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CRISPR/CAS9-mediated Editing of the Fragrant Gene Badh2 in Rice
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Abstract: [ Objective] Fragrant rice, which is favored because of its quality characteristics of faint scent and tastiness, is
a special rice type. Fragrance in rice is mainly controlled by the gene encoding betaine aldehyde dehydrogenase on
chromosome 8. [Method] The fragrant gene Badh2 in Zhonghua 11 was edited by CRISPR/CAS9. [Result] Twenty
T, individuals derived from T, generation were genotyped. One plant, which contains an additional T base in the first
exon of Badh2 without the vector skeleton, was finally produced. qRT-PCR result suggested that Badh2 RNA level was
decreased in the mutant. Compared with the wild type, the mutant increased 2-acetyl-1-pyrroline content by the GC-MS
method. Furthermore, two rice yield-related traits including tiller numbers and seed-setting rate showed significant
difference at the 0.05 level among five traits related to yield and three traits related to cooking and eating
quality. [ Conclusion] We succeed editing the Badh2 by CRISPR-CAS9 technical in rice, and it would provide
abundant theoretical guidance and accelerate the breeding process of fragrant rice.
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PR, 24 Badh2 575G SEE KM 2-AP &
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Wi TALEN £0R, X /KREEIRIER BADH2 4T
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1.2 HIAMEREERHAR
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AF Cas9/gRNA Jikis . U Cas9/gRNA
JICRE RENS [F] I ZE X FEY) #AS 04T Cas9 Hx 1
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1.3 FERYBNE
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gRNA 358 Hyg RB

CCACGGCCCACTTTTCTCCGTGGTGGGGAGATCCAGCTAGAGGTCCGGCCCACAAGTGGCCCTTGCCC
CGTGGGACGGTGGGATTGCAGAGCGCGTGGGCGGAAACAACAGTTTAGTACCACCTCGCTCACGCAA
CGACGCGACCACTTGCTTATAAGCTGCTGCGCTGAGGCTCAG***gRNA-Target-***GTTTTAGAGCTAG
AAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTT
TTACTAGTTTTGATCTTGAAAGATCTTTTATCTTTAGAGTTAAGAACTCITTCGTATTTTGGTGAGGTTTT

ATCCTCTTGAGTTTTGGTCATAGACCTATTCATGGCTCTGATACCAATTTTTAAG

7514 Sequencing primer

1 Cas9/gRNA iR E
Fig. 1. Vector map of Cas9/gRNA.

LB— A1 Ubi—Ubifa3)T: mpCas9—Cas9tkH; gRNA—5IFRNA; rU6—/KFEU6/E )15 35S—358/33) 71 Hyg—#l%&%: RB

—H AL

LB, Vector left border; Ubi, Ubi promoter; mpCas9, Cas9 protein; gRNA, Guide RNA; rU6, Rice U6 promoter; 35S, 35S promoter; Hyg,

Hygromycin; RB, Vector right border.
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Table 1. List of primers used in this study.

Wi E UK FERF(Chin J Rice Sci) #5 31 %55 2 (2017 4£ 3 H)

EIE R

Primer name

Clk el

Primer sequence

Targetl-F
Targetl-R

Vector identify-F
Vector identify-R
Seq-F

Seq-R
Badh2-Q-F
Badh2-Q-R
Ubi-Q-F
Ubi-Q-R

CAGTGGCCACGGCGATCCCGCAG
AACCTGCGGGATCGCCGTGGCCA
AAAACCTCACCAAAATACGA
TTGCTCCCAACAATTCTTAA
TCTCCCACCACCACTCCACA
TCAGCCATGCTTCCAACTTATTC
TCCGGGCCAAGTACCTCC
CGTCCATGTCCCATGCTG
AACCAGCTGAGGCCCAAGA
ACGATTGATTTAACCAGTCCATGA

FLrp R > HP-5MS (833 B 40 5 A SRR i L
AN YR, iRk s GRAER], &
J& 48 1 NIST2005 A7 <) i VA, 2-AP 1)
HYIEE IS TR 24 6.324 min. 1% 5 VERE S AL FE R B, BR
ML R, FEARRRAANEFED, BRI S HX 75
FREAAET RS, FRAK T N A ik 1 320
M, R TR E R, R A KR
RE MR %, AR5 % Shan &Y, Jf
VBT AH R IR 23t
1.4 RTKRRE S

FIFHH AL 11 RSB EL, ik, /r8E
B 4 SR R R R S P R IR A 8 AN ERAR,
AT Excel #4780 TR E 002
T3 H 300 KR IEIE HR, 8 AN EE. Uk
Ab, T ELREGERY e, M T A (B S I
HAEUR SRR EEAT T, 3 RER, R
Paid it Excel #7481 90T o
1.5 PCR¥EHHK qRT-PCR #4f

Oy BERS I M R Bk I Fr s R CTAB 14
PRI ASE Y] DNA, 2 J5ICE T-20°C kA H AR A7
PRI EHRELT DNA HF PCR $ 185255, PCR 14 &
Wrr: DNASuL, 1IEXF54 (10 pmol/L) % 1.5
pL, dNTPs (2 pmol/L) 10 pL, 2xZEsii 25 uL,
KOD Fx i 1 uL, i ddH,0 %M 50 uL. PCR %)
1E 2% AR BH eI AT FEIK, FRYKEE G EB %l
BEIHAR, TR AR E B DSOS i
M ZED AR AR A .

FIF RNA 2GR & (Axygen)FE 5 A5 {4 Al
FPAERI S RNA. & 5CF) T DNase I AbFE &
RNA, $#45 UIVHALALEE S 1) RNA iR, SR

cDNA & AR F £ (TOYOBO) e 5 & A 1 %t
cDNA, SRJ5HIFH 3L %2 5 PCR (qQRT-PCR) 544>
Mt Badh2 fERFARIRIRAR AR FRIEE, Hp
Ubiquitin J:FE N NS EEK . qRT-PCR AR U1
cDNA f%4% 1 uL, 2xSYBR qPCR Mix (TOYOBO)
10 uL, 1E&514)(10 pmol/L)%% 1 pL, ddH,O #h&
£ 20 uL.PCR ¥ B4FEFF I R : 95°C R 1481 3 min,
95°C N 10, 60°C K 30s, 72°C | 20's, 45 MEH.

R 2520 27T Ty ik S FE IR AR o R A

1 iR 504

2.1 CRISPR-CAS9 iz & {kry#iE

TREXT AL 11 gabdE i S E R Badh2
HATIR 30T, RIVZIER U SHE ORF 341
HHARSE 8, BT RN R .
UbAh, A RE R SE DR i R LA R
AEHIIET . SRR AL, Bk, AL
16 11 R FE N 24k, 158 CRISPR/CASY F [Al filt i
FEARTF FEFEIE D S50 . B S FRATTIE I 2 AN Ak 2
Badh2 %35 LOC_0s08g32870, 315 T H4K
cDNA J¥41, 454 http://crispr.dbels.jp/AE15E B2
Wk, I A AT, 76 Badh2 Ab 5 EHE]
—4KIEH 20 bp R HERAFIGAE TS Target 1
(1, KE2-A. B, ¥IwEIRIAEMAT (K
D, FIF R R S .
2.2 Badh2 B)4miE R Tiric R KBTS E D7

Y ERAIAT T 8 MR To AL R AE,
PATDRFRRAN e JE DRI T HE AR Y. 1) DNA, [R] i 75 3R
FAR LR RS 1) Vector-identify-F/R X #E £
FEHIHEAT TSR (R 1D o MFaREY, &
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VIR 7 80 55 77 81 1R 3 A 0 1l 2 4 N 30 40 35 I
A, WA BT HRE SR P 51 ) Seq-F/R X Badh2
B A B LA AT TP (R D .
gERRE, I 3 ML R M EAE PAM
TRAET gl BT WIANEEIEN R W LT
By, BRIAOR FE A —ANEE LR R AT T B AR ST
(K 2-C)

BATE: Ty AR AR %% L R 5256 1, @
DNA $2HUA AR 4918, R I AR 5 AR R A4
THE (K 2-D) o Sbsbh, AT T, AR

A
ch;‘ T t1
arge
Co-m
ATG

-«
Seq-R

B

Target 1
Badh2
badh2

ATG
L&

T
Badh?

CGGCGAGATGGCCACGGCGATCCCG--CAG
CGGCGAGATGGCCACGGCGATCCCGTCAGH
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Badh2 3T TIN50, KINAE Badh2 45T
B BRI T ATG R 18 bp A7 B4l A —Mi,
T, SETHEARKEE, £ T Badh2 &AM
LERJFNINEE (K 2-B) o X T, 20 ¥4k Badh2
AR AT 34T, IR T RSE R SR AR A A
KAET 5 E (K 2-E) . @il CRISPR-CAS9 #iAK
X 7RAG B R R AT w75 BRI A bR T 2
EAE, [N BRI E AR, S5 A8k
PCR %7 A1 Badh2 $E P45 3, RILHER 3 )
HAE RSB 2, i IS AR U

m
(]

TGA

PAM

CGGCAGCTCTTCGTCGCC
CGGCAGCTCTTCGTCGCC < 1 bp insertion

Target 1
in ZH11

A A AN A A AR AAAAA A

CGGCGAGATGGCCACGGCGATCCCG-CAGCGGCAGCTCTTCGTICGCC

Target 1
inT,

AAAAA‘All‘lalAlAlAl‘AAAlL;AAAAlAAAAAIA

CGGCGAGATGGCCACGGCGATCCCGICAGCGGCAGCTC

14 17

18

19 20 CK

T, bk

T, plant 28 IV S A G
Badh2# k] %Y
Badh2 genotype S

8

mu

9 10 11 12 13 14 15 16 17 18 19 20

W H W H H H W H H H mu H

A—Badh2 %¥J; B—Badh2 PAM ¥4 X IR Zidi; C— TP A8 11(ZH1 1) To FMRAERE mUAL B D7 45 2R D—HE3% 8 T AR MR A7 5110 23128
E—He3L D T AUAE KR Badh2 JEPIIR 885 H— 2% G 2L AR, mu— 5828 0, W— B 2E T,
A, Badh2 structure; B, PAM sequence and Badh?2 editing; C, Target region sequencing in Zhonghua 11(ZH11) and Ty; D, Segregation of vector

sequence in T, generation; E, Segregation of edited Badh?2 in T, generation. H, Heterozygous genotype; mu, Mutant; W, Wild type. CK, H,O.

& 2 Badh2 & £ F 4748
Fig.2. Badh2 and its CRISPR-CAS9-mediated editing.
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FWRIERH badh2(K 2-D. E).
2.3 #EEFE Badh2 RNA 7K & &Lk R
2-AP B E/INE
HAFRATI3RAT T — AN L RIM B badh2, %44
B AR5 84k 751 B Badh2 T8 Thamss, B4E
M5 badh2 FRIN AR RL(E] 3-A). 1EAE,
N T DA IR R e B RS AR R D g
BADR AR 11 FNSER A kL Badh2 RNA FKIAK
SEREAT TSI . N CHRIE KRR M S AT
Badh2 RNA 5, PR IR T4 T W5 244 k) i 390
14 d i Fr 5 RNA, 2R )58 qRT-PCR K,
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X Badh2 AT T T, TATVRILT AR B
Badh2 Fik /K- KK 3-B). 145 KR HFIK
FERE 1AM F— MR, 2 T iz5E N
/K, B EORIE AL SR AR A i 2%
.

LRIy, AT — 2o br TR 54 J
RIEAF BB 5 5 AR B = A G . SR AAH
G- TR BT PR A B AE 11 & G AR A
BRI (K 2-AP BT T 201K 4-AL B), 5
AR 11 XPREAHLG,  RAR AR R )
Ji 2-AP BEHE, PIE 11 2-AP HEZ 0.07

A B
1.2
Badh?
1.0
S
. = o8 |
K5 o6 f
B2
(2
ZZ o4}
£ 3
S I
S 02 |
I
5]
A 0.0
ZHI1 badh2 S
A, T K badh2 FEMERIL: B, Wik 11 & badh2 11 Badh2 RNA 7K-F
A, Phenotype of Zhonghua 11 and badh2; B, Badh2 RNA level in Zhonghua 11 and badh?.
3 Badh2 £FE%iERFENRFTEK RNA Fik7K TR
Fig. 3. Phenotype and Badh2 RNA level of ZH11(Zhonghua 11) and badh2.
A B C
(x10, 000, 000) (x10, 000, 000) 15 r o
o i ~ 12}
. TMP B
T™MP &
4 ¥ " E oo |
I ¥ | &
2.0 \ TE
fex o E 06
Bt . 2-AP S
| L0 03 p
1.0
fsf(e] J S
Time 5.0 .5 10.0 0

ZHI1

ZHI1  badh2

badh2

AFMB—IE 11 badh2 2-AP S\ Bt 1% B SN b 2,4,6-= FBEIERE; C— A8 11 [ badh2 2-AP 7 5. Hds FFRIE £ bRl ZE R R (n=3). **

FORTE 0.01 K FZEFWMES ¢ K5 . ZHI1—H1E 11,

A-B, Total ion chromatograms(TIC) of 2-AP and TMP (as internal standard) in Zhonghua 11 and badh2; C, 2-AP content in Zhonghua 11 and badh?2.

Values are shown as mean+SD (n=3). **presents significant difference at P<0.01 level by ¢-test. ZH11, Zhonghua 11.
4 HiE 11 & badh2 F 2B FRIEDMTRERYR 2-AP I E
Fig. 4. Total ion chromatograms(TIC) and 2-acetyl-1-pyrroline(2-AP) content of Zhonghua 11 and badh2.
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160 r 100 ¢
80

60 F
BT e

Seed setting rate / %

40

80 |

[=2]
o

gl
Gel consistency
5
o

N
o

o

ZH11 badh2 ZH11 badh2

Bl F T S Bl 22 R R (n=8). *RIRAE 0.05 /K P EER B E (@ BK). ZHI1I—H1E 11,

Values were shown as mean+SD (rn=28). *presents significant difference at 0.05 level(z-test). ZH11, Zhonghua 11.

Fig. 5. Performance of rice yield and cooking and eating quality in ZH11 and badh2.

mg/kg, AR N2 1.2 mg/kg (K] 4-C)
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CRISPR-CAS9 R 4024k RNAI HiA . BEFR IZ R A
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1AL AE Badh2 £l ORF X3 b 145 Sk e pr
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