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Abstract: The growth-regulating factor( GRF') transcription factor is a plant-specific gene family that regulates
plant growth. In Arabidopsis and rice ,the GRF gene family-encoding proteins have a positive function in regulating
stem and leaf growth and development. In the present study, we speculated that the GRF genes might be more impor-
tant and responsible for the formation of narrow leaves. To ask if the GRF genes are the causal mechanism in the
development of a narrow-leaf peach variety ( Prunus persica( L. ) Batsch ‘ Jin Mi Xia Ye’ ) ,GRF genes in the peach
genome were identified by BLAST search according to the sequence homology. The expression pattern of these GRF
genes was determined in the shoot apical meristem,young leaves, mature leaves,seeds,flesh of fruit,and phloem in
“Jin Mi Xia Ye’ and the normal-leaf variety ‘ Chinese Cling’ . Meanwhile ,the genetic mapping of narrow-leave was
conducted in an F, population by using 126 simple sequence repeats( SSR ) markers. Ten members of the GRF genes
were found in the peach genome. The deduced proteins of GRFs arranged from 191 and 612 amino acids. Sequence
analysis showed that the N terminal of these proteins maintained two conserved motifs QLQ ( Gln-Leu-Gln) and WRC
(Trp Arg.Cys) ,except that the Leu residue of QLQ in ppa011917m was replaced by Phe. While the C terminal of

those sequences varied , for instance ,a TQL and a GGPL motifs. A phylogenetic tree using a neighbor-joining method
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placed the GRF genes into three groups. According the expression result of 10 GRF genes in peach, six of them
exhibited higher expression levels in the shoot apical meristem than in young leaves and other mature tissues and
organs. Only a few genes showed slight expression levels in the flesh of fruit, mature leaves, and phloem, such as
ppa022199m in flesh and ppa019752m in phloem. Only two genes,ppa019623m and ppa003017m ,expressed higher
levels in peach varieties with narrow leaves than in those with normal leaves. Meanwhile , we located the narrow-leaf
trait in the region between two markers (UDP98-407 and BPPCT025 of linkage group 6) using linkage analysis
based on SSR markers. Based on the linkage analysis,we then chose the ppa003017m as one of the key candidates
in regulating leaf development in the ‘Jin Mi Xia Ye’ variety. However, the sequence amplification found that,
among 30 seedings with different leaf phenotypes, no variation existed in the promoter of the key candidate gene,
ppa003017m. The results indicate that there is no relationship between the expression of ppa003017m and sequence
variation in its promoter regions. This study highlights the importance of identifying genes that regulate the narrow-

leaf trait in peach,as well as the importance of selecting the excellent peach germplasm resources with high photo-

synthesis efficiency using molecular marker assisted selection in the future.
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1.2 DNA BJ3REX

R AR SRS AE M B RS F () DNA $2HL
A& (Aidlab, Ab5T) $EEAI I R EE I ZH DNA
1.3 ZERNA IR . 4hfnRER

K HH# L CTAB ( Cetyltrimethyl Ammonium Bro-

*1 #HGRFERELBEMNALEREEE PCR Y

mide ) ILFEHOR R 2140 5 RNA, EZE IR HL
500 mg FEAH, HITA 800 wL CTAB,65 C /KA 15 min; 2
JE A SRR A/ S0 727 ,4 °C 12000 1/min
B30 10 min, B VS W, BRI SRR E 5/ 5%
B R AT B RV W, A 1/3 ~ 174 (R 8
mol/L LiCl, =20 °C YTIE 8 ~16 h;10000 r/min &.0>,
JIA 500 WL 75% i BB UTTE 2 Uk, BT, A
5 (70 ~ 100 wL) DEPC /K¥RZY 5 min,

Z: M8 TAKARA (K%, [ ) 24 Al DNasel #:4F
VEHA T AL B RNA 189 DNA,JITA 540 wL DEPC 7K
F1600 pL A A5/ 5, ¥, 10000 1/min &L,
BT, A 2 A IARFTE 1 oK 2%, - 80 C
ULUE 30 ~ 45 min, B0, HHH 75% L BEUEER DT
TE2 WK, B A 50 ~ 80 pl DEPC /K& i, Bl
R RS T 52 A Mk | TR ARG DU R B 5 - 80 °C PR AF
.

cDNA 55 1 6B NS % R ( Lifg, hE)
B ReverTra Ace qPCR RT Kit LB 5E R,

1.4 GRF EERR}EE PCR(qRT-PCR)

HRAEBREE R 20 ) T B4 2R, 58 11 5 AtGRF [
TRk GRF 8L, ] NCBI H1 [ Primer-blast
ARG E = PCR 514, N 1 FrR

Table 1 The physical position of GRF genes in peach genome and its primers used for qRT-PCR

. et f ﬁ%ﬁé‘ éﬁiJL %lAlKBZ*Fbp) e S 1] PR
Gene name  Chromosome i i Transcript Forward primer H (bp) Product
Start site  Stop site length Reverse primer length

ppa019623m  scaffold_1 35330027 35333123 3097 ACTCCCTCCTCAACCCATCA  GCGAAGGGAATGCTGTTGTG 119
ppa021277m  scaffold_2 16827306 16829645 2340 CACCAGGATTGGGCTTCTCC ~ GCCCCTCTGTGGATATGCTG 193
ppa024293m  scaffold_2 26124208 26126583 2376 TGTGCCTCGTGATCTCCTCT ~ GCGCCACATCTCTTGAACAC 149
ppa022199m  scaffold_2 26637336 26641459 4124 GCCTCCTGATCTCGTGCTTC ~ GCACCTCCACTTCTTTCCGT 157
ppa017593m  scaffold 3 2116412 2117741 1330 GGAACGAAGGGAAGTGTGGA  GCCAGGTGTCTGTGCTCTTT 328
ppa011917m  scaffold_5 2337318 2338341 1024 AGGTGCTCCAAAGATGCACA CCAAAGCATAGACCCCCACT 215
ppa019752m  scaffold_5 12677592 12679579 1988 GATGTCCTCTGCTCCTGTCC ~ CACAGGCTTTCTTGAACGGG 253
ppa003017m  scaffold_6 20543630 20546680 3051 TAAATGAAGGGTGGGACGGC  GGCTGCTCCCTGAACTACTG 105
ppa006912m  scaffold_7 14478504 14480990 2487 CGGGAGTGCTAAATCCGACA  CCAGCATTGGTTCGTGCATT 96
ppa015791m  scaffold_7 19152923 19154439 1517 TATGGGCTGAAGGAGGAGGT TGTCAGTGGTGTGAACTGCC 117

EH PCRIKZR N 20 pL, Horp 417 DNA 2 plL,
Biotake (b 50, 1 [E ) Y SYBR Real-time PCR Premix-
ture ZEVEYL R 10 pL, BHEA NS ¥45 0.5 pL,
DEPC 7K 7 uL,3 KE &, {# ] Roche LightCycler®
48011 B! PCR {SGHATY 34 RV FEIT 4 .98 C i As
3 min;95 C7Z8ME 10 5,58 CIiBk 10 5,72 °C fE A

20 5,34 NMEH ;72 CHEMF S min,4 CIRAFE, 2OEE
AR 22 NS R Elonga-
tion factor 1-alpha FLR o
L5 HEMHERMOEEREM

FRAE BSA 53 K 8 BRVEATFI 8 BR%E T DNA
O3 AR A, AR T DR 3R PR b D 2 PR
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1.6 GRF EREKFIIFES T

{i F} DNAman ( Lynnon Corporation , Canada ) ¥ {4
HEFTRREE R 20 TP AN ] GRF 88 1 F 9 AR U e X, il
JH NCBI 1) COBALT %t % ( https://www. ncbi. nlm.
nih. gov/tools/ cobalt/ ) 1T R4t K B W (A4 1, 5 ik
RSB EEL . HhIREIT AIGRF1 % AIGRF9 147
BilAE NCBI ¥ 2 i) 4570 531 9 081001, Q8L8AS |

Q9SJR5 . Q8L8A7 . Q8L8AG6 . Q97012 . QIFJBS , Q9SU44
H1 Q8SOM3 , /KF# OsGRF1 & OsGRF12 & A 5741 Y i
S5 9 Q6AWYS . Q6AWY7 . Q6AWY6 ., Q6ZIKS |
Q6AWY4 . Q6AWY3 | Q6AWY2 ., Q6AWY1 . Q9FRGS .
Q6EPP9 . Q6AWX8 Hl Q6AWX7, E K ZmGRFI .
ZmGRF2 Fl ZmGRF10 5 17 91 (9 4 55 73 51 4 NP_
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1.7 EHA ppa003017m B F R %X F 5
yig

X iR SR R FE ] ppa003017m , AR
FELAZ ACBE AR 5 Bk E R SRR Bk R ER 1Y
DNA 1EAAEAR , >R Sanger Il 5 12500 2 Ho)P 81 X
2000 bp K 4at5IX CDS J¥4, 51¥an 2 s, 93
PEMIREAE T A TR () ey A BR S /R e
PH%.

&2 ppa003017m EESFF 2000 bp R4 X F 531854
Table 2 The primersfor amplifying the target promoter and coding sequence of ppa003017m

3 (5-3") Forward

TUF(5'-3") Reverse

Ji& 31 F Promoter Hi BE up
B middle
KBt down

iy X Coding sequence HIEL up
KBt down

GACCCAAACATGAAACCCGC

ACCAATGCTCTCAAACTCCACA

CGACATAAAATTCACGGAACGC

TGGCATGGCACTCAAGTTCA

CAAATGGGGAAAGGGTGGGA

GAATCGGCCCTCGTACTTCA

ACGGATGTTCTTGCTAACTTCGT

GGACACTCCACCAATCTCCA

AACTGCCTCATCAAATGTACAAAA

CTAGCCAAAGTGGCCAACATC

2 HERESH
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HEABEFE T, e i 2 7 R 1Y) GREF TR R 7K A
(4 OsGRFI1") i8R & A JLAMRSF I 25 # 3k, 26 1
A QLQ X, FEIEZ LR Gln Leu F1 Gln, Ik
A KR B /B KM I LR A0 Phe \ Trp
Tyr Leu A1 Glu 251751 527 X daf 75 26 (4 B AR i #E b
EFNCHIERT . 4 2 AMESEIXIRE WRC, FR1FE
WA Trp  Arg Fll Cys LA 3 AMRSFRY Cys Fil 1L A
His, Bl C3H X3, iZ ¥ /0 AT i 5 DNA A9 40 i 4%
Pifs A TS FERIEE ST, BT 9 9 4 GRF
HBAFE N R o #6547 76 R 5F 9 QLQ Fl WRC 4514
BRI COAR I R AR X, R AR R R v A B
AtGRF3 FIAtGRF4 , C A % (14 AH AL BE 35 3 54% , M
AWGRF5 Fil AlGRF6 LB N 16% . BRT QLQ Al
WRC, 7E AtGRF 1Y C RImfEAEE 73 SP A/ N 45 14
B, B TQL #l GGPL, TQL H ¥ 7E AtGRF1-AtGRF4
F1 OsGRF1-0sGRFS H1, 1l GGPL ANAF7FE T AtGRFI1-

AtGRF4 F1 AtGRF7 \AtGRF8 1, X 2 /N &h 43
P fth — se Py Fh bt g 2 B, (HL I RE R TS
HRHE OsGRF1 FI AtGRF1 4 % 3 iR f T 45 ) 3ak X6 Ak
FERZ AT blast, 2522 5] 10 4> GRF SR KK T
H P 1 3.6 YR 1 A8 S AT Y ik
2455 2 Yk 3 A FE5E 4 AN 8 YL RTC GRF 3
(£ 1), 10 4> GRF JE YK M 1024 bp I
4124 bp ANGE, 5 8 0 & LR K AE 191 ~
612 aa ZJH],

WE 1b iR, LBk GRF #: 18 ppa019623m K
B, R H TP &5 A GRF Fi 51 4 MESr 45 i,
R 10 N FEF S EIER) GRF FIGEHEKH . 43 H1%
FEHE TN 1 ARSFESEE QLQ(E 1c)
BT ppa011917m HIARSF 454 1, Gln-Leu-Gln 1 Leu
BRI Phe fURAN, HARE A EA QLQ MIFFESE
Fe o 7EREILINZHAY 10 4 GRFs & H, 55 2 P 45ts
BRI RS, C3H AR R I e 2 — 2 (H 1d) .,
ST R G R BAE 10 S EAY50A6 (B Le) AT LA
F i, 10 NMEAFAE N sl A QLQ il WRC 45
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MDFGVVGFDGL GGAAAGTGFASLASSSSDOQETKHEWYGSGFHKQGRSAGTVEEDWRSSKL 60
PKTDDFLSASKTMPNNSTHFSDGQOQLLSFSNSPNSEAVLVDKSTONASLPYFHQPLSAYN 120
RSTGHNTGSFNGAAMHWDIAGVRGPFTPSEWMEEHEAL IYKYITANVPIPSNLLIPIKK] 180
ALDSAFPNGLPRPNTLGWGSIHLGFSNNTDPEPGRERRTDGK K IEMEwWrDAVPDOKYEER 240
[MNRGRHRSRKPVEPVAGTTAAATTTTTTSKQLMSSASSSASSVSIPAGGGSSSLSIANQQ 300
LKSLQPAASNSSAATQMNRMFMNKENVGERMHQTPGPSMLSKENPFFIQKQQMGYEESSR 360
TEFGLVPSDSLLNPSQKGSSLMSCRNYGSSSQNLTDPAETNSQQHSLRHFIDDWPKNQSN 420
RPAISWPDQF DMQSD RTINS DFIPSTSSTNNEKLTLSPLRLSRELNPKPMGL 480
GVGSALNAQNNKQANWIPISWETS | ESEEEEVLHHTNNNTAAECKNSSVLNLMTEGWDKN 540
SPSSLGSSPTGVLQKTAFGSL SNSSAGSSPRAENNNLLGSSILDSSSLPAL 591

c

......... Paovavanoaslosawinnasl
AIGRFl.seq | s SPLLSLKKSFFPYGS
pa0]19623m seq MAL1 Pl KKALDS AFPNGL
ppa021277m.seq VPl wKsvaasFossn
ppal24293m.seq .
al)l%ggmm | i fBLEHEAL VAGMEAL : H'__SISQ _ AtGRF9
PpaOII9N Tmseq | NG BB DAL Fiovt cact POl Bl R .R.['??fiiz 02 ppa021277m
ppa0l9752m.seq \NVNVRLEETPABREBUERETM YRYLVSS APVEPHEL VBI AKNPSNVA. . ZmGRF10
ppad03017mseq pFAGVRGPETPS[EW BLEHEAL] TSNVEVIgSNBLT PLKKSLYPYGLS GS 0sGRF11
ppal06912m.seq  RFPKNGS YES FS[ELQBLIEL BAL] L AGAAVIEPEML QPI RESLLHSPPYFL
ppalls791mseq | RTRFRETPSEWBLIBHBALL YEYNVSGI 51 [POLFS1 KRS. CLDSPLPS OsGRF12
ZmGRF1
ZmGRF2
0sGRF10
d (Group AtGRFS
i o ppa019752m
AIGRF 1509 2024293
ppa0l9623m.seq | pAFt'GRFT =
ppal2127Tmseq |~ o
ppa024293mseq | Group 4 0sGRF3
ppa022199mseq 7
ppa0l7593mseq | o OsGRF4
ppa011917mseq | ' OsGRF5
wﬂg‘ofﬁm-m L ppa022199m
PP m.seq | i
ppal06912m.seq | Group 4-1 aﬁ)}{}?}l?m
ppall5791mseq [ |
r OsGRF2
AtGRF3
AtGRF4
ppal06912m
e AtGRF5
0 100 200 300 400 500 600 700 Eppammlm
Q W T G Group 3 ppad17593m
AtGRF1 - 1 g—=0 530 | AtGRF6
ppa0l9623m ————{1 84— 591 ! 003017
L i ppa m
ppal21277m ——1 T 444 | ppa019623m
ppa024293m —_— - 0 553 | AtGRF1
— - 1
B —aw—— | e
OsGRF6
ppa011917m - 191 Group 2 OzGRF‘?
ppa0l9752m ————— — O ———————— 517 pr— OsGRF8
— =
ppa0d3017m g— 612 Group 1 | OSGRF9
ppad06912m e B e 390
ppa0l5791m —-— 377

a: “GEPNT (L) 5 LIGAKE” (CF) B RIEIR b P ppa019623m AR, JE/R EALMR Y PR ~F X BUT 5, Hrp QLQ A1 WRC XU T HELR iR
ELIRSF ARG HE I PRI 558 7, TQL il GGPL DX IR A3 531 (U H BRI 5558 7 5 0 : QLQ DXURAY ZUHERR 731 LU, P~ A B RERR i 5 B
d: WRC DXHAY 0B R 7 91 HU e, (ST RS IR 52 (/R e EUR AtGRF1L FIBRAY GRFs BRI, LR B K,
FHEMBASIEER AR, RO R IR A G R TTHRFIZOR QIQ(Q) \WRC(W) \TQL(T) Fl GGPL(G) 45H4;
£ 4UHIJT GRFs( AtGRFs) JKf& GRFs(OsGRFs) . %K GREFs(ZmGRFs) Fll 10 Mk GREFs & R RGEA ER
a:The leaf phenotypes of *Jin Mi Xia Ye’ (above)and ‘ Chinese cling’ (below) peach,b:The derived amino acid sequence of ppa019623m is shown as
representative of GRF proteins in peach. The QLQ and WRC domains are boxed,and the specific amino acid residues are highlighted with black
background. The TQL and GGPL motifs are highlighted with black and gray backgrounds, respectively,
c:Alignment of the QLQ domains. Conserved substituted amino acids are highlighted with black background,

d: Alignment of the WRC domains. Conserved substituted amino acids are highlighted with black background,
e:Schematic presentation of AtGRF1 and GRF proteins in peach. The solid lines represent
the length of the protein in scale; the number of amino acids is listed in the right column. The black,light gray, line filled,and white boxes
indicate the QLQ( Q) ,WRC(W) ,TQL(T) ,and GGPL(G) domains or motifs, respectively,
f:The phylogenetic tree constructed using AtGRFs, OsGRFs,ZmGRFs and 10 GRFs in peach
1 AtGRF1 5% GRFs EHHMEERF 5 L&
Fig. 1 Analysis of the amino acid sequences of AtGRF1 and GRFs in peach
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* indicate the expression difference in stem apex of two accessions at 0. 05 level
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Fig.2 The transcriptional levels of GRF genes in different tissue of peach varieties
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b:The amplification of two SSRs in 24 seedlings,the first,seventh,tenth,fourteenth,and twenty-first lanes( the phenotypes were showed as a letter ‘X’ )
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Fig. 3 The preliminary genetic mapping of the narrow leaf trait
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