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Fig. 1 Fruits of different development stages of ‘Ningzhi 3’ and ‘Kiowa’
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Fig. 2 Changes of a-,8+ 7-,8-tocopherol and tocopherol total contents in the seeds of ‘Ningzhi 3* and

‘Kiowa’ at fruits different development stages
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Fig.3 Changes of o, + 7-,8tocopherol and tocopherol total contents in whole fruit of

‘Ningzhi 3’ and ‘Kiowa’ at fruits different development stages

BEERL AT, “TH 3 57 “Kiowa” 2R
BT S RMERLATYEZE TREE
PO HESE 42 KA 49 RSB &/ME (B
3a);2 P RS pHv-AEF S BRI
JaRERaSECTHE 3 B AKE R 28 d SRR,
5% 35 R LI, S AR, “Kiowa” 7258 14~
35 REZH LFEHE,. 25 BE TR, 4 35 REf
“HEBTrEEMESEN B EKRME. 25N
40.12 mg « (100g)™' DW H1 42.02 mg -

(1000) 'DW( 3b); 2 A ek AT
SEABEE—BLCTH 35 SAEFTHAES 35
RZHEER LA BEERLERASE TR
“Kiowa”—HHERLLZFLERE L ABE,H
B 49 RTRE(E 30,

BEERLKRE, “TH 3 57 “Kiowa” £
BB R RS IR B S 35 R
M TREZFE TR, “THIS"EFTMELE
E)G 14 d BB R KE, &K 83.94 mg -



30 t 5 B Z

4 ACH

(100g) 'DW,“Kiowa”fE5 35 RixBHifEH, &
4 72.76 mg « (100g) 'DW (& 3d), H#2 4
PR R P AETH S A5 5 'L E
RIERKB o EEMERIFE TRy 4AFH
SRAERL R EATSEIGER B TR, 04

3 GipSitie

BRI E N 2 SRR SR T 3 B
“Kiowa” LA A XTI F MR P EFH A
A& BB R, BEMF MR P
BHr-EFTMHERRL . EFMSERZ. £
BRRAET B EZRS R By A B, Hik
2 o BB X S EB S AR AT E
BN B v A F B, KR o« BB —4
JABML, BRI Z A, B 35 2 205 A ) 3 B S A
FiP AR AT 'R, HKE «&F
. RUVEBEHHEERSME LT My-4£
B AR o4 8 I HIE R i o
B S B HEAR R A F BRI e AR
ok E AR AR SR RN A B B
A F B R S B R R A P B A
FE. MrAHBRERRAM TS ENSK
FEREZHCHBREANEREE. EEHR
R BEER EMNERREZAZENEE. B
W 4G A-F2 2K T B R N B8 (HPPD) | JR BB R
RS (HPD) W EFE S 3T E&BREREN
TR A BB AR, £ F IR (TO .
R AR B R ER F B B i (OMPBQ MDD M v A F
B R (- TMT) £ 8 3 i@ A
2 A B B R4 T R R AR B A S D
YAEEBAE v TMT AT o AR o« 4 F 8.
Y IMT A H 2 s-EF A A= FTm,
W R E X W - TMT ZEF M LR, v4
B LIS R BB, SR AT B
BEMERNEN . Hit, BRARHATETH
FRNSEET S BEPEFTHARSRET Y
BBV -A e B TR (0 228 3R 55 A o6, ELIARAL
S Rk

MRERDR  EERLLT . BEM TR
S B R AR L R R —B . o AR

LA F B R EEZE B (E 2D, B+ &
LEEHEHE -HE LIHEHEE 2b.20) , o LT
SREAETHRBES (A 20); BELR P £F
Wy SR TE R AR B E TS T R 3d), 8+
YA EMERAERLEBRBAIEREmME T
(B 3D, AT S B HAERLRAF R RE
B, ZETFFE TR 30) o« E BB S BIFET
(B 3>, BHSCAH, &R G AL EmERMT
FE, M RE S R EF R A X il e S
MFHAETBERNES D ARE—ENKER,
ERPAEFTHAREH LR B M B T A, Mk
MLELY AR5 . BLAh, @R ATH A ERE IS
%) 83. 94 mg « (100g) 'DW,FpF 4 E ) B &
B 5 47. 66 mg « (100g) 'DW, SR A& i
SERE ST, REBERLAEFEREW
ABHEE, ERARSITEMENKRETH
BPEUR Ah s RO FFERT 5 AR Fh e R
BRI LBt A RS IR AR

GLAR BEETMWEEAS 2 B+
YA B SEE B, KA o L. FELR
HRIHERPAETH KEBE, Z 5 HIE TR
FHAEFTHHFEZRE TR R R LRG58
H. BREPETHEARENTSHREITHEE
R EMXRER N S AEERERFWIZIEEE T #
UM s BER;

B2 30k

(1] B0k, Z4Emk, 8)5% %, 45, AR F BB SR E 7
WL LT]. YRR S B4, 2007 (1) : 58-61.

[2] STRIK B C,CLARK J R,FINN C E. Worldwide blackberry
production[ ] . Hort Technology,2007(17) ;205-213.

[3] wvan HOED V,BARBOUCHE I,de CLERCQ N, et al. Influ-
ence of filtering of cold pressed berry seed oils on their antioxi-
dant profile and quality characteristics[ ] ]. Food Chem,2011,127;
1848-1855.

[4] J75, =30k, BHE, % BRRENER R SR RN E
A0, Vgl 3%, 2011,23(4) : 129-132.

[5] MICICD M,OSTOJICS B, SIMONOVIC M B, et al. Kinet-
ics of blackberry and raspberry seed oils oxidation by DSC[J].
Thermochim Acta, 2015,601:39-44.

[6] TRABER M G,SIES H. Vitamin E in humans; Demand and
delivery[J]. Annu Rev of Nutr,1996(16) ; 321-347.

[7] SMOLAREK A K, SUH N. Chemopreventive activity of



8

it B B Z2 31

vitamin E in breast cancer; A focus on y- and &tocopherol[ ]].
Nutrients, 2011(3) : 962-986,

[8] fB3CH, ¥, e E et R RII]. hEEXT
#2,2015,23(2):199-201.

[9] HARISH M C, DACHINAMOORTHY P, BALAMURU-
GAN S, et al, Overexpression of homogentisate phytyltransferase
(HPT) and tocopherol cyclase (TC) enhances o-tocopherol con-
tent in transgenic tobacco[ 7. Bio Plantarum,2013,57 ; 395-400.
[10] ARUN M, SUBRAMANYAM K, THEBORAL ], et al.
Transfer and targeted overexpression of y-tocopherol methyl-
transferase (v~-TMT) gene using seed-specific promoter improves
tocopherol composition in Indian soybean cultivars[]]. Appl

Biochem Biotech,2014,172:1763-1776.

AT LZLT] & AR, 2012,33(4) : 26-30,

(12] A, B, 3Kk &, % MCET AR H & B NER
WO IS B 7 e AR [T o R 9 5% 4], 2015, 30 (8) : 120-
126.

[13] BE%E, 8% (B, % HPLC o Hril3efh T g
REMARS &R HYBRERE SRR, 2011,12(4): 634
639,645.

[14] 22,52 ER5. MYEER EEFN TRMRHR] £
YRR ,2012,2(6) : 397-403,

[15] WS, BERE FEHN, F. RARAER ENHR#ERIT]
HMprkdek, 2008(3) : 13-15.

[167] LI Y,WANG G,HOU R,et al. Engineering tocopherol bio-
synthetic pathway in lettuce[]]. Biol Plant,2011,55;453-460.

(117 4 B, 736, BT, 4. W i T AR P 1 B
Study on the Synthesis of Vitamin E in Different Blackberry Varieties

DONG Shanshan' , YANG Haiyan' , WU Wenlong' , LYU Lianfei' , LI Weilin'"?
(1. Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing, Jiangsu 210014; 2. Co-Innovation
Center for the Sustainable Forestry in Southern China/College of Forestry, Nanjing Forestry University, Nanjing, Jiangsu
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Abstract; The synthesis and changes of vitamin E during blackberry fruit development were
investigated in this study. The blackberry cultivars ‘Ningzhi 3’ and ‘Kiowa’ were used as the research
materials,and the high-performance liquid chromatography (HPLC) was applied to determine the total
amount of vitamin E and components in blackberry seeds and whole fruits at 14 days after flowering,
and continued until the ripening of the fruit. The results showed that with the development of fruits,
the contents of a-tocopherol in the seeds of the two cultivars declined, while the contents of 3+ 7y-and
3-tocopherol increased. The total vitamin E content increased continuously, which reached the
maximum on the 35% and 49" days,and the contents were 36. 47 mg + (100g) 'DW and 47. 66 mg «
(100g) "'DW,respectively. The content of o-tocopherol in the whole fruits of the two cultivars also
showed a continuous decrease trend, reaching minimum values on the 42% and 49™ days, respectively,
and the content of 8+ y-and 3-tocopherol first increased and then decreased with fruits growth, the g+
v-tocopherol content of the two cultivars reached the peak on the 35%day,and the 8 tocopherol peaked
on the 35™ and the 42™ day respectively. In the early period of fruit development,the total content of
vitamin E was maintained higher content in the whole fruit of both cultivars, the highest content was
77.34 mg » (100g) "' DW and 72.76 mg * (100g) 'DW on the 35" day, respectively, and then the
content began to decrease after 35 days. In conclusion, the blackberry cultivars ‘Ningzhi 3’ and
‘Kiowa’” had higher content of vitamin E in the whole fruit and seeds,and the total content of vitamin
E in the whole fruit was higher than that in the seeds. The changes of different tocopherols
components in the whole fruit and seeds were different. The accumulation of g+ 7y-tocopherol was the
highest in seeds and whole fruits, and the next was a-tocopherol. It was considered that this changes
may be determined by different candidate genes.

Keywords: blackberry;fruit development;vitamin E



