451 GL2
TR ) SEAE - B A7 534, @3k NCBI BLASTp 3k
7 ReGL2 [A R4 M . {1 ProtParam 43 Hr 2 11 i
M 5rF i A R JE MR 4 A, F ProtScale 1Y
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V- YA FURR IO 1) B 7 i 22 2R s o i SPSS HRL A
R 25001 5 143 B 3R A5 ) B b , Duncan Z H K
B LA G B 2 5 (P<0.05)
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2.2 ®F RrGL2 I FE 5 447

DL B 5 5 19 RNA Sh#HR il it RACE 77
%453 RrGL2 (4K ¢DNA, RrGL2( Genebank %
S5 MG386498) 4 K A2 292 bp, 4t 763 4
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ProtParam 73 #r RrGI.2 8 2| H. /> F &=~ 8.49
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38.79% MY B K PR Z BE TR . 27.39% 1) 45 L oy 2, 2k iR
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A. Z(Bar=1cm); B. I (Bar=0.5 cm) ; C. #£% (Bar=0.5 cm) ; D. B3 (Bar=1 cm) ; E. #F(Bar=1 mm) ,
A. Stem(Bar =1 cm) ; B. Leaf(Bar=0.5 cm) ; C. Flower bud(Bar=0.5 cm) ; D. Fruit(Bar=1 c¢m) ; E. Seed(Bar=1 mm).

BT BB R AR

Fig. 1 Various tissues of Rose roxburghii

R2 RRRAL(EFISTMTEA)HN=ZATEMURRNGENKENLILE
Table 2 Number and length of prickles on various types of Rose roxburghii
fruits during 3, 5 and 7 WAF (weeks after flowering)

e NibES e R
IR % B B S Number of prickles Length of prickles
Fruits at different development stages o s T g s a3
Upper Middle Lower Upper Middle Lower
165 3 JA (3 WAF) 29.3+1.5b 65.4+3.5a 32.6+6.5a 1.33+0.31a 2.50+0.54a 1.72+0.73a
165 5 JH (5 WAF) 28.0+3.6a 67.3+2.1b 34.3+3.1b 1.83+0.29b 3.16+0.76b 2.62+0.64b
TEJG 7 i (7 WAF) 29.7+1.2b 70.6+8.3c 32.7£6.5a 2.38+0.75¢ 4.3320.29¢ 3.28+1.17c

e TP TR R B B 22 R (P<0.05)

Note: The letters indicate statistical significant differences (P<0.05).

.

A B C

A B C IR AR AL 2404 Ik R B T i A2 , o7 Sk B 18 0 500, Bar=1 mm,

A, B, C indicate various prickles development at early stage of flower bud, the arrows represent prickles. Bar=1 mm.

P2 R R £ = WL

Fig. 2 Cytological observation of fruit prickles at early development stage of Rosa roxburghii
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""" 480 490 s00 s10 s20 s30 540 ss0 590
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R IR < T} Y RE{T VN SGLAY GARE TLOLOCERIVI FMATNVPIXDSHGVATLAGRKS I LXPIAIORNT(ISFTCRAI[IAS S Yl TWy glll‘lb!cl' VILCAVSSVWLPY|
FH  Malus domestica TMYRHIVNSGLAFGARE TLOLQCERBVF FMATNVPEKDSIIGVATLAGRKS I LKIAIQRM IS FCRAI[HAS S YT WY B SREKNLINDPGEPMGVILCAVSSVWLP VL
AW Jairopha curcas ATLQLQCE FrMATNVPRXDSHGVATLAGRKS I LXIAIQRMTLISTCRA I[EAS 8 YEITWEIK SREMENDPGEPHCVILCAVESVWNLP VE
F Morus nosabitts TLOLQCERMVFFMATNVPIXDS [Algruzlisrcra1flas s rirwiix
620 €30 cao 650 6so €70
PR Rosaraxdurghit QY IETIERIIE N O ERIAN LEKGQDRGNA VT QMK 8 KENTIM QDEChH VD IRGNQ SGFSILPDG)
L2 3 vesea u"'r.vnn.nn- It RiAnLExGQDRGNA K @Dofichs 1 JVD IBGNKQ SGrSILPDG
B Prunus persica R R EiANLEXGOD RGN A VT QFy xNEhe aogichinf VD IRGNQ SGFSILPDG)
TR Malus domestica L ERiAN LY KGQDRGNAVRII QMK S Qogycpinty HvD 1dexg JscrsiLeng)
FERM Jatropha curcas BRCERIANLAXGQDRGNAVINT OFMK S ) QD o 1fjaxQ SGrsILPDG)
% Morus notabilis - s VE S MY TN ST TITET IS o D Qs 18GrsILPDGNESRP
740 7130 760
#R Rosa rexburghit S DS KLTMESVESIINTILISCT IXTSLQCER
L e vesca SD| KLTMESVEISIINTLISCT IXKTSLQCER
B Prunus persica |, 5| KLTMESVEISIUNTILISCT IXKTSLQCE
TR Malus domestica KLTMESVESUNTLISCT IXTSLQCE|
AWM Jairopha curcas . sy TLISCTLENIXTSLQCE
% Morus nosabilts - SINTILISCT Q s
B
> U . o \ Y )
107-169 |ii ¥ 73 = - &
07-169 Il L Hig b 276-500  StARFIR ML RS, B 41
StAR and phosphatidylcholine transfer protein
C

A. ReGL2 5HABYF 55 XTI, B. R 45 H9 3K HOX (107 ~ 169 aa) Ml START (276 ~500 aa); C. ReGL2 (1) = 2% &5 ¥4 15,

(PDB. 2797) .

A. Amino acid sequence alignments of RrGL2 with other five plants; B. The second motifs HOX (107-169 aa) and START (276-500 aa) ;
C. The third dimensional protein structure of RrGL2 (PDB number: 2797).

3 ReGL2 1454
Fig. 3 Structure of RrGL2

2.3 RrGL2 B[R IR E B 1 RiER 53 47

WA R GL2 4T LEXT 2087 (B 3:A)
BLAST 43 Hr % Wi, ReGL2 F1 B} %% %§ ( Fragaria
vesca) ARk ( Prunus persica) 3¢ 5F ( Malus domesti-
ca) KXW ( Jatropha curcas) F1Z& ( Morus notabilis)
AR 5 51 A AU B, g3 il 02 98% . 92%
90% .83% il 82% tH LI,

HT ReGL2 1) = 4E 4549 (PDB %i % . 2297)

FIIH ESPript 3.0 15 28 [ 5T 1) 450 il =9 2%
o R 3. A FiR, B4 M T A 0 322 g e
¥, 2750 A 25 R R, ReGL2 5 H: Ath 4y
) 9045 0 B Bl R 5F . SMART 43 A i 7
RrGL2 44544 38 A 45 PR A~ 32 B 254 8, 49l 2 o7
T 107 ~ 169 2 £ W 0y A I8 45 4 B HOX
(homeobox ) FI {7 T 276 ~ 500 & % g i) START
(StAR F@EmEA % & ) (K 3:B), K 3.C
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THARHE Prunus avium

100 i P. mume

73 P. persica
99

00 R Malus domestica

— RR

Rosa roxburghii

100 L #525% Fragaria vesca

97

100

62

#HE Vitis vinifera
=

Ziziphus jujuba

FR  Morus motabilis

B[R] Theobroma cacao

¥ Citrus sinensis

KZE Manihot esculenta

GBI Hevea brasiliensis

RIS Jatropha curcas

84
54

56 BRR  Ricinus communis

2z Juglans regia

38 98

FRMTIT Lupinus angustifolius

[EMES Cleer arietinum

98

94

RS Vigna angularis

100 _|: KB  Cajanus cajan
80 *g

Glycine max

#&  Chenopodium quinoa

WE  Nicotiana tabacum

| B3 Helianthus annuus

RETT Arabidopsis thaliana

T |
0.15 0.10

I 1
0.05 0.00
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