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1. Introduction

» Hickory (Carya cathayensis) is a member of
walnut family. It is a very well-known nut tree In
eastern China and mainly found in the area of
Tianmu Mountain.

Hickory nut Hickory Tree



155 genotypes were collected from Zhejiang, Anhui, Hunan,
Guizhou, Yunan et al.
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Figure 1 The geographical distribution of Hickory in China.



There are 5 Carya species native to China

C. hunanensis

C. tonkinensis  C. kweichowonsis
Figure 2 The Carya species in China.



Hickory Is very important economically,
since Its nuts are good sources of oil and
nutrients.

Table 1 Comparison of the oil contents among different oil trees.

Species C. cathayensis C.illinoinensis | Torreya grandis Came_llla
oleifera
Oil content 64.0~74.0 55.2~75.1 54.6~61.5 43.2~55.6
(%)
Unsaturated 88 4~95 8 80.1~84.5 74.9~79 5 83.6~86.6
fatty acid (%) s s c -




The main limitation of this species Is as
follows:

1. Lack of new cultivars
2. Difficulty Iin propogation
3. Slow growth and late maturation

4. Low yield and poor quality



http://image.baidu.com/i?ct=503316480&z=0&tn=baiduimagedetail&word=%C3%C0%B9%FA%B3%A4%CA%D9%B9%FB&in=1639&cl=2&cm=1&sc=0&lm=-1&pn=5&rn=1&di=503601200&ln=21
http://images.google.com.hk/imgres?imgurl=http://pic11.eachnet.com/user_2010933353/product/%E5%95%86%E5%93%81%E5%9B%BE%E7%89%87%E9%9B%86/%E5%B1%B1%E6%A0%B8%E6%A1%83%E4%BB%81_300.jpg&imgrefurl=http://item.eachnet.com/prd/1262950479794085_prd.html&usg=__dUdB6ocNPCCinRfaPn_Vpt6qfMk=&h=300&w=300&sz=20&hl=zh-CN&start=1&zoom=1&tbnid=FueHVq-AY21cXM:&tbnh=116&tbnw=116&prev=/images?q=%E5%B1%B1%E6%A0%B8%E6%A1%83%E4%BB%81&hl=zh-CN&newwindow=1&safe=strict&sa=G&gbv=2&tbs=isch:1&itbs=1

2. Morphological and physiological characteristics
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Figure 3 Auxin fluctuation during graft process Figure 4 1AA detection using
iImmunocolloidal gold technique

Auxin plays a key role in the graft process in C. cathayensis.

(Liu et al., Scientia Silvae Sinicae, 2009)



Picture representation of leaf primordia development in the
Hickory grafted plants at 30 days after grafting (dag) at
various treatments.

(a) Graft plants (b) 1AA applied plants (c) NPA applied plants



Types of scion and grafting time, the main factors
affecting survival rate during graft process.

Table 2 Changes of water and soluble protein contents in grafted Carya cathayensis

WO E K ¥

W EH S A i) W e FB AL 5 s o5 20
HKE 4H3H glit 3 47.20 44.71 48.23 48. 65 49. 44
/% A 44.22 44.94 45.03 46. 70 46. 48
aH23H glite 3 53.04 49. 60 50. 48 55.88 55.21
AR 53.87 53.82 52. 64 54.74 51.37
HEHRSE 4 3H P& 47.00 54. 60 6730 48. 80 38.20
Jmg - g 'FW BhA 43.50 44. 00 62.20 29. 80 28.30
aH 23 H fiie 3 6340 51. 50 44. 50 41.00 46.00
BhiA 34.50 42.30 26.20 26. 50 27.90

Table 3 Changes of tannin contents of rootstock and scion in grafted Carya cathayensis

B B B X #/4

ozl ll 3 ﬁﬁ
B N ) HER 5 6 9 11 13 15 30
4 H3H BE 21.50 25.60 25.90 26. 40 26. 00 26. 50 25.00
h5AR 13.30 14. 80 13.70 17- 80 20.20 17- 30 21. 60
4 H 23 H BiL 22.80 27.10 28.00 27.90 27. 60 25.50 28. 50
hi A 17.90 18.00 18. 70 19. 20 19. 40 20. 90 25.10

Table 4 Changes of polyphenol oxidase activities of rootstock and scion in grafted

Carya cathayensis

B O E K $/d

T[] W E B AL
5 7 13 20 30
4H3H prit-3 23.80 34.30 30. 80 42.70 45.20
hG AR 20. 30 21.00 29. 40 32.90 64. 40
4H23H g3 38.50 52.30 82. 60 87.20 109. 30
AR 32.20 38.90 62.90 66. 70 74.20

(Zheng et al., J.
Fujian College of
Forestry, 2001)



3. microRNA 1dentification in hickory

Table 1 Statistical analysis of small RNAs from GO, G7, and G14 libraries

Total sEINAs Urigue sEINAs
G0 hbrary
Faw reads 24 178 602
cleanreads™® 23920471 5,677,759
Mappedto genonuc 5008672 285487
Match known miRiNAs 2,200 B35 40 296
The unknown sEINAs 17.562958 5.522235
&7 hbrary
Faw reads 21053 214
cleanreads * 20784 923 4 626678
Mappedto genomnuc 3,916,350 285 847
Match known miFENA=s 2,284 680 46,774
The unknown sEINA=s 13 91201% 4428827
G14 lhbrary
Faw reads 23 985,000
cleanreads * 25 440 366 5,1562090
Mappedto genonuc 2.241 459 307679
Mhatch knowmn muEMNA= 3.657.771 47 645
The unknown sEINAs 15 699933 4913 229
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Fig. 1 Small RNA from the GO, G7, G14 libraries in hickory. a Type distribution of
different SRNA reads: b size distribution of SRNA reads



Table 2 Conserved miRNAs identified in hickory

members miFNA  sequence(3-3" size(nt) Arm muFNA*  star sequence(3-3") miFNA location
GT/GD G14/G0 LP{nt)

cca-mif 1362 UGACAGAAGAGAGAGAGCAC 10 5 1.09 214 213 5l-contig20796:239:451
cca-mik 1366 UGACAGAAGAGAGAGAGCAC 10 5 213 52-contigl32186:470:682
cca-mik139a UUGCAUAACUCGGGAGCUUC 20 3 0.31 041 110 Sl-contig00326:323:034
cea-mif 139 UUGCAUAACUCGGGAGCUUC 20 3 110 82-contigd1174:824:033
cea-mik 160 GCGUAUGAGGAGCCAUGCAUA 21 3 1123 231 UGCCUGGCUCCCUGUAUGCCA 122 5l-contigl 7417:140:261
cca-mik 162 UCGAUAAACCUCUGCAUCCAG 21 3 0.57 0.72 GGAGGCAGCGGUUCAUCGACC 125 Sl-contigl0933:510:634
cca-mik 167 UGAAGCUGCCAGCAUGAUCUA 21 5 097 1.86 105 Sl-contigl2781:470:374
cca-mif17la UGAUUGAGCCGUGCCAAUAUC 21 3 097 0.82 UAUUGGCCUGGCUCACUCAGA 139 Sl-contig03340:260:398
cea-mif 171 UGAUUGAGCCGUGCCAAUAUC 21 3 106  Sl-contig04024:118:223
cca-mif172a  AGAAUCUUGAUGAUGCUGCAU 22 3 0.62 031 UAGCAUCAUCAAGAUUCACATU 140 Sl-contig?4371:830:060
cca-miR177h AGAAUCUUGAUGAUGCUGCAU 22 3 UAGCAUCAUCAAGAUUCACAU 140 52-contig?4766:143:282
cca-mik3%0a AAGCUCAGGAGGGAUAGCGCC 21 5 0.67 0.60 CGCUAUCUAUCCUGAGUUUCA 126 5l-contigd0033:117:242
cca-mif390b  AAGCUCAGGAGGGAUAGCACC 21 ¥ 038 048 113 Sl-contig] 3630:137:249
cea-rik 397 UCAUUGAGUGCAGCGUUGAUG 11 5 0.55 028 82  Bl-contig20033:1:38
ccamif482a  UCUUUCCUAGUCCUCCCAUUCC 12 3 077 0.84 96  Sl-contig2d624:282:377
cca-mif482h UCUUUCCUACUCCUCCCAUUCT 212 5 0.57 0.73 320 Sl-contigl1232:775:1004
cca-miF482c UCUUUCCUACUCCUCCCAUUCC 22 5 303 52-contigl6770:136:440
cca-mif482d  GGAAUGGGCUGUUUGGGAUG 20 ¥ 196 2.10 UUCCCAAAGCCGCCCAUUCCGAU 126 52-contigl6423:95:220
cea-mik 530 UGCAUUUGCACCUGCACCUAT 21 5 142 1.37 107 Sl-contigl067%:21:127
cca-muRE17 UUAGAUGCCCAUCAACGAACA 21 3 0.54 028 UUUGUUGAUGGUCAUUUAAT 108 Sl-contigl3866:108:215
cca-mif2118 UUGCCAAUUCCACCCAUUCCAA 22 3 0.92 1.03 GGACAUGGGUGAAUUGGUAAGG 90  S2-contig2312:106:195

21 conserved miRNAs belonging to 13 miRNA families were
Identified. Of which, 9 miIRNA*s were detected, which had strong

evidence of being bona fide miRNAs



Table 3 Novel and potential novel miRNAs identified in hickory

miFA miFNA saquenca(5'-37) %ize arm e R::j o1s LP MFE  miFNA location
cea-miRSla UCUGAGGGAGUUGGAGA AUTG 21 3 16 0 0 106 201 5 1-comtiz00325:125:230
cca-mifSls* AAAGUCUGUUCCUCCGCUUAGCUG 24 3 1 0 0
cca-miRS1b UCUGAGGGAGUUGGAGAAUUG 21 EL 16 0 0 106 29.1 52-comtig?6861:50:153
cca-mifS1b* AAAGUCUGUUCCUCCGCUUAGCUG 24 5 1 o 0
coa-miRS: AAUGCGAAGATAGGAAAGAAC 21 5 36172 47438 4178 g5 418 51-comtizd1252:1043:1157
cca-mif.52% UCUUUCCUACUCCUCCCAUTUCC 22 3 415 211 333
cca-miR 53 AGUGGGAAGGCAGGAAAGAAA 21 5 10171 13575 18636 o0 358 51-comtis?4624:286:375
cca-miR.53* UCUUUCCUAGUCCUCCCAUUCE o) EL 3 3 3
cca-miR54 GCGUAUGAGGAGCCAUGCATUA 21 3 0 833 0 122 546  5l-comtigl7417:140:261

1(5"ﬁovel MiRNAs and tﬁeir“cor-resp-(;ndi-ng MIRNA*s
belonging to 8 families were identified during the graft
process in hickory

cca-miFs T UCCCUACUCOGCCCAUGCCATA ] 3 1] 1] 3430 22 -50.8 51-comtigDED43 606603
oca-miF.5 T UEEUAUGEFC GAGUTGEGAAG 21 5 0 L1} 43

cca-miR 5 e UCAUCGAGGUGGAGUUUGGCT 21 3 0 0 g 68 203 51-comtizDITOT16T:134
oca-miF. 5 B TCAAAATICGCAAGETUGEAGA 20 3 0 0 T

oca-miF 5D UECUAUCUAT CCUGAGTTGC 20 3 34 0 & 115 &0 S5l-comtigl 5630:135:240
oca-miF 10 TCAAGGUCCAAGGUTCAACAC 21 3 0 0 5 o5 -35.3 5 1l-contig(4 TR0 47D 564
oca-miF511 TTULUTUGEACAAATU CAGATGATG 21 3 7 21 17 144 -10.85 S2-contigl3510:237:380
oca-miF 512 UGl UGALU GGl AT AATG 21 3 1,380 1,078 T a7 412 Sl-contig] 3B66:118:204
oca-miFE13 UG AGATUGTU CGACGACGEAG 21 EL & 5 0 161 431 52-contigl3553:19:179
cca-mifS14  AGGUGCAGGUUUAGGUGCAAA 21 3 107 71 106 136 437  Sl<ontigl0678:3:128
oca-miF.515 GeACGEU GATUGACUACCAGAG 21 3 0 10 0 154 -43.5 Sl-comtigl 5644:44.107




Table 4 Differential expression miRNAs during the graft process in hickory

normalized reads ratio
family mMiRNA sequence(5'-3") regulated
GO G7 Gl4 G7/G0  G14/GO

cca-miR156a UGACAGAAGAGAGAGAGCAC 9.336 19.490 19.971 2.09 2.14 up-regulated

190 cca-miR156b UGACAGAAGAGAGAGAGCAC 9.336 19.490 19.971 2.09 2.14 up-regulated
cca-miR159a UUGCAUAACUCGGGAGCUUC 76.759 39.315 31.444 0.51 0.41 down-regulated
159 cca-miR159b UUGCAUAACUCGGGAGCUUC 76.759 39.315 31.444 0.51 0.41 down-regulated

160 cca-miR160 GCGUAUGAGGAGCCAUGCAUA 18.215 40.696 42.028 2.23 231 up-regulated
cca-miR172a AGAAUCUUGAUGAUGCUGCAU 548.099 374.655 168.383 0.68 0.31 down-regulated
L cca-miR172b AGAAUCUUGAUGAUGCUGCAU 548.099 374.655 168.383 0.68 0.31 down-regulated
390 cca-miR390b AAGCUCAGGAGGGAUAGCACC 151.402 87.779 72.545 0.58 0.48 down-regulated
397 cca-miR397 UCAUUGAGUGCAGCGUUGAUG 137.419 74.960 38.165 0.55 0.28 down-regulated

482 cca-miR482d GGAAUGGGCUGUUUGGGAUG 205.008 606.635 430.055 2.96 2.10 up-regulated
827 cca-miR827 UUAGAUGCCCAUCAACGAACA 5.062 2.716 1.429 0.54 0.28 down-regulated
S12 cca-miRS12 UUUGUUGAUGGUCAUUUAAUG 57.673 51.371 27.311 0.89 0.47 down-regulated
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Fig. 2 gRT-PCR confirmation and comparative
TSI RS ... relative expressions of miRNAs isolated from
o' oereer  hickory rootstock and scion at 0, 7, and 14 days
20z postgraft. The expression levels of miRNAs
= 04 -
20 were normalized to the level of 5.8S rRNA.

o0 67 Gl o o 61 The normalized miRNA levels at 0 day post-
graft in hickory were arbitrarily set to 1

14 miRNAs and their expression trends were similar
to the results obtained by Soelxa sequencing
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Fig. 3 The expressions of the
target MRNASs (genes) of
miR156, miR159, miR390b,
and miR827 isolated from
hickory rootstock and scion at O,
60 67 61 7, 14 days post-graft. The
expression levels of target
squamosa promoter-binding protein for miR156  NAC domam-containing protein for nuR159 MRNAS were norm a“ Zed to the
2 level of ELF1a-1 gene. The
' o normalized target mMRNAs
100 Pl levels at O day post-graft in
2| hickory were arbitrarily set to 1.
| The miRNAs are in black, and
0 S their corresponding target genes
G0 6T GW voer o are displayed in white
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Four miRNA target genes (cca-miR156, cca-miR159, cca-miR390 and cca-miR827) to
perform gRT-PCR. The results suggested an inverse relationship between the
expression of the miIRNAs and the regulation of their corresponding target genes. This
evidence further validated the reliability of miRNA sequences generated by Solexa

seguencing.



4. Conclusions

155 genotypes were collected from Zhejiang, Anhuli,
Hunan, Guizhou, Yunan et al. Three new varieties were
selected and certified.

21 conserved miRNA sequences as well as 10 novel and
ten potential novel mIRNAs were identified during the
graft process in hickory:.
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