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Abstract: Offspring D9 from indica rice imported bitter melon DNA by pollen tube channel method and the receptor(RT),
and the whole genome was sequenced by Illumina HiSeq™. Meanwhile, the nutritional composition contents and total
saponin content in milled rice, and the swelling power and the edible quality of milled rice were analyzed. The results
indicated that parts of the melon's DNA fragment were integrated into the rice’s DNA and the total saponin content of
physiological active ingredient was significantly increased. The bitter melon gene caused the improvement on the

nutrients and make the fat content increase, dietary fiber and ash content to reduce.

Keywords: indica rice; bitter melon; pollen tube channel method; base sequence; nutritional quality

120 80 ()
DNA
20 [2-3]
[4-7] [8-9] [10-11] [12] [13]
Ifs HER: 2020-04-13 EE HER: 2021-04-30
E£WA: (2019NK2121) (2018ZD04-1-2)
1EZEN: (1991—) 17673049260m@sina.cn  *

tanghanjun@yeah.net



47 4 379
Thermo Scientific) Illumina HiSeq™ (
Illumina) BF51894JC-1 ( Thermo
Fisher) XJS20 (
[13] ) STAIB ( )
. - - 13 A&
[19] - 1. 3.1 % DNA #93RE 54|
(GABA)2 2!l [22] 23] [24] 20 cm
[25-26] [27] [28] 361 DNA
NanoDrop 2000 DNA
Picogreen DNA
DNA
[29-30] [31-32]
1.3.2 DNA 2K E N A
33] [34] [35] [35]
DNA
DNA
DNA
(2017 < 5173
DNA 3’ A
400 bp
AOAC
PCR
Ilumina HiSeq™
Illumina PE150
300 bp Illumina 1
1 MES5HEE Ilumina HiSeq™
Fastp (0.19.6 )
1.1 #Rl
DNA 9 BWA 0.7.17 )
( D9) ( RT)
BAM
HY 4 6670 hm’
m %1 lllumina HiSeq™ By Fi&IR %
1 RT 3 D9 Table 1 Illumina HiSeq™ sequencing error rate
10 kg 1%
13 5.00
20 1.00
L3 s ?I E Vv oo
1.2 FERFISNE 10 0.10
Tris HCI 40 0.01
1.3.3 FNAREFI 6 %EE
FC2K-Y ( D9
) SCIENTZ-950E RT
( )  Eppendorf RT reads
Centrifuge 5418 R ( Eppendorf)
PF-20R ( ) https://www.ncbi.nlm.nih.gov/genome/?term=Momor-

NanoDrop 2000 - (

dica+charantia



380 ( ) http://xb.hunau.edu.cn 2021 8

1.3.4 HRARERRSEEHNE 180 pL 300 L 10 mL
AOAC [37] 700 l,LL 8% —
5 mL 80% 60 °C
=100% 15 min
560 nm

JE L Y I ALEL A (A) (C7
1.3.5 HARELFASZHOMT
pg/mL)

A=679.2C R>=0.996

[38-39]
1.3.6 MIk#FenE

- D9 RT
40
5¢ 80 % 75mL 90 °C TANG 1 lg
1 h 2 m; 20 mL
Liebermann Burchard( - ) my m; m;
D9 RT
D9 RT L3, 7 RARFA Ao o4
[41]
— D9 RT
5¢g 80 % 75mL 90 °C
1.3.8 HaEsiit 5 o4
1h 2
[38-39] Excel 2016  SPSS 7.0
- 100 pL
VNSl AN §
300l 10mL 2 RS I
8% 0.7 2.1 BRFKERFS
mL  80% 5mL 60 C 1 D9 RT
15 min 100
D9
5 6.83 2.21 1.77 mm RT 6.77
225 1.74 mm
( 1 mg/mL)30 60 90 120 150
.
b
B 1 KIEFREIRS
Fig.1 Morphology of rice grains
22 EMERFIILE RT D9 1685 G
Illumina HiSeqTM RT D9 57565143
54 414 968 17 343 050 961

2 337G



47 4

381

F 2 KFEHI DNA REENFHIEERER 93.19% 92.92%
Table 2 Filtering results of sequencing DNA data from rice D9
young leaves o
GC/%  Q30/% 100%
RT 57 565 143 17343 050961  43.13 93.19 RT RT

D9 54414968 16394835413 4306  92.92 2 11

1 4 41 43.139 43.069
6394 835413 GC 3.13% 3.06% DNA DNA

30 (Q30)

ACTTGACA CTATAAAAACTCAATATTTCTTAAACTAA

ATGGTCTAGG GATTTATTTTGACAAGTTTGCAACTCGATTCAACGGTTAGTTTY

CTTCTTAAAAAAAAACTTC GTTCTGTTCTTGCAAGTATAAAAAAAS
ATTTTTTTTTGATTGGTCATCAGAAATTTTTTTTTTTTTATACE
CTAGTCCATAAACAATTAAGY

TGTTTT TTACTCAC

:

=
=
=
=
" Wa

GTATG:

WV

i—i i

STTTTAAATATTACAATTGCTTATATTTTGG

l 2 D9 %1 DNA q:anmﬁﬂazgrﬁu

Fig.2 Unique base sequence of bitter melon in D9 young leaf DNA
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Table 3 Basic nutritional content of polished rice %
RT 5.06+0.01 (2.68+0.21)b 88.57 (0.78+0.04)b (2.50+0.28)b
D9 5.04+0.00 (3.58+0.36)a 88.62 (0.67£0.01)a (2.01£0.01)a
(P 0.05)
24 RBARBPEEHSENH
[38-39]

D9 L3%)
RT
1082 mg/kg D9 6051 mg/kg
(P 0.05 n=3)

RT B3 SEEMILEITER

[38] Fig. 3 Colorimetric analysis result of total saponins



382 ( ) http://xb.hunau.edu.cn 2021 8
25 FEREKIREIBFFIEFERS “ 50557 < 194~ (31431
4 RT 15.5 g/g D9 D9 RT
14.8 g/lg D9 RT
D9 3 (
) RT
x4 FBRRKIREYIBEIEFRKITMN
Table 4 Physical properties and taste evaluation of polished rice and rice
Ngg") /g /g /g
RT 15.5+£0.6 (1.6+0.3)a 0.1£0.0 0.9+0.0 6.7a 6.8a 77.4a
D9 14.8+0.2 (2.5+0.3)b 0.1+£0.0 0.9+0.0 6.0b 6.1b 71.8b
(P 0.05) n=6

9
Ilumina HiSeq™
100%
11
DNA
DNA
RT D9
D9
6051 mg/kg
RT
[42]
< 194 = [41-43]
S K-
(1]
DNA 1
213) 1-6

ZHOUGY WENGJ GONG ZZ etal Molecular (

(D9)

breeding of agriculture a technique for introducing
exogenous DNA into plants after self pollination[J].
DNA Scientia Agricultura Sinica 1988 21(3) 1-6

BDN1 [ 2014 22(6) 32-35
MENG XY SHANCJ WANG QK etal Introduction
D9 of dehydrin gene(BDN1) into maize by pollen tube
pathway[J] Journal of Maize Sciences 2014 22(6)
32-35
[3] DNA
(1]
2016 28(5) 9-13
GAO SR WANG X SUN L F et al Analysis of
[41-43] variation on main agronomic traits and quality traits of
offspring of leading Suaeda DNA into maize[J] Journal
of Heilongjiang Bayi Agricultural University 2016
28(5) 9-13
[4] DNA
RAPD
D9 [ 2016 36(7) 833-840
RT JJAYY LIUFL WANGZ]J etal Study on agronomic
and quality traits and RAPD marker analysis of
transgenic spring wheat with soybean DNA[J] Journal of
Triticeae Crops 2016 36(7) 833-840
D9 [5] DNA
9] 2018 46(8) 36-38
GUO XM ZHOU XJ Molecular breeding of wheat by
introducing total DNA of chili pepper in pollen-tube
pathway[J] Jiangsu Agricultural Sciences 2018 46(8)
“ 5055~ 36-38

(] (
) 2011 39(4) 5-8
ZHOUY YOUJ WEIQC etal Study on the influence
of agronomic traits of transformed wheat by pollen tube
pathway[J] Journal of Henan Institute of Science and
Technology (Natural Sciences Edition) 2011 39(4) 5-8
1988
[J]
) 2011 37(6) 598-602



47

4

383

(1]

[12]

[14]

ZHENGHM FENGHY ZHOUHP etal Karyotype
of the progeny of a wide cross between Triticum dicoccoides
and diploid wild their
relationship[J] Journal of Hunan Agricultural University
(Natural Sciences) 2011 37(6) 598602

oat and evolutional

14 ] 2009
39(1) 14-17
LIUC X PAN GJ FENG Y S

application of pollen-tube pathway transformation to

et al Study on
breeding Longjing 14 a super rice variety[J] North
Rice 2009 39(1) 14-17
DNA

SSR J] 2005 21(7)
28-30
LUOHF YANGZL ZHONGBAQ The SSR
molecular analysis of rice transformation via pollen tube

et al

pathway[J] Chinese Agricultural Science Bulletin 2005
21(7) 28-30

0] 2011 9(2) 180-184

WANGZ C LIAOMS MUHEREPIYAA etal Study
on pollen-tube pathway mediated cotton(Gossypium
hirsutum) transformation with salt-tolerant gene from
Halostachys caspica[J] Molecular Plant Breeding 2011

9(2) 180-184
Bt—-Cry5Aa
M 2014 15(4)
877-881
WANG F ZHANG Q P CHEN J X et al

Transformation of Bt-Cry5Aa in cotton and identification
of its insect-resistant[J]  Journal of Plant Genetic
Resources 2014 15(4) 877-881

[J] 2016 32(5)
1013-1017
LI X AN SJ SHAOTM
transformation into sesame via pollen-tube pathway[J].
2016 32(5)

et al Insulin gene
Jiangsu Journal of Agricultural Sciences
1013-1017

DNA

RAPD [

2018  33( ) 29-32
LIUD GUON MAIJF etal Exogenous DNA of wild
RAPD
molecular verification of transferred progenies[J] Acta
Agriculturae Boreali-Sinica 2018 33(S1) 29-32
DNA

]

flax introduced into cultivated flax and its

2014 42(22) 7323-7324
DURJ QUYJ JINH etal
of Fraxinus mandshurica DNA and time of dripping on
seed setting rate via pollentube pathway in poplar[J].

Effect on concentration

[16]

[19]

[20]

[21]

[24]

Journal of Anhui Agricultural Sciences
7323-7324

2014 42(22)

[J] 2015 36(8)
361-364
ZHANG H WANG WY DUAN Y Q The
developments trends key points and policy recommenda-

et al

tions of functional foods innovation in China[J] Science
and Technology of Food Industry 2015 36(8) 361-364
BEYER P AL-BABILIS YE XD etal Golden Rice
introducing the beta-carotene biosynthesis pathway into
rice endosperm by genetic engineering to defeat vitamin
A deficiency[J] The Journal of Nutrition 2002 132(3)
506S-510S

YE X AL-BABILIS KLOTIA etal Engineering the
provitamin A (beta-carotene) biosynthetic pathway into
(carotenoid-free) rice endosperm[J] Science 2000 287
303-305

KIMMY LEESH JANGGY etal Effectsof high
pressure treatment on antioxidant compounds and activity
of germinated rough rice (Oryza sativaL )[J] Journal of
the Korean Society of Food Science and Nutrition 2013
42(11) 1783-1791

ZHULJ GUMH MENG XL etal High-amylose rice
improves indices of animal health in normal and diabetic
rats[J] 2012 10(3)
353-362

Plant Biotechnology Journal

Y- (GABA)
[J] 2007 19(1)
36-39
ZHANG X X YUAN L F LIU K et al
progress in giant-embryo functional rice rich in gamma-
amino butyric acid(GABA)[J]
2007 19(1) 36-39

Research

Acta Agriculturae Jiangxi

]
( ) 2007 33( 1) 208

SHU XL WUD X Functional rice breeding[J] Journal
of Hunan Agricultural University(Natural Sciences)
2007 33(S1) 208
SUN WAN XY ZHAIH Q etal Progress and prospect
of functional rice researches[J] Agricultural Sciences in
China 2008 7(1) 1-9
LUCCA P HURRELL R POTRYKUS I
engineering approaches to improve the bioavailability

Genetic

and the level of iron in rice grains[J] Theoretical and
Applied Genetics 2001 102(2/3) 392-397
KANGMY SONJ CHUNGSI etal Functional rice
cultivars goami and nokwon may lower body weight and
improve lipid metabolism in high fat-fed mice
cultivars[J] Journal of Crop Science and Biotechnology
2014 17(3) 111-116

MINB GULW MCCLUNGAM etal Free and bound
total phenolic concentrations antioxidant capacities and

profiles of proanthocyanidins and anthocyanins in whole



384 ( ) http://xb.hunau.edu.cn 2021 8
grain rice(Oryza sativa L.) of different bran colours[J]. and their cancer chemopreventive effects and
Food Chemistry 2012 133(3) 715-722 cytotoxicities[J] Chemistry & Biodiversity 2012 9(2)

[26] SEOWD KIMJY PARKDS etal Comparative 428-440
analysis of physicochemicals and antioxidative properties [36]
of new giant embryo mutant YR23517Acp79 in rice DNA [

(Oryza sativa L.)[J] Journal of the Korean Society for 2011 17(5) 11-13
Applied Biological Chemistry 2011 54(5) 700-709 YANSY SUJP WANGSJ etal A simple and rapid
[27] DNA extraction method for rice seeds and leaves
[ 2010 17(12) 13-20 [J1 ChinaRice 2011 17(5) 11-13
LIUZH LILP ZENGHY etal Progress of functional [37] AOAC Official methods of analysis[M] Washington
rice research today[J] Guangdong Trace Elements DC Association of Official Analytical Chemists 1975
Science 2010 17(12) 13-20 [38]
[28] 3] 9] ( ) 2005 29(5) 447-450
2016 55(12) 2997-3000 ZHANG Z W XIE MY WANG Y X et al
XIANG M HUANG H C Progress of functional rice Determination of the content of total mormodicoside in
research[J] Hubei Agricultural Sciences 2016 55(12) Monodrama charactia L by colorimetry[J] Journal of
2997-3000 Nanchang University (Natural Science) 2005 29(5)

[29] JIANGS XUL XUY etal Antidiabetic effect of 447-450
Momordica charantia saponins in rats induced by [39]
high-fat diet combined with STZ[J] Electronic Journal of [1] 2014 29(10) 1469-1472
Biotechnology 2020 43 41-47 ZHUQD WUKY YUAN W B Colorimetric method

[30] MALEKSHAHI H BAHRAMI G MIRAGHAEE S determination of total saponins from Momordica
et al Momordica charantia reverses type II diabetes in charantia L[J] China Journal of Chinese Medicine
rat[J] Journal of Food Biochemistry 2019 43(11) 2014 29(10) 1469-1472
e13021 [40] TANG H J MITSUNAGA T KAWAMURA Y.

[31] Relationship between functionality and structure in barley

HepG2 [J] starches[J] ~ Carbohydrate Polymers 2004 57(2)
2014 35(5) 338-340 145-152
YOULL CHENYH LIUJF etal Influence of bitter [41]
melon saponin on the glucose consumption of insulin [N 2019
resistance HepG2 cell in vitro[J] Science and Technology 52(5) 909-920
of Food Industry 2014 35(5) 338-340 ZHAOCF YUEHL HUANGS]J etal Eating quality

[32] LINCX LINYZ CHENY etal Effects of Momordica and physicochemical properties in Nanjing rice
saponin extract on alleviating fat accumulation in varieties[J] Scientia Agricultura Sinica 2019 52(5)
Caenorhabditis elegans[J] Food & Function 2019 909-920
10(6) 3237-3251 [42]

[33] [3] 2014(3) 1-5

ALP [7] 2010 31(23) 383-385 FANH SUYT LIUYM etal Chemical composition
YANG Z G SHEN Z G ZHANG Y P Effect of and physicochemical properties of different paddy[J].
Momordica charantia L saponins on osteoblast Cereal & Feed Industry  2014(3) 1-5
proliferation and alkaline phosphatase expression[J]. [43]

Food Science 2010 31(23) 383-385 [J] 2014 39(8) 147-152

[34] ZHANG M YANG D X ZHANG C L et al

[ 2011(3) Determination of nutrient components and principal
153-157 component analysis of different varieties of rice[J] Food
WANGBJ WANGR ZHANGPP etal Preparation Science and Technology 2014 39(8) 147-152
of saponins from bitter melon and its antioxidative
activity in vitro[J] China Food Additives 2011(3) TR, AL
15317 | ES T LN 2
[35] ZHANGJ HUANGY KIKUCHIT etal Cucurbitane

triterpenoids from the leaves of Momordica charantia



