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Research Advances of Haplotype Variation at Badh2 Gene and
2—Acetyl-1-pyrroline Biosynthetic Pathway in Aromatic Rice
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Abstract: Aromatic rice has long been favored by the world rice trade because of its pleasant scent. China has a long
history of aromatic rice cultivation and diverse aromatic rice accessions. However, there is a real lack of top aromatic rice
brands. Nowadays, there is an increasing demand for good—quality aromatic rice, leading to speed up the breeding process
of high quality of aromatic rice varieties. The Badh2, encoding betaine aldehyde dehydrogenase gene, is the major genetic
basis of fragrance in rice. The loss—of—function alleles of Badh2 accounts for accumulation of 2—acetyl—1-pyrroline ( 2AP ) ,
which is widely regarded as the main compound responsible for the characteristic aroma. With the development of rice
functional genomics, the Badh2 gene haplotypes in aromatic rice resources have been deeply explored and the biosynthesis

pathway of 2AP has been preliminarily analyzed, which will speed up the process of aromatic rice breeding. This review
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focused on 19 Badh2 gene haplotypes which were found in aromatic rice accessions. The geographic locations of different types

of haplotypes were mainly analyzed and the correlation between these haplotypes and 2AP concentrations were compared. The

research advances of glutamate—proline metabolic pathway and polyamine metabolic pathway involved in 2AP biosynthesis

pathway were demonstrated. Meanwhile, the 2AP distribution characteristics in aromatic rice grains were summarized. Two

theoretical mechanisms of 2AP accumulation in grains were compared and a strategy to study the 2AP biosynthesis pathway

changes at various grain developmental stages by multi—omics methods was proposed, with a view to serve as an inspiration for

genetic utilization of aromatic rice resources and breeding of rice varieties with 2AP specific enrichment.

Key words: aromatic rice; fragrance gene; haplotype; 2—acetyl—1—pyrroline; metabolic pathway; polyamine
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SER AR AL R . RNAG 55 I8 PR 35 R A1 R 4347
& P BADH2 & [ /K - i 2 Bk (2840] . Kovach
A DTSRI, KA AR 2 B A A Bk
o (Y BT B kL R (U0 badh2-E1 . badh2-E10.1 .
badh2-E14.1) W) 2AP 7 5 5 R 5 T H B
oy 3 bp i A B9 AT R A KL (41 badh2-E10.3
badh2-E13.1. badh2-E14.2) , £ W 2AP & & 5
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TR R B PPRE B 4 BB B 2AP FH XA~ ] it
WORBTSE . 4, AHTR Badh2 HfsRIAL KL 2 6],
2AP T RAMAAFTER R ZE R, X 5B Am
B,

H i, B9 Badh2 HAE R 5 2AP & & ¢ &
e R B AE T8 Z 8815 S AHR . Badh2 2 5
RARUANR st fL p kL, 1A CRISPR/Cas9 X 3E
T FG Badh2 (AR SN2 F . )8 80 7 X B i i
M, REARI A SRR B REM R, REA AU R
Badh2 HA5RIS 2AP S Z RIR) SR, R 2
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fb, MIMAE R 4- 208 TR, WAL I G ET,
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R 1 B Badh2 BERITHKE

Table 1 Type of alleles of Badh2 in aromcotic rice
. U, S 2AP Fhit i () o
ETRes FLP Y G AR SRR IAP content ARFNF (A AHbIX ) S 3k
No. Allele Mutations location Divergence o Representative variety ( Locality ) Reference
(mg/kg )
1 badh2-E7 Exon7 B2k 8 bp Al 3 A pEEER 0.14~1.70 KDML105, Basmati370, [16-17]
(1 0.70)  Della-391, EF/F 25, £F
b AT 25 M RR SR
125345 )
2 badh2-E1 Exonl Bk 2 bp 0.74 Rasomotrafotsy ( ki) [16]
3 badh2-E2.1 Exon2 BRI 7 bp 0.66 Hsiang-Keng—Nuo . ®nOF [16-17 ]
9915, WA 9O, WA 46 % (
WA )
4 badh2-E2.2 Exon2 Wk 75 bp - ERIRE . AR (VL5 [17]
5 badh2-E4-5 Exon4-Exon5 HtZk 806 bp - Tk . BN [17]
CHL /) P945 4 e ihkt)
6 badh2-E8 Exon8 AT bp - Pusall21 ( EJE) [33]
7 badh2-E10.1 Exon10 AT g 0.59 Pare Baine Pulut ( E}J¥ JE PE L ) [16]
8 badh2-E10.2 Exonl0 B T B 0.70 Padi Wangi ( P43 ) [16]
9 badh2-E10.3 Exonl0 G/IT 2875 0.41 Vishunparag ( EIRE ) [16]
10 badh2-E10.4 Exon10 G/A A - — AR ) BT () [17]
RE)
11 badh2-E12 Exonl2 B2k 3 bp - Mongdonjaerae ( #fi[H ) [35]
12 badh2-E13.1 Exonl3 A3 bp 0.14~0.49 ( Balugyun., Paw San Hmwe 45 [16]
4 0.36) DyprRL (gt )
13 badh2-E13.2 Exonl3 CIT 578 0.35 BRI2E (BIEA) | W1 [16-17 ]
SRR FELS O
4 ) . Shiratama ( HAS)
14 badh2-E14.1 Exonl4 A G Bl 0.30~0.77 ( ¥ Katak Tara ( E1J# ) . Suwanda [16]
8 0.43) Al (22 ) | Basmat ()&
AR )
15 badh2-E14.2 Fxonl4 G/T 5375 0.08~0.29 ( ¥ Pandan Wangi %5 6 /3 #4%} [16]
4 0.18) (EPJEJ P )
16 badh2-p-MITE ~1288 fvi s ik 253 bp - Azucena Fl IR64 fY RIL fEf4 [36]
17 badh2-p-5' UTR -81., 1314 {35 I35AEA 3. 8 bp - Nankai 138 ( H7<) [37]
18 badh2-p —1314 {37 45 ffiA 8 bp - Seeragasamba 55 13 3 A4 81 (3R [38]
HEREE . JeIsR. dindiE .,
FREAAE )
19 velbadh2-p-5' UTR -1187, —1288 fiisi  435lddA 5 bp FIGEK 253 bp - Velchi ( E1BE ) [39]
e 7 FORKK 2AP i,
Note: “-=” represents that the 2AP was not detected.
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a7 1= Rk -5- FRER (P5C) , P5C 441
EEAL A 1- mEng ok, 2R QI aE S A5 i Bl =) 4-
FILTHE, 4- &L T EEAE BADH2 g2 i (18 Ol
TR 1- ng bk,

MY, WA AR - ARSI £
FAEP AR & L & P5SCS. ProDH Wi~

L R R AR fE X 2AP B R B9S2 J7 1T, Huang
LS IRFST R BE, AR PSCS B 2 S TER
fi; TE Badh2 Ja o+ X B2 R FRS “Velchi”

MR i . PSCS B sk RIS 25 TR
fg o0 fEER TR FRIA PSCS, kPRI 2AP &
AT 2 A el IR, EEAR R R 2 OG0
D RR — T BRI PR T 2AP S A SEI: Mo Z5(47)
XA RS OCALE, AR & WS, 2AP
TP 59%; Bao S5 L) X A A A AT K
S TIRRERE AL I, AHOCHFRLH ProDH . P5CS 1
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ADC: HZBBRE; AgmAH: HERGHET; ARG: H5%WMET;
badh2: FIISETARENL AR 2 2K 5 ; DAO: 4 ALR;

OAT: BERFAM:; ODC: LEMIBRAE; PSCDH.: MLk -5- 2k
JBtZR; PSCR: MWLM —5— FRMAIR 5 PSCS: MEMEIHK —5— BRI 3 iUl
PAO: ZREAALEE; ProDH: 4RI S8 ;

SpdS: SEAEHE A AT SpmS: KRR LT
ADC: Arginine decarboxylase; AgmAH: Agmatine amidinohydrolase;
ARG: Arginase; badh2: Betaine aldehyde dehydrogenase 2; gene mutation
DAO: Diamine oxidase; OAT: Ornithine aminotransferase; ODC: Ornithine
decarboxylase; PSCDH: Pyrroline —5— carboxylate dehydrogenase;
P5CR: Pyrrolidine —5- carboxylate reductase; PSCS: Pyrrolidine —5— carboxylate
synthetase; PAO: Polyamine oxidase; ProDH: Proline dehydrogenase;

SpdS: Spermidine synthase; SpmS: Spermine synthase

B 1 24P &MEMERTEE
Fig.1 Schematic diagram of the 2AP biosynthetic pathway
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LT XPHFRE 2AP & RS T4
LAY A K AL B 1 f PR B 2 A s
YERIL>-53 )[R AE 2 i s e vh & HE S EE
W AE . bR R E S T B
WK, ZHS SKRRFRHER IR, XHFF
WL RS | R B IE ISR s s
JEE R R R RIS e 25 22 P ) I 2 it A A e 24 i
g A B 4- G SE T E 02 (H 2 W) TS R R
2AP R ERAHSCHERF O AR WA . L, s
FERTARL K B 1L R b Z e AR 2AP & & 52 bl
TIRRST, T298 2 Hed i TR 2AP & iy AL
W RISCHESEIN, KA B TSCBURFRL 2AP S A0
L7 =
2.2 EHEIFHIH 2AP S EFER R BV HHR
KoKk 2AP S — I AR TREK, (B[R]
ARG K 2AP S0 A1 R 25 4K . Buttery
S5 (3] J 3 M B 35 A5 oK . KDML10S - pr i 2
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35% 1% 2AP 43 A THG K D %A A5 L) B 58
MEFZEG. HEK. BEER 15 R207 55
AT SRS K R 2AP A 5 L AE 90% LU
Yoshihashi 25 165 35 WG oK v 2AP 5 3 By ki &
GRS, (FFERL T 2AP L ZHLH] M A,
H ArEE AL LA RS . — A b i b A
WA Y 2AP B BRPRL, 3 —FACh 2AP 1
FER g NS A . TR IRFL L Bt B 2AP R
T AR TR, X IARRRRL 2AP LML |
B F5 2AP B B KA B CH %, Hinge %5 1200 B
SERIL, BB FPR N 2AP Sm AW, (HAF
R SR, P5CS LN FRkKFE R,
MIAAFERE H 2AP S I FFE R, (it
FERTL B L WA 2AP B 5L 5 % B P 45 oo
FIHACHZH A SR LA AT BOR, X267 i 2
SR IR S B kPR 2 AP R i
AT M, K 3 BRI & 2AP Y
G R T, [RIEF, P5CS. ProDH L) K
LRGSR D AL 4 (DAO4) | IR
1L 4 (PAO4 ) . KA ST RN IV ORS Fie G 1l il 25
AHOEIE R ELA FRL i s (R Fh KO, HEDIAS E R -
JIF S T 2 A 5 R 22 e AT A2 24 B 2AP (1)
R, HIk, MWAPRLSIAS & E M EEIFIE 20 2AP
TS B AH AR I 4 A 6 32 R LA #5844
WA 7R 2AP FRBHUHI B F B, d#E—2
g IR FL 4 S A B DAO4 . PAO4 553 R Xt
2AP S EE AT, X TR SR K 2AP
TEEAEEE L,

3 RE

Wi KRR BESE N A 2 1 A e, B Rdpe I
Badh2 BN PAS TG IR ASZ I, AN [F) S5 L A
T EZIR] 2AP & BAFAERORZE S5 2AP WIS
I B LRI AT, (E R 2 R R A A )2
IREMABEIT, X 2AP GfufFEAFRI R AL R X — K
SRR REATS AR B = R GTINIR . R SRR G
4, Feddl, EHFHASZEZHAHR, et
FAETARLL B LR b 2AP A OCAC 4 AL A
AR, TR RO 2 M AR AR A A
KA, AZIRHER LN, R A B T IR AL
2AP FREMLA . L, ARAKAERAIBETT AT LR 2
IR PIATTE : (1) f#dr AR & R 2R 2AP AR
R B AT 25T, E AU 2 AR 2AP S
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EmpLEl;  (2) IERAS[E A Badh2 B4 F&
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