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semithin section technology and their structures were observed by optical microscopy. The whole
structures of ovaries, anthers and fruits were observed by stereomicroscope to explore the
characteristics of the reproductive organs of seedless hawthorn. The results showed that the petals,
anthers, ovaries and fruits of seedless hawthorn were smaller than ordinary hawthorn. The common
hawthorn contained more active microspores,and the tapetum cells degrade normally in the process of
development, while most germ cells of the seedless hawthorn were vacuolization and the tapetum cells
degrade anomaly. Most of the ovules of seedless hawthorn get aborted in the process of development,
only the bead was developed as seed coat.

Keywords: seedless Crataegus pinnatifide (hawthorn) ;abortion; ovary;anther;anatomical structure
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Table 1 Primers used for the gRT-PCR analyses

HEEZHR Em54H5'-3D RIEEHG-3)

Gene name Forward primer (5'-3") Reverse primer (5'-3")
MDP0000805075 AAGGAGGAGTTTGAGTGAAGGG GGAGGAGGAGGATTGGTTGTTC
MDP0000265114 CACTCATAACCCTCCTCCATTTC TCACTTCACTTCCATTAGACTCAG
MDP0000230141 ACCAGGACGCACCGATAAC TTGTTGATGTTGTTGATGATGTTG
MDP0000468201 GCAGCACAGAGGATGAGAAGG TTATGAGACTTAGCCCACTTTCCC
MDP0000149535 CAACAACAACAACAACGACAAC AGTGCTCATTGAACGACCTC
MDP0000210970 CCAAGCACCAATCCTTCACAAC ACATATCGGATGGCAAGAGACTAG

Md18S ACACGGGGAGGTAGTGACAA CCTCCAATGGATCCTCGTTA

BB, HER A EATF RN, N T
ik 3 AR EE R 4 5 Hh da s B3 SR R
ZWFF A DNA & 4Bz E EE
BRHIBAT T RGN, BA . ETEMFERF
FBAERFER M P LEH 3 039 ML EHEFR
BER, AHFRERFOER LM 4.87%
(EE<C0. 01) , FERk PN B 5 R R 4 o 43 ) K5 5
1527 (AL 5.31%) F1 1 506 4~ (4 5
4. 31V sk N F RIGEF . R DNA 254 15

) R IR T LU B B s R 43R 58 SR
mE2 ., H, MYBEFHEFZKE (A%
MYB fl MYB X F O B R %, SER B
BHA&AE 375 (12, 33%).170 4~ (11.13%)
1 157 A~ (10. 43%6) FEPR AR 5 ; Hk & AP2-EREBP,
NAC.bHLH.MADS 1 WRKY # 5% H F &%
5 TESEREF A FR Z I NOZZLE ¥ 5 H F
KRR Gk 2),

R2 ERMAESHZETHHE

Table 2 Number of transcription factors in apple, peach and strawberry

—— IH Apple #k Peach B% Strawberry
. #H A #H Bt #H Hortk
TF Family
Number Percentage/ % Number Percentage/ % Number Percentage/ %

NOZZLE 0 0. 00 1 0.07 1 0.07
LFY 2 0. 07 1 0.07 4 0.27
HRT 3 0. 10 1 0.07 2 0.13
PBF-2-like 3 0. 10 2 0.13 2 0.13
S1Fa-like 4 0.13 1 0.07 1 0.07
ULT 4 0.13 2 0.13 1 0.07
vOZ 4 0.13 3 0. 20 2 0.13
SAP 5 0. 16 2 0.13 2 0.13
BBR/BPC 7 0.23 4 0. 26 3 0. 20
CSD 8 0. 26 1 0.07 4 0.27
SRS 9 0. 30 6 0. 39 5 0. 33
TUB 10 0. 33 8 0.52 9 0. 60
Alfin-like 11 0. 36 7 0. 46 6 0. 40
ARR-B 11 0. 36 9 0. 59 6 0. 40
CAMTA 11 0. 36 4 0. 26 4 0.27
TAZ 11 0. 36 5 0. 33 6 0. 40
GRF 12 0. 39 9 0. 59 10 0. 66
PLATZ 12 0. 39 9 0.59 11 0.73
C2C2-YABBY 13 0. 43 7 0. 46 6 0. 40
Sigma70-like 13 0.43 7 0. 46 6 0. 40
GeBP 14 0. 46 8 0.52 6 0. 40
CCAAT 15 0.49 6 0. 39 6 0. 40
E2F-DP 15 0.49 6 0. 39 7 0. 46
C2C2-CO-like 16 0. 53 9 0.59 6 0. 40
EIL 16 0. 53 4 0. 26 6 0. 40
RWP-RK 17 0. 56 8 0.52 10 0. 66
DBP 19 0. 63 6 0. 39 7 0. 46
BSD 21 0. 69 10 0. 65 9 0. 60
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Table 2(Continued)
IH Apple #k Peach B% Strawberry
HBRETRE
. #H A #H Bt #H Hortk
TF Family
Number Percentage/ % Number Percentage/ % Number Percentage/ %
LIM 23 0.76 15 0. 98 10 0. 66
BES1 29 0. 95 9 0.59 6 0. 40
Tify 29 0. 95 10 0. 65 12 0. 80
z-HD 29 0. 95 10 0. 65 10 0. 66
ARF 31 1.02 18 1.18 18 1.20
FHA 33 1. 09 15 0. 98 15 1. 00
OFP 34 1.12 15 0. 98 13 0. 86
C2C2-GATA 36 1.18 22 1. 44 19 1. 26
SBP 42 1. 38 17 1.11 16 1. 06
C2H2 43 1.41 27 1.77 28 1. 86
HSF 48 1.58 21 1.38 16 1. 06
Trihelix 57 1. 88 27 1.77 31 2. 06
TCP 58 1.91 19 1. 24 19 1. 26
C2C2-Dof 60 1.97 26 1. 70 24 1.59
mTERF 62 2.04 41 2. 69 48 3.19
G2-like 66 2,17 37 2.42 36 2.39
FAR1 67 2. 20 79 5.17 84 5.58
ABI3VP1 80 2. 63 69 4.52 77 5.11
LOB 80 2. 63 42 2.75 36 2.39
bZIP 112 3.69 49 3.21 50 3.32
C3H 114 3.75 45 2.95 34 2. 26
HB 121 3. 98 49 3.21 56 3.72
GRAS 127 4.18 49 3.21 53 3.52
MYB-related 129 4. 24 46 3.01 45 2.99
WRKY 139 4. 57 61 3. 99 62 4.12
MADS 142 4. 67 80 5. 24 86 5.71
bHLH 192 6. 32 113 7. 40 92 6.11
MYB 246 8. 09 124 8.12 112 7.44
NAC 253 8.33 115 7.53 133 8.83
AP2-EREBP 271 8.92 131 8.58 117 7.77
Bt 3039 100. 00 1527 100. 00 1506 100. 00

2.2 BFREFREEEMNEEEENM

3Bt MapDraw T H¥IER 3 039 M6 %A
FHIR 2 887 A~(95 %) HF M B gL Ak I, 5
RO RGO EEA 5 B REE a1, K
%15 KPR OARSTAERESNE R TFER, A 267
A5 4 FP MU HE 113 MRS EFERE, 4
ik (E 1.2A), ghFAEZE351F 1 506 4>
(98. 6 %) 1 1 383 /4~ (91. 8 %) ¥ 5 (A F 5L 7 E o7
NG alk I HRRg ek bR % AR,
HeApphisE 1 4315 A FI%E 8 & (129 MO Y
1 bR B 2 R b I 5 3% R 6 (R 40 A
TR 6 75 (295 M) FIEE 4 F& (129 M) Yk
AN E R B i i S R R R 0 A (A
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ERFEMNE AP BE PRI
(metabolic process). “iz " (locomotion) . “E
fi7” (localization) \ “FET=” (death) F1“ 40 g 4H 43 A=
% H” (cellular component biogenesis) Z57E 3
AR B R )R A —BH ; GO AR
SHFINRET WA 25, 640, “PiE L] (antioxi-
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Fig. 1 Chromosomal mapping of the transcription factors in apple
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Fig. 2 Genes number and distribution of the transcription factors in each chromosome(A apple, B peach,C strawberry)
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Fig. 3 The GO terms of the transcription factors in apple, peach and strawberry
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Fig. 4 Subcellular localization statistics of the transcription factors in apple,peach and strawberry
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Table 3 Information on MYB transcription factors associated with drought stress in apple and Arabidopsis
HE D B} FRREREE
Gene ID Function Best orthology in apple
AtMYB60 is specifically expressed in guard cells,and its expression is negatively modulated
ATIG08810 MDP0000805075
during drought[28]
ATIGI17950 Overexpression of AtMYB52 confers ABA hypersensitivity and drought tolerance[29] MDP0000265114
AT3G23250 Over-expression of MYBL15 improves drought and salt tolerancel30] MDP0000230141
Over-expression of the Arabidopsis AtMYBA1 gene alters cell expansion and leaf surface
ATLG28110 MDP0000468201
permeabilityl[31]
Over-expression of Arabidopsis MYB96 confers drought resistance in Camelina sativa via
AT5G62470 MDP0000149535
cuticular wax accumulation[32]
ATIG14350 A new function of FLLP/MYB88 in sensing and/or transducing abiotic stress[33] MDP0000210970
[ M.hupehensis T337
MDPOO00805075 MDPO000265114 MDP0OO00230141
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Fig. 5 Expression analysis of the six identified MdMYB genes under PEG conditions in M. hupehensis and T337
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Identification and Analysis of Transcription Factors in Apple Genome

XU Ruirui, GAO Minggang, LIU Chunxiang
(College of Biological and Agricultural Engineering, Weifang University/Key Laboratory of Biochemistry and Molecular
Biology in Universities of Shandong, Weifang, Shandong 261061)

Abstract: Transcription factors (TFs) are essential regulators of gene expression. To better understand
TFs encoding genes in Rosaceae, especially in apple, a silico genomic analysis of TFs prediction was
performed using apple genomes, as well as compared with peach and strawberry. The results showed
that a total of 3 039,1 527 and 1 506 TFs genes were identified in apple, peach and strawberry,
respectively, which could be classified into 58 families. The genomic location showed that the predicted
TFs were distributed across all chromosomes with different densities. Meanwhile,all the TFs had the
similar GO terms and subcellular localization information. Then, the drought-related transcription
factors in apple homologous with AtMYBs were predicted and detected in Arabidopsis. Encouragingly,
six of the selected genes were found to respond to PEG treatments in M. hupehensis and T337 with the
similar trends. To the best of our knowledge, this was the first report of a genome-wide analysis of the
TFs gene family in three rosaceous plants. This study provided valuable information for understanding
the classification and putative functions of the TFs in rosaceous plant.
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