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Fig. 1  Simulation showing the principle of truncation artifacts suppression using iterative soft threshold-donoho

(IST-D). (A) a peak with truncation artifacts. (B) the extracted part of (A). (C) the truncation artifacts

contribution of (B) plus itself. (D) the difference of (A) and (C). Clearly, the artifacts in (D) is weaker than

those in (A). The subtracted part in this simulation is much larger than in real processing, for sake of clear

demonstration

DL R e AT R O R BTRR . KE £, (o) ORFERIAE £, (o) "hosik , ARA3 IS8R £, () AR TTTRS £, (0) 04T
AR T Fy(n) o FETRHTATAL, F, 7 (n) HP R0 UG 55 G R DR PR 06 A1) SR8 A4S 1 1 BT
Fy(n) o SSARRLEAPIR, 2 AR R KB, anlel 2 B, FR s #e i e s R 1 5

Ja—UGE R B E A, fS B R st 5 UL EEE
IST J7 1% JEK S HR S A il e DR e 1) 425 B

— BB LT DL ik B M SR TR R A Y B
{H, Shchukina 5% 45 t | 1B {A A9 15 B 75 3E fit FID 55
(LD 3 B AF 5 3l R SR b A Tk (5] v i i
TERE . WERA TG T 0 T A Sy PRIME | L5 1 v AN [m] i 06 1)
i 22 BRI, B 2 H gk 1k 1ST AR/ B il
PRl SR T B AL (CT) 19 NMR S256 2 — Mol b
CT S35 A 1] 42 24 5t 75 3 9k s 1) %1 BT A R A AR TR 11
PR G AE (B A 5 R R B 03, X R g IST b FE v
(1) (S0 BIAR = R, — R 95% RIA]

SR IST FHF CT 26 NMR. S 56 w1 i 765 Deie £ g £ Ak
PR PEAT T BUEAIL, W 3 s, 7SN 10. 0,
11.2 F127.0 Hz &b 5050 3 M550 AR Lo 4:1:9 8%
]t B R I R 0.1 rad/s, BRAR RS 1) ot 750 % (5 5
ARG, BT 4 T — B ROR RS, 1
RAERUECH 1805 53 407 — KRR R BN

: Iteration block i

Wvnnn

I IFFT
Hs Truncate FID /

P2 IST-D i RAE M D i i e ]
Fig. 2 Diagrammatic presentation of the

procedure to suppress truncation artifacts using

IST-D



512 4 o TR P A (5 0 ot P P SR i S 6 v ) SR A A Dy 0 1891

1004, SR PERCHRIETT RLELI A5, B0 S IS 3A FEAR. BRI 3 55 5 4T
ST A3 LIRS 5 B 1S SRR BRINT , DA 1 5 M6 i SR (AR 12 R R D, 3 R
BRI ARSI 35 D0 EU SR, AP 3B B, X RESCR Ak A TR
FEHERT ML S B0 P 3, A5 /R A 5 A e R O, T FL 2 S AR 5L , S50
(TR IST-D AL SRAE LIPS 3D, 3O RIS YU CL 52 M) ELSE G T R 0, A4
T LA S

6000

20001 g
N 5000 1500t
T 4000 5
. 3000 . 1000F
é 2000 é 500]-
= 1000 = 0 _WWWV\/\j
0
-1000 : g -500 L L | j
0 10 20 30 40 0 10 20 30 40
Frequency (Hz) Frequency (Hz)
8001 50001
C D
. 6001 4000
E e -
= 400- "> 3000
& B
g Z 2000¢
§ 2001 g
= S 10001
0 0 J L
| ! ! | ! | ! |
0 10 20 30 40 0 10 20 30 40
Frequency (Hz) Frequency ( Hz)

K3 IST-D Ak PEARITRAEEAR AR . AF S IR 35 I (A) HRAE R 2 B (1024 S EUR)

2 B AR TR (B) HRAE B BORE (180 AR AN 2 LM AR i f . 15 (C) 5

(D) i SRE A 5 (B) ARTF] AH IS IR (C) by 72850 i 55 () B AR A 3] 17 35 140 (D) )52 IST-D fy Ak BEAS

Fig.3  Simulation of IST-D processing on truncated data. As the reference, spectrum (A) are obtained from

the long data set (1024 complex points) by fast Fourier transform (FFT). Spectrum (B) is obtained from the

short data set (180 complex points) by FFT. From the same data set, (C) is obtained by apodization and

FFT, and (D) is obtained by IST-D
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Fig.4 J-modulated [ 'H-"C] CT-HSQC spectra of *C-"* N labeled ubiquitin. The spectra shown in (A),
(B) and (C) are from the same sampled data which is truncated in ¥, dimension (*C), and share the same
processing parameters in F, dimension. In F, dimension, a squared cosine window function is applied to
produce (A), linear prediction and the same window function are applied on (B) , and IST-D is performed on
(C). The spectrum with much longer sampling time in F, dimension is shown in (D) as reference. Only a
small region of methyl groups are shown for sake of detailed display
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Fig.5 2D contour and 1D slices of J-modulated [ 'H-"C] CT-HSQC spectra of " C-""N labeled ubiquitin. A
reference spectrum shown in (A) was from the full sampled data, and it is same as Fig. 4D. From the same
truncated sampled data, Fig. B and C are obtained using IST-D and SMILE, respectively. B is identical to Fig.
4C. Only a small region of methyl groups are shown for sake of detailed display. D—F are 1D slices along the

dotted lines in A-C, respectively.
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Suppress Sampling Truncation Artifacts in Constant-time Type Nuclear
Magnetic Resonance Experiments Using Iterative Soft Thresholding Method

JIANG Bin', HE Xiao-Min>, YANG Yun-Huang', ZHANG Xu', ZHOU Xin',
LI Cong-Gang' , YANG Dai-Wen ** | LIU Mai-li *'
"(State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics
Wuhan Institute of Physics and Mathematics, the Chinese Academy of Sciences, Wuhan 430071, China)
*( College of Chemistry, Central China Normal University, Wuhan 430079, China)

*( Department of Biological Sciences, National University of Singapore, Singapore, 117543)

Abstract  Sampling truncation, i. e. sampling ends before signal decays to zero, introduces wiggle-like
artifacts that impair the quality of nuclear magnetic resonance (NMR) spectra. In multidimensional ( mD)
NMR experiments, the first few hundred or less data points are commonly sampled in the indirect dimension,
and the truncation is unavoidable. Apodization can suppress truncation artifacts with cost of line-broadening.
Linear prediction is also beneficial to the reduction of truncation artifacts. The worst situation is in the constant
time (CT) type experiments, where the signal doesn’t decay at all in the CT evolution dimension. In this
contribution we proposed that, although iterative soft thresholding (IST) was rarely used due to the difficult
parameter tuning, it was particularly suitable to suppress the truncation artifacts in the CT type NMR
experiments. The simulation and experiments were performed to show the performance of this method. And the
processing result was compared with a method proposed recently.

Keywords Nuclear magnetic resonance; Sampling truncation; Truncation artifacts; Artifacts suppression;

Iterative soft thresholding
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