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Abstract: The alkaloid content of different samples in different seasons and different developmental stages of MHLC of
two tea varieties, Nongdao Yecha (MHLC) and Yunkang 10 (YK10) was determined by HPLC. Caffeine synthase 1 gene
(TCS1) was cloned from the cDNA of tea plant by RT-PCR in different samples, and its expression level was analyzed.
The results showed that MHLC was a natural tea germplasm resource with low caffeine and high theobromine. Theo-
bromine content of MHLC in different seasons was greater than 23.00 mg/g, while the caffeine content was less than
4.00 mg/g. In addition, the accumulation of caffeine and theobromine in MHLC shoots was the highest, and the leaves at
the same stage had higher caffeine and theobromine than stems, and the caffeine and theobromine in leaves and stems
gradually decreased with the increase of maturity. Through gene cloning and quantitative analysis, it was found that
MHLC had two TCSL allelic variants: TCS1b (with only theobromine synthase activity) and TCS1d (with both theobro-
mine and caffeine synthase activities). Among them, the high expression of TCS1b and the extremely low expression of
TCS1d are likely to be the key reasons for MHLC high theobromine and low caffeine. This research would provide ma-
terial for low-caffeine tea breeding and molecular basis for the efficient utilization of MHLC.
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Phenotypic photos of MHLC (left) and YK10 (right)
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Tab. 1 Primers used in this study

SIMARR  ERSIW (5-3") RIS (5-3") R

Primer Forward Reverse Note
name primer (5'-3") primer (5'-3")

TCS1 CACTGCTGTGGC GCAATACATTG H:N ik
AGCTGGC GCACAACCCT
TTGGCATCGTTG CAGTGGGAACA

GAPDH  GGGTeT CGGAAAGC RT-qPCR
TGCTGAAAGAAG TCCCTTTTGTCA

TIDH TGGTGTGC TTGCTTCC RT-gPCR
ACCCAACACGAT GCCAATGACAA

SAMS  GAGACCG AGCGACCA ~ RT-aPCR
TTACTTTTCTGAC TGCGTTAAGAG

TCSI-CS  GaGGeA CTTGAAGG RT-qPCR
ATTACTTTTCT/CC TGCAGTAAGAG

TCSI-TS  GACGAGGCG CTTGAAGAA ~ RI-GPCR
AGCTGGCCTCTTT ACTAYTTTCTCC

TCSI-Total oy pTAA TTCTCCTC RT-gPCR

1.2.3 TCSI1 ¥15% 5% cDNA 2 %k#y 2% FIH
TCSL ( TCSla, AB031280) M7 511514 ik
ARSI TCSL B, HAARRY B Fe ke i
L PANG ZEU" SIS o F1 ] ClustalWC https://www.
genome.jp/tools-bin/clustalw ) 7EZ& &k /4 17 7 51
text, JEFIFH EXPASY H1f# BoxShade ( https:/
embnet.vital-it.ch/software/BOX_form.html ) % H
[ 5L LU X e 45
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MLz —, ARHAT AT & 25 T YKI0;
MHLC & i fie g 08 AR o2 ml o] e (K

23.00 mg/g), HUIEMMHERL (/T 4.00 mg/g ),
M YK10 52K, 75, HZEFEZE MHLC
{18 T T A R e s 34 A ke g, (HJEBR
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Tab. 2 Content of purine alkaloids of MHLC and YK10 in
different seasons

I - RPN = 1153 i

PEaET ORREE g SRR
Sample  Sampling Theobromine/ Caffeine/ otal purine
name time (mg- g") (mg- g’l) alkaloids/
(mg-g™)

YK10-3  2021-03-27  9.95+0.12% 41.87+0.65% 51.81+0.76"
YK10-7 2021-07-10  7.81£0.15° 44.34+0.42% 52.15+0.56"

YK10-10 2021-10-27  4.73£0.10° 36.27+0.70° 41.00+0.70®
MHLC-3 2021-03-27 23.13£1.11*  0.45+0.02°% 23.58+1.12°
MHLC-7 2021-07-10 23.65+1.17*  2.77+0.17° 26.42+1.33°
MHLC-10 2021-10-27 24.66+0.19*  3.64+0.06° 28.31+0.14°

T [AVEEE R AR RS 58 3R 22 St B 2 (P<0.01 ),

Note: Different capital letters after the same column of data
indicate extremely significant difference (P<0.01).
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Fig. 2 Contents of purine alkaloids in MHLC at different developmental stages
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binding are marked with five-pointed stars; Variation sites for the same TCSL allele are marked with triangles or diamonds.
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Fig. 4 Expression analysis of key genes in caffeine
synthesis pathway
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